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N-HETERYLIMINESMETHYL TRIFLUOROPYRUVATE
V. B. Sokalov, A. Yu. Aksinenko, I. V. Martynov

Institute of Physiologically Active Compounds
Severnyi proezd 1, 142432, Chernogolovka, Russia
E-mail: alaks@ipac.ac.ru

The synthesis of unknown early N-heterylimines of methy! trifluoropyruvate (MTFP) 1,
namely, 2-thiazolyl-, 2-benzothiazolyl-, 2-pyridyl-, 2-pirimidyl-, 2-isoxazolyl-, and 2-
thenoylimines of MTFP was provided in one-pot synthesis by consecutive addition to solution or
suspension of correspondent heterylamine in benzene methyl trifluoropyruvate, pyridine and
thionylchloride. Imines 1 were isolated from benzene solution and purified by recrystallization or
vacuum distillation.

Imines 1 were studied in reactions with nucleophyles (alcohols 2 and dialkylphosphites
3), 1,3-binucleophyles (methyl 3-aminocrotonate 4, 6-aminouracyls 5, 6-aminothiouracyls 6, 3-
aminocyclohexenones 7, 2-aminothiazoline 8, ureas 9, benzamidines 10, dimedone 11) and
cycloaddition (cyclopentadiene 12 and cyanoamines 13).
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Structures of compounds synthesized were proved by mass- and NMR-data.
The research was supported financially by Branch of General and Technical Chemistry
of Russian Academy of Sciences (program N 10 “ Biomolecular and medicinal chemistry”).
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MULTICOMPONENT FLUOROPOLYMERS
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0OAO «Plastpolymer», Polyustrovskii Prosp., 32, 195197, S. Petersburg, Russia
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N3BecTHa FeHUaJIbHAs pocToTa IoJIuMepa - MOJUTETPa(TOPITUIICHA.

3anporpaMHpOBaHHOE TPUPOJIOH BEIIECTBO, COCTOSIIEE BCEro M3 JABYX dieMeHTOB — F u C, u
CO3JJAaHHBIA YEJIOBEKOM TIOJIMMEPHBI MNPOJIYKT CHAENaId TEePeBOPOT KaK B IPUBBIYHBIX
NPEJCTABICHUSAX O PEAKIIMOHHON CHOCOOHOCTH TETparaion[3aMeIIeHHBIX OJC(QHHOB, TaK M BO
MHOTHX 00JIaCTSX JESTENIbHOCTH YeIOBeKa.

Onnako IIT®D He cran wuAcalbHBIM MaTepuaaoM. M3BeCTHbIE €ro HeIO0CTaTKU
NPEOJIONICHBl  CO3JJAHMEM MHOTOYMCIICHHOTO KJlacca TEPMOIUIACTHYHBIX (TOPIIOIMMEpPOB,
KOTOpBbIC B OOJILIIMHCTBE CBOEM SIBJISIOTCS comonumepamu TAD u npyrux ¢ropcoaepxammx
MOHOMepoB. Ho 1 IByX KOMITOHEHTOB OKa3aJI0Ch MaJIo.

OHUM U3 TIOMYJISIPHBIX M HHTEPECHBIX HANIPABICHUN WCCIICIOBAHUN B HACTOSIIEE BPEMS
SIBJISIETCSI MHOTOKOMITOHEHTHAsI COIOJMMEpU3aIysi. Y JauHbIM BOIUIONIEHUEM 3TOr0 IMpHeMa
MOKHO Ha3Bath (ropromumepsl Dyneon THV, Lumiflon, Dai-€l, kotopsie SBASIOTCS pUMEPOM
IeJICHANIPABICHHOTO CHHTE3a MaTePUAJIOB C 33JJAHHBIMU CBOMCTBAMHU.

Hamu  wccnemoBaHbl — TEpHOJMMEPHl  OCHOBHBIX  (DTOPCOAEPIKAIIMX  MOHOMEPOB:
terpadropatmiena (TDDI), rexcadropnponuinena (I'OII), nepdropmernnBuHmIOBOrO 3dUpa
(MBD) u neppropanokca-4-metui- 7-okrencyabhoumadropuaa (IIGIMOC), a Takke dTUIEHA
D).

3agava cocTosyla B HM3YYCHHH BO3MOXKHOCTH TIONYYCHHS TEPMO- M XEMOCTOHKHX
MaTepualioB, TMPO3pPaYHbIX B BUAMMOW OOJACTH CIEKTPa, MOJMMEPOB C TOBBIIICHHOM
DIIACTHYHOCTHIO, @ TAK)KE€ BBEJICHHUS B Pa3IMYHbIE MAKPOMOJEKYJIbl MOHOOOMEHHBIX TPYIIIL.
YcranosieHo, uto B cucremMax TOD-I'OII-(I) u TOD-I'PII-MBD (1) moryt ObITh MOTYy4EHBI
NpO3payHble MaTEPHAIBI B OMPECIICHHBIX 00JIACTSIX MCXOJHBIX COOTHOIICHUI MOHOMEpOB. [Tpu
3TOM 00a TeprojuMepa UMEIOT BBICOKHE Kod(duimenTsl cBetonponyckanus — 10 90-95% B
Buaumoit (400-700 um) u Ommxuel mHppakpacHoi (7002250 M) obmactsax crektpa. s
ieHok u3 () HabmromaeTess HeckoIbKO MeHblee o cpaBHeHHo ¢ (I1) cHIKEeHUE poyCKaHHsI
B CHHEH vacT criekTpa. ONTHYECKHE XapaKTePUCTUKU MPAKTHYECKH HE 3aBUCIT OT TOJIIMHBI
oOpasna npu u3MeHeHnn nocienHeit or 450 mukpon no 5 mm, a npu yBenmuernnu a0 10 MM
kod(duimeHT cBeTtonpomyckaHus coxpaHsercs g0 3HadeHms 80-85%. Tepnonumepsl
COXPaHSIOT MPO3payHoCcTh mocie nporpesa mpu 200°C, B T.4. B Buae tpuruiekca. s (1) He
HaOJIOANIOCh  3aBUCUMOCTH  ONTHYECKUX XapaKTEPUCTUK OT TEMIIEPAaTypHOTO peXuMma
noJry4eHust oopasia.

Ipu Tepnomumepuzammu TOD ¢ 3 u [NOAMOC (I1l) Obum momydeHBI 0Opa3IIbI
MaTepHalioB,  COYETAIONIME  JOCTATOYHO  BBICOKHME  MEXAaHWYECKHE  XapaKTEPUCTHKH,
PaaMalMOHHYI0 CTOUKOCTB CO CIIOCOOHOCTHIO K MOHHOMY OOMEHY.

" The authors did not submit an English version.
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PROMISING FLUORINE-CONTAINING COMPOUNDSUSED IN
PROCESSES FL UOROPOLYMER PREPARATION’

N. N. Loginova, F. N. Ostrizhko, L. G. Kochkina, G. G. Berezina

0OAO «Plastpolymer», Polyustrovskii Prosp., 32, 195197, S. Petersburg, Russia
E-mail: Ftorlon@PZ2829.spb.edu

Kak wu3BecTHO, OCHOBHBIMH HWCXOJHBIMH MOHOMEpPAaMHU JUIsl TOJY4YEHUS [IUPOKO
UCTIONB3YEeMbIX  (pTOpcomepKayx MOJUMEPHBIX MaTepUaOB SIBISIOTCS (TOp3aMelieHHBIC
oneduHbl, a TaKxke (ropcoaepxkaiue mpocTeie dGUpPhl, PTOPKETOHBI, P UKIOCOAEPKAIIIX
coenquHeHuil. Ho kpome 5Toif, AOCTATOYHO OOIIMPHOW TPYMIBI (PTOPOPraHUUYECKUX BEUIECTB
OONBIION HWHTEpEC JJIsl WCIONb30BaHUS B mporeccax monaydeHus ¢ropronumepos (DIT)
MPEICTaBISIOT  ropcomepkamiiue mepokcunsl, ¢ropconepxkamme I[IAB u  uHepTHBIC
COCIMHEHUS, TIPUTOJIHBIE B KAUe€CTBE MOJMMEPHU3ALMOHHBIX cpell. K HUM mpeabsBisioTcs JiBa
o0mux TpeOOBaHUA: MaKCHUMallbHasi YHMCTOTa M MHUHUMAalbHAs BO3MOXXHOCTh YYacTHs B
MOoOOYHBIX HEXKeTaTeIbHBIX peakuusx npu nomyueHuu OII1.

Nzyuen psin nepdropauanminepokcunoB (OIAIT) obmert popmynsr [RiCOO-],, tae Ry —
nepdTop-, XJIophTOp- WK MOIUOKcAepHTOPATKHUIBHBINA pauKa, UCIOIh3yeMbIX B KaueCTBE
uHULIMaTOpoB. Pazpaboranbl metoawl cuHTe3a DALl pasnmuyHON CTPYKTYpHI, OINpEACICHBI
KMHETUYECKUE TMapaMeTpbl TEPMUYECKOTO Pa3NOKEHHsI yKa3aHHBIX MEPOKCUIOB B Pa3iIMYHBIX
cpenax. [IpoBeaeHo cpaBHEHHE XapaKTepUCTHUK M3BECTHBIX U HOBBIX DJIAIL. Ocoboe BHUMaHUE
VACIEHO TUIAPOIUTUYECKOM YCTOMYMBOCTH, a TakKe JOCTYIMHOCTH M TMPOCTOTE MOTyUYEHUS
HCXO/THOTO CBIpPbS. B Ka4ecTBe MEePCIEKTUBHBIX WHUIIUATOPOB MpU3HAHBI
XJIOPPTOPIUAIMITIICPOKCH/TBI.

C ucnonp3oBaHUEM HMEIOLIEHCsS HH(POPMAIMH U PE3YIIbTaTOB COOCTBEHHBIX MCCIIEIOBAHHMA
nposezeH aHanu3 gropconepxkamux [TAB, HanbOosaee NPUMEHSIOMUXCS B IPOIECCaX MOTYIEHHS
@I, B T 4. TpaauuuoHHBIX nep¢topkuciaor, [IAB Ha oOCHOBE OJUIOMEpPOB OKHUCEN
rekcaTOpIponuieHa u TeTpadTOPITUIICHA, a TaKXKe COEIUHEHUH, COAepKalIUX pa3IuYHbIe
(byHKIMOHANbHbIE IPYIIbL. BhickazaHbl coOOOpaskeHHs 10 ONTUMaNIbHBIM cTpykTypam [TAB nns
IPOILIECCOB 3MYIbCUOHHOH MoMMepu3atu GropoaehruHOB.

dropconepkariue CoeaMHEHHs (XJIaIOHbI) YCHENIHO KOHKYPHPYIOT C BOJOH B KauecTBe
MOJIMMEPU3AIIIOHHON Cpe/lbl, T.K. MEePBOHAYAILHOE MPEUMYIIECTBO BOJBI B €€ JTOCTYIHOCTH U
[[EHE HUBEIHUPYETCS HEOOXOMUMOCThIO OYUCTKM CTOYHBIX BOJ, JIOCTaTOYHO DSHEPTOEMKUM
MPOIIECCOM CYIIKM W YacTo TpeOyeMol cTaaueil JOMOTHUTENBHOW BBICOKOTEMIIEpPATypHOU
00paboOTKH TOTMMEPHOTO MpoaykTa. OIHAKO CYIIECTBYeT MpoOiemMa 3aMEHBI O30HOOIACHBIX
dTopcoaepxkamux coequHeHU. C 1ENBbI0 MTOMCKA HOBBIX PACTBOPUTENCH ISl MCIIOIB30BAHUS B
KauecTBe MOJMMEPHU3AIMOHHBIX Cpel HccienoBaHbl mporeccel mnonydeHus DI B cpene
pa3IMYHBIX 030HOOE30MAaCHBIX COCTUHEHHI, B T. U.

" PF-5052 — nepdrop-N-metunmopdomnus ¢ Ty = 50°C;
v FC-75 — cMechb neppTOPHPOBAHHBIX aNU(PaTHYECKUX M LUKINYECKHX
coequaeHnii ¢ Ty, = 102°C.

CpaBHUTENBHBII aHANU3 MapaMeTPOB MpoIecca COMOIMMepU3aluu B 3THUX cpenax TdD ¢
DIl wim c TIOIBD u CBOHCTB MOMYYEHHBIX OOpPA3IOB COMOJUMEPOB MOATBEPAMII
BO3MOKHOCTh MX HCIIOJIb30BAaHUS B KAYECTBE MOJIMMEPU3AIMOHHBIX CPEl.

" The authors did not submit an English version.
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MECHANISM IDENTIFICATION FOR VINYLIDENE FLUORIDE (VDF) /
HEXAFLUOROPROPENE (HFP) COPOLYMERIZATION
BY NMR °F DATA

V. V. Berenblit, V. A.Gubanov, M. V. Zhuravlev, V. A. Lovchikov,
N. V. Lebedev, M. Y. Turunova

SV.Lebedev Ingtitute of Synthetic Rubber, Gapsalskaya st., 1, &.Petersburg, 198035, Russia
E-mail: nick-sw@yandex.ru

The results of calculations probability of adding VDF to the growing chain of copolymer
with HFP final unit by using Markovian model of copolymerization gave the values exceeding 1 that
breaks the stochastic nature of the process.

We suggested that the Markovian model did not consider a possible existence of
transition state complexes bonding the active site with double bond of non-symmetric
comonomers in the process of chain growth:

. AN C/
R + I
C

/N

We can formally picture this kind of monomer coordination to the active site in the above
scheme where dyad combinations of HFP units are impossible. For the reduction of the number
of independent parametersit is necessary to enlarge this model by the states describing the chain
growth. The enlargement procedure is based on the single origin of growth states, i.e. we
integrate active sites with CH,* and CF," end groups of VDF added to the copolymer chain and
CF," and CF groups of HFP added to the chain.

Mole parts [HFP] and [VDF] were determined through NMR™F spectra analyses for
copolymers obtain by both emulsion and solution methods.

The analysis of enlarged statistic model of VDF/HFP copolymerization with the
coordination of monomer to the active radical center of the growing chain allows to calculate
values of transition probabilities of addition HFP (g;) and VDF (qy):

_ [HFP] _ [HFPF] g =1 [HFP] _[VDF]-[HFP]
' 1-[HFP] [VDF’ %o % [VDF] [VDF]

Unlike above classical Markovian model of copolymerization the data are at least not at
variance with the stochastic nature of the process. They neither upset normalization conditions of
transition probabilities.

Further analysis of enlarged model allowing for monomer-to-radical center coordination
makes it possible calculating the parts of VDF unit sequences limited with HFP units:

[HFP—HFP] = 0; [HFP - VDF - HFP] = qu; [HFP—(VDF), —HFP] = qo - 0;

[HFP — (VDF); —HFP] = q¢° - qu; [HFP — (VDF)4—HFP] = qo° - gy and so on.
It shows that the varying composition of the copolymer is non-linear with the proportions of the
parts of above sequences.

As in -108 ppm region of NMRF copolymer spectrum a specific signal C* F.CH, was
found attributed to the triade (HFP-VDF-HFP), this makes it possible to experimentally prove
the suggested model. It is based on alarge number of spectra analyses. The experimental data are
evidenced to correlate quite well with the model description.
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PECULIARITY OF SUPRAMOLECULAR ORGANIZATION OF
PERFLUOROPROPYL-VINYL ETHER/ETHYLENE COPOLYMER

A. P.Voznyakovsky, E. M. Krivoruchko

FSUE «S. V.Lebedev Synthetic Rubber Research Institute»
Gapsalskaya 1., S.-Petersburg 198035 Russia.
e-mail: vniisk@bk.ru

Filmforming fluoroelastomers are an intensively studied subject of materia science due
to their high corrosion resistance at even high temperatures. Fluoroelastomer film formation out
of solutions is the most convenient way in practice. It should be taken into account that
supramolecular assembly of filmforming materials as well as their properties closely correlate
with the solution structure. Thus the necessity of studying solution structure is evident as the first
step to filmforming materials. From the practical viewpoint it should be allowed for that polymer
supramolecular assembly in thin and ultrathin supported films can markedly differ from polymer
in bulk Ethylene/perfluorinated ethers (EPFE) copolymers of the below general formula were the
subject of the present study:

(CH2 - CHz)x - CF(R) —CF, where R
e O-CF,-CF,-CF3 (EPFE - 1),
e CF,- O-CF,-CF,-CF; (EPFE - 2),

These polymers made at the Synthetic Rubber Institute are shown to be more stable in
polar and nucleophilic media than those based on vinylidene fluoride. Dissolution behavior of
EPFE copolymers has been studied by dynamic light scattering. Mechanisms that govern
copolymer solubility with time have been also discussed.

Macromolecule associates have been shown present in solution at even lower
concentrations. Possible mechanisms of associate formation have been investigated and ways of
destruction thereof suggested.

This stage of the study resulted in the choice of solvent that enables EPFE thin films
possessing a set of favorable strength properties. The partial molar excess enthalpy of mixing
AH;® isthe resultant of all the intermolecular interactions in arising infinite thin solutions.

Thus, the determination of thermal effects of mixing makes it possible to gain valuable
information on either peculiarities of molecular interaction in solutions or those of polymer
architecture. IGC method was used to calculate AH,5* values within a wide temperature range as
functions of polymer chain microstructure, chemical nature and molecular volume of the sorbate,
aswell as of polymer film thickness.

The analysis of data array has shown that supramolecular structure of polymer films
features the presence of methylene — unit clusters despite the alternating microstructure of the
copolymer chain. This conclusion has been proved by independent data of atomic force and
scanning election microscopies..
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THE NEWSIN SYNTHESIS OF PERFLUOROBUTADIENE AND ITS
UTILIZATION FOR PREPARATION OF BRANCHED
PERFLUOROPOLYETHERS

N. M. Karimova®, A. A. Glazkov®, A. M. Sakhar ov”

“A. N. Nesmeyanov Ingtitute of Organod ement Compounds, RAS,
Vavilova 28, 119991, Moscow, Russia
®N. D. Zelinsky Institute of Organic Chemistry, RAS,
Leninsky prosp., 47, 119991, Moscow,Russia
E-mail: karimova@ineos.ac.ru

Perfluorobutadiene (3) is usualy prepared by dechloration of 1,2,34-
tetrachlorohexafluorobutane (2). The latter is formed by coupling of two 1,2-dichloro-1,2,2-
trifluoro-1-iodoethane (1) moleculesin different conditions. The yield of compound (2) islow as
a rule because of by-products formation, and a complicated procedure for purification of the
target product is required.

The technologically convenient procedure for preparing of perfluorobutadiene (3) has been
developed by condensation of iodide (1) to tetrachlorobutane (2) with granulated Zn at  20°C
without a solvent in the presence of catalytic amount of AcOEt followed by conversion of (2) to
diene (3) without preliminary purification (yield 90%)™4.

CF,CI-CFCl I0.0aS o o1-CFCI-CRO-CR,Cl —Z09U8 o cp —cF cR=cF
- > - - - —_— = - =
2 20°C, AcOEt (cat.) ~ 2 2~ T ProH 2 :
1 2 3

Hexafluorobutadiene is successfully used as a cross-linking reagent in the synthesis of
thermally and chemically stable and frost-resistant polymers based on perfluoroalkylene oxides
(4) containing peroxide groups*:

CF3;0(CF,CF,0),(CF,0),-A-(CF,CF,0),,(CF,0),,COF

4
where A — are peroxide links statistically distributed along the chain:
CF,CF,O0CF,CF,0-, CF,CF,O0CF,0-, -CF,O0CF,0-
active oxygen quantity is from 0.6 to 1.8 mass per cent.

Possibility of the use of perfluoroalkylene oxides with peroxide groups fro the creating of
the polymer materials possessing a wide range of useful properties and areas for its application is
discussed.

! KarimovaN.M. et al. Pat. RF Ne 2248844 (2005).

2KarimovaN.M. et al. 12v. Akad. Nauk, RAS, Ser.Khim. 2004(10), 2236-2238.
% Glazkov A.A. et al. Zh. Org. Khim. 1994, 30, 1193-1196 (in Russian)

* Krukovsky S. P. et al. J. Fluorine Chem., 1999, 96, 31-33
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NEW FLUORINATED ORGANOSILICON COMPOUNDS FOR
PROTECTION OF ARTWORKSAGAINST ADVERSE
ENVIRONMENTAL IMPACT

A.A.Yarosh® S. P. Krukovsky?, T. A. Pryakhina®, V. M. K otov®,
B. G. Zavin®, A. M. Sakharov?

®N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
119991, Moscow, Russia
PA. N. Nesmeyanov | nstitute of Organoelement Compounds, Russian Academy of
Sciences, 119991, Moscow, Russia

E-mail: yar @ioc.ac.ru

Methods for the preparation of perfluoroacyl derivatives of akyltriethoxysilanes were
developed in order to use these compounds for the protection of building materials from
environmental impact. The synthesis was performed in accordance with the following reaction
scheme' :

R;COF + HOCH,CH=CH, — > R;CO OCH,CH=CH,+ H-Si(OC,Hg); —>

— R{COOCH,CH,CH>SI(OC5Hs)3
la-c

R{COF + CHsO0H —> R;COOCH; + NH3(CH,)3Si(OC,Hg)3 — >

—> R{CO NH(CH,)3Si(OC,Hs);
11 a-c
R¢= CeF13-(a); C3F,O[CF(CF3)CF,0],CF(CF5)- (b)-;
CF3 O[CF(CF3)O],[CF,0]y[CF(CF3)CF,0]zCF(CF5)- (c)

Compounds la-1c¢ and 11a-11c were tested as water-repellent and oleophobizing agents for
limestone, marble, concrete, brick, plaster, and wood. The contact angles were 130-138° and
110-115° for water and decalin, respectively, depending on the structure of the organofluorine
substituent at the silicon atom. The water absorption and frost and salt resistance of limestone
and plaster samples treated with these compounds were determined in accordance with standard
procedures.

It was found that, as compared with commercial organosilicon compounds, the fluorinated
organosilicon compounds synthesized imparted better hydrophobic and ol eophobic properties to
the protected surfaces.

These new fluorinated organosilicon compounds were used for architecture and historic
conservation in Moscow and Vladimir (Russia). Although they do not exhibit fungicidal activity,
these compounds controlled the growth of microorganisms (fungi, algae, and molds) on the
protected surfaces of building materials.

This study was supported by the JISC Moscow Committee on Science and Technol ogies.

! Krukovsky S.P. et al. RF Patent Ne2149151 (2000); Krukovsky S.P. et al., RF Patent Ne2151151 (2000);
Yarosh A.A. et al. Mendeleev Communications, in press.
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NEW FLUORINATED DIAMINES BASED ON 2,4,6-
TRINITROTOLUENE(TNT) AND LOW K POLYIMIDES THEREFROM

A. L .Rusanov?, L.G. Komarova® M. P. Prigozhina® A.A.Askadskii®,
V.A. Tartakovskiy®, S. A. Shevelev®, A. Kh. Shakhnes’, M. D. Dutov®

4. N. Nesmeyanov | nstitute of Organoelement Compounds, Russian Academy of Sciences,
Vavilov S., 28, 119991, Moscow, Russia
PN.D. Zelinskiy Institute of Organic Chemistry, Russian Academy of Sciences,
Leninskiy Prosp., 47, 119991, Moscow, Russia
E-mail: komarova@ineos.ac.ru

Various aromatic fluorinated diamines were prepared on the basis of TNT- maor

explosive component of ammunition liable to liquidation [1]. The introduction of fluorinated
fragments was achieved through nucleophilic substitution of nitro groups in TNT or its
derivatives under the action of the corresponding fluorinated nucleophiles [2]. Subsequent
reduction of the dinitrocompounds thus formed has led to the formation of aromatic diamines
containing hexafluoroisopropylidene groups as well as perfluoroalkoxy and perfluoroaroxy
substituents.
Interaction of the diamines obtained with aromatic tetracarboxylic acids dianhydrides under
conditions of high temperature solution polycyclocondensation resulted in organo-soluble low K
(2,7-3,0) polyimides . Heat treatment of polyimides films resulted in materials demonstrating K
equal to 2,4-2,5.

Tartakovskiy V.A. et al. Conversion. 1994, 11, 7-11.
Rusanov A.L. et al. «Recent progress in polycondensation». (T. Matsumoto, Ed). Research Signpost, Trivandrum,
India, 2002, pp. 117-151.
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ACTIVATED ARYLFLUORIDESIN CHEMICAL TRANSFORMATIONS
OF END GROUPS OF OLIGOARYLENEETHERKETONES

S. N. Salazkin®, E. A. Olefirenko®, V. V. Shaposhnikova®, L. I. Komarova®

“A. N. Nesmeyanov | nstitute of Organoelement Compounds RAS,
Vavilov str., 28, 119991, Moscow, Russia
PM.V. Lomonosov Moscow State Akademy of Fine Chemical Technology
Vernadskogo prospect, 86, 119571, Moscow, Russia
E-mail: vsh@ineos.ac.ru

Use of fluorinecontaining monomers of various structure in synthesis of novel
condensation polymers retains actuality and extends essentially possibility to influence on
structure, and accordingly, on polymers properties. Main aim of this investigation was synthesis
of oligomeric products having end reactive groups. These products will apply in future as
“intermediates” for preparation of regular blockpolymers. Formation blocks in regular
blockpolymers will be result of interaction of block’ s “intermediates’ containing end groups.

For establishment of possibility of replacement of phenolate groups on carboxylate onesin
oligoaryleneetherketones model reaction of 2-(4-fluorinebenzoyl)benzoic acid with bisphenol A
in N,N-dimethylacetamide (N,N-DMAA) was carried out by the follow scheme:

'@'F K,COg N.N-DMAA (CZ(%'@'O'O}CQQ' O‘@‘.CO.
C OH + 2 (6] CH; CH3
O-©2|-_13 Q- ©:COOH - CO,, -H,0, -KF ~O0K Lox

Final product represents glassy transparent substance. Its structure was confirmed by infrared
spectroscopy and elemental analysis data.

Synthesis of oligomeric product (k=10), containing end carboxylate groups, based on
“intermediates’ of block having end phenolate groups was realized out by using in reaction of 2-
(4-fluorinebenzoyl)benzoic acid in accordance with scheme:

QD on O O OO0 O

CH3 CHy CHg CHs k CH3CH3

COOH  -CO,-HO,-KF iy, ) CH,CH,

. @@@ 50001000

COOK COOK
X =9,5% mol.

Another variant of synthesis of oligomeric product (k=10), containing end carboxylate
groups, was carried out based on “intermediates” of block having end fluorine groups and 4-
hydroxybenzoic acid by scheme:

OO QD {05000~ (0 O

CH; C H3CH;

CO
oD o e (0 O-o{O OO DO § OO

X =9,5% mol.
The research was supported financially by Russian Foundation for Basic Research
(Project e 04-03-32104).
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LASER DECOMPOSITION OF PTFE ASA CONVENIENT METHOD OF
SMALL-BATCH MANUFACTURE OF TFE

P. N. Grakovich
V.A. Belyi Metal-Polymer Research Institute of NASB, Gomel, Belarus

Tetrafluoroethylene (TFE) presents a handy initial product for certain types of synthesis.
Its aptitude to spontaneous polymerization and explosion are a hamper to safe transporting and
storage. Since 1950s it has been recommended for laboratory practices to obtain TFE through
thermal depolarization of PTFE. This simple in its essence method brings about a number of
problems in practice.

First, to heat up the reactor and polymer till 500-600 °C requires 0.5-1 hour. Comparable
time losses are a so needed for cooling.

Second, to reach an acceptable decomposition rate, certain parts of the reactor should be
heated to a considerably higher temperature (by 150-300 °C). The presence of hot surfaces
results in the formation of a significant amount of secondary reaction products (tens of percent).

Named problems are so serious that in spite of the lack of recycling methods of PTFE
wastes, its thermal decomposition has not been realized yet at the industrial scale.

We have proposed and employed a new method of laser decomposition of PTFE. A
sintered block of PTFE is exposed in vacuum to a continuous CO; laser radiation at 10-1000
Wt/cm? intensity and removal of the formed TFE by avacuum pump. PTFE decomposition starts
and terminates a few seconds after switching the laser on/off. The crater in the place of PTFE
exposure turns to be most heated in the vacuum chamber (about 530 °C). Running of the process
in vacuum offers full control over the gas flows and the absence of occasional injections. The
laser of 100 Wt power may yield 50-150 g/h of TFE.

Mass spectrometry has shown that thus produced TFE possesses below 1% of the organic
fluorine impurities. Evidently, it acquires additional contaminants when passing through the
vacuum pump. These contaminants are, however, easily predicted. In case of evacuation by a
mechanical pump these are the vapors and aerosols of the vacuum oil, i.e. pure enough paraffins,
which do not exert any noticeable affect. Besides, TFE can be made more clean by freezing
impurities in cryogenic traps. This method makes it possible to use sintered TFE wastes, in
which case the presence of small amounts of metals and oxides does not affect TFE purity.

Notice that, the vacuum pump and pipelines can be filled with air before running the
process. A common problem for a number of processes is the requirement for afree from oxygen
TFE, which remains even at operation with a gas cylinder. Our method proposes pumping of the
inert gas through the vacuum system. Still more efficient is installation of another vacuum pump
complying with the system of valves and pipes and exercising an independent evacuation of air
from the vacuum chamber.
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POLYTETRAFLUOROETHYLENE DECOMPOSITION
UNDER CO,-LASER EXPOSURE

P. N. Grakovich, L. A. Kalinin
V.A. Belyi Metal-Polymer Research ingtitute of NASB, Gomel, Belarus

The aim of the present study is to examine the initia stages of PTFE decomposition
under the effect of continuous irradiation of CO; laser (A= 10.6 um or 944 cm™) in vacuum. The
changes in PTFE exposure in 800-964 cm™ region under the temperature rise from 300 till 600 K
has been studied. The radiation absorption was found to increase 1.4-1.5 times, which is
equivalent to the reduction from 280 down to 80 um of PTFE layer thickness in which 90% of
radiation is absorbed. Filming of the process of PTFE fiber growth was made, which has
visualized its subdivision into several stages.

During the first stage the polymer is heated up without the signs of fiber formation. A
modal structure of the laser beam can be easily detected on the polymer surface. The latent
period length turned to be dependent on the radiation intensity, and pressure of the gases in the
chamber, making up afew seconds at radiation intensity 80 Wt/cm?. This period includes heating
and amorphization of PTFE's layer within up to a few hundreds of micrometers, which
corresponds to the absorption depth of a greater portion of radiation.

The second stage is characterized by the local formation onset of the fibersin conformity
with the modal structure of the beam. Within portions of a second several hundred micrometers
long fibers are formed, detach and are carried away from the exposure zone.

At the third stage the gaseous flows from individual parts of the crater get united. The
convergence lasts about half a second. The fibers enlarge in size reaching aimost a centimeter.
The process of fiber formation is comparable to a decelerated burst. The optimum conditions of
fiber formation are attained quicker in the center of the crater. The process spreads from the
crater’s center to its periphery thus bringing about elongation of the fibers starting their growth
from the crater’s center. This elongation and delamination of the fibers from the polymer melt
takes place due to a gas flow generated at PTFE decomposition. The gas isolation constitutes
about 8-10 mg/s and its velocity reaches 50-100 m/s. The fibers are carried away from the crater
at a speed comparable to that of the gases, i.e. tens of m/s. Having a considerable mass and
developed surface, the flowing fibers adhere to those flown beyond the beam bounds earlier and
form athick network. As aresult of this process a peculiar coronais formed.

During the fourth stage the crater deepens and acquires a distinct cone shape. The
radiation intensity on the walls falls due to, first of all, growth of the wall area and, second, due
to increased reflection from the acute angle of incidence.

The increased radiation intensity leads to abrupt decomposition acceleration, al above-
described stages being preserved. As it follows from our study, laser-induced decomposition of
PTFE is subdivided into a sequence of stages differed in the processes of PTFE decomposition
and fiber formation.
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PLASMA POLYMERIZATION OF TETRAFLUOROETHYLENE ON THE
CARBON FIBER SURFACE

V.A. Shelestova®, A. M. Lyahovich®

V. A. Belyi Metal-Polymer Research Ingtitute of NASB, Gomel, Belarus
P| nstitute of Physics and Technology UrB RAS, 1zhevsk, Russia

The thin polymeric films have found wide application as protective coatings of dielectric
layers in microelectronics, filler coats for improved adhesive interaction in polymer composite
materials, etc. The thin polytetrafluoroethylene (PTFE) layers can be obtained by the high-
energy effect on the fluorine-containing compounds in vacuum, e.g. in the electric discharge
plasma. Polymerization in plasma of fluorine-containing gases may follow different modes
attracting either molecules, radicals, ions or eectrons. It involves just as synthesis of the high-
molecular product, so its modification during formation.

The present work studies the composition and structure of the coatings deposited on
carbon fibers by plasma polymerization of tetrafluoroethylene (TFE) The research object has
been chosen due to the intensive use of carbon fibers as a PTFE filler, as well as perfect adhesive
interaction with the polymer matrix thanks to a fluoropolymer interlayer on the surface refining
thereby the structure and properties of the composite.

The coating composition on the carbon fabric samples were studied using RFES. The
atomic ratio on the carbon fiber surface prior to the plasma treatment made up C : O = 88 : 14.
After the treatment in TFE medium fluorine atoms appeared and the ratio changed asC: O : F =
72:15:09.

Spectral analysis of Cls carbon has shown the reduction of carboxylic groups on the fiber
surface after TFE plasma polymerization, and the emergence of 290.9 and 292.3 €V constituents,
which are characteristic of —CF, and -CF3 groups. The spectrum of Cls oxygen before the
treatment contained the lines typical for -C=0 (532.3 €V) and —C-O (533.7 €V), which shifted
till 532.7 and 534.3 eV after the polymerization. This shift can be a result of forming O-C(O)-
CF;3 and O-COCF;3 groups, correspondingly. The fluorine line contains those of 688.2 and 689.7
eV, the first of which resulted from overlapping the signals from CF,CH,, O-C(O)-CF;, while
the other belongs to PTFE groups —CF,-CF,-CF.

It is shown that along with characteristic of PTFE groups the plasma-polymerized TFE
on carbon fibers contains a considerable amount of oxygen-containing groups (carboxylic, ether)
and trifluoromethyl ones.

IR spectrum of the film obtained in a HF discharge of TFE medium on a silicone crystal
complies on the main with PTFE's spectrum. The absorption band of fluorocarbon groups
(1150-1250 cm™) is somewhat broadened due to plasma polymerization peculiarities. Most often
an intricate 3D cross-linked structure is formed in plasma conditions rather than a polymer with a
regularly interleaving monomer segments.

The use of carbon fibers with the fluoropolymer coating for PTFE filling has improved
essentially structure and physico-mechanical properties of the final composite. The method
proposed for depositing fluoropolymer coatings on carbon fibers via TFE plasma polymerization
aimed at raising adhesive interaction with PTFE can be employed for other fillers as well. This
has proved to ameliorate their processing compatibility with the matrix and achieve high-quality
composites.
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INFLUENCE OF NONSOLVENT ADDITIVESIN CASTING
SOLUTIONSON STRUCTURE AND PROPERTIES OF FLUORINATED
MICROFILTRATION MEMBRANES

T.M. Ermolinskaia, L. A. Fenko, A.V. Bildyukevich

Institute of Physical Organic Chemistry NAS of Belarus
Surganov's gtreet, 13 Minsk,, 220072 Belarus,E-mail: uf@ifoch. bas-net. by

The fluorinated polymers are materials with increasing scientific attention and industrial
importance for manufacturing of the microfiltration membranes because of its high thermal and
chemical resistance, durability. In the report the structure and transport properties of
microfiltration membranes made from tetrafuorethylele/vinylidene fluoride copolymer F-42 are
discussed. The membrane preparation technique include the phase inversion of three-component
systems «polymer - solvent -nonsolvent» in water coagulation bath. A wide range of chemical
substances were used as nonsolvents. water, inorganic and organic acids, and alcohols. All of
the nonsolvents being tested can be divided on two large groups: «soft» ones, which describes
by a high precipitation numbers (> 500 g/dl) and "strong", with precipitation numbersin arange
from 8.7 up to 30 g/dl. Introduction of any nonsolvent in a casting solution in some critical
concentration leads to its phase separation.

It was found, that the rise in the concentration of strong nonsolvent in the casting solution
leads to sharp increase of its heterogeneity, which can be fixed on ther turbidity. After
achievement the binodal thereisthe "liquid-liquid" phase separation occurs.

The soft nonsolvents doping in the casting solution leads to absolutely different
regularities. Compared to strong nonsolvents, the concentration area of homogeneous solutions
enlarges. The additives of soft nonsolvent leads to the sharp increase in the viscosity of the
solutions. The turbidity does not change significally. The further increase in concentration of the
soft nonsolvent in casting solution leads to system gelation. Gelation is observed in case of
ethanol, iso-propalol, acetic and ant acids. The gels obtained represents steady not fluid
opalescent systems which are melt at the increasing of temperature. The X-rays analysis of the
gels shows that gelation of the solutions is caused by the process of polymer crystallization and
formation of athree-dimensional network.

It was established, that the formation of porous permeable films is possible in the limited
concentration region of nonsolvent in casting solution. The increase in nonsolvent concentration
the hydraulic permeability of membranes pass through a maximum. The strong nonsolvent
additives alow to form the large pore membranes with high hydraulic permeability. A film,
obtained from the casting solutions with soft nonsolvents are characterized by not developed
porous structure and, accordingly, low hydraulic permeability.

The data illustrating the structure and transport characteristics of experimental
membranes, as well as the results of comparative testing experimental and commercia
membranes (Versapore, Gore) are cited. The application of experimental membranes as air
filters for disposable infusions systems are discussed.
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PREPARATION OF LUMINECSENT AND COLOURED
POLYTETRAFLUOROETHYLENE IN BLOCKSBY RADIATION
CHEMICAL MODIFICATION TECHNIQUE.

R. N. Nurmukhametov, V. G. Klimenko, A. M. Sergeev,
D. |. Sdliverstov, S. A. Khatipov.

Karpov Institute of Physical Chemistry
Vorontsovo Pole &. 10, 105064, Moscow, Russia
E-mail: nurm@cc.nifhi.ac.ru

In the recent years, an interest to radiation modification of polytetrafluoroethylene (PTFE) in
melt (330-340°C) rose significantly?>. Recently, we have shown that PTFE films (95 um thick)
v-irradiated at the temperature close to their melting point and preheat treated in vacuo (10 mm
of Hg, T = 340°C) exhibit bright visible fluorescence’. Optical centres of various types formed in
the polymer as a result of radiation chemical transformation were established to be responsible
for their fluorescent properties. The fluorescence intensity, concentration ratio of optical
emission centres of various types, and samples colouration are found to depend on the sample
irradiation conditions.

In this report, results of spectral luminescence studies of radiation-modified PTFE in large —
sized blocks (D ~ 100 mm) are presented. y-Radiation treatment of the blocks was carried out in
the metallic camera heated to the temperature close to the polymer melting point.

The process of optical emission centres formation is different in various parts of the block.
This phenomenon is demonstrated in the figure where the photographs of the cylindrical block
sections after y-irradiation in UV — (a) and visible (b) light are presented. It is seen that the
colour is different in various areas (areas of equal fluorescence have a view of concentric
circles).The central part of the section turned out to be entirely non-fluorescent.

(@ (b)

The block surface irradiated in air, containing water vapor, grows dark, inner layers
retaining alight colour. Samples radiation-treated in the argon atmosphere show brighter
fluorescence and practically no change in the colour. So, the colouration and fluorescence are of
different nature. The chemical structure of the fluorescence centres has been revealed.

Y OshimaA. et al. Rad. Phys. Chem. 1997, 49(2), 279-284

2 OshimaA. et al. Rad. Phys. Chem. 1999, 55(1), 61-71

% Lappan U. et al. Rad. Phys. Chem. 2000, 59(3), 317-322

* Khatipov S.A.et al. Vlysokomol.Soedin. 2006, 48(2), 263-270
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CREEP OF POLYTETRAFLUOROETHYLENE IRRADIATED ABOVE THE
MELTING TEMPERATURE OF CRYSTALLYTES

D. 1. Sdliverstov, S. A. Khatipov

Karpov Research Ingtitute of Physical Chemistry, Vorontsovo Pole ., 10,
105064, Moscow, Russia
E-mail: khatipov@cc.nifhi.ac.ru

The paper presents the results of a study of the stran properties of
polytetrafluoroethylene (PTFE) irradiated at a temperature higher than the melting temperature
of the crystalline phase. It is known that the impact of ionizing radiations on PTFE in this
temperature region results in an anomal ous change of its macroscopic properties.

The films under investigation had the thickness 100 — 200 p and they were subjected to
irradiation with gamma quanta of the ®Co isotope in the temperature range 320 — 360°C with
doses of 50 — 300 kGy while varying the medium of irradiation. Presented in the report are
study results on the dependence of the value of the unit strain on the time of impact of the static
load, as well as the diagrams of tensile strain under variable load.

Based on the obtained results, the conclusion has been made about the qualitative change
in the structure of irradiated PTFE. There has been discovered the effect of an anomalously large
decrease of the creep (up to 100 times) as compared to the pristine polymer. Shown in Fig. 1 are
the time dependences of the unit strain of pristine (Curve 1) and irradiated (Curve 2) PTFE films
under static load (11 MPa). It can be seen that not only the value, but also the character of the
strain is changed. Under the above-mentioned load, the strain of irradiated PTFE is elastic,
whereas in the pristine state, the effect of pseudofluidity is observed.

250+

2004 ’ 1

L. wac

Fig. 1. Unit strain of pristine (1) and irradiated (2) PTFE filmsin creep mode under the static load 11 MPa.

The change of the plastic strain mechanism is aso indicated by the diagrams of tensile
strain. Characteristic for pristine PTFE is the high contribution of inelastic strain already at the
initial segment of the stress-strain diagrams. The sample elongates uniformly along the full
length without the formation of a “neck.” Irradiated PTFE elongated with the formation of a
neck and, in contrast to the pristine polymer, has a rectilinear segment in the initial part of the
diagram. The latter phenomenon is explained by the increase of the intermolecular cohesion of
polymer chains.
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HEXAFLUOROPROPYLENE THERMAL TELOMERIZATION
REACTION KINETICSAND MECHANISM AT HIGH PRESSURE

D.|.Moskvin, A. A. Zharov

N.D. Zdlinskylinstitute of Organic Chemistry, RAS, 47 Leninsky Prosp, Moscow 119991, Russia
E-mail: zarov@ioc.ac.ru

HFP telomerization reaction with perfluoroakyliodide at high pressure was not studied
earlier. Experiments were conducted on a cylinder-piston high pressure apparatus. [1]

Teflon ampoule was served as a reactor. Reaction kinetics was recorded by piston shift
measuring with accuracy 0.01 mm.

The experiment lasted for 1 to 24 hours. Reaction mixtures were analyzed by GLC, IR,
F NMR and mass spectrometry methods. The molecular weight of oligomers was determined
by viscosimetry and cryoscopy methods.

At high telogen concentration (more then 20%) there was liquid oligomers dominance
between reaction products (n=1+4). At low concentration of C,FsJ molecular weight of products
could achieve several thousands. The telomerization reaction speed increased with pressure and
temperature growth. The reaction velocity accelerates proportionally to square root of telogen
concentration. (Fig.1).

The telomerization reaction

Fig.1 The telomerization reaction velocity -
telogen concentration curve.

The calculated value of activation energy E; was 118,7 kJ/mol.(0,7 GPa). The interesting
particularity of HFP reaction with perfluoroalkyliodide is passing on living radical
polymerization mechanism, when separated from reaction mixture telomers can react with HFP
again in that reaction conditions. R-J — Rre +Je ;

Rse +n CF,=CF (CF3) - Rt [-CF2CF (CF3)-] ne.
R¢ [-CF,CF (CF3)-] ne.+ R't+-J — Ry [-CF,CF (CF3)-] nJ+ R're

Thus, as aresult of HFP telomerization reaction studies following conclusions were made:

1. Using high pressure method allows to obtain oligomers with high conversion of HFP
approximately in ten times faster then under autogenous pressure.[2]

2. The molecular weight of reaction products can be easily regulated by reaction
conditions. 3. The telomerization reaction HFP is passing on living radical polymerization
mechanism.

"Moskvin D.I. et. a. Zh. Fiz. Khim. 2004,78 (5),850.
2 FreidlinaR.Ch. et. al. Uspechiu Khimii Polymerov. M.1966, p.138.
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NOVEL FACILE ROUTE TO POLYMERSWITH SMeR£O UNITS

E. Yu. Ladilina, T. V. Pivovarova, T. S. Pozdeeva, V. V. Semenov

G.A.Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences,
Tropinin Street 49, Nizhny Novgorod, 603950, Russia.
E-mail: llena@iomc.ras.ru

The hydrophobic properties and low refractive indices of fluoro-containing organosiloxanes
make them very promising for a variety of applications [1]. Until now, only the complicated
four-step preparation of these polymers from diorganodichlorosilanesis well-known [2].

Here, we report the novel facile synthesis of polymers with SIMeRFO units by hydrolysis of
compositions  including  fluoro-containing  organosilicon  monomers and  3-
aminopropyltriethoxysilane (APTES) (1).

The  fluoro-containing Mmonomers methyl(3,3,3-trifluoropropyl)dimethoxysilane
CF;CH,CH,SIMe(OMe), (2), methyl (3,3,3-trifluoropropyl)bis(2,2,2-trifluoroethoxy)silane
CF3CH,CH,SIMe(OCH.CF3), (3) and methyl(1-hydrohexafluoroisopropoxy)methyl-bis(1-
hydrohexafluoroisopropoxy)silane (CF3);CHOCH,SIMe(OCH(CF3)2)2 (4) have been prepared
by reactions 1 and 2:

CF3CH,CH,SIMeCl, + 2ROH ——— CF3CH,CH,SIMe(OR), + 2 HCI (@)
R =Me, (2
CH.CF;3, (3)
THF
3(CF3),CHONa+CICH,SIMeCl, ——— (CF3),CHOCH,SIM&(OCH(CF3),),+3NaCl 2
4

To our knowledge monomers 3 and 4 have never been reported previoudly.

The reaction of compounds 2 — 4 with aliphatic amines (Bu’NH,, c-CeH11NH», EtoNH,
EtsN) gives complexes (RO),MeR:S < NRR'R’’ consistent with the IR spectra of the reaction
products. These complexes are insoluble in the starting monomers. In contrast, complexes
(RO)2,MeReSI «—NH5(CH,)3Si(OEt)s prepared from APTES are readily soluble in the starting
compounds 2 — 4. In this case, the resulting complexes provide nucleophilic catalysis of the
hydrolysis of monomers 2 — 4 and condensation of the silanol groups. Films of good optical
quality, absolutely transparent in the UV, visible and near IR regions, can be cast from the
compositions at room temperature in the presence of air. The time taken for solid film formation
depends on the proportions of the components. All films retain their optical transparency on
heating up to 150°C.

Financial support was received under INTAS Grant 03-51-5959, Russian Foundation Grant
05-03-32556, President RF Grant 8017.2006.3 and the RAS Nanotechnology Programme.

! Askadskii A.A. Computational Material Science of Polymers, Cambridge International Science Publishing,
Cambridge, 2003.
2 Shamaev E.A. at al. Russian Chem. Bull 2004, 10, 2133-2136.
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NOVEL MONOMER FOR THE FLUORO-CONTAINING
POLYORGANOSILOXANES PREPARATION

T. S. Pozdeeva, E. Yu. Ladilina, V. V. Semenov

G.A.Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences,
Tropinin Street 49, Nizhny Novgorod, 603950, Russia.
E-mail: llena@iomc.ras.ru

Bis(1-hydrohexafluoroisopropoxymethyl)bis(1-hydrohexafluoroi sopropoxy)silane had been
synthesized by the reaction of bis(chloromethyl)dichlorosilane with  sodium
hexafluoroisopropylate.

FsC FsC
>0H + NaH —T9F » }ONa + Hp
FsC FsC
FBCYCFS
0
cl
< FsC THE FsC ( CF4
C—si—cl + 4 }oma — T, 0—si—0 + 4 NaCl

F3C FsC
cl

The  interaction  of compound 1 with  methanol yields  bis(1-
hydrohexafluoroi sopropoxymethyl)dimethoxysilane ((CF3),CHOCH,),Si(OMe), (2). Films of
good optical quality can be cast from compounds 1 and 2 at room temperature in the presence of
air moisture. The film formation is accompanied with the hydrolysis reaction:

F3CYCF3
o}
1 %» R«%o— si %—no—R o Transparent films,
(20 10min > insolublein
o organic solvents
F3CACF3
Transparent films, = —CH(CF3), (1)
soluble in acetone, —Me 2
ether, THF

Financial support was received under INTAS Grant 03-51-5959, Russian Foundation Grant
05-03-32556, President RF Grant 8017.2006.3 and the RAS Nanotechnology Programme.
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SYNTHESISOF NEW FLUOROSILOXANE POLYMER BY
HYDROSILYLATION

N. K. Skvortsov?, A. N. Reznikov?, A.V. Kalinin®, G. A. Nikolaev®, R. | . Hvostov?

3. Petersburg Sate Ingtitute of Technology (Technical University),
Moskovsky pr., 26, 190013, S. Petersburg, Russia
SV. Lebedev Intitute of Synthetic Rubber, Gapsalskaya ul., 1, 198035, &. Petersburg, Russia
E-mail: orgphos@hotmail.ru

The hydrosilylation of the available 1-vinyl-2,2,3-trifluoro-3-trifluoromethylcyclobutane, the
product of cycloaddition of buta-1,3-diene to hexafluoropropene, is applied to the synthesis of
the monomer for new fluorosiloxane polymer:

\. a
51 -1

[Pt]
+ CH,SiHCl, —»

CF F CF, F

The pattern of the hydrosilylation of fluoroalkene in the presence of bisphosphine complexes of
Pt(I1) is studied. The synthesis of polymer by hydrolytic copolycondensation of hydrosilylation
product with dimethyldichlorosilane allows one to avoid a labour-intensive and power-
consuming stage of separation of cyclosiloxanes:

XREMESICl, + yMe;SiClo + (x+y+1)H,0 — HO-[(REMeSIO)(MeSiO),]-H + (x+y)H20

RF:

F F

The thermostability of obtained oil-and-gasoline resistant polyfluorosiloxane with average
molecular weight 606000 exceeds that of the rubber SKTFT-50.

The research was supported financially by Russian Foundation for Basic Research
(Project No. 04-03-32632a).
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STRUCTURE OF MODIFIED POLYTETRAFLUOROETHYLENE
FORMS. QUANTUM CHEMICAL AND SPECTROSCOPIC STUDY

L. N. Ignatieva®, V. M. Bouznik®

4 nstitute of Chemistry FEBRAS, Pr.100-letia, 159, 690022, Vladivostok, Russia;
b|PCPCM, Russia; E-mail: ignatieva@ich.dvo.ru

Recently the ways of polytetrafluoroethylene (PTFE) modification to perfect properties of
its and extend the capabilities of PTFE application are studied deeply. The modification is
carried out by various means: by irradiation methods, thermo-treastment, machining, in various
technological conditions. The structure of PTFE samples post-treatment can be distinguished
from that of standard PTFE. The investigations of such samples by vibration spectroscopy
methods showed that with various treatments the new bands arise and some bands change their
positions in IR- spectra. These facts reflect the changes in molecular and supramolecular
structure of PTFE.

The analysis of IR- spectra of obtained modified PTFE forms showed:

- the new band at 1786 cm™ arises in |R-spectrum of ultradispersed sample (Forum) obtained by
thermo-treatment of PTFE in air atmosphere;

- the electron irradiation of PTFE and ultradispersed sample (Forum) induces the appearance of
the bands at 1777 and 1885 cm™ in IR-spectra of these samples;

- there are not new bands in the spectrum of dispersed PTFE (Tomflon) obtained by irradiation
of PTFE with following machining;

- at machining (pressure) of ultradispersed PTFE (Forum) the new band at 986 cm™ appearances
in IR spectraof its.

To understand the nature of changes in microscopic molecular structure of PTFE post-
treatment and assign the observed new bands in IR-spectra of modified PTFE samples the
guantum—chemical ab initio calculations of stability, structure and vibration spectra of the
chaining and branching oligomers of CnFan:2, CoFon and CiF2,0 (n=5-13) were carried out with
using of DFT and HF level of theory. As part of an exploration calculation it was found:

- the optimal molecule structures of chaining oligomers of C,Fa..2 (n>5) are zigzag chains with
the bonds of Re.c = 1.53-1.54 A and Re.r = 1.34-1.36 A, rolled in spira with angle of deviation
from plane of 17°. The obtained calculation results are in complete agreement with experiments
on structure of polytetrafluoroethylene (PTFE);

- the appearance in IR spectrum of PTFE of the bands at 1785 cm™ and 1885 cm™ exhibits the
presence of —CF=CF, and —COF terminal groups in the chain of PTFE, respectively;

- the stretch vibrations of C=C and C=0O in the -CF=CF, and —COF terminal groups are
independent and don’t affect on frequencies each of other from seven-fragment molecules on;

- the IR spectra are sensitive to forming of the defects in the oligomer structures resulted by
presence of —CF3; branching groups in the chains. By calculation results, appearance of —CF;
branching groups in the chain of PTFE resultsin IR spectrum in the band at 986 cm™;

- at forming of branches in the chains the sensitive of the frequencies of stretch vibrations of
C=C and C=0 in the -CF=CF, and —COF terminal groups depends on branch place in the chain;
- the chaining configuration of PTFE is more stable then branching one. The difference in
energies between the chaining and branching configurations is about 10 kcal/mol. It is a small
value. This result shows to possibility of forming of any one of them. The place of radical
making by polymer modification determines the place of branch location. The torn loose from
chain fragments add to these places.

Thiswork is supported by RFBR Grant Ne 06-03-321854 and Grant FEBRAS RAN, | issue.
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THE PECULIARITIESOF THERMAL BEHAVIOUR OF
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I nstitute of Chemistry of Far-East Branch of the Russian Academy of Sciences,
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Ultra-dispersed polytetrafluoroethylene PTFE (trade mark FORUM®) prepared by the
thermal gas-dynamic method from the products of pyrolysis of fluoroplast F-4 has unusual
thermal properties unrepresentative for trade marks of this kinds of the polymers. Such
behavious may be caused by the presence in FORUM’s composition some phases with various
thermal stabilities that, in turn, may be due to various molecular weights of the macromolecules
forming these phases. In order to confirm this suggestion separation of the phases and
investigation of their thermal properties are required.

Therma fractions of the ultra-dispersed polytetrafluoroethylene were prepared by
sublimation of FORUM® with following condensation of the products in the cooler-receiver. We
separated the fraction in the temperature ranges 50-70, 160-180 and at 300°C for our
experiments. The previous study of these fractions by the electronic and optic spectroscopy
methods indicated to their different morphological structure. The low-temperature fraction
consisted of the thin plates. In the powder separated at 160-180°C one could observe multilayer
microtubes. The particles of the high-temperature powder were presented as amost calibrated
spheres of ~1um size. It was also shown by the IR spectroscopy method that al the fractions
differed by their macromolecules structure. The lines at 1786 and 985 cm™* were observed in the
low-temperature fractions. These lines may be assigned to the presence of CF3-groups at the ends
of the macromolecules and olefins-groups - FC=CF,. In the high-temperature samples such lines
were not observed.

The differential thermal study of the three fractions showed that their temperature
properties strongly differed. Thus, the mass loss of the fraction separated at 50-70°C proceed in
one stage in the temperature range 60-150°C that indicates to homogeneity of the sample’s
composition. The differential thermal curve shows endothermic effect with the maximum at
83°C that is related to the fusion of the sample. It means that the therma decomposition of this
fraction proceeds into the melt. In turn, exothermic effect with the maximum at 151°C is related
to oxidation of a portion of the products formed.

The sample separated at 160-180°C sublimes in one stage in the temperature range 90-
200°C. The type of the thermogravimetric and differential thermogravimetric curves indicates
that the mass loss proceeds in one stage. The process is accompanied by wide endothermic
effect. Degree of the sample transformation is equal to 99,1%.

The fraction separated at 300°C decomposes in the two stages in the temperature range
90-320°C. Degree of the sample transformation is 100%. The first stage is accompanied by wide
endothermic effect (90-225°C). Degree of the sample transformation at this stage is 56%. The
second stage proceeds with exothermic effect with the maximum at 267°C that may be explained
by oxidation of a portion of the products formed as a result of heating. The more complicated
type of the thermogravimetric curve indicates to heterogeneity of this fraction by its molecular
weight.
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The different forms of polytetrafluorethylene (PTFE) — monoalithic, powder, ultradicpersive,
fibrous, films- in high- and low molecular states, exposed to radiation, light, mechanical, heat,
electron beam — were investigated by electron and scanning probe microscopy. The various
forms of PTFE were obtained from monoalithic industrial fluoroplastic under certain conditions.
The films, isolated from irradiated acetone solution of tetrafluorethylen (TFE) were also
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Fig. 1. PTFE fibrous. Fig. 2. Thefilms, isolated from irradiated acetone
1.5x1.5 pym. AFM. solution of TFE. 5x5 um. AFM.

The specimens are different by method of block packing and some from these by
macromolecules length. The classification of fluoroplastic materials was propoused.

The composites of UPTFE with the metals were obtained and studied. It was shown that
UPTFE forms with metals nanocomposites on level of stirring in one particle of UPTFE.

The films of another (non PTFE) polymers were also studied. The conclusions were made
about change of block and porous film structures on nano-level by fluorination. The polymers,
for which fluorination most of all changes the surface morphology, were found.

The date obtained were shown the variety of polymer morphology in spite of obtaining
method. There are some influences which force TFE or PTFE molecules to collect in nano-
films, nano-fibers or nano-particles.
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Vavilova &. 28, 119991, Moscow, Russia
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The detailed anaysis of the crystal packing of 8,9,10,12-tetrafluoro-o-carborane (TFC)
by the topological analysis of the electron density distribution function was performed and the
competing between the F...H and H...H interactionsin the crystal was analysed.

The energy of these interactionsisin the
range of 0.38 - 1.44 kcal/mole with the average
value equa to 0.81 kcal/mole. As one could
expect from the analysis of the charges, the
strongest interaction was found in the case of
the hydrogen atom bounded to the carbon atom
of the icosahedron (1.44 kcal/mole H...F).

The summation of the energies of all weak
interatomic contacts alowed us to obtain the
value of the lattice energy for TFC, which is
equal to 12.95 kcal/mole. This value is dlightly
lower than the one, found in the case of 1-
phenyl-o-carborane (1POC) (17.0 kcal/mole)
what can be explained by the presence of the
phenyl substituent in the latter case, which, in
its turn possessing 5 more hydrogen atoms
allows the formation of a bigger number of
hydrogen bonds. In other words despite the fact
that al H and F-atoms of the TFC participate in the formation of the intermolecular H...F
interactions their total number is 17 against 25 in 1POC.
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Mechanisms of fluorination of fluorine containing polymers and copolymers are
discussed. Also, photo destruction of the radicals formed at these processes is considered.

Direct fluorination of polyvinylidenefluoride (PVDF) and the copolymer of
tetrafluoroethylene with ethylene (CTE) by molecular fluorine were studied at 35-300 K. The
fluorinated polymers were studied by the energy dispersion microscopy (EDAX). According to
EDAX data, PVDF has the same content of fluorine before and after fluorination. In contrast, the
content of fluorine in CTE increases (~ 2 %) after fluorination. This indicates that only CTE
reacts with fluorine under experimental conditions.

Dependencies of the radical formation on temperature and reaction time were obtained
by use of electron paramagnetic resonance (EPR) spectroscopy. Primary alkyl radicals formed
as aresult of the fluorine reaction with a polymer were detected at 35 K. They rapidly react with
molecular oxygen producing long-lived (~48 h at 300 K) peroxide radicals. The peroxide
radicals when subjected to UV-irradiation (A<280 nm) is decomposed into another radicals
which alternation are not stable at T > 77 K. Concentration of the radicals produced during
fluorination of PVDF at 77-200 K is one order of magnitude less than that of the CTE radicals
formed under similar conditions.

Concentration of radicals formed at 77 K during the reaction of CTE with F, depends on
fluorine pressure and the reaction time. If fluorine pressure increases from 30 torr to 700 torr (F
: CTE = 0.15 : 1.0), the radical concentration increases amost 3 times. An increase of the
reaction time from 3 to 10 min also leads to the radical concentration increase (2 times). It
should be noted that fluorination of CTE granules or films (40 um) gives 10 times less radicals
than fluorination of highly dispersed co-polymers.

PVDF and CTE polymers have almost similar structures and similar molecular-topol ogical
parameters. The ones have only difference, that is, the order of -CH,— and —CF,— groups
alternation. In PVDF, one —CH_— group is placed between two — CF— groups, and in CTE two —
CH>— groups follow two —CF,— groups. We have performed quantum-mechanical calculations,
which allow to conclude on the mechanisms of these polymers fluorination by way of finding of
the structural changes of low molecular analogous of these polymers at fluorination. The
structures with a minimal energy for the radicals formed by association of the fluorine and
oxygen to above analogous are found.

The mechanism of PVDF and CTE fluorination, most likely, depends on the location of —
CHo>— group in the polymer. It has been shown previously that it is necessary to have -CH,—
groups nearby in the polymer chain for successful fluorination of hydrogen-containing
polymers.

The research was supported financially by the Cooperative Grants Program of the U.S.
Civilian Research and Development Foundation (Project No. 15199).
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KINETIC SPECIFICITIESOF FLUORINATION OF ORGANIC
COMPOUNDS

A. A. Karnaukh, S. R. Allayarov, L. D. Kispert, D. A. Dixon, R. Fernandez, J. S. Thrasher

Ingtitute of Problems of Chemical Physics of the Russian Academy of Sciences, 142432
Chernogolovka, Moscow Region, Russia, ® Department of Chemistry, the University of Alabama,
Tuscaloosa, Alabama, USA, 35487-0336
E-mail: karnau@icp.ac.ru

[IpoBeneH kpaTkuii 0030p HCCIEIOBAHUMA IO MaKpO- M MHUKPOKHHETHKE Ta30(a3HBIX
cucteMm (hTOpUpOBaHMS OpraHUYecKuX coequHenwii ¢ yuactueM F, u CF3OF. OOHapyxeHHBIC B
ATUX CHUCTEMaX 3aKOHOMEPHOCTH UMEIOT (YHIaMEHTAIBHOE 3HAYCHHUE SISl KHHETHKH B IIEJIOM, U
WX MPOSIBJIICHUE HAMIEHO BO MHOTUX XUMHUYECKUX CUCTEMAaX APYTOi MPUPOIBI.

OCHOBHBIE U3 ITUX 3aKOHOMEPHOCTEH

1. DHepreTuUecKoe pa3BETBICHUE IIETIel OTKPBITO B peakiusix (Gropupoanus Ci-opranux
coemuaeHuit ¢propom m CFOF, HO B mnpuHIHIE MOXET SBIATHCA JBIDKYIICH CHIION
CIIOHTAHHOTO TMPOTEKAHUsS B JIOOBIX CHUCTEMaX, IJi¢ BHICOKAsS CTEIICHb XMMHYECKOW aKTHUBAIIUU
MIPOJIYKTOB MPUBOJAUT K Pa3MHOXKEHUIO paaukaioB. B ciaydae (ropupoBanms, KoyiebaTeabHas
DHEpPrusi MPOTyKTOB RF  BBICOKO OK30TEPMHUYECKUX CTAJAMA TPOJODKEHUS IIeMHA THIIA
R+F2—>RF*+F JIOCTaTOYHA I MX pacliajia Ha pajukaibl. J[pyras BO3MOXHOCTh peaTn3aliiu
XUMHUYECKOW aKTHBAIIMU B cucTeMax, riae R=H, cBs3aHa ¢ reHeparyeii Ja3epHoro u3IydeHus .

2..Otpunarensioe B3aumojeiicteue merneil (OBII) mo CemenoBy (pekoMOMHAIMsI HE
CJIMIIIKOM aKTHUBHBIX B PEaKIMAX TMPOJOJDKCHUS Iened paaukaioB, HIyIIas ¢ 0O0pa3oBaHUEM
OTHOCHUTEJIBHO CTAOMJIBHBIX TPOJIYKTOB) MOXET SBJISATHCS MPUYUHOW KBa3HCTAIIMOHAPHOTO
MPOTEKaHUs Pa3BETBICHHO-IIEMHOTO Tporecca. st peaknuii ¢ yaactuem CF3OF takoit pexum
YCTaHABIIMBACTCS MPU OYEHBb HU3KUX TITyOMHAX KOHBEPCHHU PEAreéHTOB U COXPAHSICTCS B TCUCHHE
BCETO YMEPEHHO HAYIIETro Ipollecca — 3a CYET KBaJpaTHYHBIX peakiuid paawkaioB. CF, u
CF;0°. AHanM3 KMHETMYECKUX JaHHBIX [0 cUCTeMaM ¢ o Takxke Mmokasan 3aMeTHOe, XOTd U
ropaszo MeHblee, Biaussaue OBIl Ha kuHETHKY mporiecca. BeISICHMIIOCH, YTO Ty K€ TPHPOAY,
Omaromapss HU3KOW AaKTHBHOCTU TEPOKCHIHBIX pPAJUKAJIOB, HMEET PEKUM MEICHHOTO
OKHCJICHUS YTJIEBOAOPOJIOB, BOCIIPUHUMAEMBIN Ha OIbBITE KaK TEPHOJ]] MHAYKIIMH TETUIOBOTO
B3pHhIBA.

3.. B peakumsax CF;OF c ramomnMeranamu SIpKO MpOSBMIIACH HEOJHO3HAYHAS POJIb
KHCIIOPO/JIa, CIIEHAIBHO T00aBJIIEeMOr0 B KayeCTBE MHTMOWTOpA WM MPHUCYTCTBYIOIIETO Kak
UCXOJHAsl TMPUMECh. B HEJOCTATKE OH MPOMOTHPYET IPOIECC, a B H30BITKE — HHTHOHpPYET.
BrisscHniiocs  poactBo 3Toro 3d¢dekTa ¢ XapaKTepoM BIUSHUS KHCIOPOJa B COOCTBEHHO
OKHCITUTENBHBIX TPOLECCaX M €ro CBs3b CO CIOKHOW KOH(UTypalued mnapamMeTpruuecKon
00J1aCTH IIEITHOTO BOCIIJIAMEHEHHUSI CUCTEMbl. AHAIN3 JIUTEPATYpPhI IMOKa3aj, 4To 3TOT (PaKT 4acTo
UTHOPHUPYETCS, a YCIOBUS IPOBEIEHUS IMpollecca B OTHOCUTEILHO CTAOWIBHOM PEXKHUME
MOAOUPAIOTCS «BCIIEITYIO.

[TpoBoauTcst 0630p 3a71a4, CBI3aHHBIX C UCCIICIOBAHIEM MEXaHU3MOB TIOYUCHUS
(GTOPIOIMMEPOB, a TAK)KE MPUPOJIBI UX PEAKIIMOHHON CITOCOOHOCTH M YCTOMYMBOCTH K
XUMHUYECKUM U (DU3UYECKUM BO3JICHCTBUSIM.

Paboma sevinonnena npu ¢punancosoti noooepacxke CRDF (the Cooperative Grants Program
of the U.S Civilian Research and Development Foundation) (npoexm Ne 15199).

" The authors did not submit an English version.
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FLUOROPLASTIC MIXTURES

A. A. Okhlopkova, P. N. Petrova., O. V. Gogoleva, |. A. Bel’kov, N. I. Sharinov
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Today polymer mixtures are becoming extremely promising to serve as binders for anti-
frictiona materials. To improve structure, mechanical properties and reprocessibility of the
materials one can apply combinations of chemically alike polymers, as the closer their chemical
nature is the less interface tension and the better their contact in the area of segmental
compatibility is, because if chemical interaction between the polymers is possible, it will occur
inthisvery layer.

The presented paper deals with the investigation of the influence induced by pluoroplastic
F-4MB on the properties of polymer composite materials (PCM) based on F-4 and magnesium
spinel. Application of fluoroplastic F-4 as a modifying agent is conditioned by the fact that it isa
co-polymer of tetrafluorethylene with hexafluorpropylene having a definite amount of adjacent
groups of CFs. As a rule, co-polymer additives containing rigid and elastic blocks intensify
interface adhesion in the interface, which improves the composite’ s operational properties.

It was shown that after injection of FAMB powder into F-4 fluoroplastic it performs 20-30%

improvement in tensile strength, 1.5 to 2 times better ultimate elongation, at the same tome wear
rate of the composite reduces by 1.5 times. Improvement of strength properties of the
composites, especially its ultimate elongation can be explained as follows: F-4MB has less curly
and packed spiral conformation due to the adjacent groups of CF3, which create defects in the
crystal lattice, which reduces rigidity, raises internal mobility and flexibility of the
macromolecule chain of F-4. Additional injection of NC into the composition will cause
reduction of mass wear by 220 times with preserving other strength characteristics at the level of
F-AMB composites. PCM operational properties improving can be explained as follows:
injection of F-4-NC polymer into F-4MB causes degradation of the interfacial tension, thermal
stresses in the system and intensifies formation of interfacial layers due to its plastifying action.
It was shown that F-4 and its compositions with F-4MB wear uniformly under friction
conditions, and in case of F-4 with F-4MB and NC adaptation period lasts about 1-1.5 hours,
later the tribo-system reaches equilibrium dynamic condition with stable friction characteristics.
The very composites perform extremely low friction coefficient and contact temperature, which
stems form the fact that the filler particles localize on the friction surface and contribute to
reconstruction of the surface layers, which is favorable for the polymer orientation towards
friction, thus providing easier sliding.

Therefore, binary fluoroplastic matrix based on the mixture of F-4 and F-4MB can be applied as
abinder for anti-frictional composite materials.
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The problem of purposeful improvement tribotechnical properties (PTFE), combining
excellent frost- and aggressive-resisting properties with low factor of friction remains for today
actual. Efficient control its properties is achieved at introduction in PTFE connections
nanometric size. However expensive methods of synthesis nanodispersional connections limit
their practical application in manufacture of polymeric composite materials (PCM). Search is
necessary for creation of profitable manufacture of products from PCM effective fillers on the
basis of natural raw material and the new technologies, allowing to transfer natural connections
in a highly active condition accessible methods. From among existing technologies on creation
new PCM a perspective method of influence on minera fillers for strengthening of their
reactionary ability is mechanical activation. The essence of a method consists in dispersion firm
bodies in devices of type planetary mills, thus their trandlation in a nonequilibrium metastable
condition is carried out. Perspectivity of technologies of mechanical activation is connected with
low power consumption, ecological safety of process, an opportunity of expansion of a raw-
material base.

In work influence shungit on physicomechanical and tribotechnical properties PTFE is
investigated. For maintenance of effective interphase interaction on border polymer - filler it is
used mechanical activation components of a composite. Activation carried out in a planetary mill
firms Fritsch, varying duration and speed of rotation of drums. Thus used as joint (activation of a
composite mix), and separate activation of components (activation shungit with the subsequent
introduction in a polymeric matrix).

Results of researches show, that under condition of an optimum choice of a mode and
reception of activation, mineral additives can become effective modifiers PTFE. Breaking
strength at introduction shungit practically was not reduced, and wear resistance in comparison
with initial PTFE has increased in 60 times, relative lengthening - in 1,5 times, the module of
elasticity - in 2 times.

Thus aresult of the lead work perspectivity of use of natural mineral raw material - shungit
- is shown as modifier PTFE for development tribotechnical materials, in particular,
antifrictional and hermetic purposes. The optimum mode mechanical activation components of a
composite for increase tribotechnical characteristics of amaterial is chosen.
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Thiswork is devoted to a method for modifying polymers and polymer membrane surfaces
to decrease their superficial energy, i.e. to impart the more hydrophobic properties to polymer
and polymer membrane surfaces without changing the properties of a polymer matrix. Modifying
is performed by addition of fluorinated moieties containing trifluoromethyl groups to structure
units of a polymer chain. This process is carried out using the stable perfluorinated F-2,4-
dimethyl-3-ethyl-3-pentyl radical.> When polymer materials are treated by a solution of the
above radical in an inert solvent at temperature >80°C, perfluoroakylation of a polymer surface
occurrs. A supposed mechanism of this processis given below.
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As a result, a monolayer is formed on the surface that consists of perfluoroakyl groups
bound with the polymer substrate by covalent C-C bonds. The changes in the properties of the
polymers and polymer membrane surfaces were observed. The contact angles of wetting by
water and tetradecane for these surfaces have been significantly increased. The X-ray
photoelectron spectroscopic analysis of the modified surfaces has shown the presence of an
external polymer layer consisting of the fluorinated moieties containing trifluoromethyl groups.
Polypropylene, polyethylene, polyethylenterephtalate (PETF), polycarbonate, various
polysulfones, cellulose derivatives and a number of membranes made of the above polymers
have been modified by the proposed technique.

The effect of perfluoroakylation of the surfaces of PETF films and track membranes (TM)
on their chemical stability has been studied. It was shown that
- the contact anglesincreased from 70 to 95 degrees;

- the alkali solution resistance increased several times.

3Scherer K.V, et al., JACS. 1985. 107, 718-719
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Emulsions with a fluorocarbon (or perfluorocarbon, PFC) phase present interest for their
potential biomedical applications. The direct PFC-in-water emulsions are used for in vivo oxygen
delivery (blood substitutes) and for diagnosis and therapy, whereas the reverse water-in-PFC
emulsions are perspective for encapsulation and sustained release of bioactive substances in
cosmetics and medicine.*#?

The aim of this presentation is to discuss the colloid aspects of the formulation of reverse
highly concentrated emulsions (HCE). These emulsions containing over 90 % of interna water
phase, have as continuous phase a swollen micellar L, solution of fluorinated surfactants in PFC
(Fig. 1). Having the structure of biliquid foams, the HCEs behave as gels manifesting
viscoelasticity and plastic (yielding) properties.* Due to higher (with regard to the hydrocarbon
surfactants) energy of lateral cohesion in adsorption layers, the fluorinated surfactants lead to
higher stability of such emulsions to the phase separation. The cohesion between fluorinated
surfactants in the adsorption monolayers may be enhanced by adding multiple OH-groups to the
hydrophilic chains of these surfactants.”

Qil

Fig. 1. Theregion of formation of highly concentrated inverse fluorinated emulsions.

In this work, we have used the complex of physico-chemical methods (SAXS and SANS

for characterising the phase diagrams, oscillatory rheology (mechanical scanning),
tensiometry of low and ultralow interfacial tension) to study the effect of the molecular
structure of the fluorinated surfactants and of physico-chemical parameters on the
properties of highly concentrated emulsions (stability to the phase separation, structure
formation, efficiency and sustained release of the caffeine). The obtained results have been
systematized and explained on the basis of the physico-chemical mechanics of disperse
systems, the thermodynamics of microscopic emulsion films, and with the help of the
elaborated theory of stability of highly concentrated emulsions.?

4 Babak V.G. et al. Progr.Colloid Polymer Sci., 2001, 118, 216-220.
®> GervitsL. L. et al. Zh. Mendeleev VKhO. 1985, 30(6), 578-580.
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The ozone layer protection requires the development of full-scale processes for novel
transient or non-ozone-depleting fluorinated substances. In order to find a solution of the
problem we developed the scientific basis for fluorochemicals full-scale manufacture
technologies by liquid-phase methods using computer ssmulation and the theory of recycle
Processes.

The liquid-phase method has natural constrains that rule out the possibility to produce
some high-fluorinated chemicals. However, we succeeded in expanding the potentialities of the
method due to generalization of the results of our studies on asfollows:

- impact of the synthesis methods on the structure and activity of the catalysts used in
liquid-phase fluorination *;

- catalytic activity of hydrogen fluoride applied for a solvent in liquid-phase synthesis %;

- refinement of the patent information * on the catalytic activity of tertiary amines in the
reactions of hydrogen fluoride addition to tetrafluoroethylene or hexafluoropropylene;

- development of a general kinetic model for liquid-phase synthesis in the context of the
acid-base (el ectrophilic-nucleophilic) mechanism of catalysis,

- development of some theoretic aspects of recycle processes exemplified by the synthesis
of 1,1,1-trifluoroethane, trifluoromethane, and difluoromethane through the development of a
general simulator for the synthesis in a capacitive reactor combined with a rectification column;
this enables optimization of synthesis and solution of the issues on development and up-scaling
with transition to the full-scale integrated reaction unit.

Within the framework of this our approach we developed a continuously-operated
laboratory-pilot plant where the reactor was combined with a rectification column. An universal
reaction unit is developed that involves the reactor combined with a rectification column so that
intermediates are recycled into the reactor by gravity, and a stratification unit intended for
hydrogen fluoride separation and recycling by gravity into the reactor *.

1 Orlov A.P. Abstracts of this conference.

20rlov A.P. CTAF 97, Il Int. Conf., St.Petersburg, 1997. Abstracts P1-24,p.56.
% Franz R. US Patent 5.969.199 (1999).

“Orlov A.P. RF Patent Ne 2 160 245 (1998).
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A.P.Orlov, V. B. Schavelev, V. A. Homutov

FSUE «Russian cientific Center “ Applied Chemistry” »,
197198, S.Petersburg, 14, Dobrolyubov ave;
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Using the results of the study on liquid-phase catalytic synthesis of
chlorofluorohydrocarbons and fluorocarbons (methanes and ethanes) for the basis a
generaization is made for the mechanisms of catalytic action of Lewis acids and bases on
reaction velocities.

The mechanism of the Lewis acids catalytic action is exemplified by the synthesis of
difluoromethane (Freon 32) starting with dichloromethane and hydrogen fluoride in the presence
of stibium hal ogenide complexes with hydrogen fluoride.

The mechanism of the Lewis bases catalytic action is exemplified by the addition of
hydrogen fluoride to tetrafluoroethylene or hexafluoropropylene in the presence of hydrogen
fluoride resulting in pentafluoroethane (Freon 125) or hexafluoropropane (Freon 227ea)
formation.

General rules reveded for the complexes catalytic action may be assigned to acid-base
(electrophilic-nucleophilic) catalysis.

It is revealed that the complex catalytic activity grows with its electroconductivity,
depending on the complex structure (SbF 5., Cl m-n HF and (R)3N-n HF).

In our studies of the catalytic activity of stibium chlorofluoride complexes we revealed
“sat” effect that manifests itself in the uptrend both in the complex catalytic activity and
electroconductivity when different salts, e.g., alkali metal fluorides, are added to the initial
complex.

The increase in the catalytic complex activity is attended by the unwanted growth of its
corrosion action. Our investigation of the relation between the complex structure and its
electroconductivity, catalytic action and corrosion activity made it possible to develop technical
proposals on the processes realization so that to achieve considerable decrease in the complexes
corrosion effects on construction materials though supporting high rates of the interaction
between the reagents.

In our studies on tertiary amines - hydrogen fluoride complexes we established the limit
value (that is three) for hydrogen fluoride to amine mole-to-mole ratio that corresponds to the
maximal catalytic activity and electric conductivity of the complex.

The methods are developed for kinetic study and kinetic constants calculation using,
besides of the analysis data, the results of the reaction mass electroconductivity monitoring over
the synthesis process.
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Heptafluoropropane (CF3;-CHF-CF3, freon 227ea) is a powerful ozone-non-depleting fire
extinguishing agent used instead of ozonedepleting halons - freons 13B1, 12B1, and also apply
as apropellant in the medicine.

The main method of heptafluoropropane production is the hydrofluorination of
hexafluoropropene according to following reaction scheme:

CFs-CF=CF;, + HF < CF3-CHF-CF; + 166 kJ/mole.

Gas-phase hydrofluorination of hexafluoropropene possess a number of important
advantages as compared with liquid-phase hydrofluorination. Gas-phase hydrofluorination does
not require the using of expensive catalysts based on Ta and Nb and long contact time of reaction
mixture in the reactor.

Gas-phase hydrofluorination of hexafluoropropene was carried out in fluidized bed of
catalyst prepared on the basis of chromium-compounds with using of fluorinated carrier.

The parameters of Arrenius equation were determined in temperature range 250-325°C: E; =
73 kJmole, InKg=17,5.

The process was most efficient in the diffusion region at 350-400°C, contact time 7+20 sec.
and molar ratio of the components HF.CsFs = (1+2):1. In these conditions the conversion of
hexafluoropropene was 60-80% with heptafluoropropane selectivity — 97-99%.
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DEVELOPMENT OF AMETHOD FOR THE SYNTHESISOF
FLUOROMETHANE

Y. G. Trukshin, I. E. Mitina, A.V. Dmitriev, D. N. Rudovskiy, M. M. Blume
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We studied the synthesis of fluoromethane through gas-phase catal yzed hydrofluorination
of two raw materials. chloromethane and methanol. Chromium compounds on fluorinated
substrate were used for the catalyst.

Our investigation has shown that in the process of chloromethane hydrofluorination even
at temperatures exceeding 400°C conversion of chloromethane to fluoromethane was negligible
and followed by partial decomposition of the initial raw material.

The reaction constant for chloromethane hydrofluorination is as follows:

K = 2.9 x 10%exp(-E/RT), m*kmole.s

here E is the process activation energy E=52300 kj/kmole.

We conducted hydrofluorination of methanol in anickel reactor with fixed catalyst layer.
The catalyst granules were tubes sized: d=6+8mm, h=8+12mm. The reactor diameter was
0.036m; its height was 1m. The reactor was equipped with a three-section electric heater.

The process was studied at 290+350°C; the ratio of hydrogen fluoride to methanol was
HF: CH;OH =2+3: 1.

It was shown that at those conditions the conversion of methanol was 40-70%, while the
selectivity by fluoromethane exceeded 95%.

When so doing in parallel with the main reaction:

CH30H + HF — CH3F +H,0O
Dehydration of methanol occurs that results in the dimethyl ether formation:

2CH3;0H — CH3;0CH3 +H,0
and also methanol conversion to methane by the combined reaction as follows:

4CH3z0OH — 3CH4 + CO, + H,O

The process combines a number of parallel and successive reactions: decomposition of
methanol to CO, and H,, water conversion of CO, hydration of CO to methane.

A sample of fluoromethane was produced. Downstream to the reactor the synthesis gas
was washed with water and alkali solution, dried with NaA zeolite and condensed into an
ampoule cooled with liquid nitrogen. The main impurities in the reaction gas were methane
(0.1+0.5%) and dimethy! ether (up to 1.5%).

Crude fluoromethane contained more than 99% of the main substance. Its further cleaning from
acidity and humidity was carried out through adsorption. In order to remove air and residual
methane the cylinder was frozen with liquid nitrogen and evacuated. The resulting product
contained 99.99% of the main substance.
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A process producing of perfluoroethylsulfonyl fluoride (PFESF) and lithium salt of
perfluoroethylsulfonic acid by direct fluorination of tetrafluoroethylsulfonyl fluoride formed as a

result of hydrolysis of corresponding sultone has been studied:

H20 F

CFg-CF:CFz + 803 - CF3-CF-CF2 - CF3-CFH-802F - CstSOzF

0,50

The process of fluorination is carried out in a tubular reactor at temperature 110 —140°C
yielding up to 98 %. After purification and distillation PFESF has the purity of 99,95 - 99,99 %. A

trial unit for producing PFESF has been set up at OJSC “Halogen”.

A process of producing some derivatives of perfluoroethylsulfonic acid, in particular, lithium
perfluorosulfonate, has al so been studied.

CoFsSO.F + LIOH — CoFsSOsL | + LIF + H2O

The reaction is carried out at temperature 80-90°C in apparatus with stirrer. After purification the
salt contains 99,99 % of the main material.
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SYNTHESISAND PROSPECTS OF APPLICATION OF
HIGH-TEMPERATURE DIELECTRICSHEAT-CARRIERSAND
LUBRICANTSON THE BASISOF PERFLUOROOLEFINSAND

MULTINUCLEAR ALIPHATIC ALCOHOLS

G. G. Furin

N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry of the Sberian Branch of the Russian
Academy of Science, Prosp. Lavrentieva, 9, 630090, Novosibirsk, Russia
E-mail: furin@nioch.nsc.ru

With the purpose of creation of new generation of synthetic nonflammable lubricants, high-
temperature dielectrics-heat-carriers and hydraulic liquids prospects of synthesis of such
compositions based on interaction perfluoroolefins and multinuclear aiphatic alcohols are
investigated. Scientific bases and hardware registration of process of reception in part and
completely fluorinated simple dialkyl ethers (direct fluorination F, partially fluorinated dialkyl
ethers) creations new perfluorinated compounds with high thermal stability and resistance
towards oxidants are developed. Are used accessible and industrially let perfluoroolefins and
perfluorovinylic ethers, ethyleneglycol, glycerine, pentaerythritol, triethanolamine, etc.

S(CH 2,CH ,0H) »

S(CH »CH20CF ,CHRR F), HOCH ,CH ,OH

OH

[RFCHmF 2OCH 2]2
F ,CHFR F CICH 20H] 4
———>  C[CH ,OCF ,CHFR Fl,
CH,0H
CH,CH,0OH KOH KOH
RFCF=CF , H OH
MeCN DMSO CH,OCF ,CHFR F
N(CH 2CH ,OH CH,OH
CH2CH,OCF ,CHFR F (CH 2CHZ0R) e [ OCF20HR
F F
CH,OCF ,CHFR F
N(CH 2CH 2OCF ,CHFR F)2F F N(CH 2CH ,0H) 3
———————>  N(CH ,CH,OCF ,CHFR
S F CFs4 (CH 2CH 2 F

E

CF3

F3
RF = CF3, C3F7C3F+ CF,0

F

It is established, that greasings on a basis as it is in part and completely fluorinated
compounds decrease in friction in kinematic pairs on 30-50 % in comparison with
characteristics of the same samples, but working in conditions of dry friction enable. It is
revealed, that factor of friction in relative movement of the connected surfaces covered films of
them perfluorinated compositions, decreases with increase in speed of relative movement of
these surfaces. Perfluorinated dialkyl ethers have been particularly focused on since they are
characterized not only by low freezing points, high volatility, improved electrophysical and
thermophysical characteristics but also by an excellent lubricanting property.

Furin G.G. et al. J. Fluorine Chem. 2000, 106, 13-24; Goverdovskij V.N., etc. Patent RU 2216461 (2003);
Chi K.-W. et al. Bull. Korea Chem. Soc. 1999, 20 (2), 220-222; 2000, 21 (6), 641-643; Furin G.G. et a. Zh. Prikl.
Khim, 1999, 72, 125-133.
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Manganese tetrafluoride (MnF,) is of interest due to its powerful oxidative and
fluorinating capacities, but nevertheless it still remains an inaccessible compound. At present the
world need for this product is small, but the demand for it is growing.

The main methods of synthesis of MnF, based on fluorination of two valence
manganese (MnkF,, MnCl,, MnSO, and others) and three valence manganese salts by fluorine gas
in a fluidized bed of manganese metal powder, requiring high temperatures up to 600°C and
high pressures, are inefficient and technologically feasible. The choice of constructional
material is a principal matter because of the high chemical aggressivity of fluorine and MnF, in
gaseous phase. In the well-known methods the synthesis is carried out in nickel reactors or
reactors of specia-property aloys, which impairs appreciably economic indicators of the
process.

In this work the fluorination of a fluorine-ammonium complex, NH;MnkF;, has been
studied to develop an industria technology for the production of MnF4. The fluorination process
is carried out in two steps: in the first one - at a temperature of 50-70°C, in the second one - at
270-300°C and under a gauge pressure up to 1 kg/cm? The synthesis is effected in an
aluminium tubular reactor, in which a tray with fluorine-ammonium complex is placed and
fluorine gasis passed.

NHsMnF; + 4F, — MnF; + NF3 + 4HF

The developed technology for the fluorination of a fluorine-ammonium complex permits
to prepare MnF4in an yield up to 90% and use an equipment made of steel or aluminium.
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Nitrogen trifluoride has found wide applications in the technologies of semiconducting
materials, high-energy lasers and chemical gas-phase deposition, as well as for a fluorinating
agent in the technologies of organofluoric compounds. In contrast to elementary fluorine it can
easily be transported in a condensed state.

At present the operating industrial technologies are based on a method of the electrolysis
of ammonium hydrofluoride melt at a temperature of 100-130°C, at a NH4F : HF mass ratio of
1:1,1-1,8 and at a current density of 0,05-0,15 A/cm? /1/.

Main drawbacks of the electrochemical synthesis of nitrogen trifluoride are an expliosion
hazard of the technology and a high corrosivity of the ammonium hydrofluoride melt.

We have developed a high-efficient and safe process for the preparation of nitrogen
trifluoride. The method of the nitrogen fluoride synthesisis based on fluorination of a mixture of
carbamide and anhydrous hydrogen fluoride by elemental fluorine at a temperature from -20
to 0°C. The content of carbamide in its mixture with anhydrous hydrogen fluoride is 20-50% by
weight, which ensures the formation of a solution at operating temperatures. Elemental fluorine
with a content of 50-98% F, by volumeis used for the fluorination.

When carrying out the synthesis in the range of subzero temperatures the reactions (1-2)
predominantly proceed, with the reactions (3-4) proceeding slightly.

2CO(NH,); + 3F; — NH,CONHCONH, + 3HF )
(biuret)
3CO(NH2)2 + 9F, — 3NF3; + C3N3zOzH3 + 9HF (2)
(isocyanuric acid)
CO(NHz)z + 6F, — 2NF; + COF, + 4HF (3)
2CO(NH2)2 + 12F, — 4NF; + CO, + CF, + 8HF (4)

The process permits to prepare a crude gas containing 40-70 vol.% nitrogen trifluoride and
0,4-2,0 vol.% CF, as an impurity. After condensation of nitrogen fluoride followed by
purification the product with a content of 99,9-99,99% NF; is obtained. The process has been
tested under experimental conditions at the plant of a capacity up to 8 t/year with an annual service
life of 5000 hours and covered by Russian patent and also patented in the USA, Japan, Korea,
China and the EPO countries.
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The main field of application of nitrogen trifluoride is the electronic industry, which
specifies high requirements for a purity of the product. With a content of the main material
being 99,9-99,99% NF;, atotal content of impurities must not exceed 10-1000 ppm.

The most difficult processing task is a purification of nitrogen fluoride from carbon
tetrafluoride, the content of which even in a minor amount causes a serious problem in the
etching process of semiconductors because of the formation of solid carbon residues. The
difficulty in separating a mixture of NF; and CF; is due to a negligible difference in their
molecular sizes and boiling temperatures, the latter does not exceed 1°.

Currently used processes for the purification of nitrogen trifluoride are labour-consuming,
inefficient and expensive. They are based mainly on methods of preparative gas chromatography
1.

We have developed a process for the purification of nitrogen trifluoride from carbon
tetrafluoride, which is realized easily under industrial conditions and characterized by a
technological effectiveness and economy. The technology of the fine purification of nitrogen
trifluoride is based on adsorption processes on molecular sieves.

A molecular sieve such as erionite with an empirical formula of (Na,K)gAlgSi27O72:27H,0O
IS used for the separation of a mixture of NF; and CF4. Zeolite is produced on an industrial
scale. The sorptive capacity in terms of nitrogen trifluoride is 5-6 g per 100 g of sorbent at room
temperature.

The purification process includes the following steps:

- preliminary purification from CO,, N2O, H>0, NO, on zeolite NaA of ball modification;

- selective adsorption of nitrogen trifluoride on erionite KNaE at room temperature;

- removal of (blowoff) carbon tetrafluoride by an inert gas (nitrogen) from the surface of
erionite;

- desorption and condensation of the purified nitrogen trifluoride under conditions of the
circulation of inert gas in the circuit of adsorption condenser-column at a temperature of -
30~30°C; zeolite in the desorption of NF3 is not heated, which extends considerably its service
life.

The developed process has been tested at the pilot plant with a capacity of 0,72 t of the
purified product per year and permits to prepare NF; of a purity of 99,9-99,99%, with a content
of CF, being no more than 10 ppm. The process has been patented in Russia, the USA, Japan,
China, Korea and the EPO countries.

1US Pat. N0.3125425 (1991); US Pat. N0.5069690 (1991).
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V.M. Vorotyntsev®, G. M. Mochalov?, S. S. Suvorov®
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PFirm HORST Ltd., bld. 3/2, office 39, Podolskikh Kursantov str., Moscow, Russia, 117545
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The concentration of impurities of electronic grade nitrogen trifluoride must be about 1-10
ppm. For the realization of analysis of nitrogen trifluoride at such trace level, sensitivity of
thermal conductor detector, flame ionization detector, thermionic ionization detector and
electron capture detector was studied.. Also separating capabilities of activated carbon, porapak
Q, polysorb-1, molecular sieve CaA and chromaton AW-HMDS modified with 5% silicon
elastomer SE-30 were studied.

Three column separating system shown in the figure 1 below was used..

Ny

3
to detector ) /g
—{  Ho—

column 3
from sampler carrier gas
—rH @ h—

1

column 1

to detector

column 2

Fig.1. separating system

At first, the sample is passed into the column 1 filled with polysorb-1 where it is separated,
and a peak of permanent gases (N2 + O./Ar + CO) which elute first passes into the column 3
filled with molecular sieve CaA. Then the valve is switched and other substances pass from
column 1 to empty column 2 and then to detector.

Studies of separating capabilities showed that porapak Q and polysorb-1 are the best
adsorbents for separating NFs-impurity system.

Comparison of sensitivities of detectors gives the result that thermal conductor detector is
the best case for determination of all impuritiesin nitrogen trifluoride in the 1 ppm concentration
level.
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The modern requirements for chemical products are mainly their low net-cost, production
and ecological safety.

Electrochemical synthesis of nitrogen trifluoride allows to get rather pure synthesis-product
by the eéectrolysis of NH4F3HF system on a nickel anode. This method is the most safe and
environmental friendly. It allows to produce nitrogen trifluoride with the 70 % current yield. The
electrolysis of NH4F3HF system on the nickel anode was studied. The time dependency of
concentration of anodic products and the dependency of its concentration were taken off.

It was determined, no impurities emerge at the stage of electrochemica synthesis which are
typical with other chemica methods. The synthesis-product was contained from 75 % of the
main component, 10 % of both N, u N2F4, and 5 % of fluro-, nitrogen- and oxygen-containing
impurities.

The estimation of efficiency of different physical-chemical methods of nitrogen trifluoride
high purification (up to purity level of microeectronics requirements) was leaded
thermodynamically.

It was shown that distilling methods of purification not effective for removal of some
impurities from nitrogen trifluoride. The preoxidation stage estimation showed that the products
of ammonia partial oxidation oxidize to NFO. But NFO is aso the limiting impurity of nitrogen
trifluoride. And some impurities which are also irremovable are not oxidizing.

It was proposed to apply a membrane gasseparation for purifying nitrogen trifluoride from
the impurities which are irremovable by distillation. The membrane gasseparation is
characterized by low energy consumption, simplicity of plant design, purification process
realization at ambient temperature, wastel essness and flexibility of production capacity changes.

The vaues of permeability of impurity components and nitrogen trifluoride were
determined. The values of ideal selectivity of nitrogen trifluoride-impurity were calculated. The
time dependencies of membrane properties changes i.e. permeability and selectivity were
determined on the model gas mixtures of nitrogen trifluoride -impurity.

The possibility of nitrogen trifluoride production with the purity equaled 99,997 % which is
required for needs of microel ectronics was shown.
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The ability of applying fluorocarbons as reagent for dry etching is connected with its high
purity in a process of superscale integration production. Existing distillation purification
methods are high energy and money consumption. Therefore lower consumption membrane
methods for high purification of fluorocarbons are perspective.

Experimental research of CF, (R-14) and CsFg (R-218) high purification by membrane
gas separation realized in the radial membrane module with poly[1-(trimethylsilyl)-1-
propine]|(PTM SP) membrane was presented.

It was shown experimentally, that the gasseparation membrane on a base of PTMSP is
one of the most permeable membranes for fluorocarbons, but its fluorocarbons selectivity is
not high. It was proposed to apply a radial membrane module for increasing the selectivity of
the process of fluorocarbons high purification. In order to decrease the influence of
longitudinal diffusion on the mass transfer and to increase the separation power the gas flow
in the high pressure cavity passes from the periphery to the center.

The selectivity of model gas mixture of CF; (R-14) — CHF; (R-23) was determined
experimentally for optimization of the process of the high purification. The concentration of
R-23 was changed in the model gas mixtures from 10 to 0.001 %. The real selectivity (which
is equaled to 3.1) was in a good agreement with the ideal selectivity (which is equaled to
3.2). It was determined that the selectivity doesn’t depend on the concentration of component
in the gas mixture. As a conclusion, it was indicated that the fluorocarbons doesn’t change
the property of the membrane.

The separation factor of the used radial membrane module was calculated on a base of
selectivity. The separation factor is characterized the purification efficiency and in the
common case is determined as ratio of the concentrations of impurity component on the inlet
and outlet of the membrane module. The influences of gas flows velocity and pressure of the
high and low pressure cavities and diffusion on the separation factor were investigated.

The possibility of high purity fluorocarbons production was shown experimentally and
theoretically. The PTMSP membrane is provided by high production capacity and the radial
membrane module is provided the good selectivity of the process.
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Application of fluorides of tungsten, nitrogen and freons 14 and 218 in microelectronics has
caused high requirements to their cleanliness. These requirements are accepted by the
international gas committee in the form of the SEMI-standard according to which in WF6 the
maintenance of impurity O2 is limited, Ar, N2, CO2, CF4, HF, SiF4, SF6, CO at a leve 1-20
ppm, and in NF3 - 02, N2, CO2, CF4, N20, CO, CF4 at alevel 1-100 ppm. In freons 14 and 218
maintenance CO2, CO, CxFy, N2, 02, Ar, H20, SF6, CF2CI2, CF3H at a level 1-30 ppm is
supervised. The specified impurity influence properties of gas, from the point of view of its
applicability in microelectronics as they define quality of products. To provide reproduced high
quality by manufacture of devices, the reliable quantitative analysis of structure of used gases
which alows to supervise their applicability in microelectronics is necessary. The analysis of
literary data has shown that the method of a gas chromatography is the highest sensitive, and
express.

For revealing genesis impurity structure of fluorides of nitrogen, tungsten and freons 14 and
218 the basic methods of their synthesis have been considered. Impurity structure NF3 which is
turning out of as aresult most widespread methods: HF, CO, CO2, CF4, N2, N20, F2, O2, FNO,
FNO2, OF2, N2F4, NHF2. The method of direct fluoriding is the most widespread for reception
WF6. WF6, received by a method of direct fluoriding can contain following impurity: CF4, CO,
CO2, HF, SF6, H20, CH4, N2, O2. After operation of synthesis freon 14 can have following
impurity structure: CO, CO2, N2, 02, H20, C2F6, F2, C2F3, C2F5H, C2H3F, C2F4, CHF3.
Characteristic impurity in freon 218 are CF4, CO, CO2, N2, 02, H20, C2CIF5, C3F6, CHCIF2,
CCI2F2.

Concentration of an impurity in tests of fluorides is defined with a method of gas
chromatography on chromatograf "Tsvet-800", equipped for work with aggressive substances.
Identification of impurity is lead with use of method of chromato-weights-spectroscopy. For
realization of gaschromatograf technique of certification NF3, WF6 and freons 14 and 218 on
conformity to requirements of the SEMI standard have been investigated dividing ability of
columns with porapak Q, HAYESEP Q, chromosorb T and the polychrome modified of 10 %
Kel F, polisorb-1 and zeolites CaA, and also sensitivity of detectors heat conductivities (road
accident), flame-ionization and constant speed recombination.

As aresult of research of dividing ability of columns is established that the most effective
sorbent for division of systems on the basis of freons and NF3 is porapak Q or polisorb-1, and
for WF6 is the polychrome modified of 10 % Kel F.

For division of impurity in NF3, WF6 and fluorides 14 and 218 is offered to use the
multivariate gas chromatography including three columns, the crane-dosator and switching the
Sixty-course crane.

Thus, quantitative definition of al limited impurity in fluorides of nitrogen and
tungsten, freons 14 and 218 at alevel 10 ppm isrealized.
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X-RAY INVESTIGATION OF Ndy Te(O,F), SOLID SOLUTIONS

V. A. Prituzhalov’, E. |. Ardashnikova® V. A. Dolgikh?

'Department of Material Science Lomonosov MSU, Leninskie Gory, 1, 119992, Moscow, Russia
2Department of Chemistry, Lomonosov MSU, Leninskie Gori. 1, 119992, Moscow, Russia
E-mail: prituzn@inorg.chem.msu.ru

One of the important problems of solid state chemistry and material science is the
investigation of interrelation: composition - structure — physical properties for anionconductive
fluorite-like solid solutions. Earlier it has been shown, that structural distortions of fluorite-like
matrix by introduction in this structure heterovalent ions, lead to formation of the complex
defective structure, increasing ionic conductivity. we can suppose, that similar processes will take
place in MOF fluorite-like phases (M = REE, Bi) from replacement of M (111) metals with M
(IV). Thus as the object of our research the NdOF - TeO, system had been chosen. NdOF has
fluorite-type hexagonal unit cell which can transform into cubic unit cell when heated above
525°C (but cannot be guenched) or from various defect formation in structure when doped.
Tellurium is chosen as the element which has active lone pair, bringing additional distortionsin
structure and greatly influencing anionconductive properties.

The aim of the present work is synthesis and x-ray investigation of fluorite-like solid
solutions in the NdOF — TeO, system.

Conditions of synthesis: starting matherials - NdOF and TeO,. During development of the
synthesis technique various container materials have been used, temperature and time of
annealing were varied over a wide range, modes of initial heating of the start mixes and of
cooling. We have found optimum conditions of annealing process. annealing mixes in platinum
crucible in vacuumized quartz ampoules at 900°C 60 hours followed with ampoules quenching
in icy water. Only such process has alowed to avoid reduction processes of tellurium and
oxyfluoride pyrohydrolysis, and also to receive equilibrium samples.

The obtained samples were diagnosed by x-ray powder method. In the system formation
of three fluotite-like solid solutions was established, between which are two- phase areas. Phase
1 is a solid solution close to NdOF, it is possible to assume that in this case there is a
stabilization of high-temperature cubic NdOF phase, parameters of a unit cell vary within the
5.636-5.56 (2) range. Phase 2 is Ndj.xTexO1.xF1-x solid solution (0.33 <x <0.37), parameters of
the fluorite subcell vary within the 5.6677 (6) - 5.7073 (7) range. Phase 3 is a solid solution with
high quantity of TeO,, exact borders of this solid solution have not been established yet, the
parameter of afluorite subcell is5.62 (1) was found for the sample x=0,40 from the 2 phase area
x=0,37-0,75.

The work was done under financial support of the RFFI (project /205-03-32719).




7" All-Russian Conference “Fluorine Chemistry” dedicated to the centenary of 1. L. Knunyants,
June 5-9, 2006, Moscow, Russia

P-144

THE SYNTHESISOF SPECIAL PURITY ZIRCONIUM AND HAFNIUM
TETRAFLUORIDES

0. A. Ogherdliev, A. K. Chubencko

Seversk Sate Technological Academy (SSTA)
Kommunisticheskij av., 65, 636070, Seversk, Tomsk Region, Russia

E-mail: ooa@ssti.ru

By the united laboratory «Fluoride processes and materials» of SSTA and Boreskov
Institute of Catalysis for three years the chemic-technological model of ZrF4, HfF4 synthesis is
created. The model consist thermodynamic, kinetic data and suggested sublimation purification
mechanism. That makesit useful for scientists and engineers.

There are great experimental and technological problems in high pure fluorides obtaining
because purification process under goes high temperatures and influence of aggressive
environment. It is important to select construction materials and purification conditions which
provide necessary purification degree.

The physical values obtained by calculating of thermodynamic model are assumed for
separate purification stages investigation. In the experimental part of model there is kinetic and
macrokinetic behavior of sublimation purification. So in the macrokinetic studying we have
considered all the three stages of sublimation and desublimation processes:

1. reversible reaction on the crystal surface;

2. transport of gaseous reaction products formed inside the layer, to the surface — inside
diffusion;

3. transport of gaseous reaction products from the layer surface to gas flow core — outside
diffusion.

SUBLIMATION PROCESS

AN

processes on the internal external
crystal surface diffusion diffusion

Fig. 1. The three stages of sublimation and desublimation processes

We investigating physic-chemical model of sublimation-desublimation process to determine
effective ways of sublimation fluorides purification . In the future we plan to make a mathematic
model based on this physic-chemical model.

Theresearch was supported financially by Rosatom (Projects No. 3.08-19, 4.08-32).
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EFFECT OF “FLOROXAN” ON COTTON-PLANT"
F. A. Mustaev®, A. A. Umarov®, A. A. Kodyakov® N. D. Chkanikov®

S Yu. Yunusov Institute of chemistry of Plant Substances AS of RUz, Tashkent, Uzbekistan
®A. N. Nesmeyanov I nstitute of Organoelement Compounds of RAS,
Vavilova &., 28, 119991, Moscow, Russia
E-mail:1981-1982@mail.ru

B PecnyOnuke VY30ekucraH KyiabTypa XJIOMYAaTHUKAa 3aHUMACT OCHOBHBIC TUIOIIATU
noceBoB. sl CTaOMIBHOTO MOMYYECHHUsT ypOXkKasi XJIOMKa-ChIpiia TpeOyeTcsi He TOJIbKO BHECEHHE
MUHEPATBHBIX YIOOpEHUH, STOXUMHUKATOB W BHEIPEHHE WHTCHCHUBHBIX O0JIE3HEYCTOWYUBBIX
BBICOKOYPO>KalHBIX COPTOB, HO U MPUMEHEHHUE PETYISATOPOB POCTA, SKOJOTHYECKH OE30MaCHBIX
¥ HETOKCHUYHBIX MO0 OTHOILIEHHUIO K YEJIOBEKY M KUBOTHBIM. Llenbio HacTodiel paboThl SIBUIOCH
M3Y4YEeHHE BO3JCHCTBHUS Ha XJIOMYATHUK (TOPCOJEPKAIIEr0 PEryisiTopa pocTa pacTeHUH —
®dopokcaHa.

C 1enp0 BBISBICHHS CTUMYJIHPYIONICH aKTUBHOCTH DIOpPOKCAaH WCHBITHIBAICS B
a00paTOPHBIX YCIOBUAX B MHTEpBAJIC KOHIIEHTPAIMI pacTBOpa 110" — 1-10° %. Buorecrom
cIyuiu cemeHa xyomdatHuka (copt C-6524), paznuuHbie OpraHbl MPOPOCTKOB M KayLTyCHAst
TKaHb U3 TUIIOKOTUJIEH XJIOMYATHHKA. B MOJIEBBIX YCIOBUSX M3y4alloCh BIMSHHE MperapaTa Ha
pOCT, pa3BUTHE PACTEHHI XJIOMYaTHUKA U yporkaHOCTh. Criocod 0O0paboTku — 3aMOuYKa CeMsH
nepe1 MOCEBOM U OTIPBICKUBaHUE B (pa3y OyTOHHU3AIHH.

Tak, mpenmoceBHass 3aMO4YKa CEeMsSH  XJIOMMYaTHHKa B pacTtBope @PropokcaHa B
koureHTpanusax 0,001; 0,01 u 0,1% oxa3piBaeT CTUMYIUpYIOIIEe ICHCTBHE Ha DJHEPTHUIO
popacTaHus U BCXOXKECTH ceMsH. ONTUMambHBIM JUIsl TPOpPACTaHUS CEMSH XJIOMYaTHUKA
okazaiics 0,1% pactBop mpemnapata. [Ipu 3ToM SHeprus npopactaHusi TOBBIIIAIach Ha 229,
BCXOXKeCTh ceMssH — Ha 19% mo cpaBHeHHMIO ¢ KOHTposieM. DeHOJoruuecKkue HaONIIoAeHuUs,
NPOBOJUMBIE B TEUYEHHE BCETO IEPHOJa BEreTalluH, IOKA3alHM. pAcTeHUs XJIOMYaTHUKA B
BapuaHTax ¢ GIOPOKCAaHOM MPEBOCXOIMIN B Pa3BUTUH PACTEHUSI KOHTPOJIBHOTO BapuaHTa. Tak,
pocT raaBHoOro ctebist 6buT Ha 9,4 M BBIIIE KOHTPOJIBHOTO, KOJMYECTBO KOpOOOUEK Ha KyCTe
yBenuuuBaiock Ha 1,8 mTyk, miomanb JUCTOBOM MOBEPXHOCTH OIHOTO PACTEHUS K KOHIY
Beretalun —Ha 292 cM?, py 3TOM cojiepkanue xyopodmma Bo3pocino g0 40%. Craemyer
OTMETHUTh, YTO YCHUJICHHE OMOCHHTE3a 3€JIEHbIX MUTMEHTOB HOCUT HEJOJITOBPEMEHHBIIN XapakTep,
TaK KaK C BCTyIUIEHHEM B (pa3y MaccOBOH OyTOHHM3AIlMHM XJIOMYATHHKA KOJIWYECTBO 3EJIEHBIX
NUTMEHTOB BBIPABHUBACTCSI C YPOBHEM KOHTPOJS. YCKOPEHHE PpOCTOBBIX IIPOIIECCOB,
MOBBIIIEHUE COJEPKAHMSI XJIOPOPIIUIa U TUIONIAN JIMCTHEB XJIOMYATHHUKA IMOJI BO3ACHCTBHEM
dnopokcaHa NpPUBETH K TOMY, YTO I[BETEHHE M CO3pPEBAHUE XJIOMYATHHUKA OIEpeKaeT
KOHTPOJIbHBI BapHaHT Ha 2-3 IHA U JaeT JOCTOBEPHYIO MpHOaBKy ypoxas Ha 2,3 1i/ra (3aMmovka
ceMsiH mepest moceBoM) U 2,6 1i/ra (mpu onpbICKUBaHUK B a3y OYTOHH3AIKH), 10 CPABHEHHIO C
KoHTpoJseMm. Cremyer OTMEeTUTh, yTo DIOpOKCaH MPOTUB BO3OYIUTENS JIMCTOBOTO TOMMO3a U
KOpHEBOW THHIM Hed(D(EeKTHBEH, TaKk Kak MOPakaeMOCTh IPOPOCTKOB OCTAETCS Ha YpPOBHE
KOHTPOJISI.

UToObl MOHATH NPUPOLY peryisTopHoro naedcTBus DiopokcaHa, MbI MOMBITATUCH
M3YYUTh XapakTep M YpPOBEHb JACHCTBHUS €ro B OTHOIICHUHM MPUPOIHBIX (UTOTOPMOHOB.
HcnpiTanus mpenapara Ha ayKCHHOBYIO, IIATOKMHUHOBYIO M THOOEPEIIMHOBYIO aKTUBHOCTH HE
JIaNTi TIOJIOKUTENFHOTO pe3yNbTara, YTO TOBOPUT 00 MHOM MeXaHW3Me NEHCTBUS Ipemapara
DopoKCaH.

Takum 00pazoM, MOKHO TPEIIOJIOKHUTh, YTO OJHUM W3 TPUHIIUITUAILHO BO3MOKHBIX
nyTeld COXpaHEeHMsl IUIOI0OPTaHOB U TOBBIIICHUS YPOKAMHOCTH y XJIOMYAaTHUKA MOXKET OBITh
pErynanus MIoJOHOIICHHS TyTeM BO3JIEHCTBUS peryasTopaMu pocta tTuna OropokcaH.

" The authors did not submit an English version.
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(BENZOTHIAZOL-2-YL)DIFLUOROMETHANESULFONIC ACID
N.D. Volkov, V. P. Nazaretian, N. |. Liptuga

Institute of Organic Chemistry of the NAS of Ukraine, 02094, Kyiv,st. Murmanska 5
E-mail: volkov_nd@ukr.net

The method of synthesis of unknown (benzothiazol-2-yl)difluoromethanesulfonic acid (1)
from accessible HOCOCF,SO,0OH* and o-amincthiophenole was elaborated.

- S
HOCOCF,S0,0H ©[ /> CF,SO,0H + H,0
NH, 200°C N |

75 %

Interaction of sulfonic acid (1) with PCls/ZnCl; led to formation of 2-(chlorodifluoro-
methyl)benzothiazole (111) instead of expected (benzothiazol-2-yl)difluoromethanesulfonyl-
chloride (11). The reaction of sulfonic acid (1) with P,Os afforded 2-benzothiazolyldifluoro-
methyl ester of (benzothiazol-2-yl)difluoromethanesulfonic acid (1V).

Individual aryldiazonium salts of (benzothiazol-2-yl)difluoromethanesulfonic acid (Va,b)
convertsinto aryl esters of (benzothiazol-2-yl)difluoromethanesulfonic acid (VIa,b) under
heating at 90 °C.

o) - and og -constants of (benzothiazol-2-yl)difluoromethanesulfonyloxy group have been
determined by the °F NMR spectroscopy.

s s
PCI, / ZnCl
5/ ZnCl, @i )—0szch - . @i )—CFCl
N "SO, N 70 %

POs S}(:F so OCF<
|
-s0, N/ ) 2 \N
v

48 %

+ .
‘ AN, Cl S - S,
X psmiin e (L persomn
N 85-92% N 75-82%
V ab VI ab

Ar = 3-FCH, (a), 4-FCH, (b).

TSokol'sky G. A. et al. Izv. AN SSSR, Ser. Khim. 1967 (6), 1289-1294.
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1-CHLORO-2,2,2-TRIFLUOROETHANESUL FONYL CHLORIDE

Yu. M. Pustovit, A. N. Alexeenko, N. D. Volkov

Ingtitute of Organic Chemistry, NAS of Ukraine, Murmans' ka 5, 02094, Kyiv, Ukraine

E-mail: ypus@email.com

A convenient method for preparation of 1-chloro-2,2,2-trifluoroethanesulfonyl chloride 2
from available® sodium 1-chloro-2,2,2-trifluoroethanesul finate 1 was devel oped.

Cl Cl
“Na I -0
F%\S/O & F%S(
= i F 11 °Cl
(0] F (6]

1 2

In contrast to previously described? 1,2,2,2-tetrafluoroethanesulfonyl fluoride, sulfonyl
chloride 2 in the reaction with pyridine doesn’t afford the corresponding sulfene 3, but yields
stable salt 1,1-dichloro-2,2,2-trifluoroethanesulfinic acid 4.

% oy ¢l Py e ot
= X -0 F?)\ .0 F%S/
S/ ’d
F?)\II < F il £
F o F (0]
3 2 4

In aminolysis of sulfonyl chloride 2, the lower the basicity of primary and secondary
amines, the higher the yields of sulfonyl amides 5.

cl
¥ O 6" RRNH o
F e RR,NH F O FRNH, - F <° R
E e — F il F N
(! R=H, Alk F O F O
2 R,= H, Alk, Ar 4 5 R

¥ Huang W.Y . et. al. Acta Chim. Sin. 1987, 45(5), 445-449.
™ Dmowski W. et. al. J.Fluorine Chem. 2005, 126, 877-882.
2 Ragulin L.I. et. al. 1zv.Akad.Nauk SSSR, Ser.Khim. 1971 (5), 1045-1049.
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POLIFLUORINATED CYCLOHEXADIENESPIROOXIRANES
ASARYLATED AGENTS

V. N. Kovtonyuk? L. S. Kobrina® D. V. Petrov?, G. Haufe

#N. N. Vorozhtsov I ngtitute of Organic Chemistry SB RAS, Lavrentiev av.9, 630090 Novosibirsk, Russia
® Organisch-Chemisches | nstitut, Westfalische Wilhelms-Universitét,D-48149 Miinster, Germany
e-mail: kobrina@nioch.nsc.ru

Fluorinated cyclohexadienones have been shown to be versatile building blocks for the
preparation of complex organofluorine compounds. We have shown early that polyfluorinated
cyclohexa-2,5-dienones la-c, in contrast to corresponding nonfluorinated cyclohexadienones,
reacted with diazomethane a the carbonyl group forming polyfluorinated
1-oxaspiro[2.5]octa-4,7-dienes 2a-c with good yields'. Now we have investigated the reactions
of these cyclohexadienspirooxiranes with aromatic compounds in the presence of AlCl; and
obtained the polyfluorinated biaryls. However, the 6-nitro-4,5,6,7,8-pentafluoro-1-
oxaspiro[2,5]octa-4,7-diene loses the nitro group with formation of biphenyls 3-6, being
convenient pentafluoroarylated agent. At the same time, oxiranes 2b,c with such substituent X in
6 position, as OCgFs and Cl, preserve these substituents in the products of reaction biphenyls 7-9.

0 Q F F
F F F _
CH2N2 ArY
> — > X /
AICI, / Base \ X
F F F F Y
F X F X F F
la X =NO, 2a 3X=F Y=H
4 X=F, Y =24,6-CHg
5 X=F, Y =CHj
6 X=FY=Cl
1b X:OC6F5 2b 7 X:OCGFS’ Y =H
8 X:OC6F5, Y:CH3
lc X=Cl 2C 9 X=Cl, Y=CHj

Using the bases (pyridine and picoline), it is possible to increase the yields of
polyfluorinated byphenils from 20-40% to 45-60%. The ratio of isomeric biphenyls, formed in
these reactions, can indicated, probably, on electrophylic process.

1Kovtonyuk V.N. et al. Eur. J. Org. Chem. 2005, 1178-1183
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SYNTHESISAND REACTIVITY OF COMPLEX FLUORIDES
OF NON-TRANSITION ELEMENTS

V. M. Plakhotnyk?, D. Meshri®, A. V. Plakhotnyk? R. Schmutzler®, L. Ernst®

®Dniepropetrovsk National University of Railway Transport, 2 Lazaryana Str., 49010, Dniepropetrovsk,
Ukraine, email: ecolab@email.dp.ua
bAdvanced Research Chemicals, 1110, W. Keystone Ave., Catoosa, OK 74015, USA
“Ingtitut fir Anorganische und Analitische Chemie der Technischen Universitét,
Hagenring 30, 38023, Braunschweig, Deutschland

Although complex compounds of transition elements do not belong to number of traditional
ones, when the formation of inner coordination sphere with the participation of fluoride ions
takes place, in many cases they manifest high thermodynamic and kinetic stability. A lot of
compounds of this type have found wide application in a number of important engineering
branches'. In recent years they are used in production of advanced energy converters and
accumulators — lithium batteries and supercapacitors”. In these cases the quality of output
products must meet the high standards, so far asin the mentioned articles they are in contact with
reactive compounds for along period, sometimes for 10-20 years.

The initial foundations for synthesis of complex fluorides of non-transition elements were
laid as early as the middle of the last century®*. In our papers this studies have found further
development, some methods are advanced at the level of industrial technologies. The main
conception of our developments is the orientation on low-temperature liquid-phase processes
running in liquid solvent systems, sometimes in aqueous solutions. In doing so, we use widely
the methods of mathematical simulation of complex multi-component systems and identification
of their composition by the methods of “Computer Chemistry”. The detailed analysis of various
factors affecting the system composition enables us to conduct choosing the rational synthesis
conditions from the standpoint of product output and purity as well as the minimization of effect
of processes upon the environment.

The reactivity of fluorine-acid complexes is governed by the strength of bonds between
central atoms and fluoride ion, the composition and properties of reaction medium as well as by
the availability of complex-former orbitals for an attack of nucleophilic reagents specifying the
mechanism of process. For example, increasing the serial number of a central atom within a
period leads to strengthening the acceptability of corresponding Lewis acids and growing the
inertness of substitution of fluoride ions by dissociative mechanism. For complexes of the same
charge the tendency to realization of associative mechanism grows with the increase of period
number resulting in extremum character of the dependence of reactivity parameters (energies and
entropies of activation).

The work is performed under the financial support of Deutsche Forschungsgemeinschatft.

!1sikawa N. New in Technology of Fluorine Compounds, 1984, Moscow, Mir Publishing House, 592 p.

*Nasri A. Lithium Batteries, Science and Technology, 2004, Kluwer Academic Publishers, 708 p.;

3Ryss I. G. Chemistry of Fluorine and Its Inorganic Compounds, 1956, Moscow, Goskhimizdat Publishing House,
718 p.

“Schmutzler R. Fluorides of Phosphorus, Advances Fluorine Chem., 1965, 5, 134-245.
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A NEW HYDROFLUORIDE FLUOROCOMPLEXES OF ZIRCONIUM AND
HAFNIUM WITH HETEROATOMIC CATION SUBLATTICE

T. F. Antokhina, A. V. Gerasimenko, I. A. Tkachenko, N. N. Savchenko,
L. N. Ignatieva, V. Ya. Kavun, E. B. Merkulov
Institute of Chemistry, Far East Division, Russian Academy of Sciences,

Pr. 100-letiya Vladivostoka, 159, Vladivostok, 690022, Russia

E-mail: antokhina@ich.dvo.ru

The conditions of synthesis are developed and series of new hydrofluoride
fluorocomplexes of Zr and Hf with heteroatomic cation sublattice MM’ JA3F7 -nHF (M = Li,
Na M’ = NHy4, Rb, Cs; A = Zr, Hf; n = 1, 2) is obtained. Hydrofluoride fluorocomplexes of Zr
and Hf crystalize from the solution of HF - acid, containing the fluorides of akali metals,
ammonium and zirconium and hafnium oxides with molar ratio 1. 4: 3 according to their
compositions. It was stated that all the synthesized compounds were crystallized in monoclinic
symmetry and their unit cell parameters were determined. The crystal structures LiCsZr3F7 -HF
(l), LIRb4Zf3F17 2HF (”), NaCs4Hf3F17 2HF (“l), LI(NH4)4ZY3F17 2HF (|V) and
Na(NHg4)4ZrsF7 -2HF (V) were studied. The structures of al five compounds have layer
character. The base of layer of the crystals| —V isformed by infinite chains where there aretri-
nuclear fragment consisting of A(1)F; -A(QFs — A(3)F; — polyhedra. Interior to
tri — nuclear fragment coordination polyhedra are united through common edges and between
each other through common vertexes. In the structure Li* - and Na" - cations unite fluoride
chainsto the layers. In Il =V Li- and Na—atoms are surrounded by F — atoms through vertexes of
octahedral were the F — atoms of HF — molecules are in axial positions. In the compound | the
coordination polyhedron of Li —atom is the distortion square pyramid the base of which is made
up of two F —atoms belonging to Zr(1) and Zr(3) polyhedra from different chains, and F — atom
of HF — molecule is the vertex of this pyramid. HF —molecules bond the layers of composition
[MASsF1; -nHF]* ... by strong hydrogen F —H ... F bonds. Rb*, Cs" and NH," cations complete
the union of the structuresto three — dimensional framework.

The IR — absorption spectra (4000 — 350 cm™) of the fluorocomplexes synthesized were
measured and interpreted. The effect of outer — sphere cation and cation of complexformer on
strength of hydrogen F—H ... F bondsis discussed.

Character of internal movement of ion and molecular groups in the compounds
synthesized at the temperature range 170 — 420K was studied by NMR (*H, *°F) method. Modes
of movements of the complex ions were determined and the energies of their activations were
estimated.

Thermal behaviour of the hydrofluoride fluorocomplexes was studied. It was stated, that
dehydrofluorination proceeds at the temperature range 120-270°C, which results in
decomposition of the substance and formation the fluorocomplexes of zirconium and hafnium
with monocation sublattice. Thermolysis of ammonium containing fluorocomplexes after
dehydrofluorination proceeds in common circuit.



7" All-Russian Conference “Fluorine Chemistry” dedicated to the centenary of 1. L. Knunyants,
June 5-9, 2006, Moscow, Russia

P-151

X-RAY QUANTITATIVE DETERMINATION OF THE
POLYTETRAFLUOROETHYLENE PHASE COMPOSITION

Yu.A. Lebedev?, Yu. M. Korolev?, V. M. Polikar pov®,
E. M. Antipov?, V. M. Bouznik®

*Topchiev Institute of Petrochemical Syntheses RAS, Leninsky Av. 29, 119991, Moscow, Russia
®Tambov Sate Technical University, Sovetskaya &. 106, 392000, Tambov, Russia
“Institute of Physicochemical Problems of Ceramic Materials RAS
Ozernaya S. 48, 119361, Moscow, Russia
E-mail: y_|ebedev@mail.ru

A wide angle X-Ray diffraction study of ultra-dispersed polytetrafluoroethylene (PTFE) was
investigated. In all specimens a new amorphous phase was found with scattering localized at
20~40° (CuK,-radiation). To calculate scatter ability of each phase the Hermans-Weidinger
improve approach was applied. For the first time regressive lines for PTFE were received, that
allowed to compute scatter coefficients of amorphous phases per crystalline phase. The scatter
coefficient of amorphous phase with halo localized at 26~18° was found as 0.69, while the
scatter coefficient of amorphous phase with halo localized at 260~40° was 1.46. The X-ray
guantitative phase analysis was carried out. For the first time for amorphous component of PTFE
with scattering localized at 260~40°, the structure identification was carried out (fig. 1).

Fig. 1. The structure of amorphous component of PTFE with X-ray scattering localized at 26~40°

The lattice types and parameters of patterns were defined. For cubic lattice type the following
parameters were found: a=0.6961 nm, V=0.33736 nm® (Forum-1). For monoclinic lattice type:
a=0.5213 nm, b=0.4395 nm, c=0.3930 nm, p=108.98°, V=0.08514 nm>, a=0.5691 nm, b=0.4376
nm, ¢=0.2816 nm, $=119.16°, V=0.06124 nm® (Forum-2); a=2.5102 nm, b=1.2464 nm,
c=0.5712 nm, $=96.23°, V=1.7764 nm* (PTFE destruction products). This data was compared
with technical Teflon (monoclinic lattice type): a=0.5632 nm, b=0.3460 nm, c=0.5611 nm,
p=119.59°, V=0.09508 nm>.
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