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B pa6oTe npuBepeHbl pe3ynbTaTbhl UCCIeA0BaHUSA BAUAHUSA YrnepoaHbIX HAHOTPY60OK TOpProBow
Mapku "TayHUT" Ha KOPPO3UOHHbIe XapaKTEPUCTUKU rasibBAaHNYECKOrO MOKPbITUS CMJ1IaBOM
onoeo-BucMyT (Sn-Bi) B pacTtBope 0,1 M Na,SO,. NMoka3aHo, 4To A06aBKU CHUXAIOT NOTeHLUMan

Koppo3uun Ao 54%.

The article presents research results of the effect of carbon nanotubes (trade mark "Taunit") on
corrosion characteristics of electroplating coating with a tin-bismuth alloy (Sn-Bi) in 0,1 mol
Na,SO, solution. It was shown that additives reduce the corrosion potential up to 54%.

BBEJAEHUE

OJOBSIHHOE IIOKPBITHE HA MEeAU SIBJISIeTCSI AaHOLHBIM
(MM IPOTEKTOPHBIM), IIOCKOIBKY CTAHLAPTHBIH
3JIEKTPOXMMHUYECKUI IIOTEHI[Ma/ 0J10BA MEHBIIe,
YyeM y MeJH. DTO O3HAyaeT, YTO B KOPPO3HOHHO-
AKTHUBHOM Cpejie, B IIEPBYIO oUepeb, pa3pylIaeTcs
0JI0BO, U TOJIBKO IIOCJIE IIOJTHOTO PACTBOPEHUS 0JI0BA
Ha OIIpe/ie/IeHHOM y4YacTKe OyIeT IOBPeXAAThCS
Meb. OJIOBO SIBJISIETCS OCTATOUHO CTOMKHUM K KOPPO-
3UH METAJIJIOM, [I03TOMY IIPUMEHEHHE O0JIOBIHHOTO
IIOKPBITHS 3HAUUTE/IBHO YBETUUNBAET CPOK CIYSKOBI
raJbBaHU3HUPOBAHHBIX MeIHBIX U3JeNUN. [l yBe-
JHNYeHU S KOPPO3HMOHHOM CTOMKOCTHU SN-TIOKPBITUS
OCasKIAIOTCS U3 3JIeKTPOIUTOB ¢ 61eckoobpasoBa-
TeJISIMHU U JIETUPYIOTCS BUCMYTOM (T.e. OCasKIAeTCs
CILIaB "0JI0BO-BUCMYT").

Kax U3BeCTHO, AJIS 3alUTHL OT KOPPO3UU TaKKe
MM POKO HCIIONB3YIOTCSI HHTUOUTOPEL — BeleCTBa,
CHHKAloIlHe CKOPOCTh, II0 KpaliHel Mepe, OLHOIO
M3 IIPOLIeCCOB, INPOTeKAOIMIUX Ha IOBEPXHOCTH
MeTasaa. Mansle 106aBKH HUHTUOUTOpPA U3MEHSIOT
CTPYKTYPY IOKPBITHSI, IIOBBIIIASl TeM CAMBIM MeXxa-
HHUYeCKHe U AaHTUKOPPO3HMOHHBIE CBOMCTBA CIlJIaBa
(1]. B kauecTBe HMHTUOUTOPA KOPPO3HUH B MOC/IeSHEe
BpeMsl aKTUBHO IPUMEHSIOTCSI HaHOYIIepoJgHble
MaTepHaJibl. XOpoIlKe Pe3yabTaThl IIPH UCIONIb30-
BaHUU YIIepOoAHBIX HAaHOTPYyboK (YHT) monydeHsl
IS LHHKOBOrO [2-5] 1 HUKeneBoro [6-10] mokpsI-
THUH. Hcronp3yeMblil B paboTe HaHOYIIepPOgHBIM
MaTepHal, 3aperucTpUpPOBAHHBIN 10J, TOPrOBOU
Mapkon "TayHHUT", mpenAcTaBiseT coboit pynnepe-
HOIIOJ0OHEIe yIIepoJHble HAHOTPYOKHU - IIIMHHEIe

®re0Y BO "TamMb0BCKMI rocyAapCTBEHHbI TEXHMYeCKUn yHnBepcuTeT" / Tambov State Technical University.
2 ®rbOY BO "/lvnewKuii rocyAapCcTBEHHbIR TeXHUYeCkunid yHuBepcuTeT" / Lipetsk State Technical University.
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I10JIble BOJIOKHA, COCTOSIIHE U3 IPadeHOBBIX CI0eB
(B konmuuecTBe He 6osee 30), nuamerpoMm 10...60 HM
Y IIMHOM 1-2 MKM. IIpU 3TOM KOJTHYeCTBO CTPYKTY-
PHUPOBAHHOIO yIIepoja B HUX ~ He MeHee 95% [11].
"TayHutT" npousBogutcs B 000 "HanoTexLeHTp"
(r. Tamb60B).

Lenpto paboThl CTA/IO0 HCCIIeOBAHME BIHSIHHUS
uHrubupytomen go6asku YHT "TayHUT" B cocTaBe
3JIeKTPOJNIUTA [JIS1 CO3MAHUS ONOBSIHHBIX ITOKPHI-
THUH Ha KOPPO3HMOHHYIO CTOMKOCTb MOKPBITHUS
"0/10BO-BUCMYT'.

METOAWUKA 3KCIMEPUMEHTA U PE3VY/IbTATDI
I[IpoBoAgMIach cepusl 3KCIepPHUMEHTOB IIOJyde-
HHUS TaJIbBAHUYECKOIO IMOKPBITHS CIJaBOM
Sn-Bi K3 371eKTPOIUTA C/IefyIOIMero cocTaBa: Cylb-
dat onosa SnSO, (TY 6-09-1502-72) - 35 r/1; Cynb-
dat BucMyTa Bi,(SO,); - 1,5 r/n; cepHas KucIoTa
H,SO, (TOCT 667-77) - 180 r/n; dopmanun 40% CH,0
(TOCT 1625-75) - 6 mn/n; 6;meckoobpasyromas gobaBka
"IroMeT-JI6" - 45 M/,

[Tponecc HaHeceHU s CIIJIaBa Sn-Bi mpoBoauIu
B CTAallMOHAPHBIX 3JIeKTPOIUTHYECKUX SUeHKaX.
[TokpbeIBaeMble 06pa3Lbl — MeJHbIe AeTaau (CrIaB
M3) momanpio 28 MM? pa3Melanuch Ha IoABecKax.
I[lepeMeImIMBaHHe 3J1eKTPOJIKUTA OCYILeCTBIISIH
C UCIIOJIb30BAHHEM KadaoUKUXCS MITAHT. AHOMBI
M3TOTaB/JIMBA/IK U3 0JIOBA M IIOMEIAJIU B YeXJIbl
M3 [IOJIUIIPOIIMJIEHOBOM TKAHHU.

PeskMM OCa>k[eHHS: KaToAHad IJIOTHOCTb TOKA
1-3 A/mM?; TemmepaTypa 371eKTpoiuTa 18-25°C.
B oTcyTCTBHe TOKA AaHOJBI U3BJIEKAIUCh U3 BAHHBI.

INTRODUCTION

I[Tocie IPUTOTOB/IEHHUS 31eKTPOIKUTa B HEI'O BBO-
OUIH yIiepoAHble HAHOTPYOKHM "TayHUT" B BUIeE
nopomka. OTenbHbIe HAHOTPYOKHU CKIIOHHBI K 06pa-
30BaHHUIO aryioMepaToB. Pemanacek 3afada pasjere-
HUS aI7IOMEPAToB Ha OT[e/IbHble HAHOTPYOKH U pPaB-
HOMEPHOI0 UX pacIpejie/leHUsI B 0ObeMe 3/1eKTPo-
nuTa. Obe 3aa4H pellaly MeTOLOM Y/IbTPa3ByKOBOM
06paboTKH 3/1eKTPOAUTA. 3a/iaua oc/e1yIolero gea-
IJIOMePHPOBaHU A Pelllanach UCII0/b30BaHHEM B 3/I€K-
TPOJIMTe [I0BepPXHOCTHO-aKTUBHOrO BemecTsa (IIAB).

J71s1 paBHOMEPHOIO paclpefie/leHUsI U yMeHblIe-
HUS arJloMepaToB HaHOMAaTepHaJsa HCI0Ib30BaJICs
yAbTPa3ByKoBoH Aucrnepratop HJI 100-6/4 ¢ gacTo-
Tor 22 K[1] ¥ MHTeHCHBHOCTBHIO 3ByKa 786 BT/cM?.
JlycrieprupoBaHMe IIPOM3BOAM/IN B TeUeHHe 5 MUH.

JlJ1s1 IpoBe/leHM 1 CPAaBHUTEIbHOTO aHA/IH 3a IIOKPbI-
Tus Sn-Bi HaHOCUIM U3 37TeKTPOIUTOB be3 nobasie-
HHUS HAHOTPY6OoK U c jobaBKkamu YHT "TayHUT" B Aua-
Ia3oHe KOHIeHTpal K oT 50 10 1600 mr/i.

IIpu mpoBeeHUU IIpollecca yIaepoJHble HAHO-
TPy6KH, OBHKHMMble KHHeTHUYECKOH >Hepruem
KaTHOHOB Sn?*, BCTPAaUBaIHUCh B MeTaTTHYECKYIO
MAaTpHILY B XOJle BOCCTAHOBUTeIbHOMU KAaTOAHOU
peakuuu Sn?t +2e » Sn. KoHLleHTpalLlUsi HAHOTPY-
OOK B 3/IeKTPOJIMTEe CHUYKA/NACh B XOJle IKCIL/IyaTa-
uuu. [lognepskanue KoHIeHTpanuu YHT "TayHut"
B 3aJIlaHHOM JMalla3oHe Obljla OMHOM M3 BasKHEH-
IIMX OIepalii s Ipollecca HaHeCeHHU s HaHO-
MOAHMPUIHMPOBAHHOIO MOKPBITUS. B pabore [12]
K3JI0OKeH pa3paboTaHHBIN aBTOpAaMU OINTHYECKUI
MeToJ HM3MepeHUs KoHIeHTpauuu YHT "TayHur"
B 3/1eKTPOJUTaX, OCHOBAHHBIN Ha IOIJIOIEHHUH,

Tin coating on copper is anodic (or
protective), as the standard elec-
tro-chemical potential of tin is
lower than of copper. It means that
in the corrosion-active medium
first of all tin is destructed and
only after the complete dissolu-
tion of tin in a certain location
copper will be damaged. Tin is
sufficiently resistant to corrosion
metal, that is why application of a
tin coating significantly increases
the term of use of the electroplated
copper produce. For the increase of
corrosion resistance Sn-coatings
are deposited from electrolytes
with brighteners and doped with

bismuth (i.e. tin-bismuth alloy is
deposited).

As it is known, inhibitors - sub-
stances which decrease the speed of
at least one of the processes occur-
ring on the surface of a metal are
widely used for the protection from
corrosion. Small additions of an
inhibitor modify the structure of
the coating augmenting in this way
mechanical and corrosion-resistant
properties of the alloy [1]. Currently
carbon nanomaterials have been
actively employed as inhibitors of
corrosion. Good results for zink
[2-3] and nickel [6-1] coating have
been obtained using carbon nano-
tubes (CNT). The used during the

process nanomaterial, registered
under the trademark "Taunit", con-
stitutes fullerene-like carbon nano-
tubes - long hollow fibers consisting
of graphene layers (in the quantity
not more than 30), diameters from
10 to 60 nm and 1-2 pm in length.
Considering the amount of struc-
turized carbon in them not less
than 95% [11]. "Taunit" is produced
at LLC "NanoTechCentre", Tambov.

The aim of the work was the
study of the influence of the inhib-
iting additive of CNT "Taunit" in the
composition of the electrolyte for
the creation of tin coatings on cor-
rosion resistance of the coating
"tin-bismuth".
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pacceMBaHUHM U OTPa’keHHUU CBETOBOILO IIOTOKA
MOJIMKPUCTAINYeCKUM I'PadUTOM, a ero peanu-
3allMs OCHOBBIBAETCS Ha U3MEepeHHHU ONTHYeCKOM
IJIOTHOCTH U KO3 UIIMeHTa IPONYCKAHHU S KU
KOCTHBIX PaCTBOPOB, a TaKXe Ha OIpeJeleHUU
KOHLIeHTpallM{ BellleCTBa [0 IIpeABapUTelbHO
[Oy4YeHHOMN SMIIMPHUYEeCKOM MOJ eI .

UCCNEAOBAHUE ONMTUYECKOM NNOTHOCTH
SJNIEKTPOJIUTA

O1eHKYy 3HaYeHHU ! OITHYEeCKON IIJIOTHOCTH IIPOK3-
Boaunu cornacHo 'OCT 15150-69 ¢oTo3nekTpUUe-
ckuM potomerpom "KOPK-3" [13].

Hcrosp30Bany pa3H4YHbIe IIPOOBL 3JIeKTPO-
JIUTOB, KaK CBeXXEIIPUTOTOBJIEHHEIX, TaK U HaX0-
OUBIINXCS B IPOOMPKaxX B TeueHHe Mecslia I10CyIe
IIPUTOTOBJI€HHUS U 3KCIJIyaTallWH, U OJUCTUJIIH-
POBAaHHYIO BOAYy B KaueCcTBe 3TaJIOHHOro obpasia.
YHCTBIM, He OBIBIIMI B 3KCIJIYyaTallUK 3JeKTPO-
THUT, Heob6X0OUM IS MOCTpPOeHUS PYHKIHUU
OIITHYeCKOMN IJIOTHOCTH U OllpefeseHUs pabouent
JJIMHBI BOJTHBI. BEIBIIHI B 3KCIIJIYaTaLl KU 3JIeKTPO-
JUT HEeobXOLUM [Jis onpefesieHUs IOTPEIIHOCTHU
H3MepeHU, CBSI3aHHBIX C 3aTrpsi3HEHHEeM 3JIeKTPOo-
JINTA OKCUAAMHM, HIJIaMaMU JAeTajael, ocagKaMUu
M3-3a KPUCTAJIIM3aLlMUM KOMIIOHEHTOB 3JIeKTPO-
JIUTA. DKCIIJIYyaTUPYeMBble 3JIeKTPOTUTHL C pa3iny-
HBIMU KOHIeHTpauusmu YHT "TayHuT" Heobxo-
OUMBI 0714 ompeneneHUs KoHIeHTpauuu YHT Kak
GYHKI MU OT ONITUYECKOH IIJIOTHOCTH.

BbiiM HM3MepeHBl ONTHYeCKHEe IJIOTHOCTH
YHCTOTO 3JIeKTPOJIMTA B JHalla30He OJIHUH BOIH
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Puc.1. 3asucumocmu: onmudeckoli naomHocmu (A) u Ko3pdu-
UueHma nponyckavus 4ucmozo 3nekmpoauma Sn-Bi (e)
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Fig.1. Dependences: optical density (A ) and the coefficient of pure
electrolyte Sn-Bi transmittance (e) on the length of the wave

IIOTJIOINEeHM A M3/Iy4uyeHHs oT 350 1o 800 HM C IIarom
50 M npu TeMmeparype pactBopa 20°C. Ilo mony-
YeHHBIM JaHHBIM IIOCTPOeH rpaduK 3aBUCHUMOCTHU
ONITHYeCKOM MJIOTHOCTH 371eKTPOIHTA OT AMTHUHBI
BOJIHBI U31ydeHHU (puc.l).

st oipeneneHus: pabouell U HBI BOJIHBL Heo6-
XOLHMMO 6BLJIO HAMTH YYaCTOK KPUBOH, I'Zie BBIIION-
HHUJIOCH XOTS OBl OJJHO M3 YCIOBHUH: ONTHYeCKas

METHODS OF THE EXPERIMENT AND
RESULTS
There was a series of experi-
ments for producing of electro-
plating coating with a Sn-Bi
alloy from the electrolyte con-
sisting of the following: stan-
nic sulfate SnSO, (Tech. stand.
6-09-1502-72) - 35 g/l; bismuth sul-
fate Bi,(SO,); - 1,5 g/l; sulfuric acid
H,SO, (State Stand. 667-77) - 180 g/1;
formalin 40% CH,O (State Stand.
1625-75) - 6 ml/l; the additive
brightener "Ecomet - L6" - 45 ml/1.
The process of application of the
Sn-Bi alloy was conducted in the
static electrolytic cells. The sam-
ples being coated - copper parts

(the alloy M3) with surface area
22 mMm? were placed on the plating
rack. Mixing of the electrolyte was
performed using walking beams.
Anodes were made of tin and placed
in the polypropylene fabric cases.

The mode of deposition: the cath-
ode current density was 1-3 A/dm?;
the temperature of the electrolyte
18-25°C. In the absence of the cur-
rent anodes were withdrawn from
the bath.

After preparing of the electro-
lyte, carbon nanotubes "Taunit"
were introduced in the form of
powder. Individual nanotubes tend
to form agglomerates. The tasks of
breaking up the agglomerates into
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separate nanotubes and even dis-
tribution of them in the electro-
lyte volume were being addressed.
Both tasks were being solved by the
method of ultrasonic treatment of
the electrolyte. The problem of the
following deagglomeration was
being dealt with by adding into the
electrolyte of a surface active agent
(SAA).

For the even distribution and
minimization of agglomerates of
the nanomaterial the ultrasonic
disperser IL 100-6/4 with the fre-
quency of 22 kHz and the sound
intensity of 786 W/cm? was being
used. Dispersion was being per-
formed for five minutes.
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Puc.2. 3agucumocmp onmuyeckol nA0MHOCMU 3AeKmpoAuma
Sn-Bi om KoHueHmpauuu YHT e duanazoHe om 0 9o 70 mz/n

Fig.2. Dependence of the optical density of the electrolyte Sn-Bi
against the concentration of the CNT in the range from O to 70 mg/I

m10THOCTD (E) MMeeT MaKCHMaJIbHYIO BeTUUYHHY;
X0JL KPUBOHM Iapaje/ieH FOPU30HTAIbHOMN OCH,
TO eCTh ONTHUYeCKasl IJIOTHOCTh C1abo 3aBUCUT
OT IJIMHBI BOJHEI A [14].

M3 rpaduka cienyer, 4To AJis UCCIeLOBAHHOIO
OHaIa3oHa A MaKCHUMaJbHOe 3HaUYeHHe OITHYe-
CKOM MJIOTHOCTHU HabniomaeTcs mpu A = 350 HM.
ITocne onpenesneHUs pabodell JIUHBL BOTHBL ObIIH

[IpoBeleHbl MHOTOKPATHBIE U3MepeHHs A pas-
JIUYHBIX IIPO6 3/IeKTPOMUTOB. H3Mepsau onTH4e-
CKYIO IJIOTHOCTH E ¥ KO3QPUILIMEeHT MPONyCcKaHuUs P
IpU U3MeHeHUU KOHLeHTpauuu (Coyrp) HAHOYTIIe-
pona "TayHUT" B 37IeKTPOIHUTAX.

[To BbIOOpPKe YCTOMUMBHIX 3HAYeHUU OB
noctpoeH rpaduk (puc.2). Ilo moaydyeHHBIM JaH-
HBIM OBlIa HaW/ieHa 3aBUCHMOCTh OIITHYECKOHN
NJI0THOCTH oT KoHOeHTpauuu YHT (Cqyp), UMe-
Iomasi HauboabIIy0 BeJIHMYKUHY LOCTOBEPHOCTH
annporcuManuu (R?).

Tak KaK HaMJIy4dIIHe 3HaUeHUsI aHTHKOPPO3HOH-
HOM CTOMKOCTH [/ IPYTUX MOKPBITHUH [2] 6BLIHK
[OJIy4YeHBl IPH HAUMEHBIIUX KOHIeHTPALHUIX
YHT "TayHuT", TOo A5 yoobcTBa HCIIONB30BAHMU S
3aBHCHMOCTb ONTHYECKOHN IIJIOTHOCTH 3/eKTPOo-
JIUTA OT KOHLUeHTpauuu YHT MOXHO HpPHUBECTHU
B nuamnasoHe oT 0 go 70 mr/I.

st ynobcTBa paboThl TabnKUHBIe JaHHBIE OBIIH
AIIIIPOKCHMUPOBAHBI BEIPAsKeHUEM

CCNT = 63,7 E - 47,44 1)

npu R? = 0,9763.

st KoppeKUKU KoHLeHTpauuu YHT otbupanu
npoby 3/1eKTPoNKTa U U3MePsI/IN 3HaUeHHe ONTH-
yeCKOM NJA0THOCTHU E mpubopom KOK-3. [lanee
10 Al POKCMMHUPYIOIeMy BbIPaskeHHUIo (1) BBIUMC-
nanu 3sHavyeHHUe Ceyp. EC/IM KOHLIeHTpal s HaHO-
TPybOK CTAaHOBUJIACh MEHBIIe 3aIlaHHOT0 II0OPOro-
BOTO 3HaueHMUs, B 3JIeKTPOAUT fobaBasiau Tpebye-
MoOe KOJIM4eCTBO yIJIepoJHOro HaHOMaTepHaa [15].

THE STUDY OF THE OPTICAL

For carrying out of the compara-
tive analysis Sn-Bi coatings were
deposited from electrolytes with-
out adding nanotubes and with
the CNT "Taunit" additives the
diversity of concentrations being
between 50 and 1600 mg/1.

During the process of electro-
deposition carbon nanotubes
driven by the kinetic energy of
Sn?* cations, fit in the metallic
matrix in the course of the reduc-
tive cathode reaction Sn?* +2e -
Sn. Concentration of nanotubes
in the electrolyte lowered during
the exploitation. Maintenance of
the CNT "Taunit" concentration
within the set limits was one of

the most important procedures
for the process of the nanomodi-
fied coating application. In the
study [12] the optical method of
measurement of the CNT "Taunit"
concentration in electrolytes,
based on absorption, diffusion
and reflection of the luminous
flux by polycrystalline graphite
is disclosed by the authors, and
its realization is grounded on the
measurement of the optical den-
sity and liquid solutions trans-
mittance ratio and also on the
measurement of the substance
concentration according to the
previously obtained empirical
model.

DENSITY OF THE ELECTROLYTE

The assessment of measurements
of the optical density was per-
formed according to the State
Standards (GOST) 15150-69 by the
photoelectric photometer "KFK-3"
(13].

Various samples of electrolytes
were used, both freshly prepared
and having been in the test-tubes
for a month after preparation and
use, and also the distilled water
as the reference sample. A pure,
unused electrolyte is necessary for
the construction of the function of
the optical density and determin-
ing the wave operating length.
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WCCAEAOBAHUE KOPPO3MOHHOIO NOBEAEHNA
CNAABA

HccnemoBaHHe KOPPO3HOHHOIO IIOBeIeHH S CIIJIaBa
Sn-Bi mpoBogunu B pactBope 0,1 M Na,SO, Ha pu-
bope "JdnekTpoxuMHUUecKas pabodas CTaHIUSA
Zive SP2" (WonaTech, IOskHas Kopes) co CKOPOCTHIO
pasBepTku 1 MB/c.

PE3Y/IbTATbI U UX OBCYXXAEHUE

B Tabs.1 mpencTaBIeHBl Pe3yabTaThl UCCAeN0BAHU S
BpeMeHHOM 3aBUCHMOCTH IIOTeHIHala CBO6OLHOM
KOppo3uH ciiaBa Sn-Bi ¢ go6aBkort YHM "TayHut"
B pacTtBope 0,1 M Na,SO,, KoToprie GUKCHUPOBATIH
B TedeHue 300 c. McciemoBaHus [TIOKa3a/I, YTO 0OaBKHU
YHT "TayHuT" B ipegmenax 50-1600 Mr/ criocobcTBYIOT

Tabauya 1. 3asucumocmb nomeHuUaAa Kopposuu meou @, Nokpblimol cnaagom Sn—Bi, om epemeHu U KoHUeHmpauuu YHM "TayHum"

8 pacmeope 0,1 M Na,SO,

Table1. Dependence of the copper corrosion potential ¢, covered by the alloy Sn—Bi on the time and concentration of the CNT "Taunit" in the

solution 0,1 mol Na,SO,

CopepxaHue YHM, mr/n

Bpems
BbIEPXKM, C

0-20 —-0,426 —-0.271 —0,304 —-0,287 —0,261 —-0,257 —-0,183
21-40 —-0.417 —0,265 —-0,302 —0,281 —-0,257 —0,251 —-0,182
41-60 —-0,413 —-0,257 —-0,299 -0,273 —-0,255 —-0,247 —0,180
61-80 —-0,409 —-0,249 —-0,297 —-0,266 —-0,253 —0,245 —-0,179
81-100 —0,405 —-0,231 —-0,295 -0,26 —-0,249 —-0,243 -0,177
101-120 —-0,399 -0,222 -0,292 —-0,254 —-0,249 —-0,242 -0,177
121-140 —-0,399 —-0,21 —0,289 —0,259 —0,247 —0,241 —-0,176
141-160 —0,398 —0,205 —0,287 —0,256 —0,245 —-0,239 —0,175
161-180 —0,398 0,201 —0,287 —-0,252 —0,243 —-0,239 —-0,174
181-200 —-0,396 —0,198 —0,284 —0,246 0,241 —-0,238 —-0,173
201-220 —0,395 -0,18 —0,283 —0,242 —-0,239 —-0,238 —-0,173
221-240 —0,391 —-0,173 —0,282 —0,241 —-0,239 —-0,237 —-0,171
241-260 —-0,389 —-0,164 —-0,28 —-0,238 —-0,238 —-0,237 —0,169
261-280 —-0,389 —0,153 —-0,274 —-0,235 —-0,237 —0,235 —0,165
281-300 —-0,387 —-0,141 —-0,271 —-0,220 —0,235 —-0,234 -0,163
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CMeIleHHUIo IToTeHI[Hala ¢ (B) KOPPO3HHU B IIOTOKH-
TelnbHYI0 06macTh (cM. Tabs.1), UTo XapaKTepHU3yeT
OUHAMHUKY GOPMHUPOBAHUS 3AI[UTHON OKCHUIHOM
IIJIeHKH.

AHaJIM3 NOMSIPU3AIMOHHBIX KPUBBIX (PHC.3) IIOKA-
3aj1, YTO IJIOTHOCTh TOKA KOPPO3HUHU i MOKPBHITUS
Sn-Bi, mony4eHHOro B NpUCYyTcTBUU 50 Mr/n YHT
"TayHUT" 110 CPABHEHUIO C AHAJIOTUYHBIM ITOKPbI-
THeM, IT0Ty4eHHBIM 6e3 qobaBneHUsI HAHOTPYOOK,
CHMXKaeTcs Ha 99%.

CKOPOCTb KOPPO3H U OIleHHBAJIH I10 TOUKe Ilepe-
CedeHM s KaTOJHON U aHOMLHOM IIOJSPHU3ALIUOH-
HBIX KPUBBIX. BUJIHO, YTO TOUKA [lepeceuyeHust KpH-
BBIX COOTBETCTBYEeT MeHbIIeMYy TOKY KOpPpO3HuH I.
[Ipuposy TOPMOKEHHSI KaTOJHON peaKkLuH 06bsic-
HHUTb TPYAHO, HO B IIepPBOM ITPUOIHKeHUHU OHA 06y-
C/IOBJIeHA U3MeHeHHeM CTPYKTYPbI IIOKPBITHS.

B Tab;1.2 npuBeseHbl KOPPO3UOHHO-3IeKTPOXH-
MHYeCKHe XapaKTepUCTHKHU CIlJIaBa Sn-Bi c mobas-
Kor YHT "TayHut" B pactBope Na,SO, c KOHIeH-
Tpanuen 0,1 M. JlobaBku YHT "TayHHUT" yaydIIamoT
MOTeHIMaJl KOPPO3HUHK UCXOJHOTO CIljIaBa Ha 28-54%.
Haunydmun pesynpTaT Habnioganu npu gobaske
YHT "TayHuTt" 50 MI/11.

BbIBO/bl

O6HapykeHO, YTO yIJIepOAHbIe HAHOTPYOKH
"TayHHUT" B COCTaBe 3TeKTPOIUTA OCAKAEHHUS CIIJIaBa
"0JI0BO-BUCMYT" Ha MeJb IIPOSIBISIOT HHTUOUPYIO-
Iee IeHCTBHE, TeM CAMBIM PaCIIUPSIOT 06/1aCTh Iac-
CHBHOTO COCTOSIHUSI MeJIH, YTO IIPUBOJHUT K yBeTHYe-
HUIO IPOTUBOKOPPO3HOHHOTO NeHCTBHUSI IOKPHITHH.

[ON:]
0,11
0,01
_0,1 4
-0,2
-0,3 1
— Oowmr/n
-0.4 — 50wMr/n
— 70wmr/n
-0,5 — 100 ™mr/n
— 500 mr/n
-0,6 - — 1000 mr/n
— 1600 mr/n
-0,7 T T T T T T T |
-40 -30 -2,0 -1,0 0 1,0 2,0 3,0 4,0
Ig i, mkA/cm?

Puc.3. Bonbm-amnepHble 3a8ucumMocmu noKpbimus Sn—Bi 8 no-
Aynozapudmuyeckux KoopduHamax (KOHUeHmpayus pacmeopa
Na,SO,-0,1M)

Fig.3. Volt-ampere dependences of the Sn-Bi coating in
semilogarithmic coordinates (concentration of the solution
Na,SO, - 0,1mol)

[TonyuyeHHble pe3yIbTAaThl IIOKA3aJH, YTO TOK
KOppOo3uHU B MPHUCYTCTBHH YHT mmo cpaBHeEHHIO
C IIOKPBITHEM, IIOTy4eHHBIM 6e3 mobaBnenus YHT,
CHH’KAeTCsI MAaKCHUMAJIbHO Ha 99%, a MOTeHILIHA
KOPPO3UH CMEIIAeTCs B IIOTIOKHUTEIbHYIO 00671aCTh.
[Ipy KOHLIEHTpPALUH B 3nekTpoaute YHT "TayHuT"

The used electrolyte is necessary
for determining the accuracy of
measurements, connected with
the pollution of the electrolyte by
oxides, silts of the parts, residual
because of the electrolyte compo-
nents crystallization. The elec-
trolytes being used with different
concentrations of the CNT "Taunit"
are required for determining con-
centration of the CNT as the func-
tion of the optical density.

The optical densities of the
pure electrolyte were within the
range of the length of the emis-
sion absorption waves from 350
till 800 nm with the spacing of
50 nm at the solution temperature

of 20°C. After the obtained data
the graph of the electrolyte opti-
cal density against the length of
the emission wave was drawn (see
Fig.1).

For determining the operational
length of the wave it was necessary
to find the segment of the curve,
where at least one of the condi-
tions would be true: optical den-
sity (E) has the maximum value;
the curve is parallel to the hori-
zontal axis, i.e. optical density
is loosely dependant on the wave
length A [14].

The graph shows that for the
studied range A maximum value
of the optical density is observed at

A =350 nm. After determining the
operating length of the wave mul-
tiple measurements for different
samples of electrolytes were car-
ried out.

The optical density E and trans-
mittance coefficient P at the
change of concentration (Ccyy) of
the nanocarbon "Taunit" in elec-
trolytes was measured.

After the selection of stable val-
ues the graph was constructed (see
Fig.2). According to the obtained
data the dependence of the opti-
cal density on the concentration
of CCN (Ccy), having the greatest
value of the accuracy approxima-
tion (R?).
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Tabauua 2. Koppo3uoHHO-3AeKmMpoxuMudeckue xapakmepucmuku cnaasa Sn—Bi ¢ YHT “Taynum® 6 pacmsope Na,SO,, koHueHmpauus 0,1 M
Table2. The corrosive - electrochemical properties of the Sn-Bi alloy with the additive of the CNT “Taunit" in the solution of Na,SO, with

0,1 mol concentration

KoHuweHTp, r/n

®.B —0,401 —0,181 —-0,288 —0,254 —0,246 —-0,242 —-0,184
I, A 2,00E-06 4,00E-09 2,70E-07 2,00E-07 2,92E-07 1,10E-07 1,70E-08
i, MKA/CcMm? 7,07 0,01 0,95 0.7 1,03 0,39 0,06

50 MI/n IOCTUTAIOTCS MaKCHMaJbHBIE TOKa3aTeau
KOPPO3UOHHO CTOMKOCTH.
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As the best values for the corro-
sion resistance for other coatings (2]
were obtained at the lowest concen-
trations of CNT "Taunit", then for the
convenience of use, dependence of
the optical density of the electrolyte
on the concentration of the CNT is
given in the range from 0 to 70 mg/l.

For the convenience of work the
table data were approximated by the
equation:

CCNT=063,7E-47,44 )

when R? = 0,9763.

For the correction of the con-
centration of the CNT the sam-
ple of the electrolyte was taken

and the value of optical density E
was measured by the photometer
KFK-3. Then after the approximat-
ing equation (1) the value C.ypwas
calculated. If the concentration of
nanotubes became lower than the
determined threshold value the
required quantity of the nanoma-
terial was added [15].

THE STUDY OF THE CORROSION
BEHAVIOR OF THE ALLOY

The study of the corrosion behavior of
the alloy Sn-Bi, was conducted in the
solution 0,1 mol Na,SO, on the appa-
ratus "Electrochemical workstation
Zive SP2" (WonaTech, South Korea) at
the speed of the time base 1 mV/s.
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RESULTS AND THEIR DISCUSSION

Table 1 shows the results of the study
of the time dependence of the
potential of the free corrosion of
the alloy Sn-Bi with the additive
CNT "Taunit" in the solution of
0,1 Mol Na,S0O,, which were being
registered for 300 seconds.

The studies revealed that the
additive CNT "Taunit" within the
range of 50-1600 mg/l contributes
to the shift of potential ¢ (V) of
corrosion into the positive area
(table 1), which characterizes the
dynamics of the protective oxide
film formation.

The analysis of the polariza-
tion curves (see Fig.3) showed,
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that the density of the corro-
sion current i of the Sn-Bi coat-
ing, obtained in the presence
of 50 mg/l of the CNT "Taunit",
in comparison with the analo-
gous coating received without
the addition of the nanotubes
decreases by 99%.

The rate of corrosion was
assessed by the intersection point
of the anode and cathode polar-
ization curves. It is seen that the
intersection of the curves cor-
responds to the lesser corrosion
current I. The reason of the cath-
ode inhibition reaction is diffi-
cult to account for, but accord-
ing to the initial estimate it is

determined by the change of the
coating structure.

Table 2 gives the corro-
sive - electrochemical properties
of the Sn-Bi alloy with the addi-
tive of the CNT "Taunit" in the
solution of Na,SO, with 0,1 mol
concentration. The additives of
the CNT "Taunit" improve the cor-
rosion potential of the original
alloy by 28-54%. The best result
was observed at the introduction
of 50 mg/l of the CNT "Taunit"
additive.

CONCLUSIONS
It was registered that carbon
nanotubes "Taunit" in the content

of the "tin-bismuth" deposition
alloy electrolyte on copper demon-
strate the inhibiting effect, thus
expanding the area of the pas-
sive state of copper, which leads
to increase in the corrosion resis-
tance effect of the coatings.

The obtained results revealed
that the corrosion current in the
presence of CNT in comparison
with the coating obtained with-
out the CNT additive drops by 99%,
and the potential of the corro-
sion shifts into the positive area.
At the concentration of 50 mg/l of
the CNT "Taunit" in the electro-
lyte maximum values of corrosion
resistance are achieved. [
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