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Abstract:

Introduction/purpose of the research: Latent fingermarks can be found on
the crime scene on various surfaces and made visible by different forensic
methods. As this evidence can often be found on brass surfaces
(ammunition casings, decorative items, etc.) the paper discusses the
possibilities of applying electrochemical deposition of nickel on brass. The
condition for the application of this technique is the existence of a
conductive substrate. Fatty components of latent fingermarks have
insulating properties and prevent the electrodeposition process.

Methods: Experimental thin rectangular pieces of brass foil were used as
substrates for latent fingermarks. Samples were degreased in acetone and
ethyl alcohol, rinsed in deionized water, and dried in a stream of
compressed air before leaving the fingermarks. To enhance the presence
of sweat on friction ridges, the hand was placed in the silicone glove for five
minutes. A slight touch of the index finger was left on the tiles. Fingermarks
were developed on brass samples by fingerprint powder and the
electrochemical deposition of nickel on another brass surface
simultaneously. In order to obtain the best possible evidence, the
parameters affecting the deposition rate (current density, deposition time)
were changed until a clear fingermark was obtained.

Results: The fingermarks were compared visually using a magnifying glass
with illumination to observe the contrast between the papillary lines and the
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interpapillary space and the characteristic details (minutiae). The optimal
results were achieved with the current density (deposition rate) of
50mA/cm? for 10s.

Conclusion: Electrochemical deposition of nickel on brass is an applicable
technique for developing latent fingermarks with certain limitations.

Key words: latent fingermarks, interpapillary space, brass, fingermark
development, electrochemical deposition.

Introduction

Fingermarks can be used for the identification of perpetrators of
crimes and have a very high evidentiary potential in criminal justice
(Tutulugdzija et al, 2017; Kesi¢ et al, 2020). The standard to be reached
to decide that there is sufficient agreement between a mark and a print is
still a matter of debate, but in some countries as Poland, there is a
numerical standard that defines the criteria of 10 to 12 minutiae as the
minimum required to identify a person (Bécue & Champod, 2023). In the
Republic of Serbia, the Baltazar criterion has been used for years,
according to which it is sufficient to match 12 characteristic details
(minutiae) on a fingermark and a fingerprint for the identification of a
person.

Fingermarks can be found on various surfaces at the crime scene.
Invisible or latent fingermarks are the most problematic type of
fingermarks. The most common surfaces on which latent fingermarks are
searched for are glass, ceramic, porcelain, plastic, and metal (Jasuja et al,
2011).

Latent fingermarks, left by the contact of fingers, palms, or soles with
the touched surface, can be developed or made visible by the application
of various methods in routine forensic practice. Applying fingerprint
powder, in which there is no chemical reaction between sweat and the
powder for development, is the most often used one. Various chemical
reagents are also used, such as silver nitrate, ninhydrin, cyanoacrylate
esters, DFO, amido-black, etc. These methods include chemical reactions
between the reagent and sweat. Among physical methods, it is important
to mention optical methods that are often used to search for latent
fingermarks. The optical methods involve the application of light of different
wavelengths (Bjelovuk, 2022, p.180). It is important to emphasize that not
all the methods of developing latent fingermarks are equally applicable,
due to different properties of surfaces on which they can be found.

Brass is an alloy of copper and zinc, and its properties vary according
to the proportions of the components in the alloy. The color of brass is

242




yellow-red - the higher the proportion of copper in the alloy, the closer the
shade is to reddish. The most common are copper and zinc in a ratio of
2:1. It is very resistant to corrosion and friction. The melting point of brass
is 900-940°C, and the density of brass is p = 8.4-8.7g/cm?®. Brass is not a
ferromagnetic material (Symetric.co.uk, 2016). As fingermarks at the
scene can often be found on brass surfaces (ammunition casings,
decorative items, etc.), this paper discusses a possibility of applying
electrochemical deposition of metal to develop fingermarks on the surface
of brass.

In the paper of Swiss scientists who analyzed a number of
publications in the 2019-2022 period in which the topic is related to
fingermarks, it can be found that a large number of published papers (30)
dealt with fingermarks on metal surfaces and cartridge cases. In the
mentioned period, the number of papers dealing with fingermark
development (photography and optical - 13, chemical imaging - 26, amino-
acid reagents — 19, cyanoacrylate fuming — 21, vacuum metal deposition
— 8, physical developer — 4, powder dusting — 188, powder suspensions —
10, nanopatrticles in solutions — 29, lipid stains — 6, other - 22) shows that
the application of electrochemical deposition of metals was not singled out
(Bécue & Champod, 2023). In the last decade, possibilities for a wider
application of different electrochemical techniques for developing
fingermarks have been explored (Qin et al, 2013; Yuan et al, 2021; Yao et
al, 2023). Electrochemical deposition or in short, electrodeposition, is a
well-known and conventional process of coating a layer of one metal on
top of a different metal to modify its surface properties. It is a fast
technique, and easy to use, but it is conditioned by the existence of a
current source and a specific electrolyte. For the purpose of developing
latent fingermarks, it is important to mention that the electrochemical
process of metal deposition can occur only on valleys between ridges
(spatially selective electrodeposition) and that by properly chosen metal to
be deposited and the conditions under which the process takes place, it is
possible to achieve good contrast and resolution. Electrochemical
deposition of nickel is a very suitable process for many technological
applications due to its low resistivity, low cost, and easy growth on different
surfaces in a well-controlled manner.

Brass foil (260 1/2H, thickness 125 um) was chosen for the substrate
in the experiment in accordance with the assumption that there is a certain
probability that fingermarks can be found on brass surfaces (ammunition
casing, decorative objects, etc.) at the crime scene. The rectangular
samples with the dimensions of 50 x 20 mm, 50 x 15 mm, and 50 x 10 mm
were cut from brass foil. A brass thin plate as the cathode was first
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mechanically and chemically polished, then cleaned of impurities with ethyl
alcohol and deionized water and dried by a flow of compressed air. Then
the chosen areas of the plate surface were covered with an insulating tape,
as nickel would not be deposited on the entire surface (Figure 1). The
nickel anode was prepared in such a way that it was polished with
sandpaper and washed in ethyl alcohol and distilled water, after which it
was dried.

Figure 1 — Nickel anode and a sample of brass foil before electrodeposition

Fingermarks of the right finger were left by the donor on the surface
of the plate after the hand was in a silicone glove for 5 minutes to ensure
that there would be sweat on friction ridges. After the light contact of the
finger and the brass plate, a fingermark remained, which is not clearly
visible (latent fingermark). The surface of the mark consists of friction
ridges and interpapillary space. By immersing the electrodes in the
electrolyte and connecting them to a current source in a closed electrical
circuit, the process of electrodeposition begins (Figure 2). The surface of
the brass electrode that is not covered by sweat corresponds to the
interpapillary space. Then the resulting evidence will appear so that the
friction ridges are brass-colored, and the interpapillary space is bright
nickel-colored. An important fact is that a metal has been chosen to
contrast with brass in color. The obtained contrast in these lines will enable
the characteristics, i.e., minutiae, to be clearly visible, and the evidence is
suitable for person identification.
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Figure 2 — Schematic representation of a set-up for electrochemical deposition

The electrodeposition of nickel was performed from a laboratory-
made speed nickel electrolyte consisting of 300 g/l Ni(NH»SO3),-4H0,
30g/l NiCl,-6H20, 30g/l HsBOs; and 1g/l saccharine. The electrolyte was
constantly stirred on a magnetic stirrer. The temperature and the pH value
of the electrolyte were maintained at 50 = 2°C and 4 + 0.05, respectively.
Electrochemical deposition was carried out using the direct current (DC)
galvanostatic mode. The current source could provide currents of 50, 100,
150, and 200 mA. The deposition rate was determined for each current
strength. The deposition time was determined based on the deposition rate
at a given current strength. After the electrodeposition, the samples were
rinsed with deionized water and dried by compressed air. Before and after
each deposition, the samples were weighed on an analytical balance to
calculate the current efficiency of the process. The experiments were
performed in controlled conditions, inside a laboratory with a temperature
of 28°C, and air humidity of 46%.

The laboratory setup for the electrochemical deposition of nickel is
shown in Figure 3. The experiments were carried out in the Forensic
Training Center of the Ministry of Internal Affairs of the Republic of Serbia
at the University of Criminal Investigation and Police Studies.
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Figure 3 — The laboratory setup for the electrochemical deposition of nickel on brass

The developed fingermarks were examined by visual inspection under
magnification and photographed with a camera (Samsung A50, 16 MP
resolution). The assessment of the quality of the developed fingermarks
by the electrochemical method was performed by comparison with the
developed fingermarks using the standard method of applying
ferromagnetic powder with an applicator called “magnetic brush”
(Magnetic latent print powder, regular black No. BPM114L, Sirchie,
Standard Magnetic Powder Applicator). The friction ridges were painted in
black, while the interpapillary space was brass-coloured. The appearance
of the fingermark visualized with magnetic fingerprint powder,
photographed with a scaled photograph, is shown in Figure 4. This method
is standard and has been routinely used in forensic practice for years. By
applying this standard method on brass plates, the identification
characteristics (minutiae), are clearly expressed.

i

Figure 4 — Fingermark on brass surface developed with the use of black magnetic
fingerprint powder
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Determination of the deposition rate and the
microstructure of electrodeposited nickel films

Current density and deposition time are the parameters that
determine the deposition rate and the microstructure of the deposited
metal film. Increasing the current density leads to the deposition of fine-
grained films.

Four samples were selected and prepared to determine the rate of
nickel deposition on brass substrates. On the brass samples, a 10x10 mm
surface was defined using a non-conductive tape, due to the easier
determination of the current density value. The deposition time was fixed
at 60 s, and by measuring the difference in the mass of the sample before
and after the process, it was possible to calculate the thickness of the films
and the deposition rate. The rates of the nickel electrodeposition were
determined as EDNi (50 mA/cm?) = 1.03 ym/min, EDNi (100 mA/cm?) =
1.98 um/min, EDNi (150 mA/cm?) = 3.44 ym/min, and EDNi (200 mA/cm?)
= 4.04 ym/min.

It is known that electrodeposited nickel films have fine-grained
columnar microstructures (Tutulugdzija, et al, 2017). The process of nickel
electrodeposition is followed by the release and adsorption of hydrogen
bubbles on the brass cathode, and there is a need for intensive stirring
during the process. With increasing the current density (the deposition
rate) from 50 mA/cm? to 200 mA/cm?, the efficiency of the stirring was not
good enough and the porous metal films were obtained (Figure 5). The
best quality of the film microstructure was achieved with a current density
of 50 mA/cm?, and it was decided not to exceed this current density value
in the experiments.
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Figure 5 — Determination of the deposition rate on an area of 10x10 mm
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Experimental determination of the optimal conditions
for the development of latent fingermarks

Initial experiments were performed with a defined maximum current
density value of 50 mA/cm?. With the known, calculated deposition rate for
different current densities, it was possible to approximately determine the
thickness of the nickel deposit. The initial deposition time was decided to
be 60s, with an estimated film thickness of about 1 um. As it can be seen
in Figure 6, the deposition time is too long and the nickel film has fully
covered the fingermark.

Figure 6 — Fingermark on the brass developed by the electrodeposition of nickel with the
50 mA/cm? current density and a deposition time of 60s

It is clear from Figure 6 that it was necessary to reduce the deposition
time. The following experiments were performed with the same current
density but with a deposition time of 10s, (5s + a stop for control + 5s) and
7s. The deposition duration of 5s was not enough to develop a fingermark.
As shown in Figure 7, reducing the deposition time improved trace
development.
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Figure 7 — Fingermark on the brass surface developed by the electrodeposition of nickel
with the 50 mA/cm? current density and a deposition time of 10s (sample 3), 5+5s
(sample 4), and 7s (sample 5). On the right is sample 6, on which the fingermark was
developed using the standard powder application method
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When nickel deposition is performed on specific surfaces (which is
the case here, because it is about surfaces on which there are
fingermarks), a high deposition rate is not an advantage because it
reduces control of the thickness and the uniformity of nickel films on such
surfaces.

The deposition rate decreases with the decrease in the current
density. The following experiments were performed with a reduced current
density of 30 mA/cm?. Due to the decrease in the deposition rate, the
deposition time was extended and the experiments were performed for 25s
and 12s. The results of the development of the fingermarks under new
conditions are shown in Figure 8.

Figure 8 — Fingermark on the brass surface developed by the electrodeposition of nickel
with the 30 mA/cm? current density and a deposition time of 25s (sample 11) and 12s
(sample 12)

It can be concluded from Figure 8 that the change in the process
parameters and new conditions of nickel deposition on brass substrates
with fingermarks led to better quality. Lower current density and slower
deposition enabled uniform coverage of the brass substrate surface. A
deposition time of 25s for a current density of 30mA/cm? (sample 11),
proved to be too long as fingermark overlap occurred. In sample 12, the
characteristic details of the fingermark are clearly visible.

The following experimental research went in the direction of
evaluating the quality of developing fingermarks with the further reduction
of the current density. In Figure 9, four brass samples with deposited nickel
films obtained with the 10mA/cm? current density and different deposition
times are shown.
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Figure 9 — Developments of fingermarks on the brass surface by the electrodeposition of

nickel with the 10 mA/cm? current density and a deposition time of 60s (sample 1L), 30s

(sample 2L), 25s (sample 3L) and 12s (sample 4L). On the right, sample 6 is shown, on
which the fingermark was developed using the standard powder application method

On the basis of Figure 9, it can be concluded that good results for
developing fingermarks were obtained by using a current density of
10mA/cm? and reducing the deposition time to 12s (sample 4L). Further
reduction in deposition time led to incomplete fingermark development.

In sample 4L, some characteristic details are clearly visible, which can
be important for identifying a person, and they are presented in Figure 10.

Figure 10 — Development of a fingermark on the brass surface by the electrodeposition of
nickel with the 10 mA/cm? current density and the 12s deposition time. Some
characteristic details of the fingermarks, minutiae (fingermark developed with

conventional magnetic latent print powder Sirchie — left and sample L4 after photo editing

- right) are shown

Discussion

During the experiment, tests were carried out with different values of
current strength, time of nickel deposition, and different values of
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electrolyte temperature in order to find optimal values at which the
developed fingermark will be suitable for person identification.
Fingermarks are suitable for the identification of a person in the Republic
of Serbia. It is necessary to have twelve clearly expressed characteristics,
i.e. minutiae. Smaller values of current density, shorter deposition time,
and smaller values of electrolyte temperature gave a smaller thickness of
the deposition layer. Then the fingermark is not clearly visible, i.e., it is of
lower quality, and thus the potential of identification is small. Also, during
the tests, no high-quality fingermarks were obtained when a longer time of
nickel deposition was chosen. The deposition time of one minute showed
that the entire surface of the brass plate will be covered with a deposited
layer of nickel, i.e., the thickness of the nickel deposition layer is greater
than the depth of the interpapillary space. Such a fingermark is completely
covered with a layer of deposited nickel and is unsuitable for identification.
The optimal current strength at which it was shown that a high-quality
fingermark would be developed by electrochemical nickel deposition was
I = 50 mA, while the deposition time was 60s. The electrolyte temperature
was 54.2°C.

Developed fingermarks were observed under a magnifying glass in
order to analyze the identification characteristics and test the usability of
the fingermark for identification.

The application of fingerprint powder has been widely used for several
decades in forensic practice and is suitable for developing fingermarks on
various surfaces, both metal and other surfaces such as glass, plastic,
porcelain, ceramic, lacquered surfaces, etc. A comparison of fingermarks
developed by electrochemical nickel deposition and the method of
fingerprint powder application was made.

Conventional fingerprint powders have been used for decades in
forensic practice worldwide to develop fingermarks at the crime scene and
such evidence is later used in fingerprint laboratories for identification. This
method is very simple to apply, it does not require complex training, the
equipment is not bulky and heavy (a jar with powder, a brush, and
fingerprint foils for lifting the evidence), it is not expensive, and the
application does not require a lot of time. It can be performed both at the
scene and in the laboratory. The surface on which there is a fingermark is
not damaged after the application of the powder (it is enough to pass a dry
cloth over the surface on which the mark is developed and the surface
returns to its original state), i.e., this method can be characterized as non-
destructive. This method can be applied to both movable and immovable
objects.
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The application of the electrochemical deposition method in these
tests proved to be equally applicable, considering that in both cases,
minutiae can be found (minimum 12). However, this method is only
suitable for metal surfaces, i.e., surfaces that conduct electricity. Also, this
method is suitable for application on objects of small dimensions, i.e., it is
necessary that the dimensions of brass objects, on which there are latent
fingermarks, be smaller than the dimensions of the container with the
electrolyte in order for immersion to be possible. This method is more
complicated to apply at the scene, considering that it is necessary to carry
the equipment (DC source, conductors, electrodes, electrolyte container,
and heating element), provide the space for the equipment at the scene
where it will be installed, etc. When it comes to damaged surfaces with
latent fingermarks, this method can be characterized as destructive,
considering that the caused trace cannot be removed so easily, but
requires mechanical removal such as grinding.

Conclusion

The method of electrochemical deposition of metals is not in routine
forensic application. In recent years, there have been attempts to
investigate the possibility of applying this method. In this paper,
experiments have shown that it is quite possible to apply this method to
develop latent fingermarks on a brass surface.

The use of fingerprint powders for developing fingermarks is
applicable on movable and immovable objects, at the scene and in the
laboratory. It has been confirmed in forensic practice worldwide as a non-
destructive method.

The limitations when performing electrochemical nickel deposition
refer to the necessity of equipment at the scene, and the small dimensions
of moving objects with fingermarks. Also, an object with fingermarks must
be a current conductor, which brass is.

Both methods for developing fingermarks, fingerprint dusting and
electrochemical deposition of nickel, are suitable for identification because
the identification characteristics were clearly expressed.
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Resumen:

Introduccién/objetivo: Se pueden encontrar huellas dactilares latentes en la
escena del crimen en varias superficies y se pueden hacer visibles
mediante diferentes métodos forenses. Como esta evidencia se puede
encontrar a menudo en superficies de latéon (cartuchos de municion,
articulos decorativos, etc.), el articulo analiza las posibilidades de aplicar la
deposicién electroquimica de niquel sobre laton. La condicién para la
aplicacion de esta técnica es la existencia de un sustrato conductor. Los
componentes grasos de las huellas dactilares latentes tienen propiedades
aislantes e impiden el proceso de galvanoplastia.

Métodos: Se utilizaron piezas experimentales delgadas y rectangulares de
lamina de latdbn como sustratos para las marcas dactilares latentes. Las
muestras se desengrasaron en acetonay alcohol etilico, se enjuagaron con
agua desionizada y se secaron en una corriente de aire comprimido antes
de dejar las marcas de los dedos. Para mejorar la presencia de sudor en
las crestas de friccién, se colocé la mano en el guante de silicona durante
cinco minutos. Un ligero toque del dedo indice quedo sobre los azulejos.
Se desarrollaron marcas dactilares en muestras de laton mediante polvo
para huellas dactilares y la deposicion electroquimica de niquel sobre otra
superficie de latdon simultdneamente. Para obtener la mejor evidencia
posible, los parametros que afectan la velocidad de deposicién (densidad
de corriente, tiempo de deposicién) se cambiaron hasta que se obtuvo una
marca dactilar clara.

Resultados: Las marcas dactilares se compararon visualmente utilizando
una lupa con iluminacién para observar el contraste entre las lineas
papilares y el espacio interpapilar y los detalles caracteristicos (minucias).
Los resultados Optimos se lograron con una densidad de corriente
(velocidad de deposicién) de 50 mA/cm2 durante 10 s.

Conclusion: La deposicion electroquimica de niquel sobre latén es una
técnica aplicable para desarrollar marcas dactilares latentes con ciertas
limitaciones.

Palabras claves: marcas dactilares latentes, espacio Inter papilar, laton,
desarrollo de marcas dactilares, deposicion electroquimica.
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BbisiBneHune CKPbITbIX OTNe4yaTKoB nanbueB MeTo40M
ANEKTPOXUMUYECKOro oCaxxaeHnA HUKena Ha naTtyHHbIX NOBEePXHOCTAX

Tamapa C. EBTu4@, Enera C. llamoseu®, MeaHa [1. BbenoByk®, KoppecnoHaeHT
2@ MuHucTepcTBO BHYTpeHux aen Pecny6nukn Cepbus,
r. benrpag, Pecnybnuka Cepbus

6 YHMBEepCUTET KPUMMHANMCTUKMA 1 MOMMLENCKON NMOArOTOBKY,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 55.00.00 MawmHocTpoeHue,
61.00.00 XuMmun4yeckasi TeEXHONOrms,
10.85.31 KpnmunHanuctTnyeckas akcnepTtunsa
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs

Pe3swome:

BeedeHue/yenb: [Mpakmuka cydebHoU 3Kcriepmu3sbl riokasasna, 4mo
CKpbImMble omreqyamKku nanbue8 MOXHO OBHapyXXumb Ha Pas3nuyHbIX
rosepxHoCMsX Mecma fpouclwecmsusi, a 6bisgUMb UX MOXHO
pasnuyHbiMu Memodamu. lockonbKy amu credbi Yacmo ecmpeyaromcsi
Ha flamyHu (2unb3bl, yKpaweHusi, dekopamueHbie rnpedmems! U m.o.), 8
O0aHHOU cmambe 06cyx0aromcsi 803MOXHOCMU HaHECEeHUS! HUKEss Ha
JIamyHHYyI0 No8epxXHOCMb MemodOM 3/1EKMPOXUMUYECKO20 OCaXOEHUS.
Ycnosuem npumeHeHuUsi 3mozo Memoda sierisemcsi Hanudue nposodsweli
MOONIOXKKU, MaK KakK Xupoeble KOMIMIOHEHMbI Crie008 NanusispHbIX JUHUG
obnadarom usonupyrowuMu ceolicmeamu U Mpensmcmesyom rnpoueccy
371€KMPOOCAKOEHUS.

Memoosbi: B Kayecmee MOOJIOXKKU ucriofib308asuch
3KcriepuMeHmarsibHble MOHKUE MPSIMOY20/IbHbIe KYCOYKU J1amyHHOU
¢onbau, Ha KoOmopbIX ocmanucb caedbl nanumispHbIX JUHUL.
Obpasybl bbinu 06e3KupeHbl auemoHOM U 3mursioebiM CrupmomM,
3amem ux rpomsiganu deuoHU3UposaHHoOU eodoli u o6dysanu cmpyel
cxxamoz2o 8030yxa 00 rosierieHus €nedo8 nanuiispHbIX JIUHUU
nanbyes. [ns yeenu4eHusi nomosbidesieHus1 Ha nanusiispHbIX JTUHUSIX,
Ha pyKy 8 meyeHue 5 MuHym Hadesasiu CUSIUKOHOBYIO Mepyamky.
lNocrie neako2o MPUKOCHOBEHUS yKazameslbHO20 nasnbya K rraacmuHe
ocmasarcs cned. Crnedbi nanunaspHbIX AUHUU Ha 1amyHHbIX obpa3syax
ebisiefieHbl C  [IOMOWbIO  OaKMUIIOCKOMUYEeCKo20  ropouwka U
00HOBPEMEHHO20  3/IEKMPOXUMUYECKO20 OCaXO0eHUsI HUKeNs Ha
Opyayro namyHHylO MaacmuHy. B uenax rnony4yeHus Jyquiezo
omrieyamka, rnapamempbl, GUSIOUWUE Ha CKOPOCMb OCaXOeHUs,
MeHsnucb 00 mex rop, noka He O6bia nonydyeH 4Yemkul crned
nanuiisipHbIX TUHUL.

Pesynbmamesi: Bu3yanbHoe cpasHeHue credog mnpou3eodusiocs ¢
nomMowbro nynbl ¢ nodceemkol, Komopasi ycunugeana KoHmpacm
mexoy usemom nanunnispHbIx NUHU, MEXCOCOYK0B8020
npocmpaHcmea U xapakmepHbix demarnel (MuHyyuu). OnmumarbHble
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pesynbmamsi 6biiu docmueHymel Npu MAOMHOCMU moka (ckopocmu
ocaxodeHus1) 50 mA/cm2 6 meyveHue 10 c.

Bbigodbl: Sriekmpoxumudeckoe ocaxoeHue HUKesns Ha famyHHYH
1o8epxHoCMb 518711€MCs MPUMEHUMbIM MemodoMm (C HeKomopbIMu
02paHU4eHUsIMU) 8bISI8IEHUS CKPbIMbIX C1€008 NanusispHbIX JUHUU.

Kntoyesble  crnosa:  cKkpbimble — cfielbl  NanUAAsPHbIX — SIUHUL,
MEXCOCOYKOB0€E POCMPAaHCMB0, JlamyHb, B8bISIB/IEHUE CKPbIMbIX
€nedos, 3NeKMpPoXUMUYeCcKoe ocaxdeHue.

MN3a3nBatbe naTeHTHUX TparoBa nanunapHUx NuHuja MeTo4oM
eNieKTpoXemujcke Aenosunumje HUKNa Ha MECUHTY

Tamapa C. Jestuh?, JeneHa C. Nlamoseu?®, Meana [. Bjenosyk®, ayTop 3a
npenucky

@ MnHuCTapcTBO yHyTpallkux nocrnosa Peny6nuke Cpbuje,
Beorpag, Penybnuka Cpbuja

6 KpMMUHanucTMyKo-nonmumjckn yHusepauteT, beorpag, Peny6nvka Cp6uja

OBJIACT: maTtepujanu, XxeMujcke TEXHOIOrMje, MalMHCTBO, KPMMUHANUCTMKa
KATEITOPUJA (TUM) YITAHKA: opyruHanHu Hay4yHu pag

Caxemak:

Yeod/cepxa ucmpaxuearba: JlameHmHU mpazosu nanunapHUx fuHuja
npcma ce y (OPeH3UYKoj rpakcu Mo2y Hahu Ha pasnudumum
rnospwuHama Ha mecmy 0ozafjaja U y4uHUMU 8udrbUBUM Pa3sIUuYuMuUM
memodama. Kako ce osu mpazosu 4decmo moey Hahu Ha mecuHay
(MyHuyujcka Yaypa, ykpacHu rnpedmemu u 0pyeo), y pady cy paamompeHe
MoeayhHocmu npuMeHe enekmpoxemujcke dernosuyuje HUKIa Ha MecuHay.
Ycrioe 3a rnpumeHy o08e mMexHUKe jecme [ocmojaHe Mpo8o0HO2
cyncmpama. MacHe KoMMoOHeHme mpaea nanumapHux NuHuUja umajy
ceojcmea u3onamopa U cripedyasajy rpouec efiekmpodenosuyuje.

Memode: ExcriepuMeHmanHu maHKu rpasoyeaoHu 0erniosu MecuHeaHe
¢onuje kopuwheHu cy 3a nodrnogy Ha Kojy cy ocmaerbaHu mpazosu
nanunapHUx JsuHuja. Y3opyu cy odmawheHu y auemoHy u emursi-
arnkoxory, ucrnpaHu y OejoHU308aHOj 800U U OCYyWeHU cmpyjarbem
KoMmripumosaHoz ea3dyxa npe Hez20 WMo Cy OCMmas/beHU mpazosu
nanunapHux nuHuja. Padu noeeharba npucycmea 3Hoja Ha narnunapHum
JIUHUjamMa, pyKa je cmaesbeHa y CUJIUKOHCKY pykasuuy Ha 5 MuHyma.
JlazaHum Godupom nnoquUe Kaxurnpcmom ocmasrbeH je mpae. Tpazosu
nanunapHUx fuHUja uza3eaHu Cy Ha y3opuyuma MecuHza Kopuwherem
0aKmurioCcKorckoe — rpaxa U, UCIMOBPEMEHO,  efleKImpPOXeMUCKUM
marioXXereM HUKIIa Ha Opyay MecuHaaHy rioduuy. Padu dobujarba wmo
KeanumemHujee mpaza, MeraHu Cy rnapamempu Koju ymu4dy Ha 6p3uHy
deno3uyuje cee 00k Huje B0bujeH jacaH mpaa nanusiapHUX JuHuja.
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Pesynmamu: Tpazosu cy eusyesiHo yriopehusaHu romohy nyne ca
oceemrberbeM Kako 6u ce yo4uo KoHmpacm u3mely 6oje nanunapHux
JlUHUja u mefjynanunapHoe fpocmopa U KapakmepucmuyHu Oemarbu
(muryuyuje). OnmumarHu pe3ynmamu nocmugHymu cy cmpyjom 2ycmuHe
(6p3uHom marnoxera) 50mA/cm? 3a 10 s.

3akrbyyak: EnekmpoxeMujcko maroxXeme HuKia Ha MeCuHay je
MPUMEHIbUBa MEeXHUKa 3a U3a3uearse JJameHmMHUX mpazosea narnunapHux
JUHUja ca o0pefieHUM oepaHuYerbuma.

KrbyyHe  peyu: nameHmHU — mpaz2oeu  nanunapHux — fuHuja,
MeRynanunapHU MPocmop, MecuHa, u3a3ueare lameHmMHUX mpazoe8a,
eniekmpoxemujcka dernosuyuja.
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