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Chronopotentiometry at platinum electrode in
KF-NaF-AIF_-Al O, melt*

Some features of the mechanism of the anode process on platinum in
KF-NaF-AIF -AlO, melt at 750-780 °C depending on the of anodic current
density (0.5 mA/cm? to 2.0 A/cm?) and anodic pulse duration have been stud-
ied using chronopotentiometry method.

In curves of change in the platinum anode potential a small peak at current
densities of 10-30 mA/cm? and a dlear peak at current densities of 0.5-2.0 A/cm?
are recorded when the current is cut on. Analysis of dependencies of the transi-
tion time on the current density indicates that the first peak in curve is associ-
ated with the formation of an oxide compound on the platinum surface, and
the second one is related to hindering the diffusion for delivery of electroactive

particles to its surface.
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Introduction

At the present time research
is directed to the development of phys-
icochemical bases of technology for pro-
duction of aluminum by electrolysis of
KF-NaF-AIF,-AL O, melt at 750-850 °C
using non-consumable anodes conduct-
ing in the world [1-3]. In order to avoid
a rapid corrosion of the anodes it is nec-
essary to select both its formulation and
a method of manufacturing, and optimal
electrolysis modes. The latter implies the
establishment of regularities of kinetics of
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oxygen release at the anode using electro-
chemical methods of analysis. Platinum
can serve as an experimental model of a
non-consumable anode.

Earlier [4] a comparative analysis
of experimental and modeling station-
ary polarization curves for platinum in
KF-NaF-AIF,-AL O, melt at 725-800 °C
has been conducted.

It has been shown that the primary
charge transfer to form O_, particles ad-
sorbed on platinum is accompanied by
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their desorption by physical or electro-
chemical mechanism. A more complete
description of the mechanism features of
the process under study can be achieved
as the result of using the complex of elec-
trochemical analysis methods, including
non-stationary ones.

Experiment

Experiments were performed in
alundum crucible [4], which was placed
in a quartz cell purged with argon or
oxygen. The auxiliary nichrome elec-
trode was placed in a porous alundum
tube that serves as a diaphragm. As the
working electrode platinum purity of
99.9926 % (JSC “Revda Non-Ferrous
Metals Processing Works”) was used.
As the reference electrode a gas carbon
electrode [5] in the equilibrium mixture
of CO and CO, served. Measurements
were carried out in the melt (wt. %):

Results and discussion

Figure 1 shows typical curves of
change in the potential of the platinum
anode obtained on platinum in KF-NaF-
AlF -AlL O, melt at 750-780 °C when cut-
ting on and cutting off the anode current.
A peak in cut on curve is observed at low
current densities (up to =30 mA/cm?). In-
creasing the anode current density from
0.5 to 30 mA/cm? results in shifting of a
peak potential from = 0.44 to 0.58 V in re-
spect of the carbon electrode and reduc-
ing the transition time from 1.1 to 0.005
s. In our view, electrochemical platinum
oxidation accompanied by filling its sur-
face by oxidation product can act as the
process in said section. Despite the insta-
bility of platinum oxide at temperatures
above 560 °C [6] electrochemical forma-
tion of platinum oxide was observed in

The present work is devoted to the ex-
perimental study of non-stationary anode
process on platinum by chronopotenti-
ometry in KF-NaF-AlF -Al O, melt at
750-780 °C.

39.6KF-7.1NaF-47.3AIF -6.0A1,0, at tem-
perature 750-780 °C.

Chronopotentiograms  were  ob-
tained at anodic current densities from
0.05 mA/cm?* to 2.0 A/ cm? with a sam-
pling frequency up to 750 kHz using PG-
STAT AutoLab 320N and software NOVA
1.10 (Eco Chemie, the Netherlands). To
calculate the anode overvoltage using the
procedure «I-Interrupt» ohmic resist-
ance in the section of polarizing circuit
included in the measuring circuit were
determined.

a cryolite-alumina melt at 1000 °C [7].
The diffusive character of the depend-
ence of the transition time on the current
density at that may be caused by limiting
oxygen delivery to the platinum through
the oxidized layer (or the growth rate of
the oxide film).

Increasing the length of the anode cur-
rent pulses of value up to ~30 mA/cm? (Fig.
1a), does not give rise to the second peak in
the cut on curve associated with hindering
the diffusion for delivery of electroactive
oxygen-containing Al-O-F component
from the melt content to the layer near the
anode. Its expression is observed for the
system under study with an increase in the
magnitude of anode current density from
0.5 A/cm? (Fig. 1b), at that the transition
times are from 2 ms to 10-15s.
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Fig. 1. Cut on and cut off curves of current on
platinum in KF-NaF-AIF,-Al O, melt at
780 °C and current densities of 0.5-30 MA/cm? (a)
and 0.5-2.0 A/cm? (b). Atmosphere is argon,
the reference electrode is a carbon electrode

Analysis of curves of change in the
platinum potential under current inter-
ruption points indicates a long period of
term relaxation of the platinum potential
as after the anode current density pulse
of value of 30 mA/cm? (30-35 s), so after
pulses of value of 0.5-2.0 A/cm? (10-15s).

Data from curves of change in the plat-
inum potential for small (1, 2) and high

Conclusion

Nonstationary anodic process on
platinum in KF-NaF-AlIF -Al O, melt at
750-780 °C depending on the duration
and magnitude of anode current density
(from 0.5 mA/cm? to 2.0 A/cm?) have
been studied using chronopotentiometry
method.

It is shown that when the anodic cur-
rent densities are from 0.5 A/cm?® the
process under study is limited by diffu-
sion of the electroactive particles to the
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(3) anodic current density values were
built in the coordinates it'* to i (Fig. 2).
Enhancement of it"? (1) with increasing i
for small values of anode current densities
indicates the electrode process (platinum
oxidation) followed by slow desorption of
products [8], whereas at high anodic cur-
rent densities constancy of it'* value (3) is
observed, which points at slow diffusion
of electroactive particles to the electrode
surface. The value of the diffusion coeffi-
cient of the electroactive particles for high
anode current densities at 750-780 °C
estimated from the Sanda equation [8]
amounted to 0.7-1.5 x 10> cm?/s.

The presence of the electrochemical
oxidation of platinum is supported by the
following:

- the estimated value of the electric
double layer capacity (C)) in the initial
section of curves of change in the plati-
num potential (times to = 5 x 10~*s) when
the current is cut on according to expres-
sion C, = i/(dn/dt) [1] was 400-560 uF/
cm?, which is characteristic of the forma-
tion of several oxide compound layers;

- dependence of it*? on i (Fig.2, 2) is
linear at low current densities, that points
at the growth of the oxide film resulting
from the electrochemical process [7].

surface of the platinum anode, while at
low current densities preceding stage is
recorded.

Analysis of dependencies of it'? on i
from curves of changes of the potential
platinum when anode current is cut on ac-
cording to equations describing the slow
diffusion of electroactive particles and the
growth of the oxide film on the electrode
surface indicates the electrochemical oxi-
dation of platinum.
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Fig. 2. Dependencies of it'? and it** on i, built up from cut on curves
on platinum for small (1, 2) and high (3) anode current densities

For high current densities values of the
diffusion coefficient of electroactive parti-
cles to the platinum anode and the capac-
ity of the electrical double layer were es-
timated, which amounted to, respectively,
0.7-1.5 x 10~ cm?/s and 400-560 uF/cm?.

The new obtained data can be used
to specify the scheme of the process un-

der study and create a theoretical model
enabling estimation of the effect of the
parameters of the anodic process on plati-
num and other oxygen-releasing elec-
trodes in KF-NaF-AIF,-Al, O, melt and
other oxide-fluoride melts in a wide tem-
perature range.

1. Nekrasov V.N., Suzdaltsev A.V., Limanovskaya O.V., Khramov A.P, Zaikov Yu.
P. Theoretical and experimental study of anode process at the carbon in KF-AIF,-
AL O, melts. Electrochim. Acta. 2012;75: 296.

2.Yang]., Hryn ]. N., Davis B. R., Roy A., Krumdick G. K., Pomykala Jr. ]. A. New oppor-

tunities for aluminum electrolysis with metal anodes in a low temperature electrolyte
system. Light Metals. 2004;321.

. Helle S., Pedron M., Assouli B., Davis B., Guay D., Roue L. Structure and high-
temperature oxidation behaviour of Cu-Ni-Fe alloys prepared by high-energy ball
milling for application as inert anodes in aluminium electrolysis. Corrosion Science.
2010;52: 3348. DOI: 10.1016j.corsci.2010.06.011.

. Nekrasov V.N., Limanovskaya O.V., Suzdaltsev A.V., Khramov A.P, Zaikov Yu.
P. Stationary anodic process at platinum in KF-NaF-AlF,-Al O, melts. Rus. Metal-
lurgy. 2014;8: 664. DOI: 10.113450036029514080084.

. Suzdaltsev A. V., Khramov A. P, Zaikov Yu. P. Carbon electrode for electrochemical
studies in electrolite-alumina melts at 700-960 °C. Rus J Electrochemistry. 2012;48:
1141. DOI: 10.113451023193512120117.

. Livingstone S. Rhenium, Rhodium, Palladium, Osmium, Iridium and Platinum. Per-
gamon, Oxford, 1975.

193



Ne 3| 2015 Suzdaltsev A. V., Khramov A. P., Zaikov Yu. P.,
Chimica Techno Acta Limanovskaya 0. V., Nekrasov V. N.

7. Dewing E. W., Van der Kouwe E. Anodic phenomena in cryolite-alumina melts. Th.
J. Electrochem. Soc. 1977;124: 58.

8. Bard A.J., Faulkner L. R. Electrochemical Methods: Fundamentals and Applications.
2" ed. N.Y.: John Wiley & Sons Inc. 2001, 833 p.

194



VIK: 544.653.22: 544.6.018.42-143

A. B. Cyspanbpues’, A. II. Xpamos', IO. II. 3aiikoB"?,
O. B. JInmanosckaa"?, B. H. Hekpacos'

"Uncmumym evicokomemnepamypHoti

anexmpoxumuu YpO PAH,

620990, Examepunbype, yn. Akademuuecxas, 20.

E-mail: suzdaltsev_av@mail.ru

*Ypanvckuii pedepanvrotii yHusepcumem,

620002, Examepunbype, yn. Mupa, 19.

E-mail: limanovskaya@yandex.ru

XpoHonoTeHUUOMETpPUA HA NNaTUHE B pacnnase
KF-NaF-AIF -AlLO_*

MeT0A0M XPOHOMOTEHLIMOMETPUM ObINM UCCNEN0BaHLI HEKOTOPLIE 0COBEHHO-
CT MexaHM3Ma aHofIHOr0 npouecca Ha nnatvHe B pacnnase KF-NaF-AlF,-AlLO,
npu 750-780 °C B 3aBUCMMOCTY OT aHOAHOI MAOTHOCTU Toka (0T 0,5 MA/cM? fo
2,0 A/cM?) 1 BMTeNBHOCTW @HOAHOTO UMMYbCa.

Ha KpuBbIX M3MeHeHWsi MOTeHUMana MaaTMHOBOrO0 aHoda Mpy BKJOYEHWH
TOKa (huKcupyeTcst HebonbLUoi nepernb npu NNoTHOCTAX Toka 10-30 MA/cm?
W YeTKuii nepernb npy nioTHoCTaXx Toka 0,5-2,0 A/cm?. AHanm3 3aBUCMMOCTEV!
nepexoaHbIX BPEMEH OT MJIOTHOCTM TOKA YKa3blBAeT Ha TO, YTO MepBbIii nepe-
b cBsi3aH C 06pa30BaHMEM OKCMAHOMO COEOMHEHWS HA MOBEPXHOCTU MNATWHBI,
a BTOpoi — € Anddy3nMOHHLIMI 3aTPYAHEHUAMM MO LOCTABKE 3/1eKTPOAKTUBHBIX
4acTuL K ee NoBePXHOCTY.

KnioueBble cnoBa: XpoHONOTEHLMOMETPYS, MEXAHN3M aHOAHOMO NpoLecca,
NNATVHOBbIV 3N1eKTPOS, aIIOMUHUIA.

* WccnepoBaHue BbINOMHEHO Npy (hHAHCOBOM nogaepxke Poccuiickoro doHaa (yHAAMEHTaNbHLIX 1cCneso-
BaHuit (npoekt N 13-03-00829 A).
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Beepenue

B Hacrosimee Bpems B Mmupe [1-3]. Bo msbexanme 6bICTpoit KOppo-

BelyTCA MCCAENOBaHNSA, HaIpaBlieHHbIE
Ha paspaboTKy (USMKO-XMMIIECKIX
OCHOB TEXHOJIOTUI TIONy4eHUA aTIoMU-
HUA 3anekTponusoM paciaBa KF-NaF-
AlF -ALO, mpu 750-850 °C ¢ mcnonb-
30BaHNEM MajlOpacXofyeMbIX aHONOB

311 AaHOJOB HEOOXOIMMO MOf06paTh Kak
COCTaB U CIIOCOO MX M3TrOTOBJIEHMS, TaK
Y OIITMMAJIbHBIE PEXMMBI 3/IeKTPON3a.
[ocnennee mpeprmonaraeT yCTaHOBIIEHME
3aKOHOMEPHOCTEI KMHETUKY BbIJe/IeHNs
KJICTIOpPOJa Ha aHOfe MY IIOMOIIMN J7IeK-
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TPOXMMMUYECKUX METOJOB aHaam3a. K-
CIIEpPUMEHTAIBHOI MOJIEIbI0 MATIOPACXO-
IyeMOro aHOJA MOXKET CIIY>KUTb IUIATHHA.
Panee 6bUT TPOBeEH CPAaBHUTEbHBIIT
aHaM3 9KCHEPUMEHTANBHBIX U MOJIE/b-
HBIX CTAlIOHAPHBIX ITOSIPU3ALIOHHBIX
KPUBBIX /ISl IIaTHHBI B pacminaBe KF-
NaF-AIF -AlL O, npu 725-800 °C [4].
BbiIo  1mOKa3aHO, YTO TEPBUYHBII
mepeHoc 3apsga ¢ obpasoBaHueM afi-
COpOMPOBAHHBIX YaCTHI] O,,. Ha IIaTu-
He COMPOBOX/AETCS UX JecopOIueit mo
bUSUIeCKOMY WM STeKTPOXMMUYECKO-

JKcnepuMeHT

OKCIepUMeHTbl IPOBOAMIN B alTyH-
moBOM THITE [4], KOTOpBIl pasMelany
B KBapleBOJ A4YeiiKe, IPOJAyBaeMoil ap-
TOHOM WU KIUCIOpoAoM. Bcrmomorarens-
HBIIl 9/IEKTPOJ], U3 HUXpOMa ObUI pasMe-
IjeH B IIOPUCTON alyHOBOIl TPYOKe,
BBINIOJIHAOLE ponb fuadparmsl. B ka-
YyecTBe pabovero 3/1eKTpojia UCIIONb30Ba-
M IUVTATMHY 9UCTOTON 99,9926 % (OAO
«P3 OIIM»). OneKTpomoM CpaBHEHMUs
CITY>KWJI Ta30BBIii YITIEPOAHBIN 3MEKTPO,
[5] B paBHOBecHoit cmecn CO n CO,. Us-
MepeHNsA IPOBOJVIIN B paciyiaBe (Mac.%):

PesynbTatbl n 06cygeHue

Ha puc. 1 mpepcraBieHbl TUIMYHBIE
KpUBbIe M3MeHEeHN A NOTeHIMa/Ia IIaTHO-
BOTO aHOZIa IIPM BKJIIOYEHUU U OTKJIIOYe-
HIJ aHOJTHOTO TOKa, TIOTTyYeHHble Ha I/TaTh -
He B pacrmaBax KF-NaF-AlIF,-AL O, npu
750-780 °C. IIpy Ma/IbIX INIOTHOCTSX TOKA
(mo =30 MA/cM?) Ha KPMBBIX BKJIIOUEHMsI
HabmofiaeTcs repern6. YBenmueHme aHop-
HOM ItoTHOCTU ToKa ¢ 0,5 o 30 MA/cm?
IIPUBOJUT K CMELIeHNIO TIOTeHIana Ie-
peruba ¢ = 0,44 mo 0,58 B otHOCHUTEND-
HO YITIEPOJZHOTO 37IeKTPOfia M YMEHb-
LIEHNIO IIepeXOfHOro BpeMeHU ¢ 1,1
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My MexaHU3My. bornee nomHoe ommcaHue
0COOEHHOCTel MeXaHI3Ma UCCIIeyeMOro
Ipoliecca MOXeT OBbITh JOCTUTHYTO B pe-
3ynabTaTe NMPYMEHEeHUs KOMIIIEKCa 97eK-
TPOXMMUYECKUX METO/IOB aHA/IN3a, B TOM
qI1C/Ie HeCTAI[MOHAPHBIX.

JanHas paboTa mocasAlleHa 9KCIIepy-
MEHTAJIbHOMY MCCNIeJOBAaHUIO HeCTalu-
OHAapHOTO AaHOJHOTO Ipollecca Ha IIjIa-
THHE MEeTONOM XPOHOIOTEHIMOMEeTpPUn
B pacrimase KF-NaF-AIF,-ALO, mpu
750-780 °C.

39,6KF-7,1NaF-47,3AlF -6,0A1,0, mpu
TeMiepatype 750-780 °C.
XpOHOIOTEHIIMOTPaMMBl  IIOJTy4Ya-

M TPU AHOJHBIX IVIOTHOCTSIX TOKAa OT
0,05 MA/cM? mo 2,0 A/cm? ¢ vacToTOIn
muckpermnsanum go 750 kI, ucnonbsys
PGSTAT AutoLab 320N u IIO NOVA
1.10 (Eco Chemie, The Netherlands). [Insa
pacdeta QHONHOTO II€pPEeHANPsDKEHUS
npu momouy mpouenypst «I-Interrupt»
OIIpefersiI OMUYECKOe COINPOTHUBIIECHYE
y4acTKa IO/ pU3YIOLLeil Liel, BXOAALIle-
O B MI3MEPUTE/NIbHYIO 1Ielb.

no 0,005 c. Ha Ham B3riap, mpolieccom
Ha JJAHHOM Y4YaCTKe MOXXET BBICTYIaTb
9JIEKTPOXMMMYECKOE OKMC/IEHME IUIaTH-
HBI, COIIPOBOXKIAEMO€ 3aIIO/IHEHMEM €€
MIOBEPXHOCTY TIPOALYKTOM OKMC/IEHMA.
HecMoTpst Ha HecTabUIBHOCTD OKCHUOB
IJIATVHBI NIPY TeMIIEpaTypax Bbiile 560
°C [6], anexTpoxummyeckoe o6pasoBa-
HIle OKCUfAa IUIATUMHBI OBUIO OTMEYEeHO
B KPMONNUT-ITIMHO3€MHOM pacIlylaBe IIpyU
1000 °C [7]. IncddysnonHslit xapakTep
3aBUCUMOCTH IIEPEXOHOTO BPEMEHU OT
IVIOTHOCTY TOKa IIPY 9TOM MOXXET OBITH
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BbI3BaH OTpaHMYEHMEeM IOCTAaBKU KU-
C/IOpOfia K IJIATHHE Yepe3 OKMCIEHHBIN
Crmoit (MM CKOPOCTBI0 POCTA OKCUIHON
IJIEHKM).

VBenuveHne INTETbHOCTY aHOTHBIX
VIMITY/IbCOBTOKaBeIMYMHOM10=~30MA/cM?
(puc. 1, a) He IPUBOAMUT K MOSIBJIEHNUIO Ha
KpUBOJ1 BK/IIOUEHVsI BTOPOTo Iepernba,
CBSI3aHHOTO C AU PY3NOHHBIMA 3ATPY/-
HEHMSIMI 110 JOCTaBKe 9JIEKTPOaKTUBHO-
TO KICIOPOJ-COflepyKaliero KOMIOHEHTa
Al-O-F n3 o6pema paciuiaBa B IpuaHof-
HbII co1i. Ero npossenne i nccneny-
€MOJl CHCTeMbl HaOJIOf[aeTCsl IPY TIOBbI-
[IEHUM BEIMYMHBI aHOMHONM IIOTHOCTU
toka ot 0,5 A/cm? (puc. 1, 6), mpu atom
IlepexofHble BpeMeHa COCTAB/ISAIT OT
2mc pgo 10-15c.

AHanu3 KpUBBIX M3MEHEHUS IIOTEH-
[Masa IJIATUHBI TIPU OTK/ITIOYEHUY TOKa
yKa3bIBaeT Ha JUINTENbHYIO peTaKCcalliio
MMOTeHI[Majla IUTATUHBI KaK I0C/Ie WM-
Iy/IbCa aHOJHOI IVIOTHOCTU TOKA BeJu-
yuHoi 30 MA/cm? (o 30-35 ¢), Tak u 1o-
CJIe MMITY/IbCOB BemmumHoit 0,5-2,0 A/cm?
(mo 10-15 ¢).

JlaHHbBIe M3 KPUBBIX M3MEHEHMs IIO-
TeHIMaaa IUIaTMHbL misg Manbix (1, 2)
1 BbICOKUX (3) 3HaYyeHMi1 aHOIHOI I/IOT-
HOCTM TOKa ObUIM IOCTPOEHBI B KOOPANU-
Harax it'? ot i (puc. 2). YBenuuenue it"? (1)
[PV TIOBBILIEHNUY i JI/IsI MaJIbIX 3HAYEHMUI
AHOJIHBIX IVIOTHOCTEV TOKA yKa3bIBaeT Ha
9/IeKTPOMHBIN Hmporecc (OKMCIeHye Ta-
TUHBI), COIPOBOXKAAeMbIIl 3aMei/IeHHO
mecopbryeit IpoxykToB [8], B TO Bpems
KaK IIPY BBICOKMX aHOIHBIX IJIOTHOCTSIX
HaOTIOAeTCA TIOCTOSHCTBO BENMYMHBI
it"? (3), KOTOpoe yKasbIBaeT Ha 3aMef-
neHHy Anddys3nio 3MeKTPOaKTUBHBIX
JaCTUL] K TOBEPXHOCTU aneKTpopa. Oue-
HeHHoe 13 ypaBHeHus Canpa [8] 3Have-

E tus.citco.con. V
=y o
=% o«

|
A L

0.001 0.01

E ws.cico-cor) v
5 £ B

0.9 T T T T
0.00001  0.001 0.1 10 0.001 0.1 10

Puc. 1. Kpusble BK/II0OYEHNUSA U OTK/IIOYEHUSA
TOKa Ha ratuHe B pacinaBe KF-NaF-AlF -
AL O, mpn 780 °C 1 IIOTHOCTAX TOKA
0,5-30 MA/cm? (a) n 0,5-2,0 A/cm? (6).
AtMocdepa — aproH, 91eKTPOJ CPABHEHIS —
YT/IEpOJHbII

Hye koo puuyenTa nuddysun anexTpo-
AKTMBHBIX YaCTHL] /151 BBICOKMX AHOZHBIX
IVIOTHOCTeN ToKa rpu 750-780 °C cocra-
Buo 0,7-1,5x107° cm?/c.

Hamnume cragmm 9mekTpoxmmmde-
CKOTO OKMCTIEHNSI ITATMHBI OATBEPK/a-
€TCsI CTIeTYIOLVIM:

— OLleHEHHOe 3HaYeHMe eMKOCTHU
fiBOJiHOTO 2nmekTpudeckoro cnos (C))
Ha HaYaJbHOM Y4YacTKe KpPUBBIX M3Me-
HeHJsI TIOTeHIMaa IUIAaTHHBI (BpeMeHa
1o = 5x10™ ¢) mpu BK/IIOYEHUN TOKA IO
Bpipakenuio C, = i/(dn/dt)[1] cocraBumno
400-560 Mx®d/cM?, 4TO XapaKTepHO I
06pa3soBaHMsl HECKONIBKUX CTI0E€B OKCHUJ-
HOTO COeIVHEH;

- 3aBUCUMOCTS i ot i (puc. 2, 2) mu-
HeJ{Ha IIPU MaJIBIX ITIOTHOCTSIX TOKA, YTO
yKa3bIBaeT Ha POCT OKCUIHON IIEHKM
B pe3y/IbTare 37IeKTPOXMMIIECKOTO TIPO-
necca [7].

197



Ne 3| 2015
Chimica Techno Acta

Cyzganbues A. B., Xpamos A. I1., 3aiikos (0. .,
Jiumarosckas 0. B., Hekpacos B. H.

1.0

0.8

06

3
02 L 0O 0.0 0 0O
O

0.0 T T
0.5 1 1.5 2

Puc. 2. 3aBucumoctu it u it ot i, IOCTPOEHHbIE 13 KPUBBIX BKIIIOYEHNS
Ha riatuHe s Manbix (1, 2) u BICOKMX (3) aHOIHBIX TVIOTHOCTEN TOKA

9
0 T T T 0
0 10 20 30 40
3aknoueHue

MeToaMu  XpOHOIIOTEHI[IOMETPUN
UCC/IeJOBaH  HEeCTAlMOHAPHBIl  aHOJ-
HBIIl IIpollecC Ha IUIAaTMHe B pacIllaBe
KF-NaF-AIF,-ALO, mpu 750-780 °C
B 3aBJICYIMOCTY OT JIUTEIbHOCTI U BEJIN-
YJHBI aHOMHOI IIOTHOCTM ToKa (oT 0,5
MA/cM? o 2,0 A/cm?).

IToxasaHo, 4TO IIpM aHOJGHBIX IIOT-
HOCTAX ToKa oT 0,5 A/cM® mccmemyeMblit
npouecc muMutupyercsa  puddysueit
9JIEKTPOAKTUBHBIX YaCTUI[ K IIOBEPXHO-
CTY IUIATMHOBOI'O aHOJA, B TO BpeMs Kak
IPU HU3KUX IVIOTHOCTAX TOKa (PuKCHpy-
eTcs NpeALIeCTBYIONas CTalMA.

Ananus 3aBucumocrteil it"? ot i u3
KPUBBIX M3MEHEHNA IOTEeHIVaaa IUIa-
TUHBI NIpPY BKIIOYEHNMM aHOJHOTO TOKa
[0 YpaBHEHMSAM, ONMCHIBAIOIIMM 3aMef-
neHHyl [np@dys3nio 91eKTPOaKTUBHBIX
YacTML, M POCT OKCUIHON IUIEHKM Ha

[IOBEPXHOCT 37MEKTPOfA, YKas3blBaeT Ha
9NEKTPOXUMIYECKOE OKUC/IEHNE TIUIaTH-
HBI.

JI1a BBICOKMX IUIOTHOCTEN TOKA Olje-
HeHBI 3Ha4YeHMs Koadduinenta guddy-
3MM NEKTPOAKTUBHBIX YaCTHUI] K IUIa-
TUHOBOMY aHOAY ¥ €MKOCTb JBOIIHOTO
9NIEKTPUYECKOTO CII0SI, KOTOPBIE COCTABU-
JIM, COOTBETCTBEHHO, 0,7-1,5%x107° cm?/c
1 400-560 Mx®D/cm?.

[TonydyeHHble HOBbIe HAaHHbIE MOTYT
OBITH MICIIONb30BAHBI [i/151 YTOUHEHS CXe-
MBI JICCTIERYEMOTO IpoLiecca U CO3[aHMs
TEOPETUYECKON MOJIENH, TIO3BOJISIONIEN
OLIEHVBATh BIMsIHUE IAPAMETPOB AHO]I-
HOTO Ipollecca Ha IIaTiHe U SPYTUX K-
CTIOPOJI-BBI/IETISIIOIINX 9TEKTPOAX B pac-
nnase KF-NaF-AIF,-ALO, u papyrux
OKCUIHO-(TOPUAIHBIX PACIIaBaX B IN-
POKOM MHTepBaje TEMIIEPATYp.
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