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Objects of the research:
]

e The investigation of how different electrochemical
parameters influence on the process and the result
of rhenium anodic dissolution .

e Determination of possible ways of rhenium alkoxide
formation during the electrolysis.




Synthesis of rhenium alkoxides
-]

Ligand substitution technique
Methods with the use of rhenium(VII) oxide
Electrochemical method

Factors influencing on rhenium anodic dissolution:
electrochemical parameters (potential, voltage, current density)
temperature
nature and concentration of background electrolyte
alcohol composition
construction of electrochemical cell
purity of anode
secondary chemical processes occurring in a bulk (reactions of alkoxide association, etc.)

Equipment

Electrochemical cell for synthesis of alkoxoderivatives:

E t E

1 — cell body; £l r: %—

L . \__ 5 =
2 — titanium cathode; T )
3 - anode (Re); = |
4 — membrane MK-40; ~
5 — connector; <

- i
\Y electrolyte ~ 100 ml =3 : :
; |y

C (LiCl)=0,05-0,06 molel/l




Experiment |, electrochemical synthesis under the
fixed potential E = 2,910 * 0,007V
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Fig. 2. Anodic polarization curves at different

Fig. 1. Dependence of anodic potential E rate of electrolyte.

(curve 1) and rate of potential varying
dE/dt (curve 2) on current at random flow E =2,910 £ 0,007V
of electrolyte. T = 20-25°C

velectrolyte = 0!4 n/u
U< 20V

The electrochemical complex

The electrochemical complex is developed,
in which it is used by a direct (not
compensatory) a way of measurement of
potential of an electrode.

The electrochemical complex has the high
accuracy of measurements and allows to
receive the additional information on object
of researches (speed of change of
potentials, points of change of
electrochemical reactions, etc.)

The electrochemical complex allows to carry
out the integrated technological experiences.
The complex may be used in the industry as
intellectual self-adapting electrochemical unit
for carrying out of wide technological
processes.

Fig. 3. The electrochemical complex




IR-spectroscopy
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Fig. 4. IF-spectrums of anolyte, catholyte and initial  Rhenium concentration:
electrolyte at E = 2,910 * 0,007V. in anolyte — 0,38 g/l; in catholyte — 0,42 g/l

ESR-spectroscopy
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Fig. 5. ESR-spectra of anolyte (1) and catholyte (2) at E = 2,910 £ 0,007V.

n=M-Q/(m - F)=186,2 - 145,45/(0,04 - 96500) = 7,02
where n is an oxidation number; M is molar mass; Q is a quantity of electricity; m is the
mass of dissolved rhenium; and F is Faraday constant.

A: Re —7¢e- — Re™*

Rhenium concentration: in anolyte — 0,38 g/I; in catholyte — 0,42 g/l




Changing of current and voltage during the
process
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IR-spectra of anolyte, catholyte and initial

electrolyte at U
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H Correlation of frequencies (sm):

catholyte

v O-H = 3327-3469

v C-O =1031-1130
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vRe=0 =
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v Re — O(R) = 466-546
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v Re=0 =
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anolyte
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IR-spectra of solid residue from anolyte (lower) and catholyte
(higher), taken after evaporation of liquid at room temperature.

Spectra are corrected by subtraction of watered LiCl.

H Correlation of frequencies (sm™):

catholyte (higher)
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Electron absorption spectra
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Fig. 7. Changing of rhenium concentration in
electrolyte during the process (in catholyte and
anolyte) at U =30 V.

Possible mechanism of rhenium
anodic dissolution

E=2,910+0,007 V

C: MeOH + e~ — OMe~ + H¢; He + MeOH — H,0 + Me*
A:Re-7e-— Re™

Electrolyte bulk: M™ + nRO- — M(OR),

U=20,30,50V;1=56 mA

C: MeOH + e~ — OMe~ + He; H* + MeOH — H,O + Me*
A: Re — (n+m)e~ + mHal- + nOR- — Re(OR) Hal |
A: Re —ne~ + nOR- — Re(OR),




Structures of rhenium methylates

Structures of alkoxoderivatives: 1 — Re,05(OMe)g; 2 — Re,Og(OMe);,

(Shcheglov P.A., Drobot D.V. Reviews, Rhenium alkoxides // Russian Chemical Bulletin,
International Edition. October 2005. v. 54, Ne 10, p. 2247-2258)

Conclusions:
]

1. The influence of electrode potential on rhenium anodic dissolution has been studied.
At fixed potential E = 2,91+0,07V (U<24 V) anodic oxidation of rhenium takes place,
most probably, with the formation of Re*’ cation as follows:

A:Re - 7e~ — Re™

Electrolyte bulk: M™ + nRO~ — M(OR),

(confirmed by IR and ESR spectral methods and the results of theoretical calculation)

2. The influence of voltage and current on rhenium anodic dissolution has been studied.
At fixed voltage U = 20, 30, 50V, and fixed current | = 5,6 mA (U>80V) rhenium
occurs mostly in the form of anion or neutral molecule, probably, Re,O (OR),. The
most expectable mechanism of rhenium anodic dissolution:

A: Re —ne~ + nOR~ — Re(OR),
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Electrochemical synthesis of rhenium
oxo- and oxoalkoxoderivatives.
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Application of rhenium alkoxides:

Nanosized Re powder,

Monometallic
derivatives
Re406(0Pr )10
Re;0,(OMe) 16
Re4xO¢.,(OMe) 124y
Re406(OMe) 12

Re-Mo alloys (c-phases, solid
solutions based on Re and Mo),

Hydrogen atmosphere Re-W alloys

Re,05(0Me) s

Thermal treatment
(150 - 900° C)

Bi- and trimetallic
derivatives

Re4xMoOg.y(OMe) 12+
Re 4\ WO6.y(OMe) 12.y

Air or inert atmosphere

Individual oxides

ReO; (cubic)
ReO; (monoclinic)

Solid solutions of oxides and
complex oxide phases

ReMoO »(OMe) 7
Nb 4. Ta,02(0Me) 14(ReO )2
Nb2.xTax(OMe) s(ReO 4)2

Introduction in
zeolite matrix
3

(Re,Mo)O, (rhomb)
(Re,Mo)O; (tetrag .),
(Re,W)05 (cub.),
Phases in system
Re-Ta(Nb)-O based on
L - Ta0s structure

Catalytic materials

. Shcheglov P.A., Drobot D.V. Rhenium alkoxides / U3sectust Akanemun Hayk. Cepust xumudeckas, 2005, Ne10. p. 2177-2188.




MeToabl nony4yeHunsA ariKkokco- v
OKCOAQAJIKOKCONMpPOU3BOAHbLIX PEHUA.

1. MeToa 3amelLeHns NraHaoB:

HcxodHble coeduHeHusi:

® aMuaHble KOMMJIEKCbI

° ranoreHngHbole
KOMMeKCbl

®  OKcoranoreHugHbole
KOMMJIeKCbl

AJIKoKcunupyrowul peazeHm:

cnupThI
arnKoronsiTbl WesoYHbIX MeTanos
anKOKCOMPOU3BOAHbIE KPEMHUS

ReCl; + 3 NaOEt —Re(OEt), + 3 NaCl

2. Peakuus c yyactuem okcmaa perus (VIN):
Re,0; + (t-Bu),0 — 2ReO,(OBu-t)

3. Peakuus accoumauuu:

2 Re,0,(0OMe)s—Re,04(OMe),,

AHoOHOe pacTBOpeHue peHus B

MeTaHoIe.

Shcheglov P.A. Drobot D.V. Revews, Rhenium alkoxides // Russian Chemical
Bulletin, International Edition. October 2005. v. 54, Ne 10, p. 2247-2258.

KoMnMekc YCInoBuA anekTponunsa
6es pasgeneHns KaToAHOro n aHOAHOro NPOCTPaHCTB,
NOBbILLEHHbIE 3HAYeHUS KaTOAHOI NOTHOCTW Toka
Re402(OMe)16 (Re V) Katop — Pt, aHon — Re

3nektponut: MeOH, LiCl
U=31,4-11,0B;1=0,16-0,12 A
ja=0,1-0,2 Alcm?

Re,Oq.,(OMe),p., (Re V,VI)

6e3 pasieneHns KaToHOTO 1 aHOAHOTO NPOCTPAHCTE
KaTop — HepxaBetolas ctanb, aHoa — Re
Onekrponut: MeOH, LiCl

U=110B; I=1 A

ja=0,56 Alcm2

Re,O5(OMe),, (Re VI)

C pa3fieneHHbIM KaTo/IHbIM 1 aHO[HLIM NPOCTPaHCTBaMM
Katop — Pt, aHop — Re

3nektponut: MeOH, LiCl

U=25 B; I=0,055 A

ja=0,01 - 0,02 Alcm?




MexaHU3M aHOAHOro pacTBOpPEeHUsA MeTanna
B CMUpTe B NpUcyTcTBUN POHOBOTO
aneKkTponurta

1

3.

ROM — OR- +H*
K: H + e — 1/2H,

A: M - (n+m)e- + mHal- + nOR- — M(OR), Hal
K: M(OR) Hal_ + me- — M(OR),* + mHal-

A: M —ne-— M

O6bewm anektponuta: M™ + nRO- — M(OR),

O6beM anekTponuTa:

M(OR),» + mMROH — M(OR),,,, + m/2H,
2. 4.
A: Hal- — e~ — Hal- ; M + nHal- —» MHal,, K:ROH +e — OR +H-
K: MHal, + ne- — [MHal " A:M - ne- — M
O6beM anekTponuTa: O6bem anektponuta: M™ + nOR- — M(OR),

[MHal,J™- + nHOR — n/2H, + nHal- + M(OR),

TeopeTnyeckum pacuyer
.|

KoHueHTpaumsa peHus onpeaeneHa cornacHo poToMmeTpuyecKon MeToamke:
aHonut— 0,38 r/n; katonut — 0,42 r/n

PacueT, KOCBEHHO onpeensioWwmnii CTeneHb OKUCIIEHNS PEHUSI B pacTBOPE aHomnuTa:

[aHHble:

KOHLieHTpaLMs peHus Mo AaHHbIM (hOTOMETPUYECKOTO aHanunsa B aHoaHoi (C4) n
kaTogHon (C,) YacTax obbvemom no 50 mn kaxgas: C; = 0,38r/n n C, = 0,42 r/m;

KONMYeCTBO NMponyLLEeHHOro anekTpuyectea Q = 145,45A/c;
MonsipHasi macca peHus M = 186,2 r/monb;
uncno ®apages F = 96500 r/(A-c)

3akoH Papaged npun 100% Beixoge no Toky: m=3 - Q=M/(n-F) - Q,
rae n — cTeneHb OKUCNEHUs MOHa,

m —
m =

Macca pacTBOpPUBLLEroCca peHud.
m, + m, = C,/V, + C,/V, = 0,38/0,05 + 0,42/0,05 = 0,04 ()

n=M-Q/m - F)=1862 - 145,45/(0,04 - 96500) = 7,02




MexaHU3M aHOAHOro pacTBOpPEeHUsA MeTanna
B CMUpTe B NpUcyTcTBUN POHOBOTO
aneKkTponurta
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ROH — RO~ +H*
K:H*+e — 1/2H,
A:M —-ne-— M™
O6bewm anektponuta: M™ + nRO- — M(OR),

MexaHU3M aHOAHOro pacTBOpPEeHUs MeTanna
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MexaHU3M aHoOAQHOro pacTBOpPeHUA MeTanna
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A: M — (n+m)e- + mHal- + nOR- — M(OR)Hal,,
K: M(OR),Hal, + me- — M(OR),* + mHal-

O6bem anektponmta: M(OR),,» + mMROH — M(OR),,,,, + m/2H,
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B CMUpTe B NpucyTcTBUnN OHOBOIO
aneKkTponurta
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K:ROH + e — OR- + He
A:M—-ne- — M

O6bem anektponura: M™ + nOR- — M(OR),




ABTO-Anccounaums MetTaHona
]

2CH,OH <> CH,OH,* + CH,O"

3onb-renb TexHonorus
]

(0]
H,0 H,0 t
M(OR), ——>MO(OR), x ——> M0, * yH,0 %’ M0,




UK-cnekTpbl. E = 2,910B

EOHUSHITENDOGRINGE0D
Puic. 1. FI-CReNTDb! KOHIBHITPUDOSRIN L POECINOODE BHOMENS (Yapiidll) & GeXOdHO20
PACITISODOE XSMMRMETIE {KDecH) & aHomRng DACITAODE BHORMENG (KPOCHLE).




