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The impedance of anodic processes on passive
NiSi-electrode in sulfuric fluoride containing
electrolyte*

The mechanism and kinetics of anodic oxidation of the Ni-Si electrode in
solutions of 0.5 M H,SO, + (0,005 - 0,05)M NaF in the passive state were
investigated by methods of polarization and impedance measurements. The
impedance spectra are interpreted on the assumption about the formation of
the hilayer oxide film on the surface of the silicide nickel, the outer layer which
has a porous structure. The growth of the porous layer with the increase of the
electrode potential in the investigated solutions is linearly (constant anodiz-
ing is 2.2 nm/V). The increase in NaF concentration leads to a decrease in the
thickness of the porous layer. The growth of the barrier layer of the oxide film
was described in the framework of the model of point defects. The diffusion
coefficient of oxygen vacancies inside the barrier layer of the film is 8.5 - 1016
cm?/s and varies weakly with the potential and the content of sodium fluoride
in solution. Microscopic and profilometric studies show the development of the
surface of the NiSi electrode during anodic etching.
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Introduction

In the study of anodic processes
on the mono-silicides of metals of the
iron triads in solution of 0.5 M H_SO,
was found that a factor contributing to
the high chemical resistance of the pas-
sive FeSi, CoSi, and NiSi in sulfuric elec-
trolyte is the surface chemically stable in
acidic media film, similar in composition
to SiO,, for which characteristics such as
impedance, electrical resistance, resisti-
vity and uniformity have a maximum
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value approximately in the middle of the
passivation field [1-4].

However, when the content in the
solution of hydrofluoric acid or its salts
passivation influence of silicon dioxide
is weakened: fluosilicic acid or a soluble
ferrosilicates [4-7] are formed in the in-
teraction of SiO, with HF or F-ions. The
aim of the present study is to examine the
concentration effect of sodium fluoride
on the kinetics and mechanism of anodic
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oxidation of the NiSi electrode in sulfuric
acid solution in the passive state.

Experimental technique

The material for investigation was
monosilicic nickel, which was obtained
by the Czochralski method from a silicon
KPZ-1 (99.99 wt. % Si) and electrolytic
nickel N-0 (99.99 wt. % Ni). The electro-
chemical measurements were performed
in solutions of 0.5 M H,SO, + (0,005 -
0,05)M NaF at room temperature (~20 —
22 °C) in conditions of natural aeration in
the fluoroplastic cell using a potentiostat-
galvanostat with built-in frequency analyz-
er Solartron 1280C (Solartron Analytical).

For the preparation of solutions
the deionised water was used (resistiv-
ity 18.2 MOhm-cm) and reagents H,SO,
of brand “c.p” and NaF of brand “c.fa”
All potentials in this work are presented
in comparison to the normal hydrogen
electrode. Before measurement the work-
ing electrode surface was polished with
abrasive papers with consequent reduc-
tion of grain size, degreased with etha-

Results and discussion

The anodic potentiostatic curves of
NiSi electrode in solutions of 0.5 M H_ SO,
+ (0 - 0,05)M NaF are shown in Fig.1. In
the potential range from 0.40 to 1.70 V,
corresponding to the passive state, the po-
larization curves of NiSi there is a notice-
able growth of i with increasing electrode
polarization and with increasing the con-
tent of sodium fluoride in solution.

In the passive potential state, the im-
pedance hodographs NiSi electrode in
the investigated solutions consist of the
capacitive semicircle at high frequencies
and of the inclined line at low frequencies

(Fig. 2).
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nol, rinsed with working solution. After
immersion in the solution the electrode
was held at open-circuit potential before
the establishment of the stationary value
of the potential, then the current-voltage
curves and impedance spectra were took.
The range of frequency f (w/2m) used in
the impedance measurement was from 20
kHz to (0,005 - 0,002) Hz, the amplitude
of the AC signal was (10 to 20) mV.

The morphology of the sample surface
before and after electrochemical testing
was examined using a scanning electron
microscope S-3400N (Hitachi). The ima-
ges were obtained in a high vacuum at an
accelerating voltage of 10 kV in the mode
scattering of secondary electrons.

The study of micro-roughness of the
electrode surface was carried out at the
interference microscope - non-contact
profilometer “New View 5000” (Zygo).

The equivalent electric circuit descri-
bing the presence on the surface of the
electrode the double-layer passivating
film, consisting of an inner barrier and
outer porous layers (Fig. 3) was used for
the simulation of impedance spectra of
NiSi (Fig. 2). The film growth is associ-
ated with the transfer of the defects in-
side the barrier layer, which through the
pores of the outer layer the electrolyte is
accessed. At the interface of the barrier
layer/electrolyte interface as a result of
interaction of the substance of the oxide
film with hydrofluoric acid is place of its
partial transition to the solution and the
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formation of pores. In the circuit in Fig. 3:
R is resistance of the electrolyte between
the spout of the capillary Loggia and the
working electrode surface, R, is the resis-
tance of the electrolyte in the pores of the
outer layer, R, is the resistance of charge
transfer, Z_ is the Warburg impedance de-
scribing the migration of defects within
the barrier layer, the elements of constant
phase CPE, and CPE, are modeling the
heterogeneous capacity of the outer layer
of an oxide film and boundary barrier lay-
er/electrolyte interface, respectively.

The parameter x* for the equivalent
circuit in Fig. 3 takes values (8-20) - 107,
which show a good correlation between
the model and experimental data.

It follows from calculated by the
equivalent circuit data in Fig. 3, while de-
veloping the capacity NiSi electrode in all
solutions investigated, the thickness of
the outer porous layer increases with E,
approximately linearly, with the increase
of porosity outstripping the growth of the
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Fig. 1. Anodic potentiostatic curves of NiSi
in 0.5 M H,SO, + NaE M: 1 - 0; 2 - 0,005;
3-0,01;4-0,02;5-0,05
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Fig. 3. An equivalent electric circuit for
NiSi in 0.5 M H,SO, + (0,005 - 0,05) M
NaPF in the passive state
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layer thickness. Under the assumption
that the basis of oxide film on the surface
of the silicide of nickel in fluoride contain-
ing electrolyte is NiO (or hydrated oxide
of Ni(OH),), estimated the thickness d of
the porous layer of the oxide film: constant
growth (K = dd/dE) of the porous layer of
the oxide film in the potential range from
0.8 to 1.6V equal to 2.2 nm (the thickness
of the porous layer varies from 3.2 to 5.0
nm for solutions with different concentra-
tions of NaF). If we assume that the passive
film is a mixed oxide and along with the
nickel oxide also contains a certain amount
of silicon dioxide, the constant anodizing
will be somewhat less. The increasing of
the concentration of sodium fluoride leads
to a slight reduction in the thickness of the
porous layer of the oxide film that, appa-
rently, is connected with the dissolution of
the substance of the film in the presence of
HE The thickness of the barrier layer also
increases with increasing E. The coefficient
of the diffusion of oxygen vacancies D in-
side barrier layer of the passivating film on
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Fig. 2. Impedance spectra NiSi in 0.5 M
H,SO, +0.02 M NaF at E, In: 1 - 0,40;
2-0,50; 3 - 0,60; 4 - 0,80; 5 - 1,00; 6 - 1,20;
7 - 1,40; 8 - 1,60; 9 - 1,70
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Fig. 4. Photomicrographs of the surface of the NiSi (x700) before (a) and after anodic etching
in 0.5 M H,SO, (b) and 0.5 M H,SO, + 0.05M NaF (b) atE=1.2V

the NiSi in the solution of 0.5 M H_ SO, +
0,02 M NaF at E =1.2 V is 8.5:-10-16 cm?/s
and varies weakly with increasing elec-
trode polarization and the content of so-
dium fluoride in solution. A slight increase
of the diffusion coefficient (but very weak)
when the concentration of sodium fluoride
in solution, probably due to the increase of
defects in the structure of the barrier layer
film formed in the presence of fluoride.

The microscopic examination NiSi
before and after electrochemical testing
shows that the anodic etching of silicide
at E the passive condition in 0.5 M H_SO,
+ 0.05M NaF leads to a significant deve-
lopment of the electrode surface (Fig. 4
presents the comparison of photographs
of the electrode surface before and after
anodic etching in bestrides and fluoride
containing solutions).

Conclusion

The investigation of the anodic behavi-
or of NiSi electrode in sulfuric electrolyte
containing a variable amount of hydro-
fluoric acid shows that the presence of
HF in solution exerts a strong influence
on current-voltage and impedance cha-

The development of the surface of the
electrode in sulfuric non-fluoride electro-
lyte may be due to restroom in the poten-
tial region of active dissolution and of ac-
tive-passive transition. The introduction
to the solution of sodium fluoride leads
to an even more substantial irritation of
the electrode surface due to dissolution of
the oxides NiO and SiO, in the presence of
fluoride formed during anodic oxidation
of NiSi in the passive state.

The results of measurement of micro-
roughness of the surface of the NiSi elec-
trode fully correlate with the microscopic
studies.

The values of R_and rms change as fol-
lows: R (nm)/rms (nm) = 25,5/34,3 (ini-
tial sample) : 79,8/119.4 p (anodic etching
in0.5 M H SO, at E=1.2V):957,5/1240,8
(anodic etching in 0.5M H,SO, + 0.05M
NaFatE=1.2V).

racteristics of the silicide. The latter is evi-
dent in the substantial weakening of the
passivating action of oxygen-containing
compounds of the alloy components and
activation NiSi of dissolution.
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MMnepaHc aHoOAHbIX NpoLeccoB Ha
naccuBHoM NiSi-anekTpoge B cepHOKuCIoOM
thTopuacogepxawem anekTponure*

MeTogamu MONSAPU3ALMOHHBIX M MMMEAAHCHBIX U3MEPeHUid UCCienoBaHbl
MeXaHuU3M U KWHeTWKa aHofHoro okucieHus NiSi-anektpoga B pacTso-
pax 0,5 M H,S0, + (0,005-0,05) M NaF B 06nact naccuBHOro COCTOSHMA.
CnekTpbl UMNeJaHca MHTepPNPeTUPOBaHbl B NPEAnooXeHn 0 hopMUPOBaHUH
Ha MOBEPXHOCTU CUNMUMAA HVKeNs OBYXCIOMHOW OKCUOHOM MiEeHKW, BHELIHWN
C/10/4 KOTOPOV UMEEeT NOPUCTOe CTPOeHMe. POCT NOPUCTOro C10si NPU NOBbILLIEHUH
noTeHUMana 3nekTpofa B MCCIEA0BaHHBIX PacTBOPax OCYLIECTBASETCH Mo
JMHEeNHOMY 3aKoHy (KOHCTaHTa aHoaMpoBaHus cocTaensiet 2,2 HM/B). YBe-
JMveHne KoHueHTpaumm NaF npuBOOMT K CHWKEHWIO TOALWMHBI MOPUCTOrO
cnosi. Poct 6apbepHOro cnosi OKCUOHOW MEHKM OMMCaH B paMKax MOZenm
ToYeYHbIX AecthekToB. KoaddmumeHT ancthdy3um KNCTI0poaHbIX BakaHCWIA BHYTPK
bapbepHoro os nieHku coctaenser 8,5 - 107¢ ¢m?/c u cnabo v3MeHseTcs
C NOTEHLMANoM v copepxanueM thTopuga Hatpus B pactsope. Mukpockonu-
yeckue ¥ nNpodunoMeTpuyeckme UCCIER0BaHNS CBUOETEILCTBYIOT O Pa3BUTUM
nosepxHoctv NiSi-anekTpoga B Xofe aHOOHOr0 TPaBneHus.

Knrouesbie cnosa: MeTof UMNeAaHCHbIX U3MEPEHWIA; [BYXCIONHANA OKCUAHASA MeHKa; MOHOCUIMLMab!
MeTaoB.

* Paboma sbinonHeHa npu ¢huHaHcosol noddepxke POOU 8 pamkax Hay4Hozo npoekma N@ 14-03-31016
mon_a.

© NManteneesa B. B., LleuH A. B., Kamenuikos 0. 10., 2016

Beepenue

[Tpu M3y4eHMM aHOZHBIX HpO-
[[eCCOB Ha MOHOCWIMIVJIAX MeTa/l/IOB
Tpuajbl Kenesa B pactsope 0,5 M H SO,
ObIIO YCTaHOBJIEHO, YTO (aKTOpPOM, 00-
YC/IOB/IMBAIOIIMM BBICOKOE XUMMYECKOe
conpoTuBieHue naccuBHbIX FeSi, CoSi n
NiSi B cepHOKICIIOM 9/IeKTPOJIUTE, ABJIA-

€TCsI TIOBEPXHOCTHAsI XVMUYECKU CTOM-
Kasg B KMUC/IBIX CpefiaX IUIeHKa, OmmaKas
[0 COCTaBy K SiOz, I KOTOPOJ TakKue
XapaKTePUCTHKY, KaK MMIIEAHC, JEeKT-
puUYecKoe COIpPOTUBIICHNE, YAeIbHOe CO-
IPOTUB/IEHNE ¥ OFHOPOJHOCTb MMEIOT
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MaKCYMaJjIbHble 3HaueHMs IMIPUMEPHO
B cepenyHe obmacTu maccuBanuu [1-4].
OpHako Ipu Cofiep>kaHn B pacTBOpe
(GTOPOBOLOPOLHOI KICIOTHI WU €€ CO-
JIell TaCCUBALIMOHHOE BIMSHME IMOKCUA
KpeMHMsI OCTabsIsaeTCst: IpU B3alMOTelt-
creun SiO, ¢ HF unn F-nonamu obpa-
3yI0TC  KpeMHe(TOpMCTOBORZOPOgHAA

Metoguka axkcnepMMeHTa

MarepuanoM UiA  MCCIAENOBAHMA
CIIy>KMJI MOHOCUIMINJ, HUKeNA,
polit 61 monydeH MeTomoM Hoxpaib-
ckxoro n3 kpemHusa KII3-1 (99,99 mac. %
Si) n anexrponutnyeckoro Hukens H-0
(99,99 mac. % Ni).

ONeKTpOXUMIIecKye usMepe-
HUA TpoBoguau B pactBopax 0,5 M
H,SO, + (0,005-0,05) M NaF npu xom-
HaTHO Temneparype (~20-22 °C)
B YCIOBMAX €CTECTBEHHONM aspalum BO
dbTopomIacToBON sYeliKe C IIOMOIIbIO
IIOTEHIIMOCTAaTa-Ia/IbBAHOCTaTa C BCTPO-
€HHbIM  YacTOTHBIM  aHa/IM3aTOPOM
Solartron 1280C (Solartron Analytical).
JIns mpUroTOBIEH)A PACTBOPOB MCIIO/Ib-
30Ba/li JISMOHM30BaHHYI0 BO#y (ymesb-
Hoe compoTuBieHre 182M Om - cm)
u peaktusbl H SO, mapku «x.4.» n NaF
MapKu «4.J1.a.». Bce moTeHmanst B pabo-
Te IPUBEJEHbl OTHOCUTEIHPHO HOPMaJlb-
HOTO BOJJOPO/IHOTO 3/IEKTPOJa.

Ilepen nposenenueM M3MepeHuUit pa-
604yI0 OBEPXHOCTD IMEKTPOAa Mmndo-
Bamyu abpasyuBHBIMM OymaraMu C Iocie-
TOBaTe/IbHBIM YMEHbIIEHNEM pasMepa

KOTO-

Pe3synbTartbl 1 ux 06cyxaeHue

AnHopHbIe MMOTEHI[MOCTATINYECKIE
kpuBble NiSi-anexkTpoga B pacTBOpax
0,5 M H,SO, + (0-0,05) M NaF npusepe-
Hbl Ha puc. 1. [Ipn norenunanax ot 0,40
no 1,70 B, cooTBeTCTBYIOLIMX obmactu
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KICTIOTa WV PAaCTBOPUMbIE PTOPOCUIIN-
Karbl [4-7].

Llenpr0 HACTOAIIETO MCCIENOBAHMS
SIBJISIETCS 3YUeHNe KOHLIEHTPALIVIOHHOTO
BIusAHMs QTOpNUAA HATPUsI Ha KMHETUKY
U MeXaHU3M aHOZHOro okuciaeHus NiSi-
97IEKTPOJIa B PACTBOPE CEPHON KUCTOTHI
B 00/IaCTY MMACCUBHOTO COCTOSIHUS.

3epHa, 00e3KMPUBAIN ITUIOBBIM CIINP-
TOM, OIONACKMBaIM pPabounMM pacTBo-
pom. Ilocme morpyxeums B pacTBOp
97IEKTPOJT BBIIEP>KMUBAIN TIPU MTOTEHI[MA-
Jie pa3OMKHYTOJ LjeITH O YCTAHOBIEHMS
CTAI[MOHAPHOTO 3HA4YeHNUs IOTEHIMANa,
flajiee CHUMaINM BOJIbTAMIEPHbIE KpU-
Bble U CHEKTPbI MMIlefaHca. Jlnamason
UCIIONb3YEeMbIX B VMIIEAHCHBIX M3Me-
penusx gactor f (w/2m) — ot 20 Iij o
(0,005-0,002) Ity - ammUTyzRa nepeMeH-
Horo curHana (10-20) mB.

Mopdonoruto moBepxHoCcTH 00pasiia
IO M MOCJIEe MEeKTPOXMMUYECKNX VCIIbI-
TaHUIT UCCTENOBAIN C TOMOIIbI0 CKaHU-
PYIOLIET0  9/MEKTPOHHOTO MMKPOCKOIA
S-3400N (Hitachi). M3o6paxeHus 6puin
II0JTy4eHBI B BBICOKOM BaKyyMe IIPI YCKO-
paowmemM Hanps>keHun 10 kB B pexxnme
paccesiHUS BTOPUYHBIX 3/IEKTPOHOB.

VccnemoBanne  MMKPOIIEPOXOBATO-
CTHU TIOBEPXHOCTH 9NIEKTPOJA OCYILECTB-
s Ha MHTephEepeHIMOHHOM MUKPO-
cKome — 6eCKOHTaKTHOM IpodumomeTpe
New View-5000 (Zygo).

MIACCMBHOTO COCTOSTHMS, Ha TOIAPU3aLIN-
OHHBIX KpyBbIX NiSi HabI0zaeTCs 3aMeT-
HBIIT POCT i C yBeM4eHNeM MOAPpU3aLN
9NIEKTPOfia U C TIOBBbILIEHMEM COfepKa-
HuA Qropyuja HaTpUA B pacTBOpe.
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B CEPHOKMCIIOM ¢)T0pVI,E|CO,EI,Ep)KaU.LEM JNneKTponnTe

B 06/macTu MOTEeHIANIOB TACCUBHOTO
cocrosiHus rogorpadsl nmnenanca NiSi-
9/IeKTPOfia B MCCIEOBAHHBIX PacTBOpax
COCTOAT U3 TIOMYOKPY>KHOCTM €MKOCT-
HOTO TUIIA IIPY BBICOKMX YacTOTax U Ha-
KJIOHHOJ IIPAMOJ IV HU3KMUX 4acTOTaxX
(puc. 2).

Ina MopmennpoBaHuA CHEKTPOB M-
meganca NiSi (puc. 2) wucmonbp3oBaHa
9KBUBAJIEHTHas 9JIeKTpUUYecKass CXeMa,
OTIMCBIBAIONIAS MPUCYTCTBUE HA TTOBEPX-
HOCTM 3JIeKTPOfia JIBYXC/IOIHONM mac-
CUBUPYIOLEN IUIEHKM, COCTOsAIEN U3
BHYTpPEHHEro 0apbepHOrO U BHELIHETO
mopucroro cnoes (puc. 3). Poct mrenkn
COIPsKEH C IepeHOCOM fie(eKTOB BHY-
TpU 6GapbepHOro C/osl, K KOTOPOMY de-
pe3 Topbl BHELTHETO C0s OCYLIeCTBIIA-
eTcsa MOCTyN anekTponuTta. Ha rpanume
paspena GapbepHBINl CIO/97EKTPONUT B
pesynbTaTe B3aMMOJENICTBUA BelljeCTBa
OKCHU/JHOI TUTeHKM C (TOPOBOIOPOTHOI
KICTIOTOJ TPOMCXOAUT €r0 YacTUYHBIN
mepexof B pacTBOp 1 GopMIUpPOBaHUeE IOP.
B cxeme Ha puc. 3: R - compoTusienue
97IeKTPOINTA MEXKJY HOCUKOM KalMIIA-
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Puc. 1. AHOiHbBIE TTOTEHIMOCTATUYECKIIe
kpusble NiSi 8 0,5 M H,SO, + NaF, M:
1-0;2-0,005 3-0,01;4-0,02;5-0,05
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pa JIyrrmHa u pabodeil NMOBEPXHOCTBIO
37eKTPOfia; R, — COMpOTMB/IEHNE SMIEKT-
ponuTa B MOpax BHEUIHEro cnosi; R, -
CONPOTUB/IEHNE TIepeHoca 3apsaa; Z, —
uMIegaHc BapOypra, omuceBaommii
nepeHoC JedeKToB BHYTpU OapbepHO-
ro C7I0s, 3/IEMEHTHI IIOCTOSHHOM (asbl
CPE, u CPE, Momennpyor eMKOCTb He-
OJIHOPOJHOTO BHEIIHETO CI0S OKCHUIHOI
IJIEHKV U TPaHUIBI pasfena 6apbepHBbIit
CTI01/3/1eKTPOJIUT, COOTBETCTBEHHO.

[Tapamerp ¥*> ANA 9KBUBAJIEHTHON
CXeMbl Ha pMC. 3 IPUHUMAET 3HAYEHUS
(8-20) - 107, yTO TOBOPUT O XOpOIIE
KOPPEJIALMI MeX/Y MOJIeNbI0 U JKCIe-
PVIMEHTA/IbHBIMU JAHHBIMI.

/3 pacunTaHHBIX 110 9KBUBAJIEHTHOI
cXeMe Ha PUC. 3 JaHHBIX CJIelyeT, 4TO IpU
HoBbIIIeHNM HoTeHnuana NiSi-anexTpo-
fla BO BCEX JCCIENOBAHHBIX PacTBOpAX
TOJIIYIHA BHEIITHET O TIOPYCTOTO C/I0A YBe-
mmanBaetca ¢ E npumepHo mo nuHerHO-
MY 3aKOHY, IIpY 3TOM POCT HOPUCTOCTH

-Z" Ohm-cm?
40000 + 1
4 3

6-9 5 2
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0 20000 40000 60000 80000
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Puc. 2. Cnexrprpr nmnenanca NiSi B 0,5 M
H,SO, + 0,02 M NaF npu E, B: 1 - 0,405
2 -0,50; 3 - 0,60; 4 - 0,80; 5 - 1,00; 6 - 1,20;
7 -1,40; 8 - 1,60; 9 - 1,70
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| CPE;
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Pric. 3. DKBUBa/IEHTHAS JIEKTPUIECKAS CXeMa
mna NiSi s 0,5 M H,SO, + (0,005-0,05) M
NaF B 06/1acT¥ MaCCMBHOTO COCTOSAHUSA

CPE,
>
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olepe)xaeT poCT TOMIMHEI cnos. B mpep-
MIOTI0>KE€HNM, YTO OCHOBY OKCUIHOIA TIJIeH-
KM Ha TIOBEPXHOCTY CUINIIN/IA HUKETISA BO
dropuncopepxaleM 91eKTPOIUTE CO-
crapnger NiO (mmm ruppaTtmpoBaHHBIN
okcup, Ni(OH),)), omenena Tommmua d
MOPHCTOTO CNIOSI OKCUJIHOI TITIEHKM: T0-
crosauHas pocta (K = dd/dE) nopucroro
C710s OKCUIHOII IIJIEHKM B MHTepBase 1o-
teHnuanos ot 0,8 go 1,6 B paBHa 2,2 Hm/B
(ToMIIMHA TOPYUCTOTO C/I0A IPYU STOM M3-
MeHsAeTcA oT 3,2 1o 5,0 HM il pacTBoO-
poB ¢ pasHbiM copiepkanueM NaF). Ecin
TOIYCTUTD, YTO TIACCHBHAs T/IEHKA Ipefi-
CTaBJIAET CMEIIAHHbIN OKCUL M HApALY C
OKCHUIOM HMKeJIs TaK)Ke COJEepP>KUT HeKo-
TOpoe KOMMYEeCTBO [MOKCUAA KpeMHMS,
TO KOHCTaHTa aHOJUPOBAHUA OKaXeTcs
HECKONbKO MeHblIe. IloBbllleHNe KOH-
LeHTpauyu (GTopuaa HATPUA NPUBOSUT
K HeOOIbLUIOMY CHIDKEHUIO TOJILIVMHBI
MOPHCTOTO CIOS1 OKCUIHOI IIEHKH, UTO,
MO-BUAVMOMY, CBSI3aHO C PACTBOpPEHMEM
BellleCcTBa IIeHKM B mpucytctBum HE
TonuyHa 6appepHOro CI0st TaKXKe MTOBBI-
maetcsi ¢ poctoM E. Koabdunment gud-
¢bysum KuCIopogHbIX BakaHcuit D BHY-
Tpy 6apbepHOrO CI0A INACCUBUPYIOLIEN
ek Ha NiSi B pactsope 0,5 M H SO, +

MaHTeneesa B. B., leuH A. B., KameHwwmkos 0. 0.

+ 0,02M NaF npu E = 1,2 B cocraBnser
8,5 - 107" cm*/c n cabo u3MeHsIETCSI € PO-
CTOM IIOJIAPU3ALY 97IEKTPOfA U COfep-
KaH/eM QTopuaa HATpusi B pPacTBOpe.
He6ombuioe yBennuenne KoapduipmeHta
nmuddysun (ogHaKo BecbMa craboe) mpu
[OBBIIIEHN) KOHLeHTparuu Qropuma
HaTpus B pacTBOpe, BEpPOATHO, CBA3a-
HO C POCTOM Je(eKTHOCTU CTPYKTYpBI
6apbepHOro Cj10s1 IUIEHKHM, 0Opasyemoil
B IIPUCYTCTBUM PTOPUJA.

Mukpockonmueckoe — UCCAeLOBaHNe
NiSi mo ¥ mocnme 9mMeKTPOXMMUYECKIX
WMCOBITAHUI TIOKA3bIBAET, YTO aHOMHOE
TpaBneHue cwimiupa npu E obmactu
naccuBHOro cocrosanus B 0,5 M H SO, +
+ 0,05M NaF npuBoaut x 3HauMTe/IbHO-
MY Pa3BUTUIO 37IEKTPOTHOI ITOBEPXHOCTHU
(Ha puc. 4 11 cpaBHEHUS IPECTABIICHbI
¢boTorpaduy HIOBEPXHOCTH MEKTPOAA [0
" TOCJIe AHOJJHOTO TpaBJeHus B 6ecdTo-
pUAHOM U PTOPUACOTEPIKALeM PacTBO-
pax).

Pa3BuTye MOBEPXHOCTM 3/IEKTPOfA
B CEpPHOKUCTIOM 6echTOPUIHOM 3/IEKTPO-
TUTE MOXKET OBITH 0OYCTIOBIIEHO pacTpa-
BOM IIpU TIOTEHI[MaIax 00/1acTH aKTUBHO-
IO pacTBOpPeHMA U aKTMBHO-IIACCUBHOTO
nepexofa. BeemeHue B pacTBop gropua

6 8

Puc. 4. Mukpodotorpaduu nosepxuoctu NiSi (x700) mo (a) 1 mocie aHOFHOTO TPaBIEHNS
B 0,5M H,SO, (6) n 0,5 M H,SO, + 0,05 M NaF (6) mpu E = 1,2 B
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/MnepaHc aHoaHbIX NpoLeccoB Ha naccvueHoM NiSi-anekTpope

B CEPHOKMCIIOM ¢)T0pVI,E|CO,EI,Ep)KaU.LEM JNneKTponnTe

HaTpys IPUBOJUT K ellje Oojiee CyIecT-
BEHHOMY pacTpaB/IMBAHUIO STIEKTPOJHOI
HOBEPXHOCTH, YTO OOYCTIOBTIEHO PACTBO-
peHnem B mpucyTcTBuM GTOpuga obpa-
3YIOMINXCSA ITPY AaHOFHOM oKMcmeHy NiSi
B 00/1aCTV TIACCUBHOTO COCTOSTHUS OKCH-

nos NiO u SiO,.
PesynpraThl N3MepeHNs TAPaMeTPOB
MUKPOIIEPOXOBATOCTHI MOBEPXHOCTH
3aknoyeHue

ViccnenoBaHne aHOTHOTO TOBENEHNUA
NiSi-anexkTpoma B CEPHOKUCIIOM STIEKT-
ponuTe, cofiep>kalieM IepeMeHHOe KO-
4eCTBO (PTOPOBOJIOPOIHOI KUCTIOTDI, I10-
KasbIBaeT, 4To npucyrcreue HF B pact-
BOpe OKasblBaeT MOCTATOYHO CHUJIbHOE
B/IMSIHVIE HAa BOIbTaMII€PHbIE M IMIIefJaHC-

Ne 12016
Chimica Techno Acta

NiSi-a7eKTpofa MOMHOCTBIO KOPPEINpy-
0T C JAHHBIMU MUKPOCKOITYECKIX UCCTIe-
floBaHMIL. S3HAYeHNA R 11 rms N3MEHAIOTCA
cnepyromym obpasom: R (am)/rms (M) =
= 255/34,3 (ucxomublit  obpaser):
79,8/119,4 (aHopmHOe TpaBnenne B 0,5 M
H,SO, ipu E = 1,2B) : 957,5/1240,8 (anoz-
Hoe TpasyieHue B 0,5 M HZSO4 + 0,05 M
NaF npu E = 1,2 B).

Hble XapakTepuctuku cwmuupa. Ilo-
CIefjHee INPOABJIAETCHA B CYIECTBEHHOM
OCableHny MACCUBUPYIOLIETO [eiiCT-
BUA KUCTOPOACOIEpKALIX COeNHEeHMI
KOMIIOHEHTOB CIIIaBa U1 aKTYBALVMM PacT-
BopeHu: NiSi.
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