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Abstract: The extent of corrosion and the underlying causes of damage to the
interior metal components of a one-year-old automobile from a known brand,
owned by a rental car company in Serbia, were investigated. The vehicle’s
interior, including upholstery and carpeting, showed no chemical spills or other
damage. The solution obtained after rinsing a carpet sample from the car floor
exhibited neutral pH. The corrosion behavior of the analyzed samples was det-
ermined using electrochemical impedance spectroscopy (EIS), linear polariz-
ation resistance (LPR) and linear sweep voltammetry (LSV, Tafel method).
X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR)
analyses showed that corrosion products taken from corroded steel parts contain
akaganeite f-FeO(OH) and iron (II) chloride. FTIR analysis of the organic
coating revealed that the applied epoxy layer was insufficiently crosslinked,
making it permeable to moisture and chloride ions. Electrochemical corrosion
measurements on steel with a similar chemical composition demonstrated an
increased corrosion rate in a solution containing dissolved corrosion products
compared to a reference solution. This accelerated corrosion was attributed to
the acidity of akaganeite and iron (II) chloride, formed due to the vehicle’s
exposure to a humid and chloride-rich environment.
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INTRODUCTION

Corrosion poses a significant threat to the longevity and reliability of auto-
mobiles, impacting both their structural integrity and aesthetic appeal. From env-
ironmental factors like road salts and pollutants to inherent material vulnerabilities,
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vehicles are susceptible to various forms of corrosion that can compromise their
performance.!-2 Understanding the mechanisms and factors that contribute to
automotive corrosion is crucial for developing effective prevention and mitigation
strategies.3~> Numerous studies have examined corrosion failures in specific
automotive components, providing valuable insights into real-world scenarios.®~
16

Electrochemical corrosion, a primary cause of metal degradation, arises from
chemical reactions between the metal surface and its environment.!7 This process
involves anodic and cathodic reactions, leading to the dissolution of the metal in
the presence of water or humidity. In the case of steel, a common material in
automobiles, electrochemical corrosion results in the formation of iron oxy-hyd-
roxides (FeO(OH)) on the surface.!8-20 These corrosion products, such as goethite
(a-FeO(OH)) and lepidocrocite (y-FeO(OH)), can sometimes form a protective
layer, slowing down further corrosion. However, localized corrosion can still occur
depending on the specific type of corrosion products present.

Akaganeite (-FeO(OH)), another crystalline form of corrosion product,
forms in humid environments with high chloride ion concentrations.21-23 The
incorporation of chloride ions into its crystal lattice makes akaganeite stable but
also compromises its protective capabilities. The formation of akaganeite is facil-
itated at room or lower temperatures, under slightly acidic to neutral conditions
(pH values from 4 to 7). If chloride ions are present to a lesser extent, then (instead
of akaganeite) goethite, lepidocrocite and sometimes misawite (5-FeO(OH))!8-20 are
formed. Unlike goethite and lepidocrocite, akaganeite offers minimal protection
against further corrosion. It is considered that the presence of akaganeite in steel
corrosion products is a sign of its active corrosion.

This study investigates an instance of significant corrosion observed in the
interior metal components of a relatively new automobile from a known brand,
used by a rental car company in Serbia. Despite no visible signs of chemical spills
or damage inside the vehicle, substantial corrosion was evident. The research aims
to identify potential chemical residues on the carpet and upholstery and analyze
the corrosion products on the steel surfaces. By employing instrumental methods
such as  Fourier-transform  infrared  spectroscopy  (FTIR)  and
X-ray diffraction (XRD), the composition of the organic coating and corrosion
products were determined.

Furthermore, the corrosion resistance of steel (AISI 4130), which is similar in
composition to the steel used in the analyzed automobile, was directly compared
in a solution containing dissolved corrosion products versus a standard solution.
Electrochemical methods, including electrochemical impedance spectroscopy
(EIS), linear polarization resistance (LPR), and the linear sweep voltammetry
(LSV, Tafel method) were applied to study the corrosion properties of investigated
specimens.
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The investigation revealed that the corrosion of the automobile’s interior steel
components is likely the result of exposure to a humid environment rich in
chlorides rather than improper use during its short operational period. The inade-
quately crosslinked epoxy coating was found to be permeable to moisture and
chlorides, contributing to the corrosion process. Additionally, the presence of
akaganeite and iron (II) chloride in the corrosion products, along with the moder-
ately acidic nature of the solution, indicates ongoing corrosion activity that neces-
sitates further attention to protective measures in automotive design.

EXPERIMENTAL
Materials
The AISI 4130 steel (25CrMo4 according to the EN standard) used in this study belongs
to the category of low-alloy Cr-Mo steels. The purity and source of all employed materials were
verified before experimentation. Table I lists the chemical composition of the tested steel AISI

4130, according to the standard,?* and the actual chemical composition determined by the XRF
method (Olympus Vanta C Series Handheld XRF Analyzer).

TABLE I. Chemical composition of tested steel, wt. %

Composition C Mn P S Si Cr Mo
Standard 0.28-0.33 0.40-0.60  0.035 0.040 0.15-0.35 0.80-1.1 0.15-0.25
Measured — 0.49 0.023 0.038 0.43 0.88 0.21

Corrosion product analysis

The composition of the corrosion products extracted from corroded steel parts within the
automobile was analyzed using a Nicolet iS10 (Thermo Scientific) Fourier transform infrared
(FTIR) spectrometer. FTIR spectra were recorded over a range of 4000-400 cm™! with a
resolution of 4 cm™! at room temperature. Additionally, a Philips PW 1710 powder diffracto-
meter (XRD) was employed to analyze the steel corrosion products under the following co-
nditions: an operating voltage of 40 kV, a current strength of 30 mA, with copper (Cu) as the
anticathode (wavelength CuKo, 1.54178 A). The test range was set from 26 4 to 65°, with a step
size of 20 0.01° and a recording rate of 5 ° minl.

Electrochemical measurements

A standard condensate solution served as the comparison solution for the electrochemical
corrosion measurements. Corrosion products from the steel parts were added to this standard
solution until saturation was achieved, followed by thorough mixing and three-stage squeezing
to extract dissolved substances.

Corrosion measurements were conducted in both the standard solution prior to adding
corrosion products and in the saturated solution containing dissolved corrosion products. The
pH values of both solutions were determined using a pH meter (HI 2210 Hanna Instruments),
with a precision of 0.01 pH unit.

The linear polarization resistance (LPR) method was utilized to determine the corrosion
current density and the corrosion rate. The polarization resistance (R,) is defined as the slope of
the potential—current density curve (AE/Aj) at the corrosion potential (E,,,). The relationship
between R, and the corrosion current density (jeor) is given by:25

Rp=B/jcorr ey
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where B is a constant that depends on the anodic (b,) and the cathodic (b.) Tafel slopes,
calculated as:

B=0b,b/2.3(b, + b.) 2)
For low-alloy steels in neutral solutions containing chloride ions, B is typically set at 25

mV .26 The conversion of j,,, into the corrosion rate (v, in mm year') was performed using
Faraday’s law:

Veorr(mm year!) = 0.01166 (LA cm2) 3)

while the values for the constant were obtained from ASTM G1 and ASTM G102.27-28

Electrochemical impedance spectroscopy (EIS) measurements involved applying a sinus-
oidal voltage of £10 mV amplitude across a frequency range from 100000 to 0.001 Hz, with the
system responses recorded as real and imaginary impedance components. The values of j .,
and v, were also obtained by Linear sweep voltammetry (LSV, Tafel method). After
establishing a stable corrosion potential (E.;), the working electrode was polarized from
—0.25 to 0.25 V relative to E,,, at a sweep rate of 0.5 mV s!. In all electrochemical mea-
surements, a saturated calomel electrode (SCE) served as the reference electrode, while a Pt-
-grid acted as the auxiliary electrode. All electrochemical methods were conducted using a
Gamry 620 potentiostat/galvanostat device.

RESULTS AND DISCUSSION

Corrosion damage: visual evidence from the automobile interior

A detailed visual inspection of the automobile interior was carried out, and
appropriate photographs were taken. The automobile interior looked new and
preserved without any visible mechanical or other failure. Fig. 1a shows the
exterior view of the automobile's back seat. There is no noticeable damage on the
upholstered parts of the rear bench and the upholstery looks brand new. The carpet
on the automobile floor also seems to be preserved, without damage. The carpet in
the trunk was clean completely and undamaged as well (Fig. 1b). There are no
traces of liquid spillage (water stains, aggressive liquids, etc.), nor visible external
damage to the carpet in the trunk.

Fig. 1. Exterior view of: a) the back seat of the
car and b) the carpet in the automobile trunk.

However, corrosion was observed on various metal components located in the
double bottom of the automobile trunk. Specifically, the metal parts around the
spare wheel exhibited corrosion, and the towing hook was completely corroded.
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Significant corrosion was also evident on the automobile jack (Fig. 2a), with the
surfaces of these components entirely coated in characteristic yellow—
—brown to brown corrosion products. Upon removing the seat upholstery, corros-
ion was found on the seat frame and axle, similarly covering their entire surfaces
(Fig. 2b). Notably, the sponge and seat material showed no signs of water stains,
chemical residue, or other liquids that might have contributed to the corrosion of
these metal parts; they appeared undamaged and well-preserved.

Fig. 2. Corrosion of: a) the automobile jack
components and b) the frame and shaft
inside.

Beneath the dashboard, behind the control pedals, extensive corrosion of
several metal components was evident (Fig. 3a). These parts were entirely covered
with the characteristic yellow—brown to brown corrosion products. Lifting the
protective cover on the rear seat revealed similarly complete corrosion on some
metal components (Fig. 3b). Galvanized screws were used to fasten the protective
covers. Zinc is expected to corrode preferentially, thereby protecting the steel from
corrosion. However, the steel components exhibited extensive corrosion while the
zinc coating on the screws remained intact.

Fig. 3. Corrosion of: a) the steel compo-
nents under the control panel and b) the
steel parts under the protective mask on
the rear seat.

When steel objects lack adequate corrosion protection, they corrode much
faster than galvanized screws. Thus, under the prevailing corrosive conditions, the
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zinc coating effectively protected the screws, but it was insufficient to prevent
corrosion of the surrounding steel parts.

Building upon the previously observed corrosion patterns, Fig. 4 further
illustrates instances of corrosion failure on steel parts within the automobile’s
interior. The surfaces of these components are entirely covered in characteristic
yellow-brown to brown steel corrosion products, consistent with previous findings.
Notably, Fig. 4d reveals significant corrosion along the edges of a corroded steel
part, along with layers of powdery steel corrosion products, suggesting that the
corrosion process occurred over an extended period.

Fig. 4. Corrosion of steel parts.

To further investigate the nature of the corrosive environment, pH measure-
ments were taken. The solution derived from a sample of corrosion products
obtained from the corroded steel parts exhibited a pH of 3.45, indicating moderate
acidity. In contrast, the standard solution used for comparison registered a pH of
5.70, confirming its near-neutral character. Furthermore, the solution resulting
from washing a carpet sample taken from the automobile floor showed a neutral
pH of 6.92. These pH values support the conclusion that the corrosion products
themselves created a moderately acidic environment, while the carpet remained
neutral. This neutrality suggests that the corrosion was unlikely caused by an acid
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spillage onto the carpet, nor did any acid appear to have permeated through the
carpet to induce steel corrosion.

Characterization of corrosion products and organic coatings via FTIR
spectroscopy

FTIR analysis of the corrosion products (Fig. 5) revealed characteristic peaks
at 3348 and 1614 c¢cm!, corresponding to asymmetric and symmetric O-H
stretching vibrations, respectively. Additionally, bands observed at 844 and 639
cm~! can be attributed to ~OH bending modes, indicative of the presence of
B-FeOOH.29-32 The presence of chloride ions in the corrosion products can be
observed based on the base peak at the 420 cm~! wavelength, which originates
from an acid chlorides in-plane deformation.33
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4000 3500 3000 2500 2000 1500 1000 500 Fig. 5. FTIR diagram of steel corrosion
Wavenumber / cm” products.

Given the extensive corrosion observed on the steel components, assessing the
thickness and adhesion of the original organic coating proved challenging. On
many components, the coating was absent, while on others, it was peeling away
from the metal surface (Fig. 6). As a result, our analysis focused on determining
the composition of the remaining coating fragments using FTIR spectroscopy.

T “ Fig. 6. Appearance of the applied organic coating
| (paint) on the surface of the towing hook.
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Fig. 7 shows the characteristic peaks obtained during the examination of the
organic coating by the FTIR method. The organic coating contains a series of peaks
corresponding to aromatic and aliphatic organic compounds, as well as an epoxy
group, which is present in epoxy coatings.34

Organic coating (paint)

95

90

85

Transmittance / %

804

Fig. 7. Characteristic peaks obtained
4000 3500 3000 2500 2000 1500 1000 500 during the examination of the organic
Wavenumber / cm’ coating by the FTIR method.

The non-crosslinked epoxy coating (paint) has two characteristic peaks, which
indicate the presence of the epoxy group: the first peak is located in the range of
wavelengths from 3060 to 3000 cm!, while the second peak is located in the range
of wavelengths from 960 to 810 cm™! and it refers to the C—O deformation of the
epoxy group.33-39 The presence of peaks at 910 and 826 cm~! wavelengths on the
FTIR diagram (Fig. 7) indicates that the epoxy coating was not properly
crosslinked. However, the absence of peaks in the range of wavelengths from 3060
to 3000 cm™! is a sign that the epoxy coating is still partially crosslinked.35-39

In addition to the identification of peaks that are particularly characteristic of
the epoxy group, other peaks that are also characteristic of the epoxy coating were
identified. The peaks at 2965, 2863, 1456 and 1383 cm~! wavelengths correspond
to asymmetric and symmetric CH stretching of aromatic and aliphatic organic
compounds.37-40 The peak at wavelength 1602 cm™! indicates the presence of the
C=C group, and the peaks at the wavelengths 1531 and 1505 cm! indicate the
presence of C—C stretching. The peak at 1180 cm~! wavelengths corresponds to
C-O stretching.3¢ Also, the presence of the esters group (C=0) can be seen based
on the peak at 1713 cm!, and the presence of the ethers group
(C-0-C) is confirmed by peaks in the range of wavelengths from 1100 to 1000
cem—1.37

The scheme structure of an epoxy resin before crosslinking is present in Fig.
8. It can be seen that the epoxy polymer on the ends of the molecule contains a
characteristic epoxy group in the form of a three-angle. During curing, the char-
acteristic epoxy group is opened, enabling proper epoxy coating cross-linking.
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Fig. 8. Scheme structure of the epoxy polymer before crosslinking.

The inadequate cross-linking of the epoxy coating can be attributed to an
improper curing process, such as curing at insufficiently high temperatures and/or
for an inadequate duration. This incomplete crosslinking results in a porous
coating, allowing chloride ions and moisture to penetrate through the pores,
thereby creating favorable conditions for corrosion to occur. Additionally, the
poorly crosslinked epoxy coating is brittle, making it prone to peeling from the
steel surface. The weak adhesion of the coating may also stem from inadequate
surface preparation or cleaning of the steel components before the application of
the coating. These factors collectively explain the observed condition of the
organic coating in the automobile and its inability to provide effective corrosion
protection.

XRD characterization of corrosion products

The XRD analysis of the corrosion products collected from the automobile
(Fig. 9) identified two crystalline phases: f-FeO(OH) (ferric oxy-hydroxide) and
FeCly-4H»0. Semi-quantitative analysis showed that f-FeO(OH) accounted for
approximately 88 wt. % of the corrosion products, while FeCl,-4H,O made up
about 12 wt. %. The p-FeO(OH), also known as akaganeite, crystallizes in a
monoclinic structure within space group 12/m (No. 12). Literature indicates that
akaganeite requires chloride ions to stabilize its structure, with its formula more
accurately represented as FeOg g33(0H)1.167Clo.167.4! In its structure, octahedral
chains form tunnels that are partially filled with chloride ions, occupying approx-
imately two-thirds of the available sites. Hydrogen bonds between chlorides and
surrounding hydrogen further stabilize the structure. At temperatures above 200
°C, akaganeite releases chloride ions and transforms into hematite Fe,O3, a more
stable phase. The crystal structure and microstructure of akaganeite have been
extensively documented in the literature.21,22:42

The identified phases are characteristic of steel corrosion under humid con-
ditions with significant chloride ion presence. Akaganeite is commonly associated
with active corrosion processes, while iron (II) chloride hydrate plays a role in
sustaining these processes. In environments with lower chloride concentrations,
alternative corrosion products such as goethite, lepidocrocite or misawite are
typically formed, which tend to slow down steel corrosion compared to akaganeite.
Thus, the presence of akaganeite in the analyzed sample indicates ongoing active
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corrosion and suggests that the corrosive processes have persisted for a
considerable period.
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Fig 9. Diffractogram of the examined sample of corrosion products.

Iron (II) chloride present in the corrosion products undergoes hydrolysis in the
presence of oxygen and moisture from the air, forming akaganeite, hydrogen ions,
and additional chloride ions according to:42

2Fe2* + 4CI- + 3H,0 + 1/20, — 2FeO(OH) + 4H* + 4Cl- (4)

The generated hydrogen and chloride ions further accelerate steel corrosion
through the reaction described as:

2Fe + 4H* + 4CI" + Oy — 2Fe2* +4Cl- + 2H,0 (5)

The resulting Fe2* and CI- re-enter the hydrolysis cycle described in Eq. (4),
perpetuating a self-sustaining process known as the Askey cycle.43 This cycle
produces an acidic environment due to H* generation and continuously forms
akaganeite (f-FeO(OH)). The presence of akaganeite is thus a clear indicator of
active steel corrosion.

As previously noted, no evidence of an acidic liquid spillage was observed on
the carpet covering the corroded steel parts. The solution obtained by washing
carpet particles exhibited a neutral pH while the solution containing dissolved
corrosion products was acidic. This confirms that the corrosion was not caused by
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external acidic substances penetrating through the carpet but rather by environ-
mental factors such as moisture, oxygen, and chloride ions.

The non-properly crosslinked epoxy coating on the steel surface further fac-
ilitated corrosion. Its porous and brittle nature allowed moisture and chloride ions
to diffuse through to the steel surface, initiating and sustaining the Askey cycle.43
This continuous regeneration of hydrogen and chloride ions promotes an acidic
environment conducive to active corrosion. Only complete drying of the corrosion
products, including akaganeite and iron (II) chloride hydrate, can disrupt this cycle
and stop further degradation.

Electrochemical measurements

Linear polarization resistance (LPR) measurements were conducted to assess
the corrosion resistance of steel in different solutions, and the results are presented
in Fig. 10. As can be seen from Fig. 10, the polarization resistance (R)) for steel in
the solution containing corrosion products was 2.38 kQ cm?2, while the Ry, for steel
in the standard solution was 3.28 kQ cm?.
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-0.560 - - -0.585 - "
> o >
~ -0.565 - ) ~ -0.590 1 o
0 .I.' m «**
@) o @) o
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= - _— ¢ 2 > o’ D~ <
> 8751 - Ry=328kac0m g 06001 _.-....
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-0.580 4 __." -0.605 1
" a lo® b
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J/pAcem? J/pAcm?

Fig. 10. Results of the LPR testing in: a) standard solution and b) solution obtained by
dissolving corrosion products in the standard solution.

Therefore, LPR measurements indicated that the standard solution exhibited a
higher R, than the solution with dissolved steel corrosion products. This suggests
that the corrosion products, which contain akaganeite (f-FeO(OH)) and iron (II)
chloride, release hydrogen ions according to Reaction (4), creating a moderately
acidic environment. It is well-established that the corrosion rate of steel is higher
in acidic environments compared to neutral ones, which explains the lower Ry
value observed in the solution containing corrosion products.

The main corrosion parameters obtained by the LPR method are presented in
Table I1.

The results of the electrochemical impedance spectroscopy (EIS) testing of
steel are presented in Fig. 11. The equivalent electrical circuit (EEC) used to fit the
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EIS data is shown in Fig. 11d. In this circuit, R, represents the electrolyte
resistance, R, denotes the polarization resistance and CPE is the constant phase
element that accounts for surface inhomogeneities of the tested steel.

TABLE II. Test results using the LPR method

Solution R,/ kQ cm? Jeorr! MAcm? vy ./ mm year!
Standard 3.28 7.62 0.089
Standard + corrosion product 2.38 10.5 1.22

The polarization resistance values obtained from the EIS measurements, based
on both the Nyquist and Bode modulus diagrams (Fig. 11), revealed that the Ry,
value for steel in the solution containing dissolved corrosion products was 1.67 kQ
cm?, while in the standard solution it was higher, at 2.64 kQ cm?2.
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Fig 11. Results of the EIS test in the standard solution and in the standard solution in which
corrosion products are dissolved; a) Nyquist diagrams, c) Bode modulus diagrams, c) Bode
phase diagrams and d) equivalent electric circuit (EEC).

The polarization resistance (Rp) values obtained by the EIS method are con-
sistent with the results obtained from the LPR method. Specifically, a lower Rj,
value was recorded for the solution containing dissolved corrosion products com-
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pared to the pure standard solution, which is also reflected in Tables II and III. This
reduction in polarization resistance is attributed to the moderate acidity present in
the solution with dissolved corrosion products.

TABLE III. The results of the EIS method

: R, Rp CPE Cefr Jeorr Veorr
Solution kQcm? kQcm? Q/mQ's"cm? »n  mFcm? pAcm? mm year!
Standard 1.13 2.64 1.545 0.875 1.889 9.47 0.110
Standard + 0.88 1.67 1.578 0.899 1.759 15.0 0.175

corrosion product

Additionally, Table III presents the effective capacitance (Cefy), calculated
using the Brug Equation,** which incorporates values for Ry, O and n from the
same table:

Cofr = Rp(l—n)/an/n (6)

The Cefr value for specimens tested in the standard solution is somewhat
higher than that for specimens exposed to the solution containing corrosion
products.

Furthermore, Fig. 11 indicates a relatively high electrolyte resistance (R,),
attributed to the low concentration of ions in the tested solutions. In contrast, the
electrolyte resistance is lower in the solution with dissolved steel corrosion pro-
ducts due to the presence of hydrogen ions.

The Bode phase diagram further supports these observations, revealing that
steel exhibits reduced corrosion resistance in the standard solution containing
corrosion products (Fig. 11 c and Table III) compared to the pure standard solution.
The narrowing of the peak at low frequencies reinforces this conclusion, along
with a shift of the peak towards higher frequencies, consistent with the literature
findings.4>

Linear sweep voltammetry (LSV) testing of steel (Fig. 12) revealed a higher
corrosion current density (jeorr) in the solution containing dissolved corrosion
products compared to the standard solution. Specifically, the j.o. value for steel in
the solution with corrosion products was 11 pA c¢cm2, while in the standard
solution, it was 5 pA cm~2. The corrosion rate values (veorr) Were then calculated
using Faraday’s law based on the measured j o values (Table IV).

These results demonstrate that the presence of corrosion products increases
the corrosion rate, which is consistent with the findings from the LPR and EIS
measurements. This increased corrosion rate is attributed to the acidic environment
generated by akaganeite (S-FeO(OH)) and iron (II) chloride present in the
corrosion products, according to Reaction (4).

While the absolute corrosion rate values vary somewhat depending on the
method used (LPR, EIS or LSV), all methods consistently indicated a higher steel
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corrosion rate in the solution containing dissolved corrosion products compared to
the standard solution.

-0.3 2 -0.3
. - Standard solution with corrosion product
- Standard solution 0.4+
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Fig. 12. Results of testing steel by the Tafel method in: a) the standard solution and
b) the solution obtained by dissolving corrosion products in the standard solution.

TABLE IV. The results of the LSV test

Solution Jeorr / LA cm2 Veors / Mm year!

Standard 5 0.058

Standard + corrosion products 11 0.128
CONCLUSION

In conclusion, the evidence suggests that the observed corrosion within the
automobile was likely initiated before its short-term use. Visual inspection ruled
out a spillage as a cause, while XRD and FTIR analyses identified akageneite
(f-FeO(OH)) and iron (II) chloride within the corrosion products, indicating a
chloride-rich environment. The presence of akaganeite, a known indicator of active
corrosion, suggests that the steel components were exposed to humidity and
chlorides, possibly during storage. Furthermore, the epoxy coating’s improper
crosslinking, as revealed by FTIR, would have compromised its protective capab-
ilities, allowing corrosive agents to reach the metal surface. Electrochemical
measurements confirmed these findings, demonstrating a higher corrosion rate in
solutions containing the identified corrosion products. This study highlights the
importance of proper material selection, storage conditions, and coating applic-
ation techniques in preventing premature corrosion in automotive components,
ultimately extending the lifespan and reliability of vehicles.

Preprint note. This article has its preprint version on the preprint server, available on
http://dx.doi.org/10.2139/ssrn.4981934
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"Ynusepsutem y Beoipagy, HnCTutiy T 3a XeMujy, TeXHOI0Tujy u meianypiujy, Eoetowesa 12, Beoipag,
‘Uncmuinyin exnuukux nayxa Cpiicke akagemuje Hayxa u ymeinocmiu, Knes Muxaunosa 35, Beoipag u
3Ynueepsumei y Beoipagy, Texnonowxo—memanypuiku paxyniuei, Kapneiujesa 4, Geoipag

Y papy cy ucnuTaHe pasmMepe KOpO3HWje M OCHOBHM y3pouu omtehema yHyTpauIbHX
METaJHUX KOMIIOHEHTH ayToMoOusa Mo3HaTe Mapke, KOjU je Y BIACHHUIUTBY KOMIIaHHje 3a
W3HajMbMBame ayToMmobuna y Cpbuju v koju je 6uo y ynotpedu ronvHy faHa. YHyTpaUIboCT
ayToModuia, TanalMpPUH3K U TENUX Ha [0y ayToModHIa, Cy OuyBaHH, Oe3 Tparosa omrehema,
a Takohe HMje YTBPHEHO NPUCYCTBO HEKe KODO3UBHE XeMHKaldje. PacTBop Hactao mocie
WCIUpamka Ae0Ba TelHxXa y3eTor ca Moja ayToModWia ce MoHalao HeyTpanHo. Kopo3uBHO
NOHAIlake aHAIW3WPAHHUX y30paka oppeheHO je KOopUIIhemeM CIEeKTPOCKOIHje eneKTpo-
XeMHjCKe MMIlefilaHlIMje, JIMHeapHe Mojapy3alioHe OTIIOPHOCTH W JIMHeapHe BOoJTaMeTpHje.
Pesynrati aHanuse Meronama peHAreHcke audpakuuje (XRD) u uHdpaupBeHe CHEKTPO-
ckonuje ca PypujeoBom Tpancdopmanujom (FTIR) noxasanu cy fa mpousBoau KOpo3uje y3eTH
ca KOpPOAMPaHMX YEIUYHUX JenoBa cagpxke axkaraHeut (S-FeO(OH)) u rsoxhe(Il)-xmopug.
FTIR aHanM3a oOpraHcke MNpeBlake OTKPWIA je Ja je NPUMEmEHa ENOKCHOHA MpeBiaka
HeJJ0BOJbHO YMPEXKeHa, LITO je YUHU MPOITyCHOM 3a BJIary U XnopugHe joxHe. Enexrpoxemujcka
Mepema KOpo3Hje Ha YelIuKy CIMYHOT XeMMjCKOT cacTaBa Ca YeJMKOM KopulTheHUM 3a uspamy
ayromoduna cy nokasana nosehady OpsvHy KOpO3Hje y pacTBOpY KOjU CafipKHU pPacTBODEHE
npousBofie Kopo3uje y nopehemwy ca pedepeHTHUM pacTBopomM. OBa yOp3aHa Koposuja IIpH-
NHUCyje Ce KUCEJIOCTH aKkaraHeuTa U reoxbhe(1I)-xmopupa, Koju Cy HaCTalu yCiles U3N0KeHOCTH
TiesI0Ba BO3WIA BIIAXKHOM U XJIOPUAMMa DOraToM OKpYXKemwy.

(ITpumsbeHo 27. MapTa, peBugupaHo 17. anpuna, npuxsaheno 10. jyna 2025)
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