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Summary:

Tin-zinc alloy deposits are recognised as a potential alternative to
foxic cadmium as corrosion resistant coatings. Tin-zinc alloy layers offer
outstanding corrosion protection for steel by combining the barrier
protection of tin with the galvanic protection of zinc. Tin-zinc coatings have
been used on the chassis of electrical and electronic apparatus and on
critical automotive parts such as fuel and brake line components. In this
study, tin-zinc alloy deposits were successfully prepared from alkaline,
pyrophosphate-based electrolytes. The plating process gives a compact
and fine grained deposit. The desired proportions of tin and zinc in the
deposited alloy are determined by the bath composition and the operating
conditions during plating. Three electrode systems were used for the
electrochemical investigation. The mechanism of Sn-Zn electrodeposition
was studied by linear and cyclic voltammetry. The corrosion parameters,
including open-circuit potential-time curves, corrosion potential and
corrosion current density of electrodeposited tin-zinc alloys of different
compositions have been examined in a brine medium containing 3 wt. %
NaCl. The corrosion resistance depends on the plating composition. The
Sn-28Zn deposit showed the best anticorrosive properties.

Key words: electrodeposition, corrosion, galvanic layers, zinc, tin.
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Introduction

Because of outstanding corrosion resistance, tin-zinc layers are
mostly used in aerospace, automobile and electrical applications
replacing toxic cadmium (Ashiru and Shirokoff, 1996, pp.159-169). The
previously used cadmium is not permitted for usage, except for military
applications. Additionally, tin-zinc layers have shown excellent
solderability and high electrical conductivity.

Because of some disadvantages, the previously mostly used sodium
stannate-zinc cyanide plating bath was not widely accepted for industrial
applications. In this work, tin-zinc layers were produced in analkaline, non-
cyanide, pyrophosphate-based bath. This work contains a description of the
synthesis of tin-zinc layers, a detailed analysis of the influence of the
deposition parameters and the mechanism of synthesis, a morphological
characterization of the formed layers and their corrosion stability. The studied
electrolyte contains tin sulphate, zinc sulphate, potassium pyrophosphate as
a complexing agent and an additive of gelatine. The formation of tin-zinc
layers was performed in a Hull cell. At the same time, X-ray fluorescence
was used for a chemical analysis of the electrochemically formed layers. The
analyses of the corrosion stability via the open-circuit potential-time curves,
the corrosion potential and the corrosion current density of the
electrodeposited tin-zinc layers with different chemical compositions have
been performed in a brine medium containing 3 wt. % NaCl.

The most important aim of this study was to find a relationship
between the process-determining parameters and the characteristics of
the electrochemically formed Sn-Zn-layers.

The following partial activities were performed:

* Process design and the analysis of the influence of different
parameters on the synthesis of Sn-Zn layers

» Determination of deposition kinetics as well as the stability
(corrosion resistance) of the formed Sn-Zn layers

* Investigation of the metal distribution as well as the morphology of
layers depending on the chemical composition of the baths used

Synthesis of tin-zinc layers in the Hull cell

The Hull cells are small transportable electrolytic cells. The
simulation of different electrochemical processes was mostly performed
in the Hull cell. The investigations of electroplating were performed in a
range of current density (Andrle and Jelinek, 2007). As the anode plate
and the cathode test panel are placed along the non-parallel sides, it is
possible to investigate different current densities at the same time in only
one performed experiment (Figure 1).
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Figure 1 — Principle of work for the Hull cell (Volume of 250 ml)
Puc. 1— TpuHuun paboTel s4eikn Xynna(Ha obbem 250 mn)
Slika 1 — Princip rada Hulove ¢elije (zapremine 250 ml)

The container of the Hull cell consists of a non-conductive material
(e.g., Plexiglas). A brass or steel test panel is usually used as a cathode
(cathode dimensions: 0.3 x 70 x 100 mm). The anode material is
adjusted to the used electrolyte. As an anode,either a soluble anode
based on the material to be coated can be used or an unsoluble anode
made from the material such as stainless steel or lead (anode
dimensions: 3 x 70 x 65 mm).

Influence of different parameters
on Sn-Zn electroplating

« Influence of the metal ion concentration

The concentration of alloying elements in an electrolyte has an
important influence on the chemical composition of formed coatings
(Despic, & Jovic, 1996, pp.239-248). The metal ion concentration in a bath
can be varied in three different ways (Vitkova, et al. 1996, pp.226-231):

1. Change of the metal ions ratio, in which the total metal content
stays constant

2. Change of the total metal content, in which the metal ion ratio
stays constant

3. Change of the concentration of one alloying element, in which the
concentration of the other element stays constant

The chemical compositions of the baths studied are given in Table 1.
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Table 1 — Variations of the metal and complexing agent concentration in the baths
Tabnuya 1 — BapuaHTbl KOHLUEHTPaUMn MeTarnmnoB 1 CMiaBoB AMs NOKPbITUSI BaHHbI
Tabela 1 — Varijacije koncentracije metala i kompleksiraju¢eg sredstva u kupatilima

metal content total metal content complexing agent
sn** zn* sn?t + zn®* content P,0;"
[mol] [a/ [mol/l] [a/ [moll] [a/ [moll] [a/l
0.05 3.3 0.1 9.2 0.25 43.5
0.1 6.5 0.15 124 0.375 65.2
0.05 59 0.15 9.8 0.2 15.7 0.5 87
0.2 13 0.25 18.9 0.625 108.7

* Influence of temperature

The variation of temperature affects the polarization of the electrode
and, consequently,the deposition potential. The influence of temperature
on the chemical composition of deposited layers and cathodic efficiency
was studied at 40°C and 60°C.

Experimental work and procedure

For each experiment, a freshly prepared electrolyte was used. The
main components in the bath were metal salts: tin sulphate (as 95.5 %
SnSO,) and zinc sulphate (as ZnSO, * 7H,0), as well as potassium
pyrophosphate (as 98 % K,P,07) as a complexing agent.Firstly, a volume
of 200 ml de-ionized water was put into a glass beaker placed on a
heating plate with a magnetic stirrer. After a heating up to 60°C, the
complexing agent was firstly added in order to be completely dissolved.
Then the metal salts were put into the glass beaker and filled to 300 ml
with de-ionized water. The prepared electrolyte was finally added to the
Hull cell, where the pH value was adjusted. Finally, the filled electrolyte
was mixed with gelatin hydrolysate.The experimental work was
performed in the equipment shown in Figure 2.
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Waterbath with circulation thermostat

Figure 2 — Electroplating in the Hull cell
Puc. 2 — ManbBaHu3auus B syerike Xynna
Slika 2 — Galvanizacija u Hulovoj celiji

The electroplating parameters in the Hull cell are shown in Table 2.

Table 2 — Electroplating parameters in the Hull cell
Tabnuya 2 — MapameTpbl rarnbBaHN4ECKOro MOKPLITUS B A4elike Xynna
Tabela 2 — Parametri galvanizacije u Hulovoj ¢éeliji

Deposition conditions in the Hull cell
Duration 20 min
Current strenght 1A
pH-value 9.3
Additive gelatine 1 g/l
Anode stainless steel
Cathode carbon steel
Flow conditions without bath stirring

The characterization of layers was performed using the X-ray
fluorescence analysis XRF, scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy EDXS. The X-ray fluorescence
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analysis was used for the determination of the thickness and the
chemical composition of the prepared Zn-Sn layers. The measurements
were performed using aFischerscope X-ray-XDL-device (Company
Fischer, Germany). Before the measurement, a required calibration was
done using the Fischer standards. The morphology of the deposits and
the elemental composition was examined with a ZEISS DSM 982 Gemini
scanning electron microscope with an EDX-System, Oxford.

Observations, results and discussion
of the Sn-Zn electrodeposition in the Hull cell

During the experimental work, the gas formation was observed on
both electrodes. The foam formation on the bath surface was observed
during the electroplating process. The experimental design in the Hull cell
with the simplified anode and cathode reactions is shown in Figure 3.

Sn-pyrophosphate-
complexion 1

Zn-pyrophosphate-
| complexion

0, OH

(-) Cathode (steel) (+) Anode (stainless steel)
Sn2* + 2e- — Sn A0H — O, + 2H,0 + 4e-
Zn?t + 2e- — Zn
2H* + 2¢- — H,
Figure 3 — Schematic illustration of the anode and cathode reactions in the Hull cell

Puc. 3 — Cxema peakuuii aHoga v katofa B siueike Xynna
Slika 3 — Sematski prikaz reakcija anode i katode u Hulovoj ¢eliji
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All coatings have a bright gray/silver appearance. The influence of
the addition of gelatine was investigated, as well. In the absence of
gelatine, a gray sponge-like layer was formed in the range of the studied
current density (as shown in Figure 4).

Figure 4 — lllustration of the Sn-Zn layer surface obtained from an electrolyte
with 0.05 mol/l Zn; 0.05 mol/l Sn and 0.25 mol/l K4P207 at pH = 9.3 with 1 g/l gelatine
(left) and in the absence of gelatine
(right) (Working parameters: 1A; 60°C; 20 min.)
Puc. 4 — INoBepXHOCTHbLIN CIOW NOKPbITMS Sn-Zn, NOMYYeHHbIA U3 anekTponuTa
npu 0.05 mol/l Zn; 0.05 mol/l Sn n 0.25 mol/l K4P207 npwu 3Ha4yeHnn pH = 9.3 ¢
npumMeHennem 1 g/l xenatuHa (cnesa) n 6e3 npMMeHeHns xenaTuHa (cnpaea)
(paboune napameTpbl: 1A, 60°C; 20 MUH.)

Slika 4 — llustracija povrsine sloja Sn-Zn dobijena iz elektrolita sa 0.05 mol/l Zn;
0.05 mol/l Sn i 0.25 mol/l K4P207 pri vrednosti pH = 9.3 sa1 g/l Zelatina (levo)
i u odsustvu Zelatina (desno)

(Radni parametri: 1A, 60°C; 20 min)

In Figure 5, a dependency of the chemical composition of the Sn-Zn
layers on the electrolyte chemical compositionand the current density is
presented. An increase in the current density and the zinc content in the
bath led to a decrease of the Sn-content in the deposited Sn-Zn coatings
in all cases.
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Figure 5 — Tin content in the Sn-Zn layers, depending on the zinc content in the bath and
current density, at 60°C; pH = 9.3 with 0.05 mol/l Sn,
c(P2074-)/ c(Sn2+ + Zn2+)= 2.5 and 1 g/l gelatine; 1 A, 20 min.

Puc. 5 — CopepxaHue onoBa B NOKPbITUM Sn-Zn, 3aBUCUT OT COAepKaHUS LiMHKa
B BaHHOW M NNOTHOCTM TokaHa 60°C;
npu 3Ha4eHun pH = 9.3 ¢ 0.05 mol/l Sn,
c(P2074-) / c(Sn2+ + Zn2+)= 2.5 n 1g/l xenatuHa; 1 A, 20 MuH.

Slika 5 — Sadrzaj kalaja u slojevima Sn-Zn, zavisno od sadrzaja cinka
u kupatilu i gustine struje na 60°C; pri vrednosti pH = 9.3 sa 0.05 mol/l Sn,
c(P2074-)/ c(Sn2+ + Zn2+)= 2.5 i 1g/l zelatina; 1 A, 20 min.

For nearly all studied current densities, the electroplating at 40°C in
comparison to that at 60°C led to a decreased content of tin in the layer
(Figure 6). This is probably connected with a faster dissociation of the
zinc pyrophosphate complex compared to that of the tin pyrophosphate
complex, at higher temperature.

656



100

m60°C m40°C
90

80
70 4 T

60 —
50 4 —
40 —

tin content, wt. %

30 —

20 1 -
10 4 -

0 T T T
1 2 3 4 s
current density, A/ldm?

Figure 6 — Tin content in the Sn-Zn-layer depending on temperature and current density
(electroplated from an electrolyte with 0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P207
and 1 g/l gelatine; pH = 9.3; Hull cell: 1A; 20 min.)

Puc. 6 — CogepxaHue orosa B NoKpbITUM Sn-Zn, 3aBUCUT OT TeMNepaTypbl U MIOTHOCTA
TOKa (anekTpoxumumyeckoe ocaxaeHue us anekrtponuta 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 ¢ npu npumeHeHun 1g/l xxenatuHa;
pH = 9.3; ayerika Xynna: 1 A, 20 MuH.)

Slika 6 — Sadrzaj kalaja u Sn-Zn sloju, zavisno od temperature i gustine struje
(elektrohemijski natalozeno iz elektrolita sa 0.05mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P20O7 i 1 g/l zelatina; pH = 9.3; Hulova ¢elija: 1A; 20 min)

As shown in Figure 7, the deposited layer thickness and,
consequently,the current efficiency increased with an increase in
temperature from 40°C to 60°C. This behavior can be explained by an
inhibition of diffusion of metal ions for discharging from the electrolyte
inside the cathode, as well as by a greater reaction overvoltage at a
lower temperature, which is caused through a slow dissociation of metal
complexes. The increase in the current density led to a reduction in the
cathodic current efficiency, which can be caused by the hydrogen
favored deposition at higher current densities, probably provoked by the
decrease of metal ions to be discharged at the cathode.
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Figure 7 — Cathodic current efficiency and thickness of the Sn-Zn-layer depending on
temperature and current density (electroplating from an electrolyte with 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 and 1 g/l gelatine;
pH =9.3; 1A; 20 min.)

Puc. 7 — 3 eKkTMBHOCTb KaTOQHOMO TOKa M TONLWMHA Sn-Zn crosi NOKPbITUS 3aBUCAT OT
TemnepaTypbl ¥ NAIOTHOCTM TOKa (ANEKTPOXMMMUYECKOe OCaXaeHWe 13 anekTponmTa
0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P207 ¢ npu npumeHeHnmn 1g/l xenatuHa;
pH =9.3;1 A, 20 MuH.)

Slika 7 — Efikasnost struje katode i debljina Sn-Zn sloja zavisno od temperature i gustine
struje (elektrohemijsko taloZenje iz elektrolita sa 0.05 mol/ISn; 0.1 mol/IZn;

0.375 mol/IK4P207 i1 g/l Zelatina;
pH = 9.3; 1A; 20 min)

The EDXS analysis of the electrochemically deposited Sn-Zn-layers
has confirmed the presence of both metals (Figure 8).
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Figure 8 — EDX-spectrum of the Sn-Zn layer electrochemically
deposited from an electrolyte with 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 and 1 g/l gelatine
(60°C; pH =9.3; 20 min) at 2 A/dm2
Puc. 8 — EDX cnekTp Sn-Zn croes, 0CaX4eHHbIX Npu
AneKkTpoxummuyeckoM npotecce m3 anektponuta ¢ 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 n1 g/l xenaTnHa
(60°C; pH=9.3; 20 MuH.); pri 2 A/ldm2
Slika 8 — EDX spektar Sn-Zn sloja natalozenog elektrohemijskim
procesom iz elektrolita sa 0.05 mol/l Sn; 0.1 mol/l Zn;
0.375 mol/l K4P207 i 1 g/l zelatina
(60°C; pH =9.3; 20 min) pri 2 A/dm2

The SEM images of the Sn-Zn layers, deposited in two different
baths at 2 A/dm? and 4 A/dm? are presented in Figure 9 and Figure 10.
The SEM analysis of the Sn-Zn layers shows a fine-grained structure. An
increase of the Zn-content in the layer led to the formation of a rough
granular structure.
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Figure 9 — SEM analysis of the Sn-Zn layers obtained from an electrolyte with
0.05 mol/l Sn; 0.1 mol/l Zn; 0.375 mol/l K4P20O7 and 1 g/l gelatine
(60°C; pH=9.3; 20 min.); magnification: 1.000 x
Puc. 9 — SEM aHanu3 Sn-Zn crnoes, nonyyeHHbIX 13 anektponuta ¢ 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P20O7 un 1 g/l xenaTtunHa (60°C; pH=9.3; 20 MuH.);
mMacwwTab ysenuyenusi: 1.000 x
Slika 9 — SEM analiza Sn-Zn slojeva dobijenih iz elektrolita sa 0.05 mol/l Sn;
0.1 mol/l Zn; 0.375 mol/l K4P207 i 1 g/l Zelatina (60°C; pH=9.3; 20 min.);
uvecanje: 1.000 x

4.00KkU %1000
GEMINI #44763

9 um Snzn41-Layer / 2 A/dm? 15 um SnZn62-Layer / 4 A/dm?

Figure 10 — SEM analysis of the Sn-Zn layers obtained from an electrolyte with 0.05 mol/l
Sn; 0.2 mol/l Zn; 0.625 mol/l K4P207 and 1 g/l Gelatine (60°C; pH=9.3; 20 min);
magnification: 1.000 x
Puc. 10 — SEM aHanu3 Sn-Zn croes, nony4eHHbIx 13 anektponurta ¢ 0.05 mol/l Sn;
0.2 mol/l Zn; 0,625 mol/l K4P207 un 1 g/l xenaTtunHa (60°C; pH=9.3; 20 MuH.);
macwTab ysenunyenus: 1.000 x
Slika 10 — SEM analiza Sn-Zn slojeva dobijenih iz elektrolita sa 0.05mol/l Sn;

0.2 mol/l Zn; 0,625 mol/l K4P207 i 1 g/l Zzelatina (60°C; pH=9.3; 20 min.);
uvecanje: 1.000 x
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A SnZn28layer was analyzed using the EDX analysis and a mapping
function. Figure 11 shows a SEM image in gray. The element distribution
images are shown in different colors: Zn-(red) and Sn-(green). The
constituent parts are identified in the common layer in accordance
wththeir ratios. The mixed elemental map shows that the layer is
composed of a zinc layer located at the bottom and of many granules rich
in tin. During the electrodeposition, zinc is preferentially deposited at the
beginning, which is caused probably by an irregular co-deposition
mechanism.

ol s g . i
SEM-image Sn La1

20mm mixing ' Zn Ka1
Figure 11— SEM image and elemental maps in a SnZn28- layer (6 um)

Puc. 11 — SEM n3obpaxeHue 1 kapTodka aneMeHToB OAHOro crost SnZn28 (6 ym)
Slika 11 — SEM fotografija i mape elemenata u jednom sloju SnZn28 (6 um)
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Electrochemical studies of the
electrodeposition of Sn-Zn layers

The most important aim of the electrochemical investigations is a
detailed analysis of different partial processes in order to arrange and
understand them. The electrochemical behavior is studied using the
following methods:

* Linear-Sweep-Voltammetry (LSV)

* Cyclovoltammogrammetry /CV)

Experimental setup for measurements

The experimental setup for the recording of the current-potential
curves contains the following components (as shown in Figure 12):

* electrochemical three-electrode cell

» waterbath with thermostat

* potentiostat (typ: lviumsoft)

* electronic dataacquisition

computer|

potentiostat

Figure 12 — Experimental setup for the electrochemical measurement
Puc. 12 — SkcnepumeHTansHoe o6opyaoBaHve Anst ArNeKTPOXMMUYECKMX U3MEPEHNN
Slika 12 — Eksperimentalna oprema za elektrohemijsko merenje
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The electrochemical cell consists of a double walled glass beaker of
100 ml volume, connected with a waterbath and covered by a plastic lid.
The five bore holes on the lid are required for the positioning of three
electrodes, a thermometer and an injection tube for gas. The
usedmeasuringcellisshown in Figure 13.

reference electrode
(Ag/AgCl)

H0—

AE = working electrode

RE = reference electrode

F 4

GE = counter electrode

Figure 13 — Temperature-controlled 100 ml glass measuring cell with
a three electrode setup
Puc. 13 — CteknsiHHas nameputenbHas svenka — 100 ml ¢ KoHTponupyemoi
TemnepaTypoun 1 Tpems anekTpoaamm
Slika 13 — Staklena merna celija od 100 ml sa kontrolisanom temperaturom
i povezane tri elektrode

In the voltammetric studies, a copper disc was used as a working
electrode (surface area 0,785 cm?). The working electrode potentials
were referred to as an Ag/AgCl electrode. The counter electrode was a
platinum rod.

The cathodic current- potential curves of tin, zinc, and tin-zinc
deposition from a pyrophosphate electrolyte are shown in Figure 14.
In the mixed Sn-Zn electrolyte, the deposition began at a more
positive potential in comparison with the electrolytes containing only
one metal.
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Figure 14 — Polarisation curves of tin, zinc- and tin-zinc deposition on copper at 60°C

and pH =9.3; v=1 mV/s (0.05 mol/l Me + 0.25 mol/l K4P207 with 1 g/l gelatine)

Puc. 14 — lNonspusaumoHHble KpyBble OCaXAEeHHOro 0f10Ba, LIMHKa U Crnasa OrnoBO-LIMHK

Ha meam npm 60°C, co 3HaveHnem pH = 9.3; v =1 mV/s (0.05 mol/l Me + 0.25 mol/l
K4P207 ¢ npumeHeHuem 1 g/l xenatuHa
Slika 14 — Polarizacione krive natalozenog kalaja, cinka i legure kalaja i cinka na bakru na

60°C pri vrednosti pH = 9.3; v =1 mV/s (0.05 mol/l Me + 0.25 mol/l K4P207
sa 1 g/l zelatina

The cyclovoltammetry allows a determination of electrode kinetics in
a wide potential range using only one measurement. All measurements
were performed at a scan rate of 5 mV/s, scanning towards negative
potentials. In Figure 15, the cyclic voltammograms obtained from
pyrophosphate electrolytes are given. After comparing the single
diagrams for pure zinc, pure tin and the Sn-Zn alloy, it can be concluded
that, in the case of a co-deposition, the reduction peaks for both alloying
elements were shifted about 100 mV to the positive potential value in
comparison to the single deposition. This indicates that, in a mixed
electrolyte, a strong interdependency happens between the adsorbed
zinc and tin species.
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Figure 15 — Cyclic voltammogramms of zinc-, tin and tin-zinc electrodeposition in a
pyrophosphate electrolyte with 0.05 mol/l Zn or/and 0.05 mol/l Sn, 0.25 mol/l K4P207 and
1g/l gelatine at 60°C and pH=9.3; AE: copper; v =5 mV/s.

The arrows indicate the scan direction.

Puc. 15 — Uuknuyeckass BonbTamneporpaMmma 3neKTpoXMMmnYecknx ocaxaeHum LuHKa,
0rioBa v cnrnaBsa LMHK-0M0BOo B nupodocdatHom anektponuty ¢ 0.05 mol/l Zn n/vnun 0.05
mol/l Sn, 0.25 mol/l K4P207 n 1g/l xenatuHa npu 60°C n pH=9.3; AE: meap;

v =5 mV/s. CTpenka obo3HayaeT HanpaBneHne CKaHNPOBaHWSI.

Slika 15 — Cikli¢ni voltamogrami elektrohemijski natalozenog cinka, kalaja i legure cinka i
kalaja u pirofosfatnom elektrolitu su 0.05 mol/l Zn i/ili 0.05 mol/l Sn, 0.25 mol/l K4P207 i
1g/l Zzelatinana 60°C i pH=9.3; AE: bakar; v =5 mV/s.

Strelica oznaCava pravac skeniranja.

Electrochemical behavior of the Sn-Zn layers
in 3 wt.%NaCl

The corrosion behavior of the Sn-Zn layers with different chemical
compositions was studied by means of potentiodynamic polarization tests
(Wang, Pickering, &Weil, 2004, pp.34-37). An evaluation of the corrosion
parameters with the aid of the Tafel extrapolation method has shown that
all investigated Sn-Zn layers can be utilized for the protection of steel
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substrate in chloride-containing media as a sacrificial anode (Taguchi,
Bento &Mascaro, 2008, pp.727-733)

Between the three Sn-Zn layers, the layer with 28.5 wt. % zinc has
exhibited the lowest corrosion rate (Table 3).

Table 3 — Comparison of the corrosion parameters of Sn-Zn layers obtained from different
pyrophosphate baths (corrosion medium: 3 wt. % NaCl solution at room temperature)
Tabnuuya 3 — CpaBHEHME KOPPO3NMHBLIX MAPaMeTPOB MOKPLITUSA N3 CMITAaBOB LUHKA U
0r10Ba, NOJyYeHHbIX U3 pasnnyHbIX NMpodocdaTHbIX BaHH (KOppo3uiiHasi cpeaa:

3 Bec % pacteop NaCl npu koMHaTHOM TemnepaType)

Tabela 3 — Poredenje korozivnih parametara slojeva legure cinka i kalaja dobijenih iz razlicitih
pirofosfatnih kupatila (korozivna sredina: 3 tez% rastvor NaCl na sobnoj temperaturi)

Steel |SnZn 13.5% |SnZn 28,5% | SnZn 48%

corrosion potential, Vgcg -0.781 -1.159 -1.137 -1.18

corrosion current density, Alcm?  |4.92E-07| 2.92E-06 2.35E-06 | 5.43E-06

Conclusions

This work studied the electrodeposition of Sn-Zn layers from a weak
alkaline sulphate-pyrophoshate electrolyte. The deposition of the layers
was performed in the Hull cell. The electrochemical characterization was
performed in a measuring cell with a three electrode setup employing
Linear-Sweep-Voltammetry (LSV) und Cyclovoltammetry (CV). The
corrosion behavior of the deposited Sn-Zn-layers was investigated using
the potentiodynamic method in order to determine the current-potential
curves.

The most important findings are presented below:

» During electroplating, a gas formation was observed on both
electrodes. All coatings had a gray/silver bright look with a fine striation.

* The chemical composition of deposits varied depending on
different bath compositions and current densities.

* An increase in current density and zinc content in the bath
increased the content of zinc in the deposited Sn-Zn layer. For example,
an increase in current density from 1 A/dm? to 5 A/dm? at the same
chemical composition of the bath led to an increase of about 20 wt. % of
zinc in the layer. At the same current density, an increase of tin content
from 30 to 65 wt. % in the bath led again to an increase of tin content of
about 35 wt % in the layer.

* An increase of current density led to a decrease of current
efficiency at all studied bath compositions.
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* The SEM analysis of the Sn-Zn layers showed a dense, fine-
grained structure. An increase of the zinc content influenced the
formation of a rough crystalline arrangement.

* In the absence of gelatin-hydrolysate, the sponged structure was
formed, which confirms that the limited current density was overpassed.
An addition of colloid admixture led to a formation of smooth layers.

* In the mixed Sn-Zn electrolyte, the deposition began at the more
positive potential in comparison to that for each single metal, which
means that a strict interdependence exists between absorbed tin and
zinc species. An increase of zinc in the bath led to a replacement of the
deposition curves again to the negative values of potential.

* The obtained results of electrochemical investigations reveal that
the corrosion potential of all studied Sn-Zn alloys was more negative than
the one for the steel sample. Therefore, it is possible to use all three
investigated tin-zinc alloys as an anode for protection of steel substrate in
a chloride medium.

At the end of this conclusion, it might be pointed out that Sn-Zn-
layers with good corrosion characteristics can be deposited from a
sulfate-pyrophosphate bath (Stopic, 2015, pp.101). Using different
characterization techniques (Hull cell, RFA-, SEM- and EDX-analysis,
Linearsweep- und Cyclovoltammetry) enables a complete study of very
important parameters and their interdependency (Dubent, et al. 2007,
pp.146-152).
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SJIEKTPOXUMNYECKME OCAXKOEHWA, KITACCNPUKALINA

N NCMNbITAHNA KOPPO3NW MOKPLITUA HA OCHOBE LINHKA
1 ONOBA, OEPA3OBAHHOW HA MOBEPXHOCTU
MUMPO®OCHATHOM BAHHBI
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OBJIACTb: xumnyeckme TEXHOMNOMM, ANEKTPOXUMUS, KOPPO3US
BUOCTATDBW: opurMHanbHas Hay4Hasi cTatbsi
ASBIKCTATBW: aHrnunckui

Pe3some:

lMokpbimusi U3 or108a U YuUHKa S18/I1I0Mcs nomeHyuasbHbIM aHa-
J1020M MOKCUYHO20 KadMusi O aHmMUKoppo3UulHOU 3awjumsl.

lMokpbimusi Ha ocHoge crislaga 0/1080-UUHK S8/ISIFOMCST OMITUYHOU
aHmMukoppo3uliHol 3awumod 0rs cmarbHbiX u3denud. Npu ocaxde-
Hues Kavyecmee bapbepHO20 CJI0Sl UCIMOJSIb3yemcsl 071080, a 8 Kaye-
cmee 2arnb8aHU4eCcKo20 3auUMmHO20 COS—UUHK.

lNMoKpbIMusi Ha OCHOBE 0J1080-UUHK Mep8OHaYasibHO MPUMEHSIUCH
0nis 3awUmel Wwaccu 3571eKmpoobopydo8aHusi U 31IEKMPOHHOU MEXHU-
Ku, a makxe Ofig 3awumbl Kpumudeckux aesmodemarnel, Harpu-
mMep,mopMo3HOU cucmemsl.

B daHHol pabome npueedeHbl pe3yribmamai yCriewHo20 rnpume-
HEeHUs crilaea Ha OCHOBE 011080-UUHK 8 Kadecmee MOKpbIMus nupo-
ghochamHbIX 8aHH.

Coomeemcmsyrowue npornopyuu crjasa os08a U UYuHKa orpe-
OesieHbl COCMasoM 8aHHbI U OfepayUoHHbIX rnapamMmempo8 HaHeCEHUS
Kax0020 omoOesiIbHO20 Criosl MOKpbIMUS. s 371eKmpoxumMu4ecKux
ucrnbimaHul npuMeHsnach s4etika u3 mpex 351eKmpodos.

UcnbimaHusi MexaHu3Ma 371eKMPOXUMUYECKO20 ocaxx0eHus1 Sn-Zn
MOKPbIMUSI MPO8OOUNUCKH JTUHEUHOU U YUKIUYeCcKoU 80/ibmamMmMmozpam-
mod. lNapamempbl KOpPpPO3UU, 8K/IHOYasa erusHUe rnomeHyuan-epems,
KOPPO3UUHbIU NomeHyuasn u niomHOCMb MoKa KOppo3uu 371eKmMpoXu-
MuYeckue ocaxOeHus criyiasa 0/1080-UUHK pasfiudHo20 cocmaea me-
cmuposarnucek 8 pacmeope ¢ codepxxaHuem 3% NaCl.

KoppoautiHas cmolikocmb 3asucum om cocmaga omoesibHbIX
croes. Criod, codepxawul Sn-28Zn omnuyaemcsi fyqWwumMu aHmu-
KOppo3uliHbiMU ceolicmeamu.

KnioueBble crioBa: 371eKmpoxXuMuYecKoe ocaxo0eHue, Koppo3us, 2allb-
8aHU4YeCKuUe rNnoKpbimusd, UUHK, OJ1080.
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ELEKTROHEMIJSKO TALOZENJE, KARAKTERIZACIJA |
ISPITIVANJA KOROZIJE SLOJEVA NA BAZI CINKA | KALAJA
NASTALIH TALOZENJEM IZ PIROFOSFATNIH KUPATILA
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OBLAST: hemijske tehnologije, elektrohemija, korozija
VRSTA CLANKA: originalni nau¢ni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

Slojevi kalaja i cinka oznaleni su kao potencijalna alternativa za
otrovni kadmijum koris¢en kao zastitni korozivni sloj. Slojevi na bazi lequre
kalaj-cinka poseduju izuzetnu korozivnu zastitu za Celik, kombinujuci zasti-
tu koris¢enog kalaja kao barijere zajedno sa galvanskom zastitom od cin-
ka. Previake na bazi kalaja i cinka prvobitno su koris¢ene za 3asije elek-
tricnih i elektronskih aparatura ili za kriticne delove i kocCione sisteme. U
ovom radu legure na bazi kalaja i cinka uspesno su proizvedene iz baznih
pirofosfatnih kupatila. Proces /zdvajanja metala daje kompaktan i finozrna-
sti deposit. Zeljen/ odnosi cinka i kalaja u nanesenoj leguri odredjeni su od
sastava kupatila i operacionih parametara tokom izdvajanja slojeva. Si-
stem od tri elektrode koriSCen je za elektrohemijska istraZivanja. Mehani-
zam elektrohemijskog taloZenja Sn-Zn sloja ispitivan je linearnom i ciklic-
nom voltametrijom. Parametri korozije, ukljucujuci zavisnosti potencijal—
vreme, korozivni potencijal i gustinu struje korozije elektrohemijski taloZe-
ne kalaj-cink legure razli¢itih sastava izvodeni su u rastvoru koji sadrzi 3%
NaCl. Korozivna otpornost zavisi od sastava izdvojenog sloja, a sloj koji
sadrzi Sn-28 Zn pokazao je najbolja antikorozivna svojstva.

Klju€ne reci: elektrohemijsko taloZenje, korozija, galvanski slojevi, cink,
kalaj.
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