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Abstract: Dip-immersion is a simple and cost-effective method for the pre-
paration of Ce-based conversion coatings (CeCCs), a promising aternative to
toxic chromate coatings, on metal substrates. In this work, CeCCs were pre-
pared on Al-alloy AA6060 from an agueous solution of cerium chloride at
room temperature. The effect of immersion time and post-treatment in phos-
phate solution on the microstructure and corrosion properties of the coatings
was studied. The longer the immersion time was, the thicker but more non-
homogeneous and cracked were the CeCCs. The post-treatment contributed to
a sedling of the cracks, as proven by an increase in the corrosion resistance
compared with the as-deposited coatings. The CeCCs prepared at longer depo-
sition times and post-treated showed much better corrosion protection than
those prepared at shorter deposition times. A detailed electrochemical impe-
dance spectroscopy (EIS) study was undertaken to follow the evolution of the
corrosion behaviour of the CeCCs with time of exposure to an aggressive
chloride environment (3.5 % NaCl). For the sake of comparison, the EIS pro-
perties of bare AA6060 were also investigated. Linear voltammetry was per-
formed to complete the study. The results confirmed the formation of pro-
tective CeCCs on the surface of AA6060. However, even CeCCs prepared at
longer deposition times and post-treated provided short term protection in the
aggressive environment, due to the small thickness of the coating.

Keywords. cerium; conversion coatings, aluminium aloy; EIS; linear voltam-
metry.
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998 JEGDIC et al.

INTRODUCTION

Conversion coatings containing hexavalent chromium (chromate) have been
widely used for decades as part of the corrosion protection system on aluminium
aloys. However, chromates are prohibited in many fields due to their toxicity,
and replacements that show promise have been extensively investigated.1-6 Ce-
rium-based conversion coatings (CeCCs) are among the most promising alter-
natives because of their anti-corrosion efficiency, environmentally benign nature
and low cost. The effectiveness of cerium salts as corrosion inhibitors was high-
lighted in 1984. Hinton et al.”:8 reported that immersing an Al-alloy in a CeCl3-
containing solution for several days produced a yellowish Ce-based film that
provided significant corrosion protection. Its deposition was driven by the natural
electrochemical interactions between the Al matrix and inclusions of intermetal-
lic compounds (IMCs) that make up structural alloys.® Wilson and Hintonl0
patented a comercially attractive process for the preparation of CeCCs in the
order of minutes, using H->O» to accelerate the deposition kinetics.

The deposition mechanism involves both anodic oxidation of Al, Eqg. (1),
and cathodic reduction of soluble oxygen and/or added H2O», Egs. (2 and 3), res-
pectively, as follows:11-15

Al — Al3*+3e~ (1)
2H,0 + Oy + 4~ — 40H~ 2
Ho0, + 26~ — 20H~- ©)

The generation of hydroxide ions at cathodic sites leads to a strong local
increase in the pH near the aloy surface, which promotes formation of a Ce(OH)3
precipitate or/and soluble ionic complexes, such as Ce(OH)3. When Hz0; is
added, the deposition of Ce(1V) is more favourable than Ce(l11):14.15

Ce3* + 30H- — Ce(OH)3 (5)
2Ce3* + 30H- + Hp0, — 2Ce(OH)} (6)
2Ce(OH)} + 20H- — Ce(OH)4 ©)
Ce(OH)4 — CeOy-2H,0 (8)

An inhibition effect was achieved by the insoluble Ce-oxide/hydroxide layer
formed at the cathodic sites, which suppresses the oxygen reduction reaction (Eq.
(2)), thereby providing cathodic inhibition.8.16

The number of variables that influence the rate of CeCC deposition is large
and includes solution chemistry (cerium salt used — chloride or nitrate, additives
such as gelatine, glyceral to reduce cracking), concentrations of cerium and H2Oo,
pH, temperature, time of immersion, etc. In addition, the surface composition and
electrochemical behaviour of the range of aloys, as a function of aloying ele-
ments, add to the complexity of the deposition mechanism. The most common
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CERIUM-BASED CONVERSION COATINGS 999

aloys studied are those rich in copper, AA2024 and AA7075, widely used in
aerospace and military applications.”~10.17-29 According to the island growth
model, precipitation of Ce-species commences on cathodically strong, Cu-con-
taining IMCs,”8:27-29 and the deposited film subsequently proceeds to grow over
the Al matrix. It was shown later30:31 that, although the cathodic features of Cu
enhance the deposition, its presence is not necessarily required. The deposition of
Ce was also observed to occur on low Cu dloys (AA5xxx and AABxxx), on IMCs
of cathodic nature with respect to the matrix.32-35

A limited number of studies report on the formation of CeCCs on
AA6xxx.11,28,35-39 However, owing to the attractive combinations of properties,
the AABxxx seriesis of particular interest in the aerospace and automotive indus-
try as potentia replacements for the expensive AA2xxx and AA7xxx.3940 The
benefits include medium strength, formability and weldability, due to the MgoSi
intermetallics formed when slicium and magnesium are added in appropriate
amounts. They are also heat treatable.

CeCCs can be prepared by different chemical methods, such as spontaneous
immersion, spraying and electrolytic routes. Major steps in the coating process
are pre-treatment (acid or alkaline) of the substrate surface,1220-24 deposition
and subsequent post-treatment.12:2526 Declaroy and Petitjean!! showed that any
etching sequence of AABxxx must finish with an alkaline pre-treatment for suc-
cessful CeCC deposition.

In this work experimental parameters for the preparation of ceria-based
layers on the AAG060 by the dip immersion method were studied. In particular,
the time of immersion of the substrate in the conversion solution was investi-
gated, as well as the effect of subsequent post-treatment of the deposited coatings
on their microstructure and corrosion properties. Electrochemical methods: linear
voltammetry and electrochemical impedance spectroscopy (EIS) were applied for
the corrosion testing. The time-dependent EIS behaviour of the CeCCs and of
akali etched AAB060, as the substrate, on exposure to an aggressive chloride
environment (3.5 % NaCl) were detailed and compared with the aim of estimat-
ing the quality of CeCCs and the duration of protection.

EXPERIMENTAL
Pre-treatment of the substrate and coating deposition

Cerium conversion coatings were prepared on (50 mmx25 mmx0.8 mm) panels of
commercial AA6060 alloy used as a substrate. Prior to deposition, the panels were abraded
with SiC papers # 600 and #1000, ultrasonically desmutted in acetone for 2 min, rinsed with
distilled water and then degreased and etched in alkaline solution (NaOH 7.5 g dm,
NagPO,-12H-0, 45 g dm3 Na,SiO3, 4 g dm3, ethoxylate nonylphenol 13 g dm3) at 70 °C for
2 min and rinsed again. The pre-treated panels were immersed for 5 and 20 min in the Ce-
containing solution for deposition. An agueous solution (0.05 M) of CeCl3-6H,O (Alfa
Aesar), acidified to pH 2, was used, with the addition of 24 ml of 30 % H,0, (Fisher Sci-
entific). The coated samples were subjected for 5 min to a post-treatment in a phosphate
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1000 JEGDIC et al.

solution (2.5 % NagPO,, pH 4.5) at 85 °C. The post-treated coatings were rinsed in deionised
water and dried in air. All solutions were prepared with analytical grade chemicals and
deionised water.

Electrochemical measurements

Electrochemical measurements were performed in an agueous 0.5 mol dm NaCl solu-
tion under ambient conditions using a Gamry Reference 600 Potentiostat/Galvanostat/ZRA.
The classic three-electrode cell arrangement was used. The working electrode was a coated or
bare AAG060 panel situated in a special holder. The counter electrode was a platinum mesh
with a surface area considerably greater than that of the working electrode. The reference
electrode was a saturated calomel electrode (SCE). The cell assembly was |ocated at a Faraday
cage to prevent electrical interferences. The electrochemical impedance spectroscopy (EIS)
measurements were performed at the open-circuit potential (OCP), over a frequency range
from 300 kHz to 10 mHz, using a 10 mV amplitude sinusoidal voltage. The impedance
spectra were analyzed using Gamry Elchem Analyst fitting procedure. The linear sweep
voltammetry data were collected at a potential sweep rate of 0.5 mV s?, starting from the
OCP, after a constant value was achieved (up to 30 min). Cathodic and anodic polarizations
were performed independently.

Scanning electron microscopy with energy dispersive spectroscopy

A scanning electron microscope (SEM) JEOL JSM-5800, operated at 20 keV, equipped
for energy dispersive spectroscopy (EDS) measurements, was used to analyze the morphology
and composition of the CeCCs.

RESULTS AND DISCUSSION
The CeCCs microstructure

After 5 min of immersion in the conversion solution, the entire substrate
surface underwent a noticeable change in colour, from initial metallic grey to
light yellow. The colour turned evenly to dark yellow as the immersion time was
increased to 20 min. The change in colour could be taken as an indication of
different film thicknesses as a consequence of different deposition times. The
CeCCs microstructure was characterized by SEM, a commonly used technique
for morphology studies.34.941 SEM images of the as-deposited CeCCs, prepared
at short and longer deposition times, are presented in Fig. 1.

As can be seen, the films covered, were adherent and had a rather rough sur-
face. Polishing marks were noticeable after 5 min immersion, but they were no
longer visible after the longer deposition time. The plan view of the coatings,
illustrated in Fig. 2a for the CeCC deposited over 20 min, exhibited an inhomo-
geneous structure of deposited layers, with numerous defects and cracks. The
cracks were more pronounced in the sample prepared at the longer deposition.
However, the CeCCs microstructure visibly changed after the post-treatment: the
majority of the cracks were effectively sealed, rendering a coating surface with
fewer imperfections, as seen for the CeCC after 20 min deposition (Fig. 2b).

The EDS analysis (not shown) performed for CeCCs prepared at 5 and 20
min immersion confirmed a low amount of cerium deposited over the aloy sub-
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CERIUM-BASED CONVERSION COATINGS 1001

strate. The weak Ce signals recorded at 0.9 and 4.9 keV were more pronounced
for the CeCC prepared for alonger time, i.e., the amount of Ce increased from 1.24
at. % for CeCC deposited for 5 min to 1.97 at. % Ce for the coating deposited for
20 min, which is in accordance with visual observations of the thicknesses of the
coatings. After post-treatment in heated phosphate solution, a strong P signal
appeared at 2 keV. Since the P content was quantified as 4.51 at. % (more than
twice the Ce one) it is reasonable to believe that it allowed a conversion of the
entire amount of Ce(CC) to the CePO4 compound (see “Effect of post-treat-
ment”).

L pm

@ (b)
Fig..1. SEM microphotographs of CeCCs deposited for @) 5 min and b) 20 min (tilted view).

Electrochemical properties of the CeCCs

The electrochemical properties of the CeCCs exposed to 0.5 mol dm—3 NaCl
were examined by EIS, a commonly used method in corrosion test-
ing.9:31,34,38,42,43 The method was applied to measure the corrosion resistance of
the coatings and to study the effect of the post-deposition treatment. A study was
also undertaken to follow the evolution of the EIS properties of CeCC as well as
those of akali-etched AAG060, as the substrate for the deposition of CeCCs, with
time of exposure to the corrosive agent. In addition, potentiodynamic measure-
ments were performed to complete the corrosion behaviour study.

Effect of deposition time

The Nyquist plots in complex plane of CeCCs prepared by immersion in
cerium-containing deposition solution for different periods (5 and 20 min), and of
alkali-etched AAGOGO, as a reference, after 1 h of exposure to 0.5 mol-dm3
NaCl solution are depicted in Fig. 3. No significant difference in the impedance
plots was observed for CeCCs deposited for 5 and 20 min. A possible reason for
the similar behaviour could be the cracked surface of the coatings. An increasein
thickness, i.e.. increase in deposition time, led to further crack propagation. How-
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1002 JEGDIC et al.

ever, the impedance values measured for both CeCCs were almost three times
higher than that of bare AA6060.

)

100 et T 2

(b)

Fig. 2. SEM microphotographs of CeCCs deposited for 20 min, a) without and
b) with post-treatment (plan view).
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Fig. 3. Nyquist plots for CeCCs deposited for different deposition times and a kali-etched AA
6060, after 1 h of exposure to a0.5 mol dm =3 NaCl solution.

Effect of post-treatment

The purpose of the post-treatment of CeCCs was to improve the corrosion
resistance. As reported earlier,18 immersion of the coatings into a heated phos-
phate solution immediately after deposition sealed the present cracks, eliminated
cerium-peroxide/hydroxide species and altered the chemical composition by con-
verting most of the CeCCs to CePO4-H>0, al of which increased the corrosion
protection. This study also confirmed (Fig. 2) that the post-treatment induced a
change in the microstructure of the CeCCs. Accordingly, the post-deposition
sealing of the cracks significantly increased the impedance of the coatings, as
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CERIUM-BASED CONVERSION COATINGS 1003

illustrated in Fig. 4 for the CeCC prepared in a 20 min deposition; the impedance
of the post-treated sample was around 4 times higher than that of the as-deposited
one. A similar trend was also registered for the CeCCs deposited for 5 min (Figs.
3 and 4). Although both post-treated CeCCs (5 and 20 min deposition) had higher
values of impedance in comparison with that of alkali-etched AA6060, the longer
deposition offered much better corrosion protection than the shorter deposition

(Fig. 4).

30
20 min deposition, post-treated

20 min deposition
5 min deposition, post-treated
alkali - etched AA6060

N
a
L
O3l il |

5 15- / " "

9: ﬁ ]
~ 1 [ ]

N | ]

] AAAAA
|

665 D[L_D
#M/Gj) oo

o~<c - - .
0 10 20 30 40 50

Z. /kacm’®

Fig. 4. Nyquist plots for CeCCs, 20 min deposition without and with post-treatment, and 5
min deposition with post-treatment, after 1 h of exposure to a 0.5 mol dm3 NaCl solution.

Polarization measurements

The potentiodynamic polarization measurements gave further information on
the behaviour of CeCCs in the corrosive agent (0.5 mol dm—3 NaCl). As it was
shown that the post-treatment of CeCCs increased the corrosion protection of
AAB060, only the post-treated samples were tested. The cathodic and anodic
polarization curves registered for the CeCCs deposited for 5 and 20 min and for
alkali-etched AA6G060, as a reference, are shown in Fig. 5. As can be seen, smaller
cathodic currents were measured for the CeCCs than for AA6060, since the CeCCs
decreased the cathodic current density of oxygen reduction. The CeCC deposited
for 20 min reduced the current more than the one deposited for 5 min, as a result
of the diminution of the cathodic sites.244 The retarding effect of CeCCs on the
anodic process of the aloy is more easily observed if the anodic curves are
presented in alinear rather than in a semi logarithmic form (Fig. 5b). At a fixed
potential, for instance —0.575 V, the anodic current densities were 2.73, 1.04 and
0.23 mA cm2 for AAG060 and CeCCs deposited for 5 and 20 min, respectively.
This clearly indicates a reduced anodic activity of the CeCCs on AA6060, which
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1004 JEGDIC et al.

was especially pronounced for the sample deposited for 20 min and post-treated.
The results confirmed that the CeCCs affected both the cathodic and anodic

behaviour of AA6060.

E/Vvs. SCE

j/ uAcm?

T T T T T T T T T T 1
-0.75 -0.70 -0.65 -0.60 -0.55 -0.50
E/V vs. SCE

Fig. 5. Cathodic (a) and anodic
(b) polarization curves for
CeCCs deposited for 5 and 20
min and post-treated, and
akali-etched AAG6060 in 0.5
mol dm3 NaCl solution.

Time dependence of the EIS characteristics of CeCC and alkali etched AA6060

For an extensive EIS study, the CeCC deposited for 20 min and post-treated
was submitted to along-time immersion in a 0.5 mol dm—3 NaCl solution, since it
showed the best protective properties. The evolution in corrosion behaviour of

Available online at www.shd.org.rs/JSCS/

Copyright (C)2013 SCS




CERIUM-BASED CONVERSION COATINGS 1005

CeCC, over a month period, is presented in the Bode module and phase plots,
Figs. 6aand 6b.
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Fig. 6. Bode module (a) and phase plots (b) for CeCC deposited for 20 min and post-treated
after different times of exposurein 0.5 mol dm3 NaCl solution.
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1006 JEGDIC et al.

The highest Znog value (50 kQ cm?) was measured at the beginning of expo-
sure (1 h), corresponding to a high pore resistance value of the coating. After 15
h immersion, there was a significant decrease in Zyog. A much smaller change
was registered after 5 days, followed by a small, gradual decrease up to 12 days
of exposure. In the next 13-30 days, the Zygg attained an almost constant value
(15 kQ cm?), which was more than 3 times smaller than the initial one. Two time
constants could be seen in the EIS spectra, Fig. 6b. The first time constant,
appearing at higher frequencies, is associated with the CeCC, while the other one
refers to the AA6060 substrate.

The EIS data were fitted using the equivalent electrical circuits shown in Fig.
7. The circuits consist of electrolyte resistance, Rn, CeCC pore resistance, Ro,
coating capacitance, C, charge-transfer resistance, Ry, and CPE, a constant phase
element which represents al frequency dependent electrochemical phenomena,
namely the double layer capacitance, Cq, and diffusion processes.

Ce

(a) (b)
Fig. 7. Equivalent electrical circuits for CeCCs on the AAG060 alloy.

The results obtained are summarized in Fig. 8, which presents the evolution
of CeCCs pore resistance and CPE with time. Fig. 8a shows that the highest
value of the pore resistance (R, > 45 kQ cm?) was measured for the CeCC just
after its immersion in the aggressive chloride solution. The result is in accord-
ance with the cross-sectional SEM observation (inset in Fig. 8a), which indicates
a small average thickness (2 um) of the coating. After 15 h exposure, the R,
value had decreased significantly (=20 kQ cm?). During the following 15 days,
the value gradually decreased. From 20 days to the end of tests, the R, value was
nearly unchanged (=10 kQ cm?). The value of the double-layer capacitance
(more correctly, constant phase element, CPE) showed a tendency to increase
during 20 days of immersion in NaCl solution and then gradually reached a cons-
tant value (Fig. 8b).

An EIS study of AA6060, used as the substrate, was also conducted (Figs. 9a
and 9b). Prior to the CeCCs deposition, the substrate underwent akaline etching,
as detailed in the Experimental section. This treatment is known to induce the
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formation of an alumina gel layer on the surface. This non-insulating layer was
proven necessary for the deposition of Ce-species on the AABXxx series, alow-
ing faradic processes to occur. Hughes et al.4° claim that the transfer of OH—
through the hydrated alumina layer assists the progress of the precipitation of
cerium species. This layer is progressively substituted by a much more adherent

Ce0o-2H50 layer.

p

R /kQcm®
=

CPE/F cm™
3
n Iw
-\

0 ' 10 20 30
t/ days
Fig. 8. The time dependences of a) pore resistance, R, and b) constant phase element, CPE, for

CeCC deposited for 20 min and post-treated, during exposure to a0.5 mol dm3 NaCl solution
(inset shows cross-sectional SEM micrograph of CeCC).

10*

The Nyquist plots in complex plane of akali-etched AAG060 during diffe-
rent exposure times, as well as that of CeCC, given for comparison, are shown in

Fig. 9a
The relatively small impedance vaue of the alkali-etched AA6060, measured

after immersion in the corrosive agent could be attributed to the cracked gel
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1008 JEGDIC et al.

structure, illustrated in Fig. 9b. In the following days (Fig. 9a), the impedance
increased gradually. The increase in impedance value with immersion time can
be related to the gel wetting and self-healing (crack sealing) and the growth phe-
nomena. On the other hand, it can be seen that already after 12 days of exposure
to the NaCl solution, the resistance of the CeCC approached the resistance of the
alkali-etched AAGO60. Thus, after about 2 weeks, the impedance value of the
CeCC attained the impedance value of the dumina gel layer. This result suggests
that the CeCC degrades with time, and provides only temporary corrosion protec-
tion to the AA6060 alloy, which could be expected for such athin filmin such an
aggressive corrosion agent as 0.5 mol dm—3 NaCl solution.

g O alkali-etched 1h
m  alkali - etched 3 days [
1 v alkali- etched 14 days °
N 61 e cCeCC 12 days
5 7 ° hd
i veve
g 4 T v e -
— z m N v [ ] Ve
E ] u [ P )
N 2 ID m] - 1 L)
' 24 @ qog o "m m" %y

[m DQ@D w

0
0

(o)

Fig. 9. @) Nyquist plots for alkali-etched AA6060 after different exposure timesto 0.5 mol
dm3 NaCl solution and b) for CeCCs and microphotograph of alkali-etched AABOGO.

CONCLUSIONS

Cerium conversion coatings (CeCCs) were deposited on AA6060 by immer-
sion in an acidified aqueous solution CeCl3 for 5 and 20 min at room tempe-
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CERIUM-BASED CONVERSION COATINGS 1009

rature. To accelerate the deposition kinetics, HoO> was added. Cracked layers
with non-homogeneous and defect structures were produced. A subsequent post-
treatment in a phosphate solution contributed to crack sealing, which improved
the protective qualities of the coatings. The layers quality was evauated from a
corrosion perspective using linear sweep voltammetry and EIS, to assess the
kinetics of the corrosion process and to estimate the duration of protection in a
chloride-containing environment (0.5 mol dm~3 NaCl). The CeCCs increased the
corrosion resistance of AA6060, slowing down the anodic and cathodic reaction
rates with respect to the bare AA6060. The longer deposition time was more
effective. However, the EIS study indicated that CeCCs provided only short term
protection (2 weeks) to the AA6060 alloy.

Acknowledgment. This research was financed by the Ministry of Education, Science and
Technological Development, of the Republic of Serbia (Grant Nos. 111 45019 and |11 45012).

n3BO[J

EJIEKTPOXEMHIJCKE METOJIE 3A UCITUTUBAILE KOPO3HUOHE CTABHMJIHOCTH
[TPEBJIAKA HA BA3U HEPUJYMA NOBUJEHUX ITIOTAITAILEM HA JIETYPU AA6060

BOPE B. JETIWR', JBU/bAHA C. JKUBKOBHE?, JOBAH II. [IOTTUR’, JEJIEHA B. BAJAT?
1 BECHA B. MULIKOBUR-CTAHKOBUR

1 Hucruryr loma, Muiana Paxwha 35, 11000 beorpaz, ZHHCTHU/T 3a HyKk/i1eapHe Hayke BuHua, YHHBED-
surer y beorpazy, n. np. 522, 11001 beorpaz, SuxTim - I]enTap 3a €/IEKTPOXEMH]Y, YHHBEP3HTET ¥
beorpany, Fberomesa 12, beorpag u 7 EeXHO/IOIKO—META/IyPIUKH QaKyaTeT, YHHBEP3HTET y beorpazny,
Kapuernjesa 4, m. np. 3503, 11120 Beorpazy

Hazouleme npesnaka I0oTalakeM y PacTBOP je jeJHOCTaBHA M eKOHOMCKU IPHUXBAT/bHBA
MeTOJIa 33 IIPUIIpEMY KOHBEP3HOHUX ITPEB/Iaka Ha dasy LiepHjyMa Ha METaIHUM CyICTpaTUMa,
Koje cy modpa 3aMeHa 3a TOKCHYHE XpOMaTHe IIpeBjlake. Y OBOM pajy IpeBjake Ha dasu
LEpHjyMa Cy HaHECEHE Ha alyMHUHHjyMCKy Jierypy AA6060 u3 BomeHOr pacTBOpa LEPHjyM-
-XJI0puia Ha CODHOj Temmeparypu. HMcnuUTHBAH je yTHIIQj] BpeMeHa IOTalama W YTHLAj
HaKHagHOT TpeTMaHa y docdaTHOM pacTBOPy Ha MHUKPOCTPYKTYPY M 3alUTHTHA CBOjCTBA
nodujeHUx npesiaka. Jy)XHM IoTanawmeM Cy jJodujeHe fedibe alyd HEXOMOIeHe IpeBIake.
HaxHagHU TpeTMaH je MOBOJBHO YTHLA0 HA 3aTBapame IIPCKOTHHA, IITO je y CamIacHOCTH ca
usmepeHoM Behom kopo3uoHoM otnopHoiwhy y nopehewy ca mpesrakama 0e3 TpeTMaHa.
ITpeBnake foOUjeHe OyKUM HaHOLIEHEM Cy MOKasaue D0/by KOPO3HUOHY 3alITUTY Of IIPeB/aKa
nobujennx kpahum HaHouemeM. Kopo3wWoHa CTadMIHOCT NpeBiaka je WCIHWTHBAHA y arpe-
CUBHOj XJI0pUIHO]j cpenunH (3,5 % NaCl) MeTomaMa CeKTpOCKOIHje eleKTPOXeMUjCKe UMIIe-
nanuuje (CEW) u nuHeapHe Bontamerpuje. JleTabHO je mpaheHo KOpO3HMOHO MOHAlllamke Tpe-
BJlaka Ca BPEMEHOM Jel0Bamba KOpo3uoHOr areHca. ITopehewa pamu, CEM aHanusa je copo-
BeZleHa U 3a jnerypy AA6060 e3 npesnake. PesyntaTy uctpakusamwa NoTBphyjy Aa modujeHe
npeBake Ha 0a3W LiepHjymMa NpPenCTaBbajy JOOpYy KOPO3HOHY 3amTuTy jerypu AA6060.
MehyTum, yak 1 KBaIUTeTHHja npeBiaaka (20 MUH MOTamnama U HAKHAJHO TpeTHpaHa y doc-
¢arHOM pacTBOpy) 0de3belyje nerypu KpaTKOPOUHY 3alUTHUTY y arpeCUBHOj CPeIUHH yCiie[
cBOje Mare edspuHe.

(ITpumbeno 12. neuembpa 2012, pesunupano 17. janyapa 2013)
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