Journal of
the Serbian
Chemical Society

JSCS-info@)shd.org.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 78 (1) 101-114 (2013) UDC 546.185-034.1+669.14+621.793:544.351.3
JSCS-4400 Original scientific paper

Deter mination of surface cover age of ir on-phosphate coatings on
steel using the voltammetric anodic dissolution technique

JOVAN P. POPICY BORE V. JEGDICZV#, JELENA B. BAJAT¥ MIODRAG MITRIC?
and VESNA B. MISKOVIC-STANKOVI(C3#

1|CTM-Department of Electrochemistry, University of Belgrade, NjegoSeva 12, Belgrade,
Serbia, 2Institute GOSA, Milana Rakica 35, 11000 Belgrade, Serbia, 3Faculty of Technology
and Metallurgy, University of Belgrade, Karnegijeva 4, P. O. Box 3503, 11120 Belgrade,
Serbia and 4Vinc¢a Ingtitute of Nuclear Sciences, P. 0. Box 522, 11001 Belgrade, Serbia

(Received 6 July, revised 13 September 2012)

Abstract: In this study, the effect of deposition time and concentration of
NaNO, in the phosphate bath on the surface morphology of iron-phosphate
coatings on low carbon steel was investigated using scanning electron micros-
copy (SEM) and atomic force microscopy (AFM). The composition of iron-
phosphate coatings was determined using energy dispersive X-ray spectros-
copy (EDS) and X-ray diffraction (XRD), while surface coverage was eva-
luated by the voltammetric anodic dissolution (VAD) technique in the borate
solution. The addition of NaNO, to the phosphate bath significantly increased
the surface coverage since better packed crystals of smaller size, which favour
the phosphate nucleation, were obtained. It was aso shown that prolonged
deposition time increased the surface coverage, coating roughness and crystal
size in the lateral direction, atering also the crystal shape from large platelets
non-uniformly distributed on the steel surface during the initial time to better-
packed laminated and needle-like structures during prolonged exposure.

Keywords: low carbon steel; iron-phosphate coatings; surface coverage; VAD;
AFM.

INTRODUCTION

Corrosion resistance of a metal/organic coating system largely depends on
the pre-treatment of the metal surface prior to organic coating deposition. The
pre-treatment of the metal surface usually includes degreasing of the metal and
formation of a conversion coating on the surface with the aim of increasing the
corrosion resistance and adhesion strength between metal and organic coating. In
practice, zinc-phosphate coatings, manganese-phosphate coatings, zinc-manga-
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102 POPIC et al.

nese-phosphate coatings and zinc-cal cium-phosphate coatings have usually been
used as conversion coatings on steel, aluminium, magnesium and zinc.1-° Iron-
phosphate coatings showed less corrosion stahility in respect to zinc-phosphate
coatings,>10-12 put together with top organic coatings, good corrosion protection
of steel could be achieved.11.13-19 |t was shown that steel pre-treatment with an
iron-phosphate coating increased the adhesion strength of the organic coating, as
well as the corrosion stability of the protective system, as compared to organic
coating on a bare steel substrate.313.14 The advantages of iron-phosphate pre-
treatment are the simple and cheap equipment and waste water treatment.

The quality of the iron-phosphate layers greatly depends on the fraction of
the total surface area covered by the phosphate coating. Various factors affect the
surface coverage, in particular the composition of the deposition bath, bath tem-
perature, deposition time, the morphology of the deposit and additives (accele-
rators) used in the electrolyte.

Various types of chemical accelerators for phosphating can be used, such as
sodium nitrite, nitrates and chlorates.1.3-510-12 previous research?0.21 indicated
that iron-phosphate coatings on steel surface do not have great surface coverage.
It was shown that the addition of formic acid, sodium chlorate, or sodium nitro-
benzenesulphonate in the phosphating solution increased the surface coverage of
phosphate coatings.17:18,20,22

The surface coverage of phosphate coatings is usually measured using elec-
trochemical methods: polarization resistance measurements,23-25 electrochemical
impedance spectroscopy,24-26 corrosion potential and corrosion current measu-
rements.2427 The voltammetric anodic dissolution (VAD) technique,28-30 as an
electrochemical method for the determination of surface coverage, has been used
lately. This technique is based on the dissolution and passivation of a coated or
uncoated meta surface.

In this work, the surface morphology of iron-phosphate coatings deposited
on low carbon steel was investigated as a function of the deposition time and
concentration of NaNO in the phosphating bath. The surface coverage of these
coatings was quantitatively determined using the VAD method, with the aim of
obtaining iron-phosphate coatings with the highest surface coverage and, conse-
quently, with better corrosion stability.

EXPERIMENTAL

Sample preparation

Low carbon stedl panels (50 mmx25 mmx0.8 mm) were used as the substrate for iron-
-phosphate coating deposition. The chemical composition of the low carbon steel was (wt. %):
C, 0.119; Si, 0.019; Mn, 0.250; P, 0.019; S, 0.014; Cr, 0.012 and Ni, 0.019.

Prior to the deposition of the iron-phosphate coatings, the steel panels were polished with
SiC papers #220, #400 and #600, degreased in 0.2 g dm3 nonylphenol ethoxylate at room
temperature for 5 min and rinsed with ditilled water. The iron-phosphate coatings were
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IRON-PHOSPHATE COATINGS MORPHOLOGY 103

formed chemically by immersion in the phosphating bath containing 0.92 g dm= H3PO,, 0.34
g dm3 NaOH and 0.125 g dm3 nonylphenol ethoxylate at 50 °C for different times (from 30 s
to 15 min). The iron-phosphate coatings were deposited on steel in the phosphating bath
without or with the addition of NaNO, as an accelerator, at different concentrations. 0.1, 0.5
and 1.0 g dm3. All solutions were prepared with analytical grade chemical compounds and
deionised water.

Surface cover age measurements

The surface coverage of the iron-phosphate coatings on low carbon steel was determined
using the electrochemical voltametric anodic dissolution (VAD) technique, in which the
passivation charge of the substrate is measured. The VAD was recorded in 0.3 mol dm3
H3BOj; + borax (Na,B,07-10H,0), pH 7.6, with a potential sweep rate of 2 mV s starting
from the open circuit potential (OCP), using a GAMRY Reference 600 potentiostat—galva-
nostat/ZRA.

Borate solution was chosen because when immersed in this solution during anodic po-
larization, low carbon steel actively dissolves at potentials near to the corrosive ones,31-33
while further polarization leads to steel passivation. In addition, it was stated in the literature?®
that iron-phosphate coatings do not dissolve in neutral solutions.

Surface morphology

The surface morphology of the bare steel and iron-phosphate coatings on steel was
investigated by atomic force microscopy (AFM), operated in the contact mode under ambient
conditions, at a scan rate 0.7 Hz, scan angle 0, scan points 256 and scan lines 256 using an
Asylum model MFP-3D microscope.

The microstructure of the iron-phosphate coatings was examined by scanning electron
microscopy (SEM) using a JSM-6390 LV (JEOL) instrument. The compositional analysis was
realized using an energy dispersive spectroscopy (EDS) attachment on the scanning electron
microscope.

XRD measurements

X-Ray diffraction (XRD) measurements were performed on a Philips PW 1050 powder
diffractometer with Ni filtered CuK , radiation (4 = 1.5418 A) and a scintillation detector
within the 15-80° 26 range in 0.05° steps with a scanning time of 45 s per step. The quailta:
tive analysis of the samples was performed by XRD analysis based on the identification of the
peaks using commercialy available EVA software (DIFFRACplus EVA). The phases were
identified using the Powder Diffraction File (PDF) database (JCPDS, International Centre for
Diffraction Data).

RESULTS AND DISCUSSION

Surface morphology

The surface morphology of iron-phosphate coatings was investigated using
the SEM and AFM techniques, commonly used in analyzing the surface mor-
phology of coatings.3435 Low carbon steel was phosphated for different times: 5,
10 and 15 min, with the aim of investigating the influence of deposition time on
the morphology and composition of the iron-phosphate coatings. Fig. 1 shows
The SEM microphotographs of the bare steel (@) and of the iron-phosphate
coatings deposited at different times (b, ¢ and d). The sporadic small spots on the
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104 POPIC et al.

bare stedl (Fig. 1a) are probably the result of mechanical damage during polish-
ing. The different surface coverage of steel with iron-phosphate coatings depo-
sited for different phosphating times can be seen in Figs. 1b-1d. Small crystal
nuclei of the iron-phosphate coating sporadically emerged during a deposition
time of 5 min, while bigger crystals grew during longer deposition times.

(©) (d)
Fig. 1. Microphotographs of the steel surface prior to (a) and after phosphating for
b) 5, ¢) 10 and d) 15 min.

The iron-phosphate crystals in the shape of platelets, non-uniformly distri-
buted on the steel surface were obtained during a deposition time of 5 min (not
shown). Their grain size, estimated by AFM, was 3-9 um, while longer depo-
sition times favoured lateral crystal growth of up to 15 um during 15 min (Fig. 2
and Table ). Based on severa AFM measurements on different surface spots, it
could be observed that during prolonged deposition, the crystals grew in the nor-
mal direction only up to 1.2 um in height, regardless of the deposition time. The
values of surface roughness (RMS), derived from AFM images, are presented in
Table |I. The RMS value for the polished bare steel was 55 nm, while the RMS
values of the iron-phosphate coatings deposited up to 10 min significantly in-
creased to 280 nm. The observed increase in roughness is the result of the nuc-
leation and growth of iron-phosphate crystals on the steel surface with prolonged
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IRON-PHOSPHATE COATINGS MORPHOLOGY 105

deposition time. It could also be noticed that the values of the RMS did not sig-
nificantly change deposition times longer than 10 min were employed.

(=3
o~

nm

1) L) L] L L)
0 0 5 10 15 20
um um

Fig. 2. AFM Image and height profile of the iron-phosphate coating on steel
deposited during 15 min.

TABLE I. The values of RMS, grain size, passivation current, i,, passivation charge density,
Qpass» SUrface coverage, ©, and composition of the iron-phosphate coatings deposited with and
without NaNO, in the plating bath

Deposition c(NaNO,) RMS Grainsize |, Qpass ®  Concentration

Substrate  time, min  gdm?3 nm  range pA cm?ZmCcm? % a. %
pm O P Fe
Bare steel - - 55 - 294 12.3 0 - - =
Iron- 5 0 215 39 208 914 26.1 2.051.0396.92
phosphate 0.1 - - 122 548 553 - - -
coating 0.5 147 4-6 110 496 59.5 7.884.6780.14
10 - - 95 430 649 - - -
10 0 280 4-10 161 758 382 3.412.6693.93
15 0 270 5-15 149 7.26 40.8 5.87 3.6690.46

The EDS measurements provided information about the concentrations of
particular elements on the surface of the phosphate coatings. The EDS spectra
showed that the iron-phosphate coatings contained iron, oxygen and phosphorus.
The semi-quantitative elemental compositions, obtained from the EDS analysis,
are given in Table |. It could be noticed that the concentrations of oxygen and
phosphorus increased with increasing deposition time, while that of iron de-
creased, indicating the growth of phosphate coatings with longer deposition time.

The phase composition of iron-phosphate coatings was determined by XRD
analysis (Fig. 3). The phases present in the phosphate layers were mainly FePO4
(according to PDF No. 01-072-2124 (ICSD 040863)), FeoO3 (according to PDF

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




106 POPIC et al.

No. 00-052-1449) and Fe3O4 (according to PDF No. 01-079-0416 (ICSD
065338)).
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Fig. 3. XRD Pattern of an iron-phosphate coating on steel (deposition time: 5 min).

The formation of iron phosphate coating on steel occurs through reactions

(1) and (2).8 NaH2POy is formed from the H3PO4 and NaOH present in the plat-
ing bath:

Fe + 8NaH2PO4 + 4H20 + 20, — 4Fe(H2PO4)2 +8NaOH Q)

2Fe(H2PO4)2 + 2NaOH + 1/20, — 2FeP0O4 + 2NaHoPO4 + 3H O (2)

In parallel, in the presence of oxygen (from the water-based phosphating
bath), metallic iron is oxidized and Fe(OH), and Fe(OH)3 are formed on the iron
surface. Iron hydroxides change gradually to iron oxide, Fe;O3 and Fe3Ogy, re-
sulting in the formation of a passive film on the steel .36

Based on the AFM results, it could be concluded that two types of phosphate
crystals were formed on the steel surface immersed in the phosphating sol ution:
platelets, during initial deposition time, and laminated and needle-like crystals,
during prolonged deposition times. The growth of iron-phosphate crystals starts
with heterogeneous nucleation on the steel surface. Initialy, the phosphate crys-
tals grow in both the normal and latera directions. During prolonged deposition,
the crystals grow in the normal direction only up to 1.2 um, regardless of the de-
position time. Longer deposition times favour lateral crystal growth, up to 15 um
for a deposition time of 15 min (Table ). Extension of the phosphating time also
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IRON-PHOSPHATE COATINGS MORPHOLOGY 107

leads to the nucleation and growth of new crystals on the steel surface. In this
way, longer deposition times result in greater surface coverage (Figs. 1 and 2)
and greater amounts of phosphate deposit were obtained with greater amounts of
oxygen and phosphorus, determined by EDS analysis (Table 1). However, the
iron-phosphate coating formed on the low carbon steel was not compact and the
coating was significantly porous even after 15 min of phosphating.

Surface coverage

The surface coverage of iron-phosphate coatings on steel was determined by
the VAD method in borate solution. Severa solutions were tested but the borate
solution was the most suitable. Namely, during anodic polarization in borate so-
lution, steel is dissolved at potentials around the corrosion potentials, and during
further polarization steel passivated.

Since the iron-phosphate coatings on steel contain iron phosphate and iron
oxide,>8 their dissolubility in neutral borate solutions becomes questionable.
However, bearing in mind that the rate of dissolution of FexOg3 in dlightly acidic
and neutral solutions is very low,20.31,33,37 thjs solution was adequate. Ptacek et
al.20 also showed that the rate of iron phosphate dissolution in slightly acidic
solutionsis very low. Thus, it was concluded that VAD method in borate solution
could be used to determine the surface coverage of iron-phosphate coatings on
steel.

Anodic polarization curves for bare steel and steel with iron-phosphate coat-
ings in borate solution are shown in Fig. 4. During the anodic polarization of bare
stedl, the current passivation peak occurred at a potential of around -0.55 V.

] —UO— bare steel
0.30 4 —O— phosphated steel, 5 min
. 00 A .
o o phosphated steel, 10 min
1 5 \D\ —v— phosphated steel, 15 min
0.25 2 5
5 \
] S ‘\‘
‘\.‘E 0.20 + %
O ]
< 0.15
= ]
0.10
0.05
0.00 ; : . . . .
-0.8 . . . . . 0.2

E/Vyvs. SCE

Fig. 4. Voltammetric anodic dissolution (VAD) curves in borate solution (pH 7.6) for bare
steel and iron-phosphate coatings on steel, deposited during different deposition times.
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The iron-phosphate coatings decreased the anodic dissolution of steel, as
well as the anodic current passivation peaks (ip). Increasing the coating depo-
sition time resulted in decreased anodic dissolution of the steel. The values of
anodic current passivation peaks, determined from VAD measurements for each
phosphating condition, are given in Table I. The amount of passivation charge
density (Qpass) Was calculated based on the measured experimental data, i.e.,
from the value of the current of the anodic dissolution from the corrosion po-
tential to the passivation peak and the duration of anodic dissolution until the
passivation peak. Passivation charge density for bare steel surface was 12.26 mC
cm2. This charge is defined as Qpass (the standard passivation charge density).
The formation of the iron-phosphate coating on the steel surface led to a decrease
in Qpass.

Comparison of the passivation charge density of the bare substrate, Qfass,
and that of the coated substrate, Qpass, Supplies the surface coverage, which is
expressed by:

o=1- = )
Qpass
where @ is surface coverage, or the fraction of substrate area covered by the coa-
ting.

The values of the passivation charge density and surface coverage by the
iron-phosphate coatings obtained during different phosphating times are given in
Tablel.

Based on the results presented in Fig. 4 and Table I, it could be concluded
that the surface coverage by an iron-phosphate coating on the steel surface was
greater when the deposition time was longer. The surface coverage by the iron-
phosphate coating formed on the steel surface during 5 min was very low (26.1 %).
A longer deposition time (10 min) resulted in increased surface coverage of iron-
phosphate coating and the highest surface coverage (40.8 %) was obtained with
the longest deposition time (15 min). It should be noted that even the highest
surface coverage of 40.8 % is not actually significant, especially bearing in mind
the long deposition time. The results of the electrochemically obtained surface
coverage measurements (Fig. 4) are in a good agreement with the morphology of
iron-phosphate coatings, shown in Figs. 1 and 2. This means that the application
of the fast électrochemical method can very precisely determine the surface cove-
rage of the iron-phosphate coating on the steel surface.

The effect of NaNO»

Different amounts of NaNO»> were added to the phosphating bath with the
am of accelerating the formation process of iron-phosphate coatings and ob-
taining better surface coverage by the deposited coatings. The anodic polarization
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IRON-PHOSPHATE COATINGS MORPHOLOGY 109

curves in borate solution are shown in Fig. 5. The obtained values of anodic
current passivation peaks, passivation charge density and the surface coverage of
the iron-phosphate coatings are givenin Table 1.

—0— bare steel
—ou— phosphated steel
0.30 —&—phosphated steel, 0.1 g dm’® NaNO,
. n
DDED D\ —v— phosphated steel, 0.5 g dm® NaNO,
C []\707 phosphated steel, 1.0 g dm” NaNO,
0.254 o il
[m} \\
i a
e 0.20 - &, b
o) ]
o E i
< | O
I 0.15 “:‘
-~ n
3 C
n
0.104 0
e
0.05
0.00
-0.8 -0.2

E/V vs. SCE

Fig. 5. Voltammetric anodic dissolution (VAD) curvesin borate solution (pH 7.6) for bare
steel and iron-phosphate coatings on steel deposited during 5 min without and
with different concentrations of NaN O, in the plating bath.

Based on these results, it could be concluded that the addition of NaNO» to
the phosphate solution significantly increased the surface coverage. Even a small
amount of NaNO5 (0.1 g dm=3 NaNOy) in the plating bath increased the surface
coverage from 26.1 to 55.3 % (Table 1). On increasing the NaNO» concentration
in the bath resulted in even higher surface coverage. The highest surface cove-
rage (64.9 %) was obtained with 1.0 g dm=3 NaNO in the bath. A concentration
of 0.5 g dm=3 was chosen for further examination for both economical and envi-
ronmental reasons, since the surface coverage did not significantly increase when
the concentration of NaNO, was increased from 0.5 to 1.0 g dm=3.

In order to monitor the nucleation and initial growth of iron-phosphate coat-
ings deposited having NaNO» in the bath, the morphology of the coatings depo-
sited from a bath with 0.5 g dm=3 of NaNO, during different times was analyzed
(Fig. 6). It is evident that even after 0.5 min, centres of phosphate crystal nuc-
leation had been formed (Fig. 6b). Extending the phosphating time to 1.0 min
caused further growth of the single phosphate crystals (Fig. 6¢). After 5.0 min of
phosphating, the whole surface was covered with phosphate crystals. The iron-
phosphate coatings deposited on the steel surface were mixtures of laminated and
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110 POPIC etal.

needle-like structure, the needle-like structure of phosphate crystals being domi-
nant (Fig. 6d).

T 20gpm

(d)
Fig. 6. Microphotographs of the steel surface prior to (a) and after phosphating with 0.5 g dns3
NaNO, in the plating bath for b) 0.5, ¢) 1 and d) 5 min.

The EDS spectrum showed that iron-phosphate coating formed in the phos-
phate bath with NaNO, during 5 min contained iron, oxygen and phosphorus.
The concentrations of the individual elements are presented in Table | (blank
cells in Table | are for the samples where EDS analysis was not performed).
Comparing these results with the results obtained for the iron-phosphate coatings
deposited during the same time without the accelerator in the bath (Table I), it
could be concluded that a significant increase in the concentration of phosphorus
on the steel surface (nearly five times greater) was accomplished with the accele-
rator in the phosphating bath.

The values of the RMS and grain size of the iron-phosphate deposits ob-
tained in the phosphating bath with 0.5 g dm—3 NaNO, for different phosphating
time are presented in Table I1. The AFM of the iron-phosphate coating confirmed
that the centres of phosphate nucleation had been formed on the steel surface
aready after 30 s of phosphating. The size of formed phosphate nuclei were 0.3—
—0.7 um (Table I1). The surface roughness remained unchanged as compared to
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that of the bare steel surface (52 nm, Table I1). Extension of the phosphating time
to 60 s led to an increase in the size of the phosphate crystals, which were as
large as 3 um. These crystals did not have a defined form and they were dis-
persed over the steel surface covering 20-30 % of the surface area. The surface
roughness was increased and had a value of 127 nm. Further extension of the
phosphating time to 5 min significantly increased the amount of phosphate crys-
tals. The structure of these crystals could be defined as mostly laminated and
needle-like structures with a size of the crystal ranging from 4 to 6 um. Surface
roughness has been dlightly increased and amounts 147 nm.

TABLE Il. The values of RMS and grain size of bare steel and iron-phosphate coatings on
stedl deposited with 0.5 g dm3 NaNO, in the plating bath for different deposition times

Substrate Deposition time, min RMS/ nm Grain size range, pm
Bare steel - 55 -
Iron-phosphate coating 0.5 52 0.3-0.7

1.0 127 2-3

5.0 147 4-6

Based on these results, it could be concluded that the presence of the accele-
rator NaNO» in the iron-phosphating bath resulted in a faster nucleation of phos-
phate crystals. The size of these crystals was smaller in comparison to those ob-
tained in the phosphating solution without an accelerator. These results suggest
that the NaNO» causes a decrease in the crystal size. Namely, the smaller crystal
size obtained in the bath with NaNO, indicates that this additive has an effect on
surface activation, favouring phosphate nucleation and leading to the formation
of smaller crystals. In the presence of the accelerator, the concentration of phos-
phate crystals on the steel surface increased and crystals were more tightly
packed. In addition, the roughness of the iron-phosphate coating decreased (Tab-
les | and I1). The higher concentration of phosphate crystals on the steel surface
leads to an increase in the surface coverage of the iron-phosphate coating.

The higher surface coverage of iron-phosphate coatings on steel deposited
with 0.5 g dm—3 NaNO; in the plating bath during 5 min is also shown in Fig. 5
and Table I. It was not only higher than the surface coverage of iron-phosphate
coating deposited from the NaNOo-free plating bath during the same deposition
time, but also much higher even than the surface coverage of the iron-phosphate
coating deposited from the NaNO»-free plating bath during 15 min (Table I).
Thus, based on all the presented results, it could be concluded that the addition of
0.5 g dm—3 NaNO in the plating bath resulted in the completely different surface
morphology of iron-phosphate coating on steel (Figs. 1b and 6d) of better surface
coverage. Similar conclusions can be found in the literature for zinc-phosphate
coatings on steel when NaNO, was used as an accel erator.4:5,20,26,30,38-41
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CONCLUSIONS

It was shown that the growth of the phosphate crystals in both the normal
and lateral direction, monitored by AFM, SEM and EDS, started with hetero-
geneous nucleation on the steel surface. The phosphate crystals, in the shape of
platelets non-uniformly distributed on the steel surface, were formed during the
initial deposition time in a NaNOo-free bath. Extension of the phosphating time
resulted in the formation of phosphate crystals with laminated and needle-like
structures of increased roughness and increased phosphorous concentration, be-
cause of crystals growth. Consequently, the surface coverage determined from
current passivation increased with prolonged deposition time. The addition of
NaNO> to the phosphate solution significantly increased the surface coverage.
The so-obtained crystals were of smaller size and more densely packed, which
resulted in decreased coating roughness. They had laminated and needle-like
structure with the needle-like structure prevailing, as compared to the platelets
shape of the crystals obtained from a NaNOo-free bath. Smaller crystal size indi-
cates that this additive (NaNO») had an effect on surface activation, favouring
phosphate nucleation and leading to the formation of smaller and better packed
crystals.
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M3BO[I

OIPEBHBAIBE IIOKPUBEHOCTH ITOBPIIMHE YEJTUKA T'BOXBE-®OCPATHHUM
[TPEBJIAKAMA AHOJHHWM PACTBAPAILEM ITPUMEHOM JIMHEAPHE BOJITAMETPUJE

JOBAH I1. TOTTHER", BOPE B. JEFHI/IEZ, JEJIEHA B. EAJATg, MHOJIPAT MHTPUER"
v BECHA B. MMIIKOBHR-CTAHKOBHER®

TyxT™ - Lentuap 3a enexinipoxemujy, Ynueep3utiewi y beoipagy, Fbeiowesa 12, beoipag, ZI/IHcmumym
T'OIIA, Munana Paxuha 35, 11000 Beoipag, 3Texnonowxo—memaﬂypwxu daxynivei,
Ynueep3utieti y beoipagy, Kapneiujesa 4, 11120 Beoipag u 4Hucmumyu7
3a HyKJeapHe Hayke Bunua, Ynueepsuinewi y beoipagy, u. up. 522, beoipag

Y oBoM pazy je, npuMeHOM cKeHHpajyhe enexTpoHcke MUKpockonuje (SEM) U MUKpo-
cxonuje mehyatomckux cuna (AFM), ncnuTuBaH yTULaj BpDEMEHA Tal0Kewha U KOHLEHTpaLyje
NaNO;, y pactBopy 3a docdarupawme Ha mopdonoryjy rsoxhe-gocdaTHux mpesraka Ha
HUCKO-YI/beHUYHOM uenuky. CacraB resoxhe—docdaTHux mpesnaka je opgpeheH mpruMeHOM
eHepreTcke fucrnepsvone aromcke aHanuse (EDS) u nudpakuujom X-3paka (XRD), nok je mo-
KPHUBEHOCT MOBPIIMHE ofpehHBaHa aHOOHUM pacTBapameM y HOpaTHOM pacTBOPY NPUMEHOM
nuHeapHe BonTamerpuje (VAD). ITokasaHo je na mopatak NaNO, y pactBopy 3a docdaru-
pame 3HayajHO noBehaBa NOKPUBEHOCT IOBPIIKHE YesuKa, jep ce hopMupajy dosbe nakoBaHU
KpHUCTaIH, Mame Belnu4yuHe. [ly)ke BpeMe Talokewma Takohe nosehaBa IOKPHUBEHOCT IOBp-
IIMHE, Ka0 U XpanaBoCT NMpEBJaKke U WHUPUHY KpucTana. OBMuK KpuUcTala ce TOKOM MIy’Ker
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eMEeHa Ta/loKeha Mewa 0] KpucTana y 0dauky sehux minouya HeyHubOpMHO pacrnopeheHux
NOBPLIMHY YeIHKa, Ka 00Jbe MaKOBaHUM JAMUHAPHUM H UTJIMYACTUM KPUCTAIUMa.

(ITpumbeHo 6. jyna, pesupupano 13. centembpa 2012)
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