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Anodic behaviour of aluminium and its alloys
in sodium chlorate solutions

The effect of chlorate ions on the anodic dissolution of aluminium and its alloys with
magnesium under conditions of high current densities and intensive electrolyte mixing
is investigated using the method of anodic polarisation curve removal on a rotating
disk electrode.

It is shown that at relatively low anodic potential values the process is limited by the
capacity of the electrochemical reaction, but with a further potential shift and a venting
of the reaction products from the surface of the anode. The effective smoothing of the
surface microrelief of aluminium alloys in solutions of chlorates is due to the periodic
formation and destruction on the treated surface of a specific oxide film and inhibition
due to the electrochemical heterogeneity of the structural components of the alloys.
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AHogHOe noBegeHMe asIloMUHUA U ero CniaBoB
B pacTBopax xsopara Hatpus

MeTofoM CHATUA aHOAHbIX NOMAPU3ALMOHHBIX KPYBbLIX HA BPaLLAOLLEMCA AVCKOBOM
3/1eKTPOAE U3YYEHO B/IMAHME X/10paT-MOHOB Ha aHOHOe PacTBOPEeHue aitoMUHKA 1 ero
Cr1aBoB C MarHveM npu BbICOKVX MIOTHOCTSX TOKA B YCTIOBUAX MHTEHCUMBHOIO NepeMeLLvBaHma
anekTponuTa. NokasaHo, YTO NPy CPABHUTENBHO HWU3KMX 3HAUYEHWAX aHOZHOMO NOoTeHUmMana
MPOLIECC IMMUTUPYETCA COBCTBEHHO 3M1IEKTPOXMMUYECKON peakLumel, a Npu AanbHeLeMm
CABUre NOTEHLMaNa 1 0TBOLOM NMPOAYKTOB peakLiyv 0T NOBEPXHOCTY aHoAa. IdekTnBHOE
CrNaXuBaH1e MUKpopenbeda NoBEPXHOCTY allOMUHIEBLIX CMTABOB B PACTBOPAX X10paToB
CBS13aHO C NEPUOANYECKM 06pa3oBaHWEM W paspyLLeHVEM Ha 06pabaTbiBaemoii MOBEPXHOCTY
cneumgrIecKkoin OKCMaHOM NEHKM 1 NOJABNEHVEM BCIEACTBUE 3TOMO 31IEKTPOXMMUYECKO
reTeporeHHOCTV CTPYKTYPHbIX COCTaBAIOWMX CNABOB.
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Introduction

In solving problems associated with the
electrochemical machining of aluminium
alloys, an important role is played by an
understanding of the laws of their anodic
dissolution in an intensive electrolyte flow.
Therefore, knowledge of these laws will al-

Research Methodology

In this paper, the study of the behaviour
of aluminium alloy anodes used a rotating
disc electrode to simulate the actual hydro-
dynamic conditions of the electrochemical
process and provide an intense flow of elec-
trolyte at the electrode surface [1].

In order to eliminate the resistive com-
ponent in the measurement of the electrode
potential, a rotating electrode design was
created at the Chemical-Technological In-
stitute of the Ural Federal University for the
studied vertical movement relative to the
very thin tip of the salt bridge of the refer-
ence electrode. The capillary of the refer-
ence electrode, having an external diameter
of 0.1 mm, was led into the centre of the
disk by a distance not exceeding 0.07 mm.
In order to control the value of the resistive
component in the values of the electrode
potential, polarisation curves were taken
at consecutive removing of the capillary
from the surface of the electrode and then
extrapolated to zero distance.

Moulded PTFE cylindrical rods with
a diameter of 2 mm, which had been de-
greased with ethanol directly prior to the
experiment, were used for removing the
polarization curves.

Experimental part

In sodium chlorate solutions, the an-
odic behaviour of aluminium and its alloys,
like sodium chloride solutions, is charac-
terised by areas of active dissolution and
passivation.
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low the optimal composition of the elec-
trolyte to be chosen for the best mode for
electrochemical machining of aluminium
alloys, providing high accuracy and surface
quality.

In order to reduce dissolution of the
electrode and thereby increase the dis-
tance between the working electrode and
the reference electrode capillary, anodic
polarisation curves were recorded in po-
tentiodynamic mode with linear scan-
ning potential of 4B/min in a temperature
controlled three-electrode glass cell with
the divided anode and cathode spaces in
solutions NaClO, at 25 °C. A silver chlo-
ride electrode in a saturated solution of
potassium chloride served as a reference
electrode. For the auxiliary electrode, a
platinum element was used.

Technological research was carried out
on a pilot plant for electrochemical hole
cutting in metals. In the experiments, the
current density was varied between 50 and
250 A/cm? with an electrode gap of 0.05
to 0.1 mm, electrolyte flow rate from 10
to 40 m/sec and temperature between 20
and 60 °C.

Highly pure grade A995 aluminium and
aluminium alloys AMgl, AMg3, AMg6,
having varying magnesium content, formed
the objects of study.

Polarisation curves obtained for alu-
minium alloys in sodium chlorate solu-
tions show a sharp increase in the anodic
current density following activation of the
anode potential.



However, when it reaches a certain
density, the current reaches a limit in the
speed of the anode process of dissolution
of aluminium alloys - the current density
falls with anode offset potential into the
positive area and no further increases take
place (Fig. 1).

A slight difference in the chemical
composition of alloys is considered here
in terms of the main alloying components
(magnesium) having no significant impact
on their anodic behaviour; this is deter-
mined by the base alloy component, i. e.
aluminium.

Along with the concentration of the
electrolyte, the influence of the electrolyte
temperature and speed of rotation of the
disc electrode on the intensity of anodic
dissolution of aluminium alloy (Fig. 2) were
also studied.

In the study of the anodic behaviour
of the investigated aluminium alloys de-
pending on the temperature of the solu-
tion, the rotating speed of the disk electrode
showed that the maximum current density
on the anodic polarisation curves increases
with a decreasing concentration of sodium
chlorate solution from 5M to 3M (Fig. 1),
as well as with an increase in electrolyte
temperature (Fig. 2) and with an increase
in the rotational speed of the disk electrode
(Fig. 2).

It can be assumed that in sodium chlo-
rate solutions, as in chloride solutions, the
passivation of aluminium and aluminium
alloys of AMg6 type occurs due to the for-
mation of a salt film on the surface of the
electrode.

Results and Discussion

Processing of the experimental data us-
ing the temperature-kinetic method showed
that the value of the effective activation en-

i, Afsm’

10

L L " N
0 7 2 3
Fig. 1. Potentiodynamic polarisation curves
for AMg6 alloy captured on a rotating disk
electrode in sodium chlorate solutions of
various concentrations (mol / 1): 1-0,5; 2-1,0;
3-5,0; 4-4,0; 5-2,0; 6-3,0.
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Fig. 2. Effect of temperature (1) and speed of
rotation of disc electrode (2) on the maximum
current density dissolution of aluminium alloy

AMg6 in 4M sodium chlorate

ergy of the dissolution process of the alloy
in AMg6 NaClO, solutions decreases from
7.05 to 7 > 2.4 kcal / mol with increasing
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polarisation from 0.8 to 1.7 B. Therefore,
at relatively low anode potential values,
the alloy dissolution process is limited by
the electrochemical reaction, and, when a
certain potential is reached - withdrawal
of the reaction products from the surface
of the anode [2].

The presence of diffusion limitations at
the time of active dissolution of the alloy
also shows the maximum dependence of the
current density on the polarisation curve
on the speed of the rotation disc electrode
(Fig. 2).

This may also indicate the fact that the
maximum current value before the begin-
ning of passivation increases almost lin-
early with an increase in temperature of the
electrolyte owing to increased solubility of
the salt film.

With a further shift of the potential of
the aluminium electrode to a positive region
in sodium chlorate solutions, no new sharp
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Fig. 3. Anodic polarisation curve of current
density - time at different potentials, taken
on a rotating disk electrode for AMg6 alloy
in 4M sodium chlorate solution 1 - forward
stroke of polarisation curve, 2 - return stroke
of polarisation curve
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increase in current density was observed af-
ter reaching the maximum current density,
as was the case in the solutions of sodium
chloride. This behaviour of the aluminium
anode in solutions of NaClO, can be ex-
plained by the fact that film passivation of
a more complex nature may occur after the
formation of a salt film on the electrode.

To some extent this shows the depend-
ence of current on time (Fig. 3.).

Although they were in evidence in the
sodium chloride solution, no clearly ex-
pressed peaks were present with potentio-
static closure in the region of significant
polarisations. More complex secondary
passivation layers, probably on the part of
aluminium oxide compounds, are formed
in sodium chlorate solutions. The formation
of a number of different oxide films on the
metals in the sodium chlorate solutions was
noted in [3]. Since in the passive region, the
current of the anodic dissolution is only
somewhat less than the maximum it is pos-
sible to assert that the resultant oxide film
on the anode does not prevent the anodic
dissolution of aluminium alloys in the so-
lutions of sodium chlorate. When directly
viewed through a microscope, a film can
be clearly seen forming on the surface of
the aluminium electrode during dissolu-
tion; this almost immediately disintegrates
into fragments, exposing the surface of the
electrode.

Moreover, transportation of metal ions
from the anode surface may occur by mi-
gration through the film. According to [4]
structural defects are present in an ionic
oxide lattice: either cationic and anionic
components are unoccupied, or, alterna-
tively, ions introduced in the interstices of
the lattice, whereby the diffusion of ions
and electrons can occur in the oxide layer.
The intensity of the dissolution of the metal



will depend on the speed of movement of
ions through the atomic lattice of the oxide.

In electrochemical treatment of alu-
minium alloys in sodium chlorate solu-
tions, a high purity of the treated surface
is achieved. Effective smoothing of the
microrelief and high purity of the treated
surface following electrochemical treatment
of aluminium alloys in sodium chlorate
solutions can be linked to the formation
of specific oxide films on the surface of the
electrode and suppression thereby of the
electrochemical heterogeneity of struc-
tural components of aluminium alloys by
an additional potential barrier at the metal
boundary, consisting of a film that also re-
duces the extent of etching. In this case,
there is a redistribution of the potentials
of various structural components of the
alloy, which leads to their levelling and a
consequent smoothing of the microrelief.

BBepeHue

B peutennu npo6mem aneKTpoxXuMmIe-
CKOM O6pa60TKI/I AJIIOMMHMEBDBIX CITJZIaBOB
HeMaTIOBa)KHYIO pO}'[b I/II‘paIOT SaKOHOMep-
HOCTU X aHOJHOTI'O paCTBOpeHI/I}I B IHTEH-
CYBHOM IIOTOKE SHeKTpOHI/ITa. HOSTOMY
3HAaHIE 3TUX SaKOHOMepHOCTeﬂ IIO3BOJJINUT

MeToguka uccnegoBaHui

B manHo1t paboTe mpy M3ydeHNN aHOS -
HOTO TIOBEJEHIS aTIOMIHEBbIX CIIABOB
OBLTT IIpUMEHEH BPALAOIMIICS FUCKOBDII
97IeKTPOJ, PeanbHO UMUTUPYIOINIL TUAPO-
IVHAMIYECKIe YCIOBMSI 9MeKTPOXVIMU-
4eCKoll 06paboTKy 1 obecrednBaroLit
MHTEHCUBHBII IIOTOK 9/IEKTPOINTA Y IIO-
BEPXHOCTM 37ieKTpopa [1].

[0 STMMMHMPOBAHMS OMIYECKOIT
COCTaBIISIONE IIPY U3MEPEHNUN STIeK-
TPOZHOTO IOTeHIMaaa B XVMUKO-TeXHO-

This is to some extent confirmed by
metallographic studies of the aluminium
alloy surface following electrochemical
treatment in sodium chlorate solutions,
which showed the absence of any inter-
granular violations of the grain boundary.

In nitrate solutions, the activation po-
tential of aluminium and its alloys with
magnesium is almost two volts higher than
in sodium chlorate solutions. Therefore,
from the standpoint of energy consump-
tion, treatment of aluminium alloys us-
ing a sodium chlorate based electrolyte is
preferable.

Thus, along with high quality electro-
chemical machining in the complete ab-
sence macroscopic defects on the treated
surface, a high level of productivity in pro-
cessing aluminium alloys is achievable using
chlorate solutions.

In Russian

BBIOPATh COCTAB /IEKTPOTINTA U ONTHMAIIb-
HBIIT PeXXUM /151 00pabOTKY amoMuHIe-
BBIX CIIABOB, 00eCIIeYNBAIONINIT BHICOKYIO
TOYHOCTDb U KauecTBO 0OpabaTbiBaeMoil
MIOBEPXHOCTH.

JIOTMYeCKOM MHCTUTYTe YpasibcKoro depe-
PaJIBHOTO YHMBEPCUTETA CIIELMANbHO ObLIa
CO3JjaHa KOHCTPYKLJA YCTAaHOBKY Bpallja-
IOI[ETOCS NEKTPOAa, obecrednBaoIas
BEPTUKAJIbHOE IIepeMeEIEHIIE 13Y9aeMOro
37IeKTPOJja OTHOCUTEIBHO OYeHb TOHKO-
IO HOCHMKA 37IeKTPOTUTNIECKOr0 K/IIo4a
a7MeKTpopa cpaBHeHMA. Kanmnap anek-
TpoJia CpaBHEHN:A C BHEIIHNM AMaMeTpOM
He 6onee 0,1 MM ITOgBOIMIICA K LIEHTPY
IJCKa Ha pacCTOsHUe, He IIpeBblIIIalo-
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mee 0,07 MM. [I714 KOHTPO/IS BeTMYMHDI
OMMYECKOW COCTaBJISAMIIEN B 3HAUYEHM S
BE/IMYMHBI TOTEHIIAJIA 3/1eKTPOJa CHI-
MaJIACh NOJIAPU3AIIOHHbBIE KpUBBIE IIPU
IIOCTIElOBATEIbHOM y/laJleHUM Kalulisapa
OT II0BEPXHOCTY MCCIEAYEMOTO 3/IEKTPOJia
¢ mocnefyouel SKCTpanoiALKeil NX Ha
HyJIEBO€ PACCTOAHME.

s cHATKA NONAPU3ALMIOHHBIX KPU-
BBIX JICIIO/Ib30BA/IVICh 3aIIPECCOBAHHBIE BO
dbropoIIacT UUINHAPUYECKIE CTEPXKHI
IVaMeTPOM 2 MM, KOTOpble HEeTIOCPeCT-
BEHHO Iepef 9KCIIePUMEHTOM 00e3Kupu-
BaJIMCh 9TaHOJIOM.

C 1e/1bI0 YMeHbIIeHN PacTBOPEHNUA
9JIEKTPOJia U B CBA3YU C 9TUM yBeINIEHNA
PacCTOSIHUSA MEXAY pabouMM 37IeKTPO-
JOM M KallMJIJIIPOM 9JIEKTPOJia CpaBHe-
HIS QHOJJHbIe TIO/IIpU3aLIOHHbIe KpUBbIe
CHUMAa/NUCh B IOTEHIIMOAMHAMIYECKOM
peXuMe IpH JIMHEIHOI pasBepTKe IIOTEH-
nuana 4B/MuH B TepMOCTaTMPOBAHHOM

JKcnepuMeHTaNbHas YacTb

B pacTBOpax xyopara HaTpUsi AaHOJI-
HOE€ MOBeleHNe aIIOMUHNA U ero CIIa-
BOB, ITOJOOHO PACTBOPaM XJIOpUIA HATPUS,
XapaKTepuayeTcsi 0671acThI0 AKTUBHOTO
PacTBOPEHNs U TaCCUBALIMEN.

[TonspusanoHHble KPUBBIE, TOTYYeH-
HbI€ [ ATIOMUHUEBBIX CIUTABOB B PACTBO-
pax xjopaTa HaTpusi, CBUAETEIbCTBYIOT,
YTO MOC/IE TIOTEHIMaIa AHOMHONM aKTUBa-
UYL HAOJTIOAEeTCS PEe3KMIT POCT aHOIHOI
IIJIOTHOCTH TOKA.

OnHAKO MpU SOCTMXEHUU OMpe-
Ie/IeHHOJ IIJIOTHOCTYU TOKA HACTyMaeT
OrpaHNIeHne CKOPOCTHU aHOJHOTO TIPOLIeC-
Ca paCTBOPEHVSI A/TFOMIHIEBDIX CIITABOB —
[UIOTHOCTD TOKA Ta/jaeT [IPY CMEIeHNN
[MOTEHLMAIA AHOAA B TIOTOXXUTEIbHYIO
0071aCTb 11 B Ha/bHelIIIeM He yBeIuyBa-
etcs (puc. 1).
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Tpex 3/IEKTPOJHON CTEKIAHHON A4YeliKe
C pa3/ie/IeHHBIM aHOQHBIM ¥ KaTOJHbBIM
npocrpanctBamu B pactBopax NaClO, npu
Temieparype 25 °C. D1eKTpofoM CpaBHe-
HIISI CTTY>KIIT XJIOpCepeOPsIHBII 97IEKTPOT,
B HACBIIIEHHOM pacTBOpE XJIOpU/Ia KaJlu.
BcniomoratenbHbIM 37IEKTPOIOM CIIy>KM/Ia
IJTaTMHA.

TexHomnoOrMYeCcKMe UCCIeNOBaHNA MPO-
BOJIU/IVICh Ha OIBITHOJ YCTaHOBKE /A
3JIEKTPOXMMMYECKOII IPOMINMBKI OTBEP-
cTuit B MeTanax. I1py nposenennn axce-
PVMMEHTOB IVIOTHOCTb TOKa MeH:AMach oT 50
110 250 A/cM?, MeXa/IeKTPOJIHBIIL 3a30p — OT
0,05 1o 0,1 MM, CKOPOCTb T€4eHUA 3TIEKTPO-
nuta - ot 10 go 40 M/c, TeMIepaTypa — oT
20 1o 60 °C.

B kadecTBe 00'bEKTOB MCC/IETOBAHII
JCII0/Ib30BAJIach AJIIOMUHUI Mapku A995
U aIIOMMUHMEBbBIe ciiaBbl AMi, AMrl,
AMr3, AMr6, copepskaliye B CBOeM CO-
CTaBe pa3/lIN4YHOe COflep)KaHMe MarHMs.

HesHnaunTenbHoe OTIM4Me XUMMUIE-
CKOTO COCTaBa pacCMaTPUBAEMbIX HAMI
CIJIABOB 110 OCHOBHOMY JI€THPYIOLEMY
KOMIIOHEHTY (MarHmio) He IIOBJINSJIO CY-
LIeCTBEHHO Ha UX aHOJHOE MOBEleHNE,
KOTOPOE OIPENENETCSI OCHOBHBIM KOM-
[TOHEHTOM CII/IaBa — ATIOMUHIEM.

Hapsay ¢ KoHLIeHTpalmelt 91eKTpo-
JIATA UCCIENOBAHO BIIVISIHIE TeMIIepaTy-
PBI 9TIEKTPOIUTA U CKOPOCTHU BPAIleHUs
IVICKOBOTO 97IEKTPOJA Ha MHTEHCUBHOCTD
AHOITHOTO PACTBOPEHUs AJTIOMUHIEBBIX
crtaBoB (puc. 2).

VI3yueHne aHOFHOTO IIOBEEHIS VIC-
CTIefyeMbIX a/MIOMIHIEBBIX CIJIABOB B 3a-
BJMCUMOCTH OT TEMIIEPAaTypPbl pacTBOpa
CKOPOCTH BpAI[eHis IMCKOBOTO 3IEKTPOIA
[TOKa3aJj10, YTO MaKCUMaJIbHas IIOTHOCTh
TOKA Ha aHOJ[HBIX MOJISPU3AI[MOHHBIX
KPUBBIX C IIOHVDKEHEM KOHIIEHTPAL[UI



pacTBOpa xjopara HaTpuA ot 5M o 3M
(puc. 1), a TakxKe ¢ pOCTOM TeMIlepaTypbl
aneKTponTa (puc. 2) U yBem4eHNeM CKO-
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Puc. 1. [lorenumognuaMmnieckme
MOJIAPY3ALIOHHbIE KPUBBIE JI/IA CIIaBa
AMTr6, cHATbIe Ha BpallJaoLeMcs JUCKOBOM
3/IEKTPOZie B pacTBOpax XI0para HaTpus
pasmu4aHoOI KoHueHTpanuy (Mons/n): 1-0,5;
2-1,0;3-5,0;4-4,0;5-2,0; 6-3,0

Pe3ynbtatbl U ux 0b6CcyxaeHue

O6paboTKa OTy4eHHBIX SKCIIePUMeH-
Ta/IbHBIX JAHHBIX T€MIIEPATyPHO-KIHETH-
YeCKIM MeTOJIOM IT0Ka3asa, YTO 3HaUYeHle
3 pexTUBHOIT SHEPTUY AKTUBALMK [IPO-
11ecca pacTBopeHus ciiaBa AMro6 B pac-
TBOpax NaClO3 yMeHblIaeTcs ot 7,05 5o
7 > 2,4 KKas1/MOJb C pOCTOM TIOAPU3ALUN
ot 0,8 no 1,7 B. CiiefoBarenbHO, Ipy CpaB-
HUTEJIbHO HU3KMX 3HAYEHMAX aHOHBIX I10-
TEHIIMA/IOB IIPOLIeCC PACTBOPEHNS CII/IaBa
JIMIMUTUPYETCA COOCTBEHHO 9IEKTPOXU-
MMYECKOI peakiiueil, a MpU JOCTVIKEHNN

POCTH BpalljeHMsI AUCKOBOTO 97IEKTPOfa
(puc. 2) Bo3pacTaer.

MO>KHO HPERIONIOKNUTb, YTO B PACTBO-
pax xyjopara HaTpusi, KakK 1 B pacTBOpax
XTTOPUJIOB, IIACCUBALIVS ATIOMIHIISL 11 QJTI0-
MJHVEBBIX CIIaBOB Tuma AMr6 HacTymaer
BC/IEfICTBYE 0OPA30BAHISI HA IOBEPXHOCTI
97IEKTPOJa COMEBOIT TITIEHKI.
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Puc. 2. Biusanue temnepatypst (1) u
CKOPOCTY BpAIEHVISI AMCKOBOTO /IEKTPO/A
(2) Ha MAKCMMYM IJIOTHOCTY TOKa
PpacTBOpeHM aIIOMIHIEBOTO cItaBa AMr6
B 4M pacTBOpa Xj10para HaTpus

OIIpefeIeHHOTO OTeHIMaIa — OTBOJOM
IPOAYKTOB peaKIui OT HOBEPXHOCTHU
aHopa [2].

O Hammuuy g Py3NOHHBIX OTpaHM-
YeHNII B MOMEHT aKTHBHOTO PaCTBOPEHs
CIITaBa CBUAETENbCTBYET I 3aBUCUMOCTD
MaKCMMajIbHOI MIIOTHOCTY TOKA Ha [0-
NSIPU3AIVIOHHON KPUBOJL OT CKOPOCTHU
BpallleHMsI AVMCKOBOTO 97eKTpoza (puc. 2).

06 9TOM MO>KET TaK>Ke CBUAETEeNbCTBO-
BaTh J1 TO, UTO C [IOBbILIEHIEM TEMIIEPATY-
PBI 97IEKTPOINTA, BCTEACTBIE YBETNYEHs
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PacTBOPUMOCTH COJIEBOII TIEHKN, BeINYN-
Ha MaKCYMaJIbHOTO TOKa /IO Hadasia accu-
BallMy BO3pAcTaeT IPaKTHYeCKN TMHEIHO.

ITpu panbHelieM cABUTe TOTEHIIA-
JTa AJIIOMVHMEBOTO 3JIEKTPOJiA B IIOIOXKU-
TeJIPHYIO 06/1aCTh B pacTBOpax Xopara
HaTpys He HaO/MIOA/IOCh HOBOTO PE3KOT0
HOBBIIIEHVA IVIOTHOCTY TOKA IOCTIe JOCTHU-
JKeHUA MaKCUMYyMa IJIOTHOCTM TOKa, Kak
3TO MMeJIO MeCTO B PacTBOpax X/I0puja
Harpus. Takoe IoBefieHe aTIOMUHIEBOTO
anopma B pactBopax NaClO, moxeT 6bITh
CBA3aHO C TeM, 4TO BC/lef] 32 00pa3oBaHueM
COJIEBOI IVIEHKY Ha 37IeKTPOJie MOXET BO3-
HMKATb [IACCHBHAA IVIeHKa 60J1ee CII0KHOI
HIPUPOJBL.

O6 3TOM B KaKoii-TO Mepe CBUAETEb-
CTBYeT 3aBUCUMOCTb TOK — BpeM: (puc. 3).

ITpu MOTEeHIMOCTATIYECKOM BKITIOYe-
HUY B 0071aCTV GOBUINX IOIAPU3ALIUIT
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Puc. 3. AHO#IHas IONAPU3ALMOHHAS KpUBas
U 3aBMCYMOCTY IJIOTHOCTD TOKA —
BpeMsA IPYU Pas/INYHbIX IOTEHIMA/IAX,
CHATBIE Ha BPAAIOIEMCA IVICKOBOM
3/1eKTpofe A citaBa AMr6 B 4M
pacTBope Xjopara HaTpuA: 1 — mpsAMoit Xox,
HOJIAPU3ALVIOHHOI KPMBOIL; 2 — 0OpaTHBbII
XOfi, MONIAPU3aLIOHHOI KPUBOII
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OTCYTCTBOBAY SIPKO BbIPaXKEHHBIE TIMKI,
B TO BpeMs KaK B pacTBOpe X/IOpH/a Ha-
Tp¥sI OHM MMeNH MecTo. B pacTBOpax xy1o0-
paTa HaTpysI BTOpUYHbIEe 60/Iee CIOKHBIE
[IACCUBYPYIOLLE CIIOM, TI0 BCeJT BEPOSITHO-
CTH, 06pa30BaHbI OKCHAHBIMYU COEMHEH-
vy amoMyHyst. O6pasoBaHye pasINIHbIX
[0 IPMPOZe OKCUHBIX IITIEHOK Ha MeTajl-
JIax B pacTBOPAX X/I0paTa HaTpysI OTMeYa-
nock B padore [3]. ITocKonpKy B acCMBHO
00671aCTH TOK aHOTHOTO PaCTBOPEHIsSI /LD
HEMHOTO MeHblIle MAKCHMATbHOTO, MOX-
HO YTBEP>KIaTh, YTO 06pasyromiasics Ha
aHOJe OKCUAHAsS II/IEHKA He IPEILITCTBYeT
AQHOJHOMY PaCTBOPEHNIO a/IIOMIHVEBBIX
CIJIABOB B paCcTBOPAaX Xlopara HaTpus.
IIpu HabmIOKEHN B MUKPOCKOII 3a [I0OBEPX-
HOCTBIO Q/IIOMIHIEBOTO 9/IEKTPOJa HEIlo-
CPeCTBEHHO B IIPOLeCCe €r0 PACTBOPEHIS
OTYeT/INBO OBITIO BUFHO 00pa3oBaHue Ha
[IOBEPXHOCTH 37EKTPOfA IIIEHK, KOTOPast
[IOYTH CPa3y XKe paspylIanach Ha OTHEb-
Hble PParMeHTbl, OTO/ISIs TOBEPXHOCTD
37IEKTPOJA.

Kpowme Toro, Tpancnopt MeTtannnde-
CKJX VIOHOB C TIOBEPXHOCTH aHOJA MOXKET
IIPOMCXORUTD U IOCPEICTBOM VX MUTPa-
LM Y4epes 9Ty IVIEHKY. B MOHHOII pelreTke
OKCIZA MMEIOTCS CTPYKTYPHbIe fedeKThL:
He3aHATbIe KaTMOHHBIE VI AHMOHHBIE Y3/IBL,
MU, HAa06OPOT, MOHBI, BHEPEHHBIE 1O-
[IOJTHUTE/IBHO B MEKIYY3/INUs PELIeTKI,
B Pe3y/IbTaTe 4ero MOXKeT IIPONCXOAUTD
v Pysns NOHOB U IMEKTPOHOB B CIIO€
okcupa [4]. VIHTeHCHBHOCTD pacTBOPEHNs
MeTajia 6ymeT 3aBUCETh U OT CKOPOCTHU
ABYDKEHNs MIOHOB CKBO3b aTOMHYIO pe-
IIETKY OKCHUJA.

ITpu 97eKTPOXUMIYECKOit 06paboT-
Ke aTIOMJHIEBBIX CIUIAaBOB B PaCTBOPax
XJI0paTa HaTPUsI JFOCTUTAETCST BBICOKAs
qycToTa 06pabaTsIBaeMOl IIOBEPXHOCTI.
S dexTUBHOE CIIAKMBaHIE MIKPOpEIIbe-
¢a u BpIcOKast yncToTa 06pabarbIBaeMoil



HOBEPXHOCTH HOCTIE 9IEKTPOXVMMIIECKOIT
06pabOoTKY aMOMIHIEBBIX CIUIABOB B pac-
TBOpPaX X/I0paTa HAaTPsI MOTYT OBITh CBSI-
3aHbI C 00pa3oBaHyeM Ha IIOBEPXHOCTHI
3/IEKTPOfa CrelnpuIecKoil OKCUTHOI
IUIEHKY U TIOJaB/IeHIEM BCIEACTBIIE ITO-
TO 97IEKTPOXVMMIYECKOI TeTePOTEeHHOCTH
CTPYKTYPHBIX COCTAB/ISIIOIINX aTIOMUHM-
eBbIX CIUIABOB 3a CYET ZOIOTHUTETBHOTO
HOTEHIMaIBbHOTO 6apbepa Ha TpaHiie Me-
TaJII — I/IEHKA, YTO U IPUBOSUT K YMEHb-
IIEHNIO0 MacIITab0B TpaBlIeHus. B atom
CIy4ae MPONCXORUT IiepepacipeneieHne
MOTEHI[MAIOB PA3NINIHBIX CTPYKTYPHBIX
COCTAB/IAIOIYX CIIABa, IPUBOJILIee K X
BBIPABHMBAHUIO I CITIAXXMBAHIIO MUKPO-
penbeda.

9TO B ONpefe/IeHHO CTeTIeH I IOATBEp-
XK[FaeTcst MeTannorpapuaecKuMm ucce-
[OBaHMSMY IIOBEPXHOCTH A/IIOMIHIEBBIX
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