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Abstract:

Introduction/purpose: Hydrogen is the most abundant element in the
universe (75 % by mass) and the lightest element (with a density of
0.00082 g/cm?®) which consists of only one proton and one electron.
Because of its presence in many different forms such as gaseous
hydrogen, its plasma species, water, acid, alkalline, ammmonia and
hydrocarbons, it has various applications in different industrial disciplines.

Methods: Different hydrometallurgical and pyrometallurgical methods are
considered in order to point out many different processes such as
formation of hydrogen, reduction of metallic oxides and chlorides, and
electrochemical reactions such as hydrogen overvoltage and the spillover
effect. Ultrasonic spray pyrolysis enables the formation of very fine
aerosols which can be used for the production of metallic powders.

Results: Hydrogen formation was observed during the dissolution of
metallic allloys with hydrochloric acid. The reduction of metallic oxides and
metallic chlorides by hydrogen leads to the formation of metallic powders.
Metallic powders were collected by a new developed electrostatic
precipitator.

Conclusion: Hydrogen can be applied in different reduction processes for
the production of metallic powders. Recycling processes can be used for
the formation of hydrogen. A new research strategy for powder production
is proposed combining recycling of the black mass of used Li-lon
batteries, ultrasonic spray pyrolysis, and hydrogen reduction.

Key words: hydrogen, reduction, formation, acid, recycling,
electrostatic precipitator.
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Introduction

Hydrogen as the key element in energy transition replacing fossil
fuels and their CO, emissions was used as a reducing agent instead of
carbon thus attracting strong interest in hydrometallurgy and
pyrometallurgy of non-ferrous metals (Stopi¢ et al, 1997b). Control of
hydrogen formation during hydrometallurgical processes such as
electrocoagulation and winning electroysis has a high significance for
metal recovery (Rodriguez et al, 2007b)

During sulphuric acid pressure leaching of copper oxidic ores
containing silicates, the leaching solution contains copper sulfate with a
low concentration of copper (approx. 5-10 g/L). After solvent extraction,
the concentration of copper is increased until 30-40 g/l. Copper
formation is possible by using hydrogen reduction in an autoclave under
increased temperature (Hage et al, 1999). One version of this reduction
process is gaseous reduction where metals are precipitated from leach
solutions by direct contacting with reducing gases such as hydrogen and
carbon monoxide. For the same fuel consumption, hydrogen reduction
has the potential to produce two to six times as much metal as the
competing traditional electrowinning process (Sista & Sliepcevich, 1981).
To date, gaseous reduction has been practiced commercially primarily in
batch operations or in semi-continuous, stirred autoclaves and tubular
reactors. Under high pressure and temperature conditions, hydrogen
reduction of aqueous copper sulfate in a continuous flow tubular reactor
requires strict control of both feed temperature precipitation of basic
copper sulfate and inlet pH-values (about pH-Value of 1.8) to prevent the
formation of cuprous oxide during reduction. A bench scale investigation
on the hydrogen reduction of a highly acidic copper bleed solution was
performed in a titanium lined autoclave of 1 L. A producing 99% copper
powder recovery which was reached at a pressure of about 2400 kPa, a
reaction temperature of 453 K, and a stirring speed of 400 rpm for a
reaction time of 2 h (Agrawal et al, 2006).

Similarly to copper production, an alternative process to
electrowinning for the recovery of nickel from purified nickel solutions is
hydrogen reduction under high pressure and high temperature conditions
(Crundwell et al, 2011). Hydrogen reduction is carried out by injecting
hydrogen into aqueous ammoniacal nickel sulfate solutions in stirred
high-pressure autoclaves. The following steps are performed: the
preparation of nickel ‘seed’ powder; the reduction of solution batches; the
finishing of a 50 tonne “lot” of nickel powder; and the preparation of the
autoclave for a new cycle.
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This literature review aims at advances in understanding the role of
hydrogen in non-ferrous metallurgy. The formation of hydrogen and its
application for the synthesis of metallic powder will be explained in this
study.

Hydrogen formation in hydrometallurgical processes

The formation of hydrogen was presented in zinc winning
electrolysis, the treatment of wastewater with copper electrolysis, and in
the treatment of black mass for recycling used Li-lon batteries.

Zinc winning electrolysis

The formation of hydrogen in zinc winning electrolysis was
performed in an electrolytic cell from the water solution of zinc sulfate, as
shown in Figure 1.

Figure 1 — Electrolytic cell
Puc. 1 - OnekmponusHas siyelika
Cnuka 1 — henuja 3a ennekmponusy

The formation of hydrogen is described via the following chemical
reactions:
At the cathode:

Zn?" + 2" =>»Zn° 1)
At the anode:
H-O 91/2 Oy, + 2 H"+ 2e (2)
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Under the standard conditions, hydrogen is more noble than zinc
and therefore zinc cannot be precipitated in the electrolysis of aqueous
solutions. Every electrochemical reaction is inhibited in a different way for
hydrogen, as shown in Figure 2.

Elements more ignoble than Elements more noble
hydrogen than hydrogen
Zn~>2Zn Fe"SFe H'H, Cu*3Cu AU SAU
| 1
i >
>

Figure 2 — Hydrogen overvoltage in zinc winning electrolysis
Puc. 2 — lNepeHanpsixeHue 8o0opoda rpu rnosayHeHuU YUHKa 371eKmposiu3om
Cnuka 2 — lNpeHanemocm 8000HUKa y 0obujarby YUHKa er1eKmposiu3om

The movement of the potential is enabled through
the choice of different parameters: concentration of sulfuric acid,
electrolyte temperature in an electrolytic cell, current density, and
concentration of zinc in an acidic solution. Therefore, hydrogen
overvoltage (potential difference that can be found between an electrode
and a reversible hydrogen electrode within a single solution) leads to zinc
precipitation as shown in Figure 2. Hydrogen is formed at an increased
temperature of electrolytes (60°C), smaller concentration of zinc in an
acidic solution, smaller current density and in the presence of iron and
copper ions (catalytic effects). The analysis of the mechanism and
kinetics of the hydrogen evolution reaction has confirmed that the
hydrogen evolution reaction (HER) is the simplest electrocatalytic
reaction (Lacia, 2019). With the development of renewable energy
sources, electrolytic production of hydrogen becomes an alternative way
of hydrogen production for internal combustion engines and fuel cells.

Electrocoagulation method for hydrogen formation

Electrocoagulation (EC) is an old electrochemical technique for
treating polluted water using electricity instead of expensive chemical
reagents such as sodium hydroxide needed for a chemical precipitation.
EC was firstly proposed in London in 1889, where a sewage treatment
plant was built and an electrochemical treatment was used via mixing
domestic wastewater with saline. In the United States, J.T. Harries
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patented a wastewater treatment by electrolysis using sacrificial
aluminium and iron anodes in 1909. Electrocoagulation (EC) may be a
potential answer to environmental problems dealing with water reuse,
hydrogen production, and rational waste management. The Integrated
Treatment of Industrial Wastes towards Prevention of Regional Water
Resources Contamination (INTREAT) Project results (2004-2006)
confirmed the feasibility of the EC process for industrial contaminated
effluents from Cu production, taking into consideration technical and
economical factors. (Rodriguez et al, 2007a). The EC-reactor uses
electrodes from aluminium and iron. This EC-reactor is connected with
the control unit as shown in Figure 3.

Conductivity transmitter

PCU

Control unit

Power conditioning

— Conductivity
| ['] Electrodes sensor
V

Flow meter
[> -reac

C‘>:<]
Magnetic stirrer

Figure 3 — Experimental setup for wastewater treatment by the EC-process
Puc. 3 — BkcnepumeHmarnbsHasi ycmaHoska 07151 O4UCMKU CMOYHbIX 800 Memodom
anekmpokoazynsyuu.

Cnuka 3 — Anapamypa kopuwheHa 3a npeyuwhasare ommnadHux 8oda Mpoyecom
enekmpokoazynauuje

Storage tank Product tank

This EC-equipment enables the wastewater treatment and
measurement of removed metals as well as the analysis of the
concentration of the formed hydrogen.

As a working hypothesis, Al**aq) ions are formed in the first step
(Eq. 3).

Al(s) + 6H.0 — Al(H0)e%* + 3e— ©)
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At the cathode, hydrogen is evolved with the formation of OH~ (Eq.
4) thus raising the pH of the solution.

2H,0 + 2 e— — 2 OH- + H, 4)

This leads to the hydrolysis and condensation of Al(H20)s** in a
stepwise fashion (Eq. 5) through Al;(OH)2(H20)s ** leading finally to an
amorphous insoluble polymeric hydroxide [AI(OH)s]n " (H20)x

2 AIH,0),”" — AL(OH),(H,0), " +2H,0’ (5)

Hydrogen was formed during the decomposition of water and the
transformation of complex aluminium hydroxide complexes to hydrogen
ions.

Recycling the black mass from used Li-lon batteries

Today, the production of Li-ion batteries is widely considered to be
crucial technology since it can help decarbonize transport and increase
the penetration levels of intermittent renewable energy sources.

Because of high demands, used lithium-ion batteries from different
sources and chemistries (lithium cobalt oxide — LCO, and lithium nickel
manganese cobalt oxide — NMC) were used after a vacuum chamber
treatment, mechanical and thermal treatment by pyrolysis in the nitrogen
atmosphere.

After that, thermally treated cells were submitted to shredding and
magnetic separation to remove the steel casing from the cells and the
Fe-rich fraction (Vieceli et al, 2023).

Subsequently, the black mass was sieved at 1 mm. The fraction rich
in Al and Cu foils was removed in the coarse fraction (>1 mm) and the
black mass was used for leaching with hydrochloric acid.

The main components of the black mass are graphite, mixed alloys
(MnNi,MnNiCu and CoNi), oxides (CoO, NiO, LiMnNiO,, LiCoOg;
MnosFeo20,), carbonates (Li.COs), fluorides (LiF), and phosphates
(LiCo(POa)z2).

The leaching concentration of 4 mol/L was used in 100 L reactors
(as shown in Figure 4), using a solid/liquid ratio of 0.3, at an atmospheric
pressure, and at temperatures below 100°C.

The chemical composition of the black mass is shown in Table 1.
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Table 1 — Chemical composition of the black mass from used Li-lon batteries
Tabnuya 1 — Xumuydeckuli cocmae 4epHOU Macchl U3 UCMOMb308aHHbIX UMUU-UOHHbIX
aKKyMyrnsmopos
Tabena 1 — Xemujcku cactaB ,LUpHor npaxa” u3 otnagHe Li-lon 6atepuje

Element| C Li Co Mn Fe Cu Ni Al total

(%) 315 | 342 | 155 | 924 | 0.74 | 7.92 | 6.73 | 5.00 | 79,85

Hydrogen was formed using the following reactions:

MnNi + 4 HCl = MnCl + NiCl, + 2 H, (6)
CoNi+ 4HClI = CoCl, + NiCl, + 2 Hy @)
MnNiCu + 6 HCI = CuCl, + NiCl, + MnCly+ 3 H; (8)

During this treatment of the black mass with hydrochloric acid, very
hazardous hydrogen fluoride was formed:

LiF + HCI = HF + LiCl 9)

Figure 4 —Reactors for the dissolution of the black mass from used Li-ion batteries
Puc. 4 — Peakmopsl 0n1s1 nepepabomku YepHOU MaccChl U3 UCMOIb308aHHbIX IUMuU-
UOHHbIX aKKyMyisimopos
Cnuka 4 — Peakmopu 3a pacmeapare upHe mace u3 ommnadHux Li-ion 6amepuja
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The formed hydrogen was observed in the reactors and its
concentration measured using TESTO-devices for the gas analysis.

Application of hydrogen in the production of metallic
powders

The application of gaseous hydrogen for the reduction of metallic
oxides and metallic chlorides, in comparison to alternative reducing
agents such as carbon and carbon monoxide, has some advantages, as
shown with equations:

MeO + Hz = Me + H,0O (10)
MeO + C= Me + CO (11)
MeO + CO = Me + CO; (12)
MeCl, + Hz = Me + 2 HCI (13)
2MeCl; +2 C =2 Me + CCl4 (13)

The advantages of hydrogen as a reducing agent:
1. Formation of water instead of carbon monoxide and carbon
dioxide through the reduction of metallic oxides,
2. Formation of an acid instead of hazardous carbon tetrachloride
through a reduction of metallic chloride, and
3. Environmentally friendly process.

Hydrogen is used to be not only a source of clean fuel energy, but
also a reducing agent for metals production in the current industrial
decarbonization effort. Hydrogen is only commercially utilized in the
production of a limited number of refractory metals (i.e., W, Mo) and
partly utilized in Ni and Co metals production. An improvement of
hydrogen reduction was obtained using the hydrogen spillover effect. The
hydrogen spillover effect (HSPE) is the most important interfacial
phenomenon in which active hydrogen atoms generated via the
dissociation of H, on one phase (metal surface) migrate to other phases
(support surface) and participate in the catalytic reaction of the substance
adsorbed on that site (Shen et al, 2022).

The hydrogen spillover effect was confirmed for hydrogen reduction

of nickel chloride and nickel oxides in the presence of palladium, copper
and nickel (Stopi¢ et al, 1997a). Hydrogen is mostly used for the
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synthesis of metallic powders from water solutions of metallic nitrates
and metallic chloride by ultrasonic spray pyrolysis and subsequent
hydrogen reduction (GUirmen et al, 2009). The equipment for the
synthesis of metallic powder contains an ultrasonic generator, a furnace
and an electrostatic precipitator, as shown in Figure 5.

T ——

Figure 5 — Ultrasonic spray pyrolysis equipment
Puc. 5 — Ycmpoticmeo 0nsi nuponu3a yribmpa3eyKo8biM PacribiieHUem
Cnuka 5 — Anapamypa 3a pacrnpwugare 800eHUX pacmeopa y yrmpa3ssy4YHoM rosby

Hydrogen is mostly used with argon in order to prevent the formation
of an explosive mixture and to avoid the formation of ammonia.
Concerning the applied flow rate of hydrogen and argon, the production
rate amounts to about 5g of metal per one hour in laboratory conditions.

Metallic powder was usually collected with a wet scrubber or an
electrostatic filter. The newest developed electrostatic precipitator by
PRIZMA, Kragujevac, is shown in Figure 6.
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Figure 6 — Electrostatic precipitator for collecting powder developed by PRIZMA,
Kragujevac, Serbia
Puc. 6 — Snekmpogpunbmp 055l u3sreqyeHuUs: Nopowika, paspabomaHHbil kKomraHuel
PRIZMA, Kpazyesau, Cepbus
Cnuka 6 — Enekmpocmamuyku npeyunumamop 3a cakyrn/bake rpaxosea pa3gujeH y
komnaHuju ,[pusma”, Kpazyjesau, Cpbuja

A new electrostatic precipitator uses a rotating electrode enabling
the collection of powders avoiding condensation until 300°C.

Conclusion

Hydrogen is mostly formed during the zinc winning electrolysis, the
electrocoagulation process, and through the recycling process using acid
dissolving metallic alloys. The formed hydrogen is measured and stored
in metallic powders such as LaNi5 in order to be used for the reduction
process. As a favorable reducing agent in comparison to carbon and
carbon monoxide, hydrogen is used for the formation of metallic
powders. The ultrasonic spray pyrolysis of the water sollution of metallic
chlorides and metallic nitrates, with subsequent hydrogen reduction,
produces submicron and nanosized powders. The combined strategy of
hydrogen formation and its application is shown in Figure 7.
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Black mass from LiB Acid

Metallic salts

Hydrogen Formation

Gaseous
Hydrogen

USSP with Hydrogen reduction

Metallic powder Acid

Figure 7 — Formation of gaseous hydrogen and its application
Puc. 7 — ObpasoeaHue ea3006pa3Ho20 800opoda U e20 npuMeHeHue
Cnuka 7 — ®opmupar-e 2acosumoe 8000HUKa U H-e208a npuMeHa

As shown in this figure, it is possible to recycle used acid and return
it to the dissolution of black mass, which is an innovative route.

References

Agrawal, A., Kumari, S., Bagchi, D., Kumar, V. & Pandey, B.D. 2006.
Hydrogen reduction of copper bleed solution from an Indian copper smelter for
producing high purity copper powders. Hydrometallurgy, 84(3-4), pp.218-224.
Available at: https://doi.org/10.1016/j.hydromet.2006.05.010.

Crundwell, F.K., Moats, M.S., Ramachandran, V., Robinson, T.G. &
Davenport, W.G. 2011. Chapter 27 - Hydrogen Reduction of Nickel from
Ammoniacal Sulfate Solutions. In: Extractive Metallurgy of Nickel, Cobalt and
Platinum Group Metals, pp.347-354. Elsevier. Available at:
https://doi.org/10.1016/B978-0-08-096809-4.10027-9.

Gurmen, S., Guven. A., Ebin, B., Stopi¢, S. & Friedrich, B. 2009. Synthesis
of nanocrystalline spherical cobalt-iron (Co-Fe) alloy particles by ultrasonic spray
pyrolysis and hydrogen reduction. Journal of Alloys and Compounds, 481(1-2),
pp.600-604. Available at: https://doi.org/10.1016/j.jallcom.2009.03.046.

Hage, J.L.T., Reuter, M.A., Schuiling, R.D. & Ramtahalsing, I.S. 1999.
Reduction of copper with cellulose in an autoclave; an alternative to electrolysis?
Minerals Engineering, 12(4), pp.393-404. Available at:
https://doi.org/10.1016/S0892-6875(99)00019-9.

793

Stopi¢, S. et al, Formation and application of hydrogen in non-ferrous metallurgy, pp.783-796



ﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 3

Lasia, A. 2019. Mechanism and kinetics of the hydrogen evolution reaction.
International Journal Hydrogen Energy, 44(36), pp.19484-19518. Available at:
https://doi.org/10.1016/j.ijhydene.2019.05.183.

Rodriguez, J., Stopi¢, S. & Friedrich, B. 2007a. Continuous
electrocoagulation treatment of wastewater from copper production. World of
Metallurgy - ERZMETALL, 60(2), pp.89-95. ISSN: 1613-2394.

Rodriguez, J., Stopi¢, S., Krause, G. & Friedrich, B. 2007b. Feasibility
assessment of electrocoagulation towards a new sustainable wastewater
treatment. Environmental Science and Pollution Research - International, 14(7),
pp.477-482. Available at: https://doi.org/10.1065/espr2007.05.424.

Shen, H., Li, H., Yang, Z. & Li, C. 2022. Magic of hydrogen spillover:
Understanding and application. Green Energy & Environment, 7(6), pp.1161-
1198. Available at: https://doi.org/10.1016/j.gee.2022.01.013.

Sista, K.M. & Sliepcevich, C.M. 1981. Kinetics of continuous hydrogen
reduction of copper from a sulfate solution. Metallurgical Transactions B, 12,
pp.565-568. Available at: https://doi.org/10.1007/BF02654328.

Stopié, S.R., lli¢, I.B., Nedeljkovi¢, J.M., Rakogevi¢, Z.L.J., Susi¢, M.V. &
Uskokovi¢, D.P. 1997a. Influence of hydrogen spillover effect on the properties
of Ni particles prepared by ultrasonic spray pyrolysis. Studies in Surface Science
and Catalysis, 112, pp.103-110. Available at: https://doi.org/10.1016/S0167-
2991(97)80828-2.

Stopi¢, S.R., lli¢, 1.B. & Uskokovi¢, D.P. 1997b. Effect of Pd, Cu, and Ni
additions on the kinetics of NiCl2 reduction by hydrogen. Metallurgical and
Materials Transactions B, 28, pp.1241-1248. Available at:
https://doi.org/10.1007/s11663-997-0079-2.

Vieceli, N., Vonderstein, C., Swiontek, T., Stopi¢, S., Dertmann, C., Sojka.
R., Reinhardt, N., Ekberg, C., Friedrich, B. & Petranikova, M. 2023. Recycling of
Li-lon Batteries from Industrial Processing: Upscaled Hydrometallurgical
Treatment and Recovery of High Purity Manganese by Solvent Extraction.
Solvent  Extraction and lon Exchange, pp.1-16. Available at:
https://doi.org/10.1080/07366299.2023.2165405.

O6pasoBaHuve 1 NnpumMeHeHne BOAOPOAA B MeTannyprum LBETHbIX
MeTannos
Cpeyko P. Ctonuy, koppecnoHaeHT, bepHO . Ppugpux

TexHu4yeckuin yHMBepcuTeT ropoaa AxeH,
MHCTUTYT MeTannypruyeckmx npoLeccoB 1 peuuKnMpoBaHusa MeTarnsos,
r. AxeH, PepepaTnBHasn Pecnybnvka MepmaHus
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Pe3swowme:

BeedeHue/uenb: BolOopod sernsemcsi cambiM  pPacrpocmpaHeHHbIM
ariemMeHmomM 60 BcernenHol (75 % no macce) u cambiM fie2KUM
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anemeHmom (¢ nnomHocmeto 0,00082 a/cm3). OH cocmoum ece20 nullb
u3 00HO20 MPOMoHa U 00HO20 ariekmpoHa. briazodapsi e2o codepxaHuro
80 MHOXecm8e pasfiuyHbIX (hOPM, MaKux Kak ea3006pasHbili 8000po0 U
€20 rrasmMeHHble pasHogudHocmu, 8oda, Kucrioma, wemnods, aMmMoHul U
yareeo0opoldbl, OH WUPOKO MPUMEHSEMCS 8 pa3fiuYHbIX Ompacrisix
MPOMbILNIEHHOCMU.

Memodbi: B cmamee paccmampusaromcsi pasnuyHble
eudpomemarnsypaudeckue U nupomemarnypaudeckue mMemoodbl C Uesibio
8bISIBNIEHUSI  MHOXecmea  pasfluYHbIX — MPOUECccos,  Mmakux  Kak
obpasosaHue 8o0opoda, 6occmaHoerieHue OKcudo8 U  xropudos
Memasios, a makxe 3/IEKMPOXUMUYECKUEe peakyuu, maKue Kak
nepeHaripskeHue 8odopoda U noboyHbie agghekmnbi.  [luponus
ynbMpa3eyKoBbIM pacribifieHUeM 10380ssiem rnosyYams Mesibyaliiue
aspo30/u, Komopbkie Moaym bbimb UCMOMb308aHbl Orsi fpouzeodcmea
Memariu4ecKuUX rnopoLIKos.

Pesynbmamsi: [lpu pacmeopeHuu mMemasnnu4yecKux Ccriiagos CoJisiHoU
KucriomoU  ebisiesieHo  obpaszosaHue eodopoda. BoccmaHosneHue
memarnnos u3 okcudoe u xmopudoge 8odopodom rpugsodum K
obpa3zosaHuo Memarnuyeckux rnopowkos. C MOMOWbLIO HOB020
paspabomaHHO20 anekmpocgpunbmpa Obinu  U38IEYEHbI  MOPOWKU
mMemarnsios.

Bbigodbl: [lpoyeccbl peyupKynauuu moaym Obimb UCMOIb308aHbl 8
npoussodcmee eodopoda. B ceow ouvepedb, 8000p00 MOXHO
ucrionb3ogamb 8  pasfiUuyHbIX  [poyeccax B80CCMAHOBNeHUs 8
rpouseodcmee Memariu4ecKkux nopowkos. B cmamee npednazaemcs
Hogasi uccriedoeameribCKasi cmpameausi, codemarowjasi npou3sodcmeo
eodopoda e npouecce nepepabomku «4epHOU Macchly U3 AuMuUl-
UOHHBIX  aKKyMyJIimopog8  C  ynbmpasgyKoebiM  HarlblIeHUeM,
mepMUYECKUM pasrioxXeHUeM Kariu U 80ccmaHosieHuem 800opooda.

Kntoyesbie cnosa: e000pod, eoccmaHoesieHue, obpa3osaHue,
Kucroma, peuyupKynsayus, aaekmpogunbmp.

dopmMupare 1 NpUMeHa BOJOHUKA Y MeTanypruju o6ojeHnx meTana

Cpehko P. Ctonuh, ayTop 3a npenucky, 6epHd I'. ®punapux

TexHWUYKU yHUBep3uUTeT y AxeHy, VIHCTUTYT 3a NpoLecHy MeTanyprujy u
peuuknuparse metana, AxeH, CaBesHa Penybnvka Hemauka

OBJIACT: xemujcke TexHonoruje
KATETOPWJA (TWUM) YIAHKA: nperneaHu pag
Caxemak:

Yeod/yurb: BodoHUK je HajpacripocmpareHuju ennemeHm yHusep3syma (75
% maceHux rpouyeHama), Kao U Hajnakwu (eycmura 0.00082 2/umd), koju
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ce cacmoju 00 jeOHO2 rMPoOmMoHa U jedHo2 erleKmpoHa. 3602 eernukoe
fpucycmea y pasnudumum ¢hopmama, Kao Wmo cy 2acosumu 8000HUK,
nnasma-obnuyu, eoda, kKucesnuHa, 6ase, aMOHujak U jedurbera ca
yarbeHUKOM, 8000HUK UMa 8UCOKY MPUMEHY Y MHO2UM UHOYCMPUjCKUM
OucyurnnuHama.

Memode: Paznudume npuomemanypuike u xudpomemarypuke memoode
pasmompeHe cy y Hamepu 0a ucmakHy MHO20 pasfuqdumux rpouyeca —
gopmupar-e 8000HUKa, pedyKyuja MemarHux okcuda u xnopuda, Kao u
€/IeKmpoxXeMUjcKe peakyuje, Kao WMo je npeHanemocm 8000HUKa.
Ynmpasgy4yHo pacripwiugarbe  ca MepMUYKUM pa3srfazareM Karu
omozyhasa hopmupare YUHUX aepocorna, Koju KacHuje mozy bumu
KopuwheHu 3a npou3eo0Hy MemarsiHUX rpaxosa.

Pesynmamu: BodoHuk je ¢hopmupaH pacmeaparem sieaypa us ,UpHe
mace” QobujeHe mpemmaHoM omnalGHUX Jumujym-joH 6amepuja.
Pedykyujom memasnHux okculGa u mMemasHux xsopuda 60OOHUKOM
Oonasu 00 ¢hopmuparba MemarnHux rnpaxoea. OHU Cy CaKyr/baHu y
HOBOM yrimpa3ey4HoOM rpeyunumarnmopy.

Sakmbyvak: lNpouyecu peuyuknuparba mMoenu 6u bumu uckopuwheHu 3a
gopmupar-e 8000HUKa Koju MOxe 6umu fpuMeHseH y pasnuqumum
pedyKUUOHUM npouyecuma 3a rpou3sody MemarsnHux rpaxoea. Hoea
ucmpaxueadyka cmpameauja KOMOUHyje pou3eodry B000HUKa Yy
rpouecy peuuknupaHa ,upHe mMace” u3 numujym-joH bamepuja 3ajedHo
ca ynmpasgyyHuM pacrpuwiueareM, mepMuyKuM pasfazamem Kanu u
B8000OHUYHOM PedYKUUJOM.

KmbyyHe pedu: 8000HUK, pedykuuja, opmupare, KucesuHa,
peyuKnupame.
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