DOI: 10.15826/chimtech.2015.2.3.021

E. A. Dolmatova, A. D. Dayanov, T. N. Ostanina

Ural Federal University, 28, Mira str.,
Ekaterinburg, Russia.
E-mail: arcfan@yandex.ru

Simulation of an electrolytic bath
for electrodeposition
of multilayer shielding coatings

In this the calculation work galvanic bath of Cu/(Ni+Cu) multilayer shield-
ing coatings formation from an acetate electrolyte containing 0,03 mol/L of
CuAc,, 0,3 mol/L of NiAc,and 1,66 mol/L of acetic acid were made. According
to the results of polarization studies values of coatings deposition pulse mode
current density have been chosen and current efficiency of copper and nickel
during deposition of Cu-Ni alloy has been determined. To ensure a constant for-
mulation of the electrolyte it has been proposed to use insoluble anodes made
of stainless steel and continuous circulation of the electrolyte. The scheme of
steams enabling the adjustment of the solution formulation with the use of an
additional collecting vessel has been developed. The formulation of the correct-

ing stream continuously fed into the collecting vessel has been calculated.
Key words: electrochemistry; simulation; cuprum acetate; nickel acetate;

multilayer shielding coatings.
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Introduction

Currently, there is an acute
problem of protection devices and the en-
vironment from the effects of electromag-
netic radiation. To ensure effective protec-
tion of the surface of plastics from which
basic parts of devices are generally made,
it is necessary to apply shielding coating.
Multilayer coatings consisting of alternat-
ing layers of magnetic (e.g., nickel) and
nonmagnetic (e.g., copper) metals are the
most effective screens.

As shown by previous studies [1],
copper filled composites consisting of
an organic polymeric binder and a filler
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of copper powder can be used to create
a conductive basis for a plastic for sub-
sequent deposition of metal coatings.
Shielding coatings consisting of alternat-
ing layers of copper and nickel, can be
obtained by the «single-bath» method [2]
from the electrolyte containing cations
of the two metals Cu?* and Ni**. Condi-
tions for preparing of individual layers
are provided with a pulsed electrolysis, in
which an alternation of pulses with differ-
ent values of current takes place. During
odd pulses ions of the most electroposi-
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tive nonmagnetic metal (copper) are re-
covering

Cu*+2&->Cu’,
and during the even pulses ions of copper
and nickel presented in the electrolyte are
discharging to give a magnetic layer, and
hydrogen gas is exhaling.

Cu*+2&->Cu°

Ni**+2&->Ni°

2H*+2e->H,

Experimental part

To select the parameters of the galvan-
ic bath to be designed experimental stud-
ies were conducted.

Polarization measurements were car-
ried out using a ZIVE SP5 electrochemi-
cal station with a linear change in the
potential in the cell, connected by a three-
electrode circuit.

The potential has been measured with
respect to a silver chloride reference elec-
trode.

When dotting the cathodic polariza-
tion curve (Fig. 1) the pin type working
electrode made of copper wire with a di-
ameter of 2 mm and a height of 10 mm
has been used. The area on the curve cor-
responds to the limiting diffusion current
of discharge of copper ions, and the sub-
sequent rise of the current corresponds
to recovery processes of nickel ions and
hydrogen. According to the results of
polarization studies current densities:
for deposition of copper layer equals to
7 A/m? and a magnetic alloy Ni-Cu equals
to 90 A/m?* were selected.

The use of soluble anodes will lead to
the enrichment of the electrolyte by nickel
or copper ions, so it was proposed to use
insoluble anodes made of stainless steel
12X18H10T. During polarization studies
it was found that anodes made of steel are

The purpose of the present work con-
sisted in simulation of a galvanic bath for
forming multilayer shielding coatings.

For electrodeposition layered
Cu/(Ni+Cu) coating acetate electrolyte of
the following composition: 0.03 mol/L of
CuAc,, 0,3 mol/L of NiAc, and 1.66 mol/L
of acetic acid [2] has been used. Monitor-
ing of value pH = 4.7 has been periodi-
cally conducted.

passivated and not dissolved in the solu-
tion.

For technological calculations current
efficiency of metal has a great significance.
During odd pulses copper recovery with
100 % current efficiency occurs.

To determine the current efficiency
of metals during deposition of the mag-
netic layer experiments on deposition of a
Ni-Cu coating to sample of stainless steel
pre-coated by a copper layer were conduct-
ed. At a current density of 90 A/m? current
efficiency of Ni-Cu alloy was 70.6 %.

The resulting precipitate of alloy and
the copper underlayer have been dis-
solved in concentrated nitric acid. The
concentration of Ni** jons in the resulting
solution has been determined by pho-
tometry allowing estimating the mass
of nickel in the alloy. The analysis was
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Fig. 1. Cathode polarization curve of the
recovery of copper in acetate electrolyte

201



Ne 3| 2015
Chimica Techno Acta

Dolmatova E. A., Dayanov A. D., Ostanina T. N.

conducted by employees of the Depart-
ment of Analytical Chemistry, CTT, UrFU.
From the known weight of the precipitate
alloy formulation was calculated as com-
prising 60 wt. % of Ni and 40 wt. % of Cu.
The current efficiency of metals has been
calculated taking into account proportion
of the appropriate metal in the alloy
Bm,, = Bm_, -©_=70-0,6=42 %,

Ni = alloy
Bmg, =Bm,, -, =70-04=28%.

Cu = alloy

Discussion of the calculations results

For the stable operation of the galvan-
ic bath and preparing precipitates of high
quality it is necessary to maintain the for-
mulation of the electrolyte unchanged. In
the projected bath it can be achieved by
adjusting the formulation of continuous
circulating flow at the inlet to the bath.

A scheme has been proposed (Fig. 2),
which includes a collecting vessel intend-
ed for the organization of continuous cir-
culation of the solution and adjusting its
formulation. Electrolyte discharged from
the bath is divided into two streams, one
is directed to the collecting vessel (129),
and the second one is directed to neutral-
ize acid excess (%29,). Simultaneously, cor-
recting stream (9_ ) is fed to the collecting
vessel, wherein the concentration of cop-
per and nickel acetates is higher than in
the bath. The effluent solution from the

Combined

g, L_capacity 05% on
g neutralization
9 | 9>
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Washing Galvanic Catching
bath bath bath

Fig. 2. Correcting streams in the technological
scheme of multilayer coating deposition
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The summarized reaction occurring
during the even pulses based on the cur-
rent efficiency looks as follows:

Bt -CuAc,+Br NiAc,+ HO =
BTcu-Cu+BTNi-Ni+(I—BTCU—BTNi)-H2T+
+(2-1+Br_ +Bt, )-HAc

From the latter equation it follows that
when using insoluble anodes in the elec-
trolysis process a reduction in the concen-
tration of copper and nickel acetates in a
solution will be observed, and the con-
centration of acetic acid will increase.

collecting vessel is fed into a galvanic bath
(9'). Furthermore, during the process
calculations speed of pseudocontinuous
streams (9, and 9,), which are solutions
transferred on details, was considerd.

As the result of the calculation of the
stationary mass balance of the galvanic
bath it was found that for stable operation
it is necessary that the electrolyte is fed
to the bath, wherein the acetic acid con-
centration (C',, = 1,48 mol/L) is below,
and the concentrations of copper acetate
(C'a = 0,033 mol/L) and nickel acetate
(C'la = 0,304 mol/L) is higher than in
the bath. In view of water evaporation
rate defined was a volume rate of effluent
stream from which then stream feeding to
the collecting vessel is formed. While cal-
culating the different values of intensities
of components sources in periods of even
and odd pulses were taken into account.

The correcting stream is needed to
maintain in the collecting vessel a con-
stant formulation of the solution corre-
sponding by components concentrations
to a stream directed to the bath of multi-
layer coating deposition.

Simulation of the stationary mass bal-
ance of the collecting vessel has allowed
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determining the rate of the correcting
stream and its formulation:

Scm’ = 81 _i’
2
_ 8; 'Cl,i 791 /2-C,
cor,i 8 °

cor

Conclusion

During the experimental studies the
parameters of pulse mode of multilayer
coating deposition, and current efficiency
of copper and nickel have been deter-
mined.

For preparing layered Cu/Cu-Ni coat-
ings by the single-bath method it has been
proposed to use a continuous flow bath
with insoluble anodes. The possibility of

The calculation has showed that the
solution containing 1.45 mol/L of ace-
tic acid, 0.037 mol/L of copper acetate
and 0.307 mol/L of nickel acetate should
be continuously added at a rate equal to
9 =5,0 10 m’/s to the collecting vessel.

C

using stainless steel as an insoluble anode
in an acetate electrolyte has been shown.

Using the method of mathematical
modeling of mass balances of galvanic
baths and the collecting vessel the formu-
lation of the circulating stream incom-
ing to the bath as well as the speed and
formulation of the correcting stream in-
coming to the collecting vessel have been
determined.
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MoaenupoBaHue 3N1eKTPONIMTUYECKON BaHHbI
HaHeCeHUs MHOroCIOMHbIX
IKPAHUPYIOLMUX NOKPLITUA

B pabote npoBedeH pacyeT rasibBaHWYeCKOW BaHHbI (DOPMUPOBAHMS
MHOIOC/IOMHBIX 3KpaHupyowmx nokpbituii Cu/(Ni+Cu) u3 auetaTHoro 3nekTponu-
Ta, cogepxaujero 0,03 monb/n CuAc,, 0,3 monb/n NiAc, 1 1,66 MOSb/N YKCYCHOM
kucnoTbl. Mo pe3ynsTatam noasprU3aLMoHHbLIX CCIEA0BAHNI BbIGPaHbI 3HAYeHNs
MAOTHOCTE# TOKA MMMYbCHOrO pexvMa HaHeCeHWs MOKpbITWIA W onpegeneH
BbIXOZ, MO TOKY Meau 1 H1Kens B nepuog ocaxaenus cnnasa Cu-Ni. nsa obecneve-
HUA NOCTOAHHOI0 COCTaBa 3/1eKTPO/INTA NPea1oXeHo UCno/ib30BaTb HEPACTBOPMMbIE aHO-
[Abl U3 HEPXXABEILLEN CTann 1 HenpepbIBHYI0 LMpKynaLmio anekTponnTa. PaspaboTtaHa
Cxema NoTOKOB, MO3BOAIOWASA NPOBOAWTL KOPPEKTUPOBKY COCTaBa pacTBopa
C WCMONb30BaHWEM [OMONHUTENbHON CHOpHO emKkocTu. PaccuutaH cocTas

KOPPEKTUPYIOLLEro NOTOKA, HENPEpPLIBHO NOAABAEMOr0 B COOPHYI0 EMKOCTb.
KnioueBbie cnosa: INEKTPOXnMKUA, MoaenMpoBaHue, auertatr Menu, auetat HUKend,

rajibBaHn4yeckasa BaHHa.

© OonmatoBsa E. A., lasHoB A. [l., OctannHa T.H., 2015

Beepenue

B Hacrosmee BpeMs 0OCTpO
crouT mpobnema 3amMUTHl IPUOOPOB 1
OKPY>KaloIllell Cpefbl OT BO3AECTBIS
9/IEKTPOMArHUTHBIX ~ M3TydeHwit. s
obecrieuenus 3¢ deKTUBHON 3aIUTHI Ha
[OBEPXHOCTb IUIACTMACChI, M3 KOTOPOIL,
KaK IPaBU/IO, BBIIIOTHEHbI KOPIYCHBIE
meTamu TPUOOPOB, HEOOXORMMO HAHO-
CUTb 9KpaHupyloie mokpbitusa. Haubo-
nee 3¢ GeKTUBHBIMU KPAHAMM SIBIIAIOT-
Cs1 TIOZIVICIIONHbIE TOKPBITYSI, COCTOSIIINE
U3 YepeRyIOLIMXCS CI0€B MAarHUTHOTO
(nmampymep, HMKeIb) M HEMAarHUTHOTO
(Hampumep, Meib) METAJIIOB.
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Kax mokasamm mpoBefeHHble paHee
MCCTIe[OBAHNsI, MefbHAIIO/THEHHbIE KOM-
MO3UTBI, COCTOsAINE U3 OPTAHNYECKOTO
[O/IMMEPHOTO CBSI3YIOIIErO U HAIIOJTHUTE-
JIs1 MEJHOTO MOPOIIKA, MOXKHO JICIIOZIb30-
BaTb I CO3LAHNUS 9MEKTPOIPOBOSHOI
OCHOBBI Ha IITACTMAacce C IIe/Ibl0 MOCTIe-
LYIOLIETO HAHECEHVs MeTaINIeCcKMX
HOKpBITHIT [1]. DKpaHUpylOLIMe ITOKpPbI-
TVsI, COCTOSIIIYE U3 YepPeRyIOLIMXCs CIO-
eB Me[) 1 HUKeNsI, MO>KHO IIO/Ty4aTh Me-
TOJIOM «OJ{HOI BaHHbI» U3 3IEKTPOJIATA,
COfep)Kalljero KaTHMOHbI [BYX MeTa/ljIoB
Cu* u Ni** [2]. YcnoBus g nonydeHns



MOﬂeﬂMpOBaHME BHEKTPOHMTMHECKOﬂ BaHHb!
HaHEeCeHNs MHOTOCOMHBIX IKPaHMPYOLWNX I'IOKprTl/Il7|

Ne 3| 2015
Chimica Techno Acta

MHIVBUAYA/IbHBIX C/I0€B 00eCHedrBaIoT-
Cs1 MMITY/IBCHBIM 97IEKTPOTM30M, B XOZe
KOTOPOTO TIPOVCXOUT Y€PEOBAHNE VM-
IY/IbCOB C PAasHBIMM 3HAYEHVSIMHU TOKa.
Bo BpeMst HeUeTHBIX MMITYIbCOB BOCCTA-
HAB/IMBAIOTCA MOHBI Haubomee 3MEKTPO-
[TOJIOKUTETHOTO HEMAarHUTHOTO MeTall-
na (Meap)
Cu*+2é->Cu’,

a BO BpeMsI YeTHBIX MMIIY/IbCOB paspsixa-
I0TCSI TIPUCYTCTBYIOLIME B 3IEKTPOTINATE
MOHBI MEIV U HUKETIS, JaBas MaTHUTHBII
CJIOM, U BBIIENAETCS ra3000pa3HBIl BO-
IOPOf.

JKcnepuMeHTaNbHasA 4acTb

Ins BerGopa mapameTpoB pabOTHI
HPOEKTHPYeMOIi ra/IbBaHNYeCKOIl BAHHBI
OBV TIPOBENEHbI SKCIIePMMEHTATIbHBIE
UCCIIEOBAHNA.

[TonsapusanuoHHble U3MepeHMA
HPOBOAM/IN C IIOMOIIBIO STEKTPOXUMMU-
yeckolt ctanuyy ZIVE SP5 npu nuneit-
HOM VM3MEHEHUM IIOTeHIMaNa B A4eiiKe,
MOJK/TIOYEHHON II0 TPeX3/IeKTPOHON
cxeme. IloTeHIman uM3MepsnM OTHOCU-
TEeJIbHO X/IOPUACEPEOPSHOTO NMEKTPOSA
CpaBHEHMA.

IIpn cpeMe KaTORHOI IO/ApMU3ALIU-
OHHOI1 KpuBoil (puc. 1) MCHONB30BAIN
pabounit 971eKTpoy; WTHIPPKOBOIO THIIA,
V3TOTOBJIEHHBIN 13 MEJHOI IIPOBOJIOKM
IyamMeTpoM 2 MM 1 BbicoToit 10 MMm. ITo-
ImajZika Ha KPMBOI COOTBETCTBYET IIpe-
menbHOMY AnbY3MOHHOMY TOKY paspsi-
la IOHOB Mefi, a MOC/IeAYIOIUI O beM
TOKa — IIpOIleccaM BOCCTaHOBJIEHUA MO-
HOB HYKeA 1 Bogopoga. [To pesynbraram
HOJIAPU3ALIOHHBIX MCCTIEFOBAHMIT ObIIN
BBIOpAHBI IJIOTHOCTI TOKA: AJIsI OCaXKIe-
HUA cnos Memu 7 A/M? M MarHUTHOIO
cmwrasa Ni-Cu - 90 A/m?.

Cu**+2&->Cu’°
Ni**+2&->Ni°
2H*+2é>H..

ITenp HacTOsAI el PabOTHI COCTOSIIA B
MOJIe/IIPOBAHNY Ta/IbBaHMYECKOI BaHHBI
(opMUpOBaHUA MHOTOC/IONHBIX 9KpaHM-
PYIOIIMX TOKPBITHIL.

[na  97MeKTpoOCaKIeHNA CIIOUCTBIX
nokpeituit - Cu/(Ni+Cu)
aLleTaTHBIN 9eKTPOIUT C/IEAYIOLIET0 CO-
crasa: 0,03 monb/n CuAc,, 0,3 monb/n NiAc,
n 1,66 MOIb/N YKCYCHOM KMCIOTHI [2].
[Tepuopnyecku IPOBOAMIN KOHTPOJIb
BermunHbl pH = 4,7.

UCIIO/Ib30OBaIN

Vcnonb3oBaHne pacTBOPUMBIX aHO-
IOB TIPUBENET K OOOTAIEHUIO 3TIEKTPO-
JINTA IO MOHAM HUKEJS VI MeIU, M03-
TOMY OBUIO ITIpeIIO>KEHO MUCIIOIb30BATh
HEpacTBOPMMbBbIE AHOABI M3 Hep)KaBelo-
meit cramyu Mmapku 12X18HI10T. B xone
HOJISIPU3ALMIOHHBIX MICCIEOBAHMIT OBIIO
YCTaHOBJIEHO, YTO aHOJIbI U3 CTAJIM B JlaH-
HOM PacTBOpe IAaCCUBMPYIOTCA U He pac-
TBOPAIOTCA.

Ina npoBeneHUA TeXHONTOTMYECKUX
pacueToB OO0JBIIOE 3HAYEHVE MMEET BbI-
XOfl IO TOKy MeTanna. Bo Bpemsa Heuer-
HBIX MIMIIY/IbCOB IIPOMCXOJUT BOCCTAHOB-
JIEHMEe MefIM C BBIXOZoM 110 TOKy 100 %.

i A/m2 [ 160
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- 80
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Puc. 1. KaropHas nonsapusanoHHas KpUBast
BOCCTaHOBJIEHNA MefU
B al[eTaTHOM 3IEKTPOJIATE
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Jns ompenmeneHMs BBIXOAA IO TOKY
MeTa/UIOB IIpM OCAXJIeHUM MAarHUTHO-
ro cosi 6bUIM HPOBeTEeHBI IKCIEPUMEH-
TBI 1O OCaKAeHu MoKpbITuA Ni-Cu Ha
obpasel] 13 HepKaBelolleil CTa, Ipef-
BapUTEIbHO MOKPbITUIL croeM Mexu. Ipu
IJIOTHOCTY ToKa 90 A/M* BBIXOJ ITO TOKY
cmwraBa Ni-Cu cocraun 70,6 %.

[Tony4yeHHBINT OCAafOK CIJIaBa U TIOf-
CI0it MeIM PacTBOPSIM B KOHILEHTPUPO-
BAaHHOI a30THOI Kucnore. KoHIjeHTpa-
1yio MoHoB Ni*' B IIOJTy4eHHOM pacTBoOpe
OIIpefieIs/IN MeTOIOM (OTOMETPUM, YTO
MO3BOMIMIO OLEHUTb MacCy HMKens B
crmaBe. AHanmu3 TPOBElEH COTPYRHMU-
KaMy Kadefpbl aHaIUTUYeCKUIT XUMUN
XTU Yp®Y. Ilo nssecTHoit Macce ocagka
paccumTanm cocTas ciaBa: 60 Mac.% Ni
u 40 mac.% Cu. BbIxop 10 TOKYy MeTasIoB

06cyxaeHne pe3ynbTaToB pacueToB

Iist crabuibHOI pabOThl ralbBaHM-
YeCKOJl BaHHBI M IIOYYEHNUS OCALKOB
BBICOKOTO KadeCTBa HEOOXOFMMO IIOf-
[ep>KMBaTh HEM3MEHHBIM COCTaB 9JIeK-
TponuTa. B mpoextupyemort BaHHe 9TOrO
MOXKHO JOOUTBCS, PEryIupysi COCTaB He-
IPepBIBHOTO LMPKY/IALMOHHOTO IIOTOKA
Ha BXOJ€ B BaHHY.

Beita mpemmoxkena cxema (puc. 2),
B KOTOPYIO BXOGUT COOpHas eMKOCTb,
IpefHAasHAYeHHAss I OpraHM3aINu
HeIIPepbIBHON LUMPKY/IALNM pacTBOpa U
KOPPEKTHPOBKIET0COCTaBa. JNEeKTPOINT,

C6opnas Swom
E€MKOCThb 0,59 .
9,/ 0.5 % na
- 1 Hew TPATH3aLHIO
9 | 2
[kl bt 1 [E et
1 A 1 Y
Baunna Baunua Bauna
TIPOMBIBKY ranbBaHUYeCKas | |yNaBIHBaHHS

Puc. 2. KoppekTupytoliye MoTOKM
B TEXHOJIOTMYECKOI1 cXeMe HaHeCeH!:
MHOTOC/IO/HBIX TOKPBITUIA
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CYMTAMN C YYIETOM [0 COOTBETCTBYIO-
1Ilero MeTajla B CII/IaBe
By, =Bm,, o, =70-0,6 =42 %,
Bm, =Bm,, o, =70-04=28 %.
CymMMmapHasi peakijysi, IpOTeKaolast
B II€PHOJ, YeTHBIX MMITY/IbCOB, C YIETOM
BBIXOZIOB IIO TOKY BBIIJISIUT CIEAYIOLINM
obpasom:

Bt -CuAc,+Br NiAc,+ HO =
BTCU-Cu+BTNi-Ni+(I—BTCU—BTNi)-H2T+
+(2-1+Br_ +Bt, )-HAc

VI3 mocnmepHero ypaBHEHMs CTIeAyerT,
YTO TIPU WCIIONb30BAHUN HEPACTBOPU-
MBIX QHOJOB B MPOIlECCE IMEKTPOIU3A
OymeT HaOMIOFATbCsA yMeEHbLIEHME KOH-
[EHTPALMN ALETATOB MENM VM HUKENs B
pacTBoOpe, a KOHIEHTPALMs YKCYCHOII
KJUCTIOTBL OyAeT BO3PACTaTh.

BBIXOMAIIMII M3 BaHHBI, HEIUTCS Ha ABa
[IOTOKA: OFMH HANPaB/IsAeTCsl B COOPHYIO
eMkocTb (%9,), a BTOpoit — Ha HeliTpamu-
sanuio u3bpITKa Kucaorsl (%29,). OgHos-
PEMEHHO B COOPHYIO €MKOCTb MOfAETCS
KOPPEeKTUPOBOYHBII ITOTOK (SKOPP), B KO-
TOPOM KOHIIEHTpALMs aleTaTOB MeRyu U
HIIKeJIS BbILIe, YeM B BaHHe. BbIXOmsIIit
13 COOPHOI eMKOCTH PacTBOP [TOFAETCS B
ranbBaHnyeckymo BanHy (9'). Kpome Toro,
[Py IPOBeJeHNN TEXHOMOTMYECKUX pac-
YeTOB YYUTBIBATM CKOPOCTb IICEBIOHE-
IpephIBHBIX TTOTOKOB (9 1 9,), KoTOpBIE
IPefCTaB/sI0T CO00J pPacTBOPBI, Iepe-
HOCKMBIE Ha fleTalsX.

B pesynbraTe pacdyera CTanMOHapHOTO
MaTepyaTbHOro GajaHca raTbBaHNIeCKOIl
BaHHBI OBIIO YCTaHOBJ/IEHO, YTO /IS CTa-
OmIbHOI paboThl HEOOXOAUMO, YTOOBI B
BaHHY IOCTYIIA/I 97IEKTPOIIUT, B KOTOPOM
KOHIleHTpanus ykcycHoit kucmotsl (C',,
= 1,48 MoO/b/1m) HIDKE, a KOHIEHTpAIK
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anerara mequ (C',, ) = 0,033 monb/n) u
anerara Hukens (C',, , = 0,304 momb/n)
BbIllle, YeM B BaHHe. C y4eTOM MHTeEH-
CMBHOCTH WCIIAPEHMsI BOMIbI OIpefeneHa
o6beMHast CKOPOCTb BBIXOMISIIIETO II0-
TOKa, M3 KOTOPOro 3areM (OpMUpyeTcs
[OTOK, MOCTYIAKIMii B COOPHYIO eM-
KocTb. [Ipy pacuere yunThIBaIM pasHble
3HAYEHMA MHTEHCUBHOCTEN MCTOYHUKOB
KOMITOHEHTOB B IEPMOJbI YE€THBIX U He-
YeTHBIX MMITY/IbCOB.
KoppekTnpoBoUYHBIl  MTOTOK
XOIMM [iIsi  oOecredeHus MOCTOSHHOTO
cocTaBa pacTBOpa B COOPHOIT €MKOCTH,
COOTBETCTBYIOIIETO 10 KOHIIEHTPALVISIM
KOMIIOHEHTOB IIOTOKY, HAIpaBjIsieMOMY

HeOO-

3aknwueHue

B xope akcrieprMeHTaIbHBIX UCCIIE0-
BaHUII OIIpefie/IeHbl NTapaMeTpbl MMITY/Ib-
CHOTO peXuMa HaHEeCeHMs MHOTOCIION-
HBIX IOKPBITUII ¥ BBIXOAIBI IIO TOKY MeZy
U HUKEJIA.

N TONMydYeHMA CIOMCTBIX IIOKPBI-
tuit Cu/Cu-Ni MeTogoM OFHOJM BaHHBI
HPEJ/IOKEHO MCIIONIb30BATh NPOTOYHYIO
BaHHY C HEPACTBOPUMBIMU aHOoziaMM. [o-
KasaHa BO3MOXXHOCTb MCIIOIb30BaHMA
Hep)KaBelollell CTalm B Ka4eCTBe HepacT-

B BaHHY HaHeCeHUsA IOMUCIIONHOTO TIO-
KPBITHSL.

MopenupoBaHye CTAI[MOHAPHOTO Ma-
TepuaabHOro 6amanca cOOPHOI eMKOCTH
MO3BOIMIIO OMpENeNUTb CKOPOCTb KOp-
PEeKTHMPOBOYHOTO ITOTOKA I €70 COCTaB:
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Pacyernokasas,4ToBCOOPHYI0EMKOCTD
HeOOXOIVMMO  HENpepbIBHO  [1006ABIATH
co cKkopocthio 9 = 50-10° M/

KOPP
pacTBOp, copmepxkamuii 1,45 Momb/n
YKCYCHOU KUCnoThl, 0,037 Monb/m anietaTa
meau u 0,307 MO/Ib// alleTaTa HUKEIs.

BOpPUMOTO aHOJa B all€TaTHOM 3J/IEKTPO-
JINTE.

C IIOMOIIbXD METOJa MaTeMaTn4de-
CKOTO MOJenpoBaHNA MaTepHuaIbHbIX
6a/laHCOB Ta/JIbBAHMYECKOM BaHHBI U
C6OPH017'I €MKOCTI OIIpefeneHbl COCTaB
BXOAALIETro NUPKYIANVMOHHOIO IIOTOKAa B
BaHHY, a TaK)XK€ CKOPOCTb 1 COCTaB KOp-
PEKTUPYIOIIETO IIOTOKAa B C6OPHYIO €M-
KOCTb.
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