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The evaluating methods of corrosion resistance of automotive sheets
with zinc-based coatings

Gabriela Baranov§g, M8ria Hagar ové

Institute of Materials ad Quality Engineeringi-aculty of Material, Metallurgy and Recycling
Technical University of Kosic®a k Ko me b s kOBRh2o 010 Ko gi ce

Abstract

The article deals with evaluating methods of increased corrosion resistance of steel sheets by m
coat application on their surface. Nowadays, the most used coats are those based on zinc, for the re
there isan optimal ratio betweeits qualities and its pricelhe qualities of the coat can be improved
by modifications of its chemical composition therefore new researches can be carried out in this fie
of study.

Introduction

Steel sheets have anportant function in automobile industry; therefore demands
for their qualities are very high. These sheets are expected to be well compressible, weldable, varnishz
[1] and last but not least their corrosicesistance is very importamt.vehicle life-time isto aconsiderable
extent limitedby durability of abodyshell;that is often limited by its corrosion resistance. The extent
of acorrosion attack dependsn material composition, quality of material surface, characteristics
of an external environmenhut also other influences such as aggressive contaminats in the atmospher
contact of dissimilar noble metals, solid particles residuals, dust, etc.[2] New kinds of coating sheets he
been developed to restrict formation of diverse corrosion damages ted#l smouldings
(as apart of body shell) but mainly to increase their-tifae.

Zinc-basedCoatings

Currently, galvanized steel sheets have the largest participation in the field of coated sheets, due tt
rentability regarded qualitgost ratio[1]. Galanized coatings offer anticorrosive protection to steel substrate
in two ways: barrier effect (prevents intrusion of oxygen and atmosphere humidity) and cathodic protecti
in the defect. Protective features afaating depend, tolarge extent, on itthickness, compactibility and
adhesion to substrate.

A zinc coating can be deposited by ddgh galvanization (HDG) or electro galvanizing (EG).
A commonly used coat based on the zinc basis-isad | ed Agal vanneal ed ( GA)
by zinc, but it contains also compounds ofF@ . ltds an annealed zinc c
coatings are presented in Tab. 1.

Table 1Advantages and disadvantages of certain kinds of galvanized coatid§)s [3

Thickness

Type of coating (e m)

Advantages Disadvantages

formability, weldability,

Agal vanne|6 flaking by plastic deformation

price
hotdip galvanize 720 ductility, price abra§|on of electrodes in resistance ¢
welding
. - . 100
electro.lytlc 75 ductility, formablity high prlce (+10% compared to hot d
galvanized galvanized)

Defining the nature of products formed during corrosion process with different kinds
of coatings and different exposition conditions can be the key to make protective layer
with  higher quality. Inproving anticorrosive properties of zinc layer can be arrived
by adjusting chemical composition. The coatings based on ti#d-Efg alloys seem to be very perspective,

6
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investigated in various publications-T$ which demonstrate their higher corrosion sesice. Mg and Al
create a passive layer on a coating surface and therefore they decrease electrochemical activity of z
perhaps evenstcorrosion products, by whichnatural protection of coated material is facilitat¢gk10].

The influence of magsium on the corrosion resistance of a galvanized coating is presented
in Figures 1 and 2. With the higher concentration of Mg and Al increase thémédeof a coating

in corrosive environment of salt spray was observed.

The corrosion resistance es with higher weight of coating$0]. The authors used cyclic corrosion tests
in a salt spray test chamber for the testing of durability of these coated sheets.

s | | I
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3 //.
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Figure 1 Theinfluenceof Mg content (%) on the
start ofcorrosionprocesf coatings [10]
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Figure 2 The influenceof Al content (%) orthe start
of corrosion process abatings [10]

In comparison with pure zinc coatings the-ZiMg coatings hee better mechanical properties,
better weldability, compressibility, and ultimately they reduce zinc consumffijon.



METALURG JUNIOR 2@ 10.-11.May 2018> I SNU ye&

The determination methods of corrosion resistance
For determining the corrosion characteristics of coated steel the laboratoryorotesss were used,
which complement each other and therefore more complex corrosive characteristics of the samp
can be reachédi:
- Measuring the open corrosion potential OCP of the samples during the period of expositio
in corrosive environment
- deermining the corrosion rate of exposed samples according to Tafel and Stern. The kineti
of overall reaction depends on the kinetic
on the basis of potentiodynamic polarization curves
- determiningthe corrosion potential and current density of bimetallic cell by Evans polarization
diagrams. The change of the corrosion rate in a bimetallic joint can be predicted by variatio
of ratio anode to cathode surface.

The author [4,11] studied possibiis of usage the bimetallic couples of metal materials under real
conditions. The resistance against the degradation by differently electrochemical noble material coup
is determined by fAanodi c i nde xqEofsinglk matenialsyfrerp wheks e n
the bimetallic couple is built. The particular outcomes are demonstrated in Tab. 2. On this bas
the bimetallic joint, which waa galvanized coatinglF (Interstitial Free) steel, was suitable even for more
aggressivenvironment.

Table 2 The criteria of suitability of bimetallic joint placement in environment on the lmagis Aan o

i ndH¥. o

Anodic index Environment

® E < 500 nonraggressive environment
® E < 250 more aggressive environment
@ E anv150 aggressive environment

The author [4] dealt with the determining of corrosion characteristics, e.g. bimetallic ¢oziple
coating and IF steel or another couples of metals exposed in different model environments, whi
represented operating atiions: 3% NaCl, SARS as simulated acid rain solution. From the results of open
corrosion potential (OCP) measurement in the work listed above was clear that zinc coating on the steel
highly corrosion resistance atiterefore it seemed asore likelyto be used in more aggressive corrosion
environments (Fig. 3).



METALURG JUNIOR 2@ 10.-11.May 2018> I SNU ye&

_TIVIE DEPENDENCY OF CORROSIDN
POTENTIAL IN DAY 1

-300

SARS Is (Zs+IF)

SARS_IF (Ze+IF)

4 SARS_Ze (Ze+A))

- SARS Al{Ze+A)

396NsC1_Is (Ze+AY)

doi

don

& 3

= b
- - - b

dea |
6.ded |
8.ded |
12dah
16 dod
Z.dei |
30.ded |
7 dok
4dod
76.dei |
94dod |
100 ded |
1B ded |

66 doh
B80.den

115
o

87

30eNaCI1_Al (Ze—Al)
Exposure time {day)

Figure 3 The results of measuringsg:for couples: Zn+IFsteel(SARS); Zn + Al (SARS); Zn + Al (3%NacCl) [4]

The Aan o dwag estimatet dox measured OCP values of tested dliimatouples during
exposition time under simulated corrosive environments. The specific outcomes of measurements
presented in Tab. 3 together with suitability of usage of these couples in differently aggressi

environments.

Table 36 An o d i c orihaetdseed matefial couples [4]

AAnodi c i AAnodi c i
according to Environment according to measuring Tested couples
references Esce
@ E < 25| Moreaggressive @E = 161 | zn+Al(solution SARS)
environment
i E = 147 Zn + Al (3% NacCl
® E < 15| aggressive P ( . )
environmet @E = 2 m| Zn+IF (solution SARS)
Sykes and Xu [12] dedicated their work to studying of electrochemical reactions

of bimetallic couple F&n (galvanized steel), which is coated by paint with high ionic resistance
andexposed to NaCl solution for 12 days. Their aim was to create well defined galvanic cell between irc
and zinc (simulation of real damage of zinc coating on the steel). They used a combination of vario
methods of corrosion resistance (EIS, OCP, potstatic measuring). In separate measurements changes
in the coating above anode and cathode were assessed by EIS, and the anodic polarization of the
and cathodic polarization of the steel were measured potentiostatically. Evans diagrams wereuwtarried
from real data after corrections, from these combinations of measurements. (Fgures 4
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Figure 4 Evans diagram for zinc and steel (day 4), Figure 5 Evans diagram for zinc and steel (day 12),
with potential drop (dash line). with potential drop (dash line).
Cathodiccurve (stel ) : 2z ; anod[lad ¢ Cathodic curve (st ee[l?) :

In the both graphs there is a little polarization of the steel cathode. After four days
of sample exposition, OCP of zinc is high so theczpolarization is yet low. However, after 12 days
exposition, the zinc polarization is clearer than after 4days exposition and OCF
is moving downwards, what authors ascribe to the coatiagility to exclude chlorine. Chlorine would,
otherwise, initiateactive zinc dissolution.

Conclusion

Surface treatment of metallic materials is being applied in order to improve their qualities. Increase
corrosion resistance is showed up on eased reliability and liféime of overall coated system.
The methods foevaluation of corrosive resistance coated materials conduce to define their suitabilit
for usage under both simulated and real operating conditions.
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Autotrophic growth and CO, fixation of iron oxidizing bacteria

Zuzana B8rtovsg, Daniel Kupka

Institue of Geotechnics, Slovak Academy of Science
bartova@saske.sk, dankup@saske.sk

Introduction

Iron oxidizing bacteria were among the first groups of microbes to be recognized for carrying
out a fundamentajeological process. Because of difficulties in culturing important community members
and many questions about their metabolism, studies -oiiezing bacteria have lagged behind the other
important lithotrophic bacteria. Nowadays, research on lithoicpptxygendependent iron oxidizing
bacteria that grow at low pH (less than 3) is acceler@ling

There has been a great increase in our knowledge and understanding of microbiology divers
of biomining environments and mutual microbial interactions. The results from laboratorymesr
(stirred tank and heap bioreactor systems simulations) have shown that microbial communities are m
wholesome than pure cultures of mineral oxidizing acidophiles. They also tend to be more effecti
at bioleaching and bio oxidizing ores and thesght be adapted to meet future challenges in biomining
operationg2].

Iron -oxidizing bacteria

The ironoxidizing acidophilic bacteria may be cherot@rophs that assimilate Gy using
the energy derived from the ferrous iron oxidat{@® or mixotrophs and heterotrophs that metabolize
organic carbon. They are though to play an important role in generating leach liquors by converting harc
soluble metal sulfides via biochemical oxidation reactions into water soluble metal sulfates and maintaini
robust bioleaching microbial communitig 4].

Ferrous iron is not the only energy source for acidophilatere. Substrates like reduced inorganic
Sulphur compounds (RISC), such as hydrogen sulfide, elemental sulfur, thiosulfate, or tetrathiona
and also some metal sulfides can be used as sources of Eblerghpreover, it has been shown that
ferrooxidanscan use hydrogen as sole source of energy with oxygen as terminal electron §6teptor

For our purpose we were dealingith acidophilic iroroxidizing bacteria. Good example
of such a bacterium is model organisAtidithiobacillus ferrooxidanslt is a chemolithoautrophic,
o-proteobacterium which thrives at low pHi@). It solubilizes copper and other metals from sulphide
minerals and plays an important role in nutrient and metal biogeochemical cycling in acid envirgi@ments
As it is considered to be a model organism, the whole genome was sequenced and important genes ne
for its chemolithoautorophic lifestyle were identified by Valdes ¢7jl.

Those finding we can apply also on other acidophilic, -owridizing bacteria
such asAcidithiobacillus ferrivoranghat we used in our experiments. In particular, we were using strain
SS3purified by colony isolation from a Norilsk mininggion [8]. Using this culture, we were focusing
on ferrous ion oxidation, Oconsumption, C@fixation and bacterial growth under ¢@nd Q limited
conditions.

CO;, fixation

Autotrophic fixation of carbon dioxide into delar carbon occurs via several pathways
but quantitatively, the Calvin cycle is the most impor{&ht

Primary reaction in Calvin cycle is the addition of £@olecule to the molecule of ribulose
bisphosphate. This reaction is catalyzed by the enzyme calldouloéel,5bisphosphate
karboxylase/oxygenasg)Q].

Naturally, there are 4 forms of the RuBisCO enzyme. Three of them (RuBisCO |, Il, 1ll) catalyzes
the carboxylation and oxygenatioof ribulose -1,5-bisphosphate and the forth on@RuBisCO V)
is so called RuBisCO |Iike enzymegllland it doesnot

11
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Type | RuBisCO has been considered the nabsindant enzyme on Earth, being present in plants
and algae as a chloroplast protein. Type Il RuBisCO is found primarily in the Proteobjd@esiaggested
that the type Il is the ancestral form of RuBisCO because of its relatively poor affinity for carbon dioxide
Type 1l RuBisCO functions best under environmental conditions with high concentrations of carbon dioxid:
and low oxygenlevel, a situation reminis[t3dgnt of early Ea

The two types differ structurally, with type | RuBisCO containing eight large and eight small
subunits; whereas type Il RuBisCO has only large subunits which are alsdurslly different
from the large subunits of type | RuBis@0Y].

It is proposed that all thgenes of Calvin cycle are composed of five gene clusters that are predicte
to encode all the enzymes involved in the Cabyiole and also associated so cattadboxysome formation

[19].

Carboxysomes are intracellular compartments found in cyanobacteria andlsemeautotrphs.
They encapsulate the enzymes carbonic anhydrase and ridyelsisphosphate carboxylase/oxygenase
(RuBIisCQ. lIts function is to concentrate G@rownd RuBisCO eliminating the competitive reaction with

oxygen[16].

Bacterial cultivation in mineral, liquid medium with ferrous iron )
We cultivate A.ferrivoransS S3 a't | ow t e mpwerfacuswn E&soxidatbrirete a
and also on the rate of G@nd Q consumption.
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Figure 1 CO, and Q consumption rate and GO Figure 2 CO, and Q consumption rate during
and Q limitation after the exponential phase durin unlimited bacterial growth. The culture was
bacterial growth with limited aeration incubated without gas limitation.
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Results and discussion

For our purpose we used small reaction flasks, with magnetic stirring set at 350 rpm. During tt
incubation CQ and Q consumption rates e&ve measured dine by gas analysis. Bacterial cultufe
ferrivoransSS3 originating from Norilsk mining region was used in the experiments.

In Fig. 1 we can notice plateau region of growth curve which represents gas limitation for bacteriz
culture. Itmeans that after initial exponential phase the growth rate had been limited by gas transfer rate ¢
afterwards the bacterial culture grew linearly. After*{JFelepletion the growth rate decreased to zero.
In addition, we can notice small value of £@ease which can be explained by the carboxysomes presence
in the bacterial cell.

In the Ag. 2 we can see unlimited growth of the bacterial culture in the same medium With Fe
There is no gas limitation and just after the energy souré®) (@ been epleted from the medium, culture
growth rate decreased.

In the Hg. 3 and 4 we can sammparison of @(Fig. 3) and CQ (Fig. 4) consumption rate during
limited and unlimited growth. Notice, that cumulative oxygen consumption is the same in both cagses whe

appr ox. 30 mM of <consumed o0 X ysgacentration wheets ip 528 thM.t o
It is according to following formula 1.:

AFE"+4H +O,Y 43 F2H0 1)

Cumulative CQ consumption is higher in the case of unlimited growthictv means higher yield.
It means, that understanding the mechanisms and kinetics of bacterial growth and ensuring appropr
incubation conditions can lead to more efficient growth of bacteria and accordingly to better yield of the
metabolitesand oxidhtion activity

Conclusions

Many mining companies have become aware of the microbiological approaches potenti
for recovering base and precious metals from-¢pade ores, and also for remediation of acidic, réthl
wastewaters. Biological systemsfasf a number of environmental and also economic advantages over
conventional approaches, even though their application is not convenient in every kind of situatio
Many people speculate that bio mining will increase significantly in terms of the rangeefal ores
and concentrates processed and the scale of metal produced, in the 21s{Zentury

13
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Abstract

Water pollution is worldwide environmental concern. Tlifeative strategies of water treatment
inpure by pollutants (mainly heavy metal ions and organic dyes) can be treated with adsorption usi
graphene oxidéased composites, which shows strong binding with these pollutant sp8cigdhene
is a singleatomc layered material, made by the powerful oxidation of graphite, which is cheap
and generous. Graphene oxide is an oxidized form of graphene, laced with-ogyp¢gEining groups. In this
paper, a Hummers and Improved methods for preparation of graphdeeaox described. An electroplating
method will be used to synthesize graphene oxide architectures, exhibing ultrahigh capacitance as electr
and more active surface area for adsorbing chargers.

Introduction

Graphene is an exciting material of the R2XI®ntury, as a singlatomic layered material
of sp2 bonded carbon atoms in honeycomb crystal lattice is interesting for researchers over the world |
Graphene oxide (GO), the functionalized graphene containing epoxy and hydroxyl chemical groug
has a superior properties such as large surface area, mechanical stability, tunable optical, thern
and excellent electrical properties [2]. Nowadays, graphene can be produced by micromechanical exfoliat
of highly oriented pyrolytic graphite (HOPG), epiial growth, electrochemical exfoliation, chemical vapor
deposition (CVD) and different chemical method [3]. Usually, GO is made by the powerful oxidatior
of graphite using Brodie method, Staudenmaier method, Hofmann method and Hu@ifesran method
andalso their modified and improved forms [4]. In these methods, initially graphite powder is chemically
reacted with acids (HCI, 130, and HNQ etc.) followed by the intercalation of alkali metals (alkali metal
compounds KCI@ KMnO,, NaNG; etc.) into the gaphitic layers [5]. Brodie first demonstrated
the synthesis of GO in 1859 by adding a portion of potassium chlorate to a slurry of graphite in fuming nitr
acid [6]. In 1898, Staudenmaier improved on this protocol by using concentrated sulfuric aci
aswell as fuming nitric acid and adding the chlorate in multiple aliquots over the course of the reactiol
This small change in the procedure made the production of highly oxidized GO in a single reaction ves
significantly more practical [7]. In 1928, koann used combination with concentrated nitric acid
and potassium chlorate. In 1958, Hummers reported the method most commonly used today, the grap
is oxidized by treatment with potassium permanganate and sodium nitrate in concentrated sul{&jic acid
However, in this paper, both the modified Hummers and the Improved method, mdremdly method
without using NaN@was employed. This improved method can produce a greater amount of hydrophili
oxidized graphene material and eliminates toxiegd83].

Hummers method

GO was prepared by oxidizing the natural flake graphite with a mixture of concentrgg€y, H
NaNG; and KMnQ, by a modified Hummers method. First graphite powder and sodium nitrate were stirrec
in sulfuric aci diceabath The seadtion dakes placeOwhéh aimixture of potassium
permanganate as strong oxidizing agent is combined with a concentrated sulfuric acid (Eg. (1)). In ter
of the permanganate used as an oxidizing agent, it is generally accepted that threactaia specie
in oxidation of graphite is the dimanganese heptoxide;(¥nas can been seen in Eq. (2), not taking into
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account the changes in the method,®ht an r eact expl osively as | ong
or to come into contaatith organic compounds [9]. During the stirring, the suspension becomes thick
and was then further diluted using water and treated wi@y KB%) to reduce the residual permanganate
and manganese dioxide to colorless soluble manganese sulfate. Fimatjtjutéd suspension was filtered
and washed several times with water to remove the soluble salt [5]. The dry form of GO was obtain
by centrifugation followed by dehydration at room temperature in vacuum.

KMnOy+ 3H,50,— K+ + MnO; + H;0% + 3HS0; (1)
MnO] + MnO; - Mn,0; 2)

Chemical species involved in the synthesis of graphene oxide [9].

Improved method

Afterwards, more ecfriendly method without using NaNOwas employed, which can produce
a greater amount of hydrophilic oxidized GO material. This method elimit@atesgases and simplifying
the disposal of waste waters. Increasing the amount of KMa@l performing the reaction in a 9:1 ratio
the mixture of HSQY/H3PO, improves the efficiency of the oxidation process. The effectiveness
of an oxidation process tiie GO is often evaluated by the carbon/oxygen ratios [3].

Electrophoretic deposition

lectrophoretic deposition (EPD) is a tgtep process in which charged particles in suspension move
toward an electrode of opposite charge due to the influence ofleatriee field and then deposit
to form a compact film at the surface [10]. The formation of a homogeneous, closely packed deposit requi
the use of a stable suspension in which the particles are dispersed with minimal aggregation. Sta
suspensions ad wide assortment of materials can be prepared by tuning the ppditide interactions,
foremost of which are attractive van der Waals forces and repulsive electrostatic forces. EPD can dept
multiple layers of colloidal graphene and may improve dbeductivity of previously oxidized graphene
through reduction electrochemistry [12].

SEM measurement

Surface morphology of stainless steel plates were measured by field emission scannig electt
microscopy MIRA 3 FESEM microscope (TESCAN, Czech Repapl Measurment has been applied for
the surface examinatiofhe SEM images of stainless steel plates are shown in Fig. 1, displays thicknes
of graphene oxide layers on stainless steel plate. EPD produce thin films, which usually exhik
agglomeratedrad wrinkled architectures.
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Figure 1 a) SEM picture of stainless steély SEM picture of stainless steel after EPD with graphene oxide

Applications

Graphene and its derivatives are very attractive for constructing membranes fafficighcy
separation applications including water purification and desalination-p@®ner membrane shows
excellent water flux and salt rejection (a NaCl rejection of 99.9%), alongside excellent mechanical stabili
and chlorine tolerance for the osmosis procesd].[lIn our study, GO will be employed
for the electroplating/surface covering of the stainless steel electrode. Electroplating method will be us
to synthesize 3D porous GO architectures, exhibiting ultrahigh capacitance and energy density as .electro
Electrochemical oxidation technique is simple and effective for treatment of various wastewaters. Oxidar
are produced during the process directly at the electrode surface or indirectly from chemical compour
in the treated water [13]. It is expectdtht surface covering of the stainless steel electrode by GO will
provide more active surface area for adsorbing chargers and thus increase efficiency of electrochem
oxidation technique in wastewater treatment.

Conclusions

It is widely recognized thananotechnology and applications may play an important role resolving
issues related to water and soil clegn Due to their large surface areas and their size and shape depende
catalytic properties, considerable efforts are given to explore usesnofmaterials in application such
as sorption. In the polluted water, various GO composites not only display strong affinity for the adsorptic
of heavy metal ion and organic contaminants but also function as efficient chemical and photo cataly
in conwerting the toxic metal ions and organic contaminants in to the harmless products.
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Introduction

Atrazine is a commonly used selective herbicide of the triazine class. It has been widely use
in the world. Atrazine wabanned in the European Union in 2004, becausts ehdocrine disruptor effects,
possible carcinogenic effect, and negative environmental impact when the contamination in groundwa
exceeds the safety levels stated by the EU.

Atrazine

Atarzine (GH14CINs) was developed by Geigy laboratories in 1958 in a series of triazine herbicides
Atrazine is an organic compound consisting of @nazinering. Its main role is to eliminate the broadleaf
weed and increase the agricultural output of crops. The e#eess of atrazine is based on blocking
the plastogiunon®inding protein in photosystem Il and to accelerate the oxidative damage by breakin
down the electron transport systghh.

CH; N/CLN
A A~

Figure 1: The structural formula of Atrazine

The effects of atrazine on human health and environment were studied for decadesprédade
and repeated usage of triazine class pesticides can cause disruptionarinenslystem, low birth weight,
risk of preterm delivery and malformation of an embryo (teratogen eff@ti$3], [4].
The negative effect of atrazine d¢amination can be represented on amphibians. Teratogenic effect
on population of frogs causes demasculinization on males and disruption of endocrine system. Even at
concentrations of atrazine male tadpoles turned into hermaphrodites and had botandhdmale
characteristic$5]. Degradation of atrazine is accelerated in soil byattteon of bacteria, although in fresh
water and ground water the breakdown of atrazine is slower. Because of this persistence, atraz
can accumulate in drinking water and cause severe, long term health prfjlems
Advanced oxidation processes (AOPs) have been widely used to improve biodegradability of mai
xenobiotc compounds. The use of AOPs as atpeatment for the enhancement of the biodegradability can
be justified if the intermediate products resulting from the reaction can be used by microorganisms.

Electrochemical oxidation

Electrochemical oxidation (EQs the most popular procedure among the electrochemical advancec
oxidation processes (EAOPs) for removing organic pollutants from wastewater. The basic princip
of electrolytic oxidation of persistent organic compounds is oxidation of the primaryuteddo smaller
degradable molecules or to fully oxidize to £@rganic ions. This oxidation can be achieved by two ways:
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- Direct anodic oxidation, which is based on the direct transfer of electrons to the anode.

- Mediate reacti on 0,fwhidhward praaluacsby therearolysisdf watef A OH
The action produced radicals can achieve partial or full degradation of pollutants. These types of chemi
radicals enable the full oxidizing of pollutants to £&rganic ions, or production of carbdxgcids, which
are biodegradablg].

2H,0O Y 2 OHRA2+ 2 H

OHY OHA + e
We can differenti at eacbteitvneede ne |fieaccttriovdeeos .and fAnon
Active electrodes are produced from precious metals Au, Pt; and metallic oxides TiQ2RUQ.
On the surface of the electrode active centerséM al oc at e d, which reacts wh
centers. These MQ@enters reaavith organic compounds and educates to the basic state.

M + AOH YeMO + H
Non-active electrodes are BDDBoron doped diamond electrodes, metallic oxides of.PBID,. On these
el ectrodes active centers are not being for med
centers.

M + AOH Y M(OH) A
The selection of the anode material plays a key role in the effectiveness of the degradation of orga
pollutants[8].

Materials and methods

Synthetic aqueous solution of atrazine was prepared by dissolving 20" magallytical standard
grade atrazine (FETANALE Sigma Al drich) i n 8 mM NacCl e
was adjusted at pH 4 with hydrochloric acid.
Electrolysis of the atrazine solution was performed under galvanostatic conditions in an undivide
electrochemical cell. Two diffené anodic materials were used in the tests. Titanium mesh coated with
mixed oxides of Ru@lIrO,/TiO, i . e . di mensionally stable mixed
and niobium mesh coated with a boron doped diamond layer (BDD anode) respectively. sStagdkes
plates were used as cathode material. The electrolysis was carried out at room temperature in a batch r
at current density 100 A The solution was méd by upflow gas lifting (Fig.2).

[ ] [

Figure 2 Electrochemical cell; 1 DC power supply?2 i thermostat, 3 gas sampler, # electrodes, Hair input, 6i fritted glass
sparger
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The reaction cell was gas tight sealed by the lid with openings for excurrent gas samplin
and occasional withdrawal of liquid samples. The cell gas was analyzitedior oxygen and carbon
dioxide. Pure nitrogen was directed to electrolytic cell at the bottom and sparged by porous glass frit. Bef
the start of electrolysis, the electrolyte was made free of oxygen and carbon dioxide by pasgisg N
through theelectrolytic cell for about 20 min. When current was applied the gasesC@) produced
in the electrochemical reactor yielded an upwgwdhg signal from the zero (baseline) value.

During electrochemical treatment, the liquid samples were withdraevn fhe electrolytic cell at regular
intervals for chromatographic and mass spectrometric analyses. The products of electrochemical degrads
of atrazine were separated using high performance liquid chromatography (HPLC) on reversed pha
The separatedpecies were detected by diode array detector (DAD) and electrospray ionization mas
spectrometry (ESMS).

Results and discussion

The extent of atrazine mineralization was evaluatedinen by monitoring the amount of GO
liberated in the course of etealysis. The amount of carbon dioxide produced during the electrochemical
oxidation of atrazine corresponds to the TOC decrease (Fig. 3).

BDD anode ai

Organic carbon degradation (mg L)

14 DSA anode

0 —== +— 1 “
0 60 120
Time (min)

T T T
180 240

Figure 3 Degradation of organic carbon calculated from,@&@duction during electrochemical oxidation of atrazirign BDD
and DSA anode respectively.

The carbon mass balance was calculated from the initial organic carbon concentration of the atraz
solution and the amount of carbon released as i@Qhe off gas. The molecular formula of atrazine
CgH14CINs compries eight atoms of carbon which accounts for 44.55% of the molecular mass of atrazin
Accordingly, complete mineralization of 20 mg atrazine yields 8.91 mg of carbon in the form.of CO

The results obtained at electrochemical treatment with BDD and D®dearevealed differences
among the electrochemical processes which implies different degradation mechanisms. The oxidat
of organic compounds occurs primarily through reactions with hydroxyl radicals. In general
the effectiveness of an electrocheniggidation is proportional to the ability of anode material to generate
hydroxyl radicals.

The high overpotential for oxygen evolution and the low adsorption density of OH radicals
onto the BDD anode surface, allow favorable conditions for effectivdat®gn of organic matter. During
electrochemical oxidation with BDD anode very high concentration of OH radicals can be reached in a tr
liquid film near the electrode surface where the organic compounds are mineralized with high faradaic yiel
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Titaniumbased mixed metal oxides are good catalysts for chlorine evolution. However, using these ano
materials, organic oxidation yields low current efficiency for complete combustion, since they favo
the secondary reaction of oxygen evolution. No full milestion to CQ, nor complete TOC removal,
could be obtained with mixed metal oxide anodes. The production phC@e initial stage of electrolysis
with DSA anode might be the result of the mineralization of small aliphparts of the compound

( T GIKEH.I ) whereas the aromatic ring of the atrazine molecule stayed intact.

Conclusions

Electrochemical oxidation is an emerging technology for cleaning up wastewater contaminated wi
various organic compounds. Our experitsehave demonstrated effective decomposition of the pesticide
atrazine by anodic oxidation in electrochemical cell. The complete mineralization of the organics to C(
and good Faradic effici-aotyveanebec bmbanadverpoemtialiuls |
such as BDD, because these electrodes involve the production of hydroxyl radicals, thekeotvely
oxidize the organic pollutants and their intermediates.

On the other hand, the mineralization of organic carbon in the electrochemachll wi t h A a
anode was low. COformed during the electrochemical reaction with the DSA anode was the produc
of the incineration of the side chains of the atrazine molecule without opening the triazine aromatic ring.

A low oxidation power ande is characterized by a strong electidgeroxyl radical interaction
resulting in a high electrochemical activity for the oxygen evolution reaction and to a low chemica
reactivity for organics oxidation. Several authors have reported thattijf@Aanoés coated with mixed
metal oxide layer can be used efficiently for organic disposal by indirect electrolysis generating in situ acti
chlorine by the oxidation of chloride ions present in the solution.

Electrochemical oxidation can be used as-tpFratmeét step to enhance biodegradability
of the refractory xenobiotic compounds. Although a complete mineralization of the pollutants
by electrochemical treatment is usually not economically feasible, the combination of both electrochemic
and biological telsnologies is widely reported to reduce operational costs.
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Abstract

Automotive industry is one of the largest cuseéwsnfor aluminium castings. Casted parts of engine
blocks and heads are one of the most demanding areas of casting process. New generations of engine b
and cylinder heads are designed to keep or even increase performance, while decreasing fudic@onsumj
and emissions. This means increased geometrical complexity of inner channels. Additionally, last dece
is characterised by an effort in using ecologically friendly inorganic binder systems in core making proce:
which brings along well known techlogical challenges such as decreased krotkproperties compared
to organic binders. This paper deals with knock properties evaluation by method of abrasion resistance
measurement on test bars after t hehdifferent doropasitiono f
were tested for knoekut properties, selected mixtures were then used for core production
in order to confirm laboratory trials in real production of aluminium cylinder head casting. Results showe
that evaluation oshakeout piopertiesby described method correspond well with the production trials.
Mixtures with 30% addition of fine sand exhibited decreaskdkeout propertiesas well as mixture
containing different type of powder additive.

Introduction

Nowadays, sand coregeamost often produced from rediwonded silica sands, which release
emissions and related odour not only during casting but also during core production process. Const
pressure of increasing environmental requirements and safety regulations resultetbvielopment
of new hot cured two component inorganic binder systery.[Managing the demanding technological
requirements of organic binder systems which result from the increasing demands on castings qua
represents grand challenges for inorgabiader systems developers [3]. Inorganic binders based
on modified silicate or water glass solutions as new binder systems, which are cured by heat were prese
at GIFA 2003 by leading binder system producers and suppliers. The fact, that mouldimglsnate
with "classic" water glass binder can reach significantly higher strengths by drying when using heated toc
was the main idea of development [4,5,6]. Depending to the nature of hardening process, different chara
of gel is reached. Result of eh&cal way of curing is a gel disrupted by crystalline formations,
which are causing internal stress in gel (Fig. 1 a). Gel is then brittle and cohesive force
as well as compression strength are low. On the other hand, gel created via physical waggof cur
is creating intact and coherent layer which results in higher strength properties and cohesive forces (Fig. :

[7].

Figure 1 SEM image of binder bridge created by a) chemical reaction, b) physical curing [7]
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Princige of hotcuring process with inorganic binder systems consists of blowing moulding material
into a heated core box on commercial core blowing machines. Core box is usually heated betwe
100 - 200AC depending mai nl vy on c o r ystemg wsedm([&,9, 10}y ,
When the moulding mixture is in the core box, due to a heat a shell along the outer contour of the cc
is being formed. Whole process is ideally accelerated by purge of the hot air, which improves heati
of moulding material andtahe same time efficiently drains off the water expulsed during curing. Curing
process has mainly physical basidrying of solvent water, but also chemical reaction can be triggered
depending on binder system used [5]. During curing process, dehydvhtdiali silicate solution occurs,
which leads to a potgondensation reaction and crosslinking of silicate particles, through a reactive group
of powder additive particles silicate networked is created (Fig. 2) [11].

_‘5.0.'”.
WO ‘0 O MR
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‘o o -y
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Figure 2 Effect of additive on silicate network creation [11]

Additives are blend of natural and synthetic compounds, their main function in the binder systel
is to accelerate curing reaction, increase immediate and final strength, increase humidity eesistar
and improve knoclout properties. Additionally, additives can improve other properties such as surface
of the casting, depending on their composition. Although, developers of inorganic binder systen
significantly improved binder systems for aluminiumastings for automotive industry, there
is still a connection to technological problems compared to-teEsided sands such as lower knock
properties, low ability to reclaim [8] and limited storage of cores [3].

Materials and methods

Shakeout progerties (decoring ability, knockout properties) can be defined as ability of sand mould
or sand core to disintegrate after casting (thermal load) and cooling down to krogki(@ecoring)
temperature [12].Thede-coringis usually carried out by machkin whereby the steps are subdivided
into prede-coringand the actuale-coringand shaking out. In principle, tlereis broken by introducing
impact energy (using a hammer or vibration/swinging energy) and the broken mould material can trick
out of thecoreholes of thecasting- often aided by a simultaneous turning moveméntver knockout
properties of alkali silicate based binders in combination with geometrically more complex cores for engit
block and cylinder head castings often lead to aameimg sand in the small cressctions of the casting
channels (e.g. water jacket cooling system). This research work is focused on dealing with such a probil
in specific cylinder head casting. Mixtures presented in Table 1 were tested for-dutopkperties
evaluation in laboratory conditions by method described below [13]. After collecting data of-dutock
behaviour, castings were produced with selected mixtures and aiteridg controlled by XRay method
for remaining sand in the water jacketohels.
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Table 1 Overview of tested mixtures

. Sand : Additive
Mixture Coarse [%] | Fine [%] Binder amount [%] Type | Amount [%)]
No. 1 70 30 2,30 A 1,20
No. 2 70 30 2,40 A 1,10
No. 3 100 - 2,40 A 1,10
No. 4 100 - 2,30 B 1,30
No. 5 100 - 2,20 A 0,80

Method of abrasion resistance measurement on test bars

Test bars were produced on Benetlab laboratory core blower with blowing and curing describe
in [14]. Test bars, after cooling to the ambient temperature, were placed inthreé&urndh e at ed t o
for 10 minutes in order to simulate thermal load during casting process. After 10 minutes, test ba
were removed from the furnace and cooled down to the ambient temperature. Next step was measurer
of the abrasion resistanceing +GF+ device (Fig. 3) for 60 seconds. Measure of kimtkproperties
is then calculated using equation (1).

D ="2""2 100% (1)
iy
where:D i decoring ability [%] m, T weight of the sample before test ,[gh. T weight of the sample
after test [g]

The higher percentage mixture has, the better kiootkproperties. This method provides only
relative value of knoclout properties of tested mixture and cannot consider geometrical complexity
of the core itself. On the other hand, after collection digaht data, man can decide whether it is needed
to use mixture with better knoedut properties and choose other recipe with higher percentage value
obtained by this method.

3 St
. bl e eead)

Figure 3 +GF+ device for measurement of abrasicsigtance

Results and discussion

Figure 4 shows results of evaluation ofaw®ing ability of tested mixtures in laboratory conditions
according to the method of abrasion resistance measurement on test bars after thermal load. From the re
it can be sen that each tested mixture has different krmekproperties. Lowest value had mixture No. 4
with 45,59%, highest deoring ability showed mixture No. 5 with 100%.
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Figure 4 De-coring ability of tested mixtures

After laboratoy evaluation of shakeut properties, cores from tested mixtures were prepared and
casted. Shakeut of castings with all mixtures was performed under constant conditions of time
and pressure of hammers. Blockage of the water jacket channels was abiyolldRay method, figure 5
shows channels free of residual sand (a) and channels blocked with sand (b).

Figure 5 X-Ray pictures: a) casting with free channel, b) casting with blocked channel

Figure 6 represents percentagéuea of castings with residual sand inside of water jacket channels.
From the results it can be seen that laboratory results correspond well with production trials. Cores frc
mixtures 3 and 5 with 75,37% and 100%aieing ability were successfully remalérom casting. Cores
produced from mixtures 1 and 2 with 55,27 and 70,40% -@fodieg ability had some castings with blocked
water jacket channels and mixture 4 with lowestcdeng ability of 45,59% could not be removed
from any casting. Mixture 1 cemined lower binder amount and higher powder additive amount,
which did not result into better knodut properties than by mixture 2. Mixtures 2 and 3 differed
only with 30% of fine sand addition, which is increasing compaction of core, but at thetisagne
decreasing knockut properties. Mixture 4 contained different type of powder additive, which resulted
in lowest decoring ability, that points on very high impact on powder additive composition. Mixture 5 had
lowest binder and powder additive amguamhich results in lower strength and at the same time in excellent
knockout properties.
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Figure 6 Evaluation of decoring ability in production trial

Conclusions

This paper dealt with knoekut properties of two component iganic binder systems cured
by heat. In first step, 5 mixtures were tested in laboratory conditions by method of abrasion resistance on
bars after thermal load for @mring ability. After collecting values of eeoring ability, castings were made
using cores produced with the same mixtures. Blockage of the channels inside the casting was evalue
using XRay control. From the obtained results it can be stated that evaluation-cofinlg ability
of mixtures by described method corresponds well Withresults of practical trials. Mixtures 3 and 5 can
be used for core production for this specific casting, since their removal from the casting was full
successful. Additionally, it could be seen on mixtures 1 and 2, that addition of fine sand irg® coar
is decreasing knoe&ut properties and on mixture 1 that lower binder amount and higher powder additive
amount did not lead to better shaiket of the cores in this case. Use of different type of powder additive
resulted in the significant decrease lafock-out properties, which means composition of the additive
used significantly influences cores disintegration after casting. For this specific water jacket cor
it can be also stated that critical/minimal needeecateng ability value is between 2 and 75,37%
evaluated by method used in this investigation.
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Improving of Fe6.8Si powder alloy compressibility
Mi chael a Rialdloowa® Bureg

l nstitute of materials research of SAS, vV
mdilyova@saske.sk

Introduction

Fe6,8Si alloy continue to find more and more electromagnetic applicationslustrial practice,
due its excellent soft magnetic properties, such as high relative permeability, low magnetocrystallir
anisotropy, and almost zero magnetostriction. Owing to the relatively high Si content, that greatly increa
the brittleness atoom temperature and make the alloy very difficult to be processed into thin sheet:
by the conventional rolling processed] [Cold pressing of this material by uniaxial press is also very
difficult due to its spherical shape of particles, their rigiditg plasticity and limited plastic deformation.
[2] The aim of this study was not to change the phase or chemical composition of powder but to chan
morphology of powder by milling to improve its compressibility.

Experimental, Methods and Material ~
Comnercial alloy FESIBBHEB 55 O0Om was su
3550m and average particle si

_Batile Sop (eoclushun

!

aracie Size {um

Figurel Particle size distribution of Fe6,8Si

FeSi powder was mixed in vibration ball mill LAARMANN LMLW- 320/2 Milling jar
from abrasion resistant steel and 5 grinding balls from stainless steel was used and the temperature du
the whole milling process was controlled by thermo @ptris Pl. Tempetare was scanned on surface
of drum and on the powder inside drum after every minute of milling to prevent overheating of powde
and possible recrystallization and oxidation. The process of milling was discontinuous, the mill was paus
foratleast2mint es after every one minute of milling f.
To set an optimal ball to powder weight ratio, 50g of FeSi powder was discontinuously milled on frequenc
12Hz for 15minutes. Weight of the milling balls was 68d.30:p = 1,36:1). Samples were observed
with optical (OM) and electron (SEM) microscopes. This b:p ratio was too high, and the milling
was not efficient, therefore for further experiments was the weight of milled powder reduced to 10
so the b:p ratio as 6,8:1.

In vibrating milling it is possible that very high frequencies can by less effective therefore
was the powder milled on frequencies 12Hz, 15Hz, 20Hz and OHz (maximum possible frequenc
for this mill) for 3minutes. Samples of the powder wergsased with optical Nikon SMZ 18 and Nikon
ECLYPCE LVDIA - N and electron C SEM EVO MA 1iicroscope, and also were measured for density,
with He pycnometry by AccuPicl1340. FeSi alloy is soft magnetic compound therefore measurin
of and coercive field b OERCIVE FORCE METER ATS32®as used for milling process monitoring.
Coercivity Measurement Instrument meets the standards of IEC -6040kthod of measurement

of the coercivity of magnetic materials in an open magnetic circuit). Frequency for furgnenineants
was set to 30Hz.
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For selecting the optimal time of the milling was powder milled on frequency 30Hz for 3, 5, 6, 7, 8
10 and 15minutes and the samples were observed with OM and SEM, and were measured for den:
coercive field and also the ré&ke compression was calculated from compression curves. Sample
with volume 1ml (constant volume pressing) from every time of milling on frequency 30Hz was compresse
with uniaxial pressing device LabTest 5.600 ZL. The force and the shift of punch warmedbfrom
continuous compression curve of pressures up to 1000MPa with sampling frequency oD8d)2ase
in volume was calculated from track and compression pressure from theFmuethe above mentioned
parameters was selected the optimal nglliime 15min on frequency 30Hz. For this particular powder
was measured size of the particles by laser diffraction analyzer Mastersizer 20080MIk flow properties
(apparent density, flowability, tap density and friction index) in accordance with tdredasd
STN EN 23923 1 and STN EN 42 0890.

Powder was annealed in singlemode microwave cavity size of diameter 28mm and height 80 m
Nominal maximum magnetron power was 750W. The powder was annealed in the argon atmosph
with dwell of 20min attempr at ure 500AC and the cooling rate
by optical pyrometer Optris CT series. During annealing was monitored the absorbed microwave enel
by microwave impedance analyzer HIPOM. Temperature of annealing was driven rige afasample
position in cavity, respectively by moving sample to the place with higher or lower density of microwav
energy.

Cylindrical (diameter 10mm), prism (20x5mm) and ring (17,85x23,85mm) samples were compacte
and sintered in laboratory chambenrface Carbolite in Ar+10%H atmosphere with dwell of 60 .min
at temperature 1200AC with cooling rate 5AC/ min

Results and discussion

In the process of selecting optimal frequency of milling, an effort was made to find
one that at shortest time achiewb@ better properties. From the morphology of the partidfegure 2)

is clear that on frequency 30Hz particles started to have lace surface structure that helps compressibi
Another reason for selecting frequency 30Hz was that density of the ahatas increasing with the time

of milling (Figure 3).As expected with the supply of mechanical energy by milling was increasing
the coercive fieldFigure 4)due to tensions and lattice defects in the crystallographic lattice of the material.

15 Hz 20 Hz 30 Hz

Figure 2 Morphology of particles after milling on different frequencies, SEM

Milling process was documented by OM and SEM, on figufe 5)is shown that firstly was changed
the shape of larger partisle than smaller particles, the larger particles started to disintegrate,
then around B minute has even the small particles disintegrated and from "theiriute they started
agglomerate to larger particles of flaky shape. If' BSinute was the flake siped particles largest
(Figure 6).With the next continuation of milling would the particlesagglomerate and disintegrate due
to complete depletion of plastic deformation. The peak of agglomeration was ir"therie.
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Figure 6 Powder after milling for 15 min/ 30 Hz (a) and"c‘lcvlg;f.of tﬂe sﬂu.rfac_e of pariicie (b), SEM

With prolongation of the time of milling density of the milled material was decreadting 7)

and coercivefield was increasing(Fig. 8), this event was caused by the increase of lattice defect
in the crystallographic lattice of material due to milling. On (R&).8) is observable that the rapid rise

of coercive field ended around "0ninute of milling andthe curve started to settle around 565 A/m.
Technological powder properties of powder as received and powder after 15 min of milling are show
in Table 1 and particlsize distribution for powder after milling for 15 min/30 Hz is showfim 9.
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Figure 7 Density (He) to milling time dependence  Figure 8 Coercive field to milling time dependence

Table 1 Technological powder properties

Aparent Tap
Milling | density Flowability |density | Frictional
time [g/cnT] [s/50q] [g/lcn?] | index
0 min 4,62 16,2 5 1,08
15 min |2,67 40,05 3,77 1,41

s 530 [

Figure 9 Particle

size distribution

The aim of this study was to change particle morphology of powder in order to be able to obtal
green compact with manipulative strengttherefore the relative compression as the indicator
of compressibility was very important calculate from compression curves. InFithee 10 were
documented dependences of volume of the powder to pressure dompgession and relief. I was
presentd the dependence of relative compression to time of milling. The upper curve represents relati
compression in the die without releasing of the powder and the curve below considerbagking the
powder.

0 min

5 min

6 min

7 min

8 min

10 min

15 min

Figure 10 Compression curves
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After 8 minutes of milling on frequency 30Hz was able to obtainctimapact cylindrical shaped
sample, but from the compressibility curves was possible to predict that it would not be possible to compre
a complex shape. The more complex ring shaped sample with manipulative strength was possi
to compress only after 1®in off milling. For further improvement of properties was powder as received
and powder after 15 min milling on frequency 30 Hz annealed. With mechanical milling was obtaine
the powder with lattice defects and mechanical stresses, therefore it wasangde recover the material.
Microwave annealing technique [3] was used to prevent creation of sintered cake, that is characteris
for annealing in hydrogen in conventional furnaces. It was possible to compress complex ring shap
sample despite thaielative compression after annealing was a little bit lowy. (11). This phenomena
will be further investigated. Samples afliadrical, prism and ring shapébkig. 12)were consolidated and
sintered in conventional furnace.

60

50 °
0 el
.-'if. 40 4 oo o
z
@ » a -
2
a 30
£ a
=] o
]
o
% 20 o e
% - pessed
[vd NV punssed ehnd
@ Presaud vhased
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0 2 1 6 8 10 2 14 6
Milling tne {min]

Figure 11 Relative compression to milling time dependence Figure 12 Samples after sintering

Surface and microstructure of metallographicaly prepared cylindrical sample was observe
the with zfocusing on OM. Sample has 3D polygonal large grains and pbossnplex shape with rounded
cornerg(Fig. 13 and Fig. 14).

Sy

Figure 13 Surface of the sample (10% nital in Figure 7 Profile of surface of the sample
absolute etylalcohol+ core), OM

Conclusion

Fe6.8Si powder was milled to find the optimal parameters of milling to make it compressible
Whole process was documented by optical and electron microscopes for observing changes of morphol
and also the physical properties such as coercive filgdsity and compressibility was monitored. Based
on the optimal change of the morphology of the Fe6,8Si powder, by selecting the optimal paramete
of milling, was prepared the compact sample. Optimal parameters of milling were 15min on frequenc
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30Hz,and were foll owed by microwave annealing 5«
of silicon steel will be subject of further investigation with the aim to improve its physical properties.
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Abstract

I n Kogice in recreation area Ani | ka Gajdbvkee r e
It is being usedwith several breaks since the ™ @entury. Mineral water of this spring is specific
by the presence of arsenic the concentration of which often exceeds permitted limit value. This wo
is focused on the analysis of mineral composition of $heng water. Chemical and microbiological
analysis was made in years 2€A@L5. In 2014 the mineral water Gajdovka was regularly monitored during
the year respecting the concentration of arsenic, iron and hydrogen sulphide. The following avera
concentations were determinefbr arsenic 0.063ng dm?; iron 0.275mg dm?®, and hydrogen sulphide
4.608 mg drf.

Introduction
In particular regions there are also less known springs used by local residents. One of these |

known springs is mineral spring Al ka t hat i nhabitants call fAGaj dc
in suburban park named Ani |l ka, nearby the rive
by Regional Public Health Author it gd aleahe endicators

of quality defined in decree of Ministry of Agriculture and Rural Development of the Slovak Republic No.
51 of15 March 2004 which the ¥5chapter of Food Code of the Slovak Republic was issued by.
In the Annex No. lof this matetiamicrobiological, biological, physical and chemical indicators,
and demand for mineral water are defifigld The spring water is also known for the fact that its limit value
of arsenic determined by relevamgulation is often exceed¢d]. Arsenic belongs to the most significant
contaminants of environment with high potential to harm human health. Arsenic is present in nature in ma
oxidation states (V, Ill, O;ll). In natural waters, it is mostly in form d&s'" as arsenite anion typical
for underground waters with shortage of oxygen’ dsminates in surface waters in form of arsenate anions
[3]. Less stable fornis As' that easily oxidizesThe activity of microorganisms may contribute to change
of inorganic forms of As to volatile or nerolatile organic forms in naturg]. In some works it is stated
that the natuabackground of arsenic in underground waters is valuensf 8m?* [5]. The most significant
factors affecting particular forms of arsenic in water environment are pH and oxidation reduction potenti
of envirmment (Eh [6. 7]. Inorganic forms of As are more toxic for humans than organic form§. As
is organically bound and chemically or biochemically oxidizes td. s’ is more stable in aerobic
condition. AS' is more toxic. it causes chronic diseaseskidngs to inhibitors of biochemical oxidations.
Many mammals methylate inorganic arsenic to dimethylarsinic acid. This substance causespexijan
toxicity and is promoter of genesis of tumours in many ord8hsArsenic was classified in 1. class
by International Agency for Research on Cancer (I.A.R.C.) as proven carcinogen for humans.

This element has carcinogenmutagene and teratogene effects on human body -levngexposure
can cause severe dageato organisni9]. Due to its chemical structure, it has similar biochemical properties
as phosphorus that it can replace in a certain Wayfects perniciously almost at the DNA level, it destroys
enzymes ad proteins. Many epidemiological studies in the world showed that intake ofiroited values
of arsenic into human body causes degenerative changes in optic and acoustic nerve, painful peript
polyneuropathy, encephalopathy, anemia and perniciousursmmainly of skin, kidneys, liver and lungs,
leukaemogenesis and lymphonj&0]. Arsenic is cumulated in bones, hair and nails. Permanent
concentration of arsenic of 108y dm? is life-long possibility of tumar disease 1:200 what exceeds
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the annual probability of death of tumour disea8eute toxicity was recorded after drinking water
from well with the arsenic content 129 mg dn? [11].

There is no expert stydin the literature that would give more complex view on the properties
of mineral water Gajdovka. Arsenic concentration has been lately sporadically monitored. Moreove
there is no overview of its presence during the year, dependency on seasonjaobeteeen particular
components of mi ner al water, eventually the de
This work is therefore oriented on the detail ed

Materials and methods
Sampling and sanple treatment

In 2014 regular monitoring of concentration of arseman and hydrogen sulphide in mineral water
was made. The sample was taken once per week, always on Wednesdays in the morning. The determin:
of arsenic and iron through the AAS thed was made in accredited laboratory of Regional Authority
of Public Health in Kogice. I n total , AlbwZhdrsveamp |
vessels designed to sample withdrawals were perfectly washed and dried befofEhaisemple
for determination of arsenic and iron was taken intoygtblylene sample tube with volun®50 cni
and addition of 1.25 chrof concentrated HN® To determine bB it was taken 250 chof water into glass
sample tube with addition of 2.5 énof cadmim acetate with concentration 100 g dand1.25 cnd
of 25%-solution of NaOH.

Analytical methods

At monitoring of arsenic and iron volume during the year 2014, these elements were determing
through the method of atomic absorption spectrometry wéttrelthermic atomizer (AASTA) using the
device SpektrAA 220 (Varian), with Zeeman background correction.
The hydrogen sulphide content in samples was determined through the method of volumetric analysis,
iodometry. The result of determination waided as average value of titration of three samples.

Statistical Methods

The analysis of Variance (ANOVA) was used for the statistical assessment of the result:
The analysis is a parametric statistical method developed for mutual comparison @iugpe \ghich total
number exceeds 2. The one way ANOVA which compares more groups and answers the quest
if the statistics differ just in one parame{é2], was used in this paper. The program Excel was used
for the calculation. The probability of the mistake of the first kind markelpe being compared
to the selected level of the significance, was calculated using a statistical programme ANOVA. Using tr
method, the effect of the season of year on efeseparameters, namely the concentration of arsenic, iron,
sul phat e, and | evel high of Horn8d, was obseryv
was carried out.

Results

In 2014 the allyear monitoring of concentration of arsenic, irard dnydrogen sulphide in mineral
water was made. The aim was to determine if it comes to the change of arsenic concentration in mine
water throughout the year respectively to determine the connection between the concentration of arse
iron andhydrogen sulphideT he | ev el of river Horn8d was moni-t
on arsenic concentration in mineral wat@hese data were obtained from Slovak watanagement
company ( Ban §8].8TheGuatersample was faken once a week and was analysed after th
stabilisation and delivery to laboratory. The results are listed in Table 1.
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Table 1Determination of hydrogen sulphide, arsenic and iron in mineral water in pelardiary i December 2014

Month H,S As Fe Level of river
[mg dm™] [mg dm™] [mg dm™] Hor n[én
January 5.24 0.078 0.41 105.75
February 5.048 0.071 0.388 122.25
March 5.71 0.067 0.233 109.75
April 5.082 0.051 0.222 110.8
May 5.675 0.059 0.23 168.5
June 2.718 0.054 0.293 110
July 4.30 0.047 0.158 147.5
August 4.278 0.063 0.148 130.25
September 4.38 0.054 0.236 119.6
October 3.774 0.066 0.194 116.4
November 4.61 0.078 0.255 119.75
December 4.96 0.110 0.495 111
Discussion

Using the method of atomiabsorption spectrometry with electrothermic atomizer (AZBA)
the total arsenic content in mineral water was determined. The average concentrations of total arse
in the samples of mineral water for individual months (JanlDmgember 2014) are shown Table 1.
In the Food Code (Part 3, Chapter 25, Annex No.Quality indicators for drinking and mineral water)
the limit value 0.05 mg drhfor As" is set. Many analyzes have shown that the amount'bi#\80 to 90%
of the total amount of arsenioccuring in groundwatefl4]. In order to compare the measured
concentrations of arsenic with a limit value the concentration corresponding to 80 % (first row'of As
section in the Table 2) and 90% (secand of Ad' section in the Table 2) of the total arsenic content
(Table 2) was calculated.

Table 2Ad" content in mineral water Gajdovka

Month 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.

As (tot.s) 0.078 0.071 0.067 0.051 0.059 0.054 0.047 0.063 0.054 0.066 0.078 0.110
(mg dn¥°)

As'" 0.062 0.057 0.054 0.041 0.047 0.043 0.038 0.051 0.043 0.053 0.062 0.088
(mgdn?) 0.070 0.064 0.060 0.046 0.053 0.047 0.042 0.057 0.049 0.059 0.070 0.099

The Table 2 shows that the limit value for thé"Asas not exceededuring 5 months of the year
2014 (mostly during summer months). Under the anaerobic conditions of underground mineral witers, A
dominates (which is a carcinogenic form of arsefi&)]. Under aerobic condins AS' easily oxidizes
to As’. Therefore, the content of the more toxic form of arsenic will be reduced after sampling and handlir
when in contact with air. AScan also be determined directly using different separation techniques
and chromatograph methods. The average iron content in this mineral water during JaDaeeynber
2014 ranged from 0.148 to 0.495 mg HiTable 1). The highest content of iron was found in samples
analyzed during the winter months January, February and December 20T#He Food Code sets
a maximum concentration for the iron content 10.0 m¢’ dmmineral water. The results show that this
value was not exceeded during the year 20tdn is not a toxic metal, however, should the limit value
exceed, it can only negatiyeaffect the sensory properties of mineral wdtezloudiness or a yellowish
precipitate may occur. It can discourages consumers from using this mineral water. Mineral water Gajdov
has a characteristic smell due to the content of free hydrogen sulphieleaverage hydrogen sulphide

content in the monitored period was found in the range 2.718 do 5.675 m(fdbie 1). Free hydrogen
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sulphide is not listed in the Food Code as a mineral water quality indicator, so there is no limit for i
To some peoples the smell of this mineral water unpleasant but this type of water is very popular for som:
of its healing properties. Hydrogen sulphide in mineral water has regenerative antflantnatory
properties, and a positive effect on the skin. It is knoavhelp with a gynecological problems, tfd®].

The miner al spring Gajdovka is |l ocated very <clo
the relationship between the height level of therriaed the concentration of the monitored indicators.
A oneway ANOVA was used for the correlation between the concentrations of As, Fe #d H
and the height |l evel of the Horn8d river. The
Furthernore, the impact of the seasons on the above parameters was studied, as well. The analysis re:
were divided into four groups according to the season, as follows: 1. Winter (Jdtarah), 2. Spring
(April-June), 3. Summer (Julyeptember), 4. Autumn (@oberDecember). Based on the statistical
analysis, it was found out that a season is statistically significant for the paramgle(p H0.05),
concentration of Fe (p <0.001) and the height
the seasonal variations were not statistically significant. The correlation between the individual paramete
has been performed but has not been confirmed.

Conclusion

The miner al water Gajdovka is among t heaeminh
aredrinking it occasionally during walks in the park. Others, especially the older inhabitants, take the larg
amounts of this water and use it for drinking and cooking purposes. Therefore monitoring the quality of tf
water is very important. The@mount of arsenic, which is one of the toxic elements and in a case of regula
intake can cause harm to health, is the most important parameter for monitoring. The results of arse
determination in mineral water throughout the year 2014 confirmed shericentration changes and often
exceeds the limit concentration. The results shinasthe limit value for the ASwas not exceeded during
5 months of the year 2014 (mostly during summer months). The limit concentration for the iron contel
which influences the sensory quality of mineral water was not exceeded during the year at all. Bas
on a statistical analysis of monitored parameters (arsenic, iron and hydrogen sulphide concentrat
andt he hei ght |l evel o f H o r nh8tdhe seasereahgnges influenchsatle irdm e
and hydrogen sulphide content and the height
concentration.The correlation between the individual monitored parameters has not been confirmec
Duetotheicr eased arsenic content, the Regional Pub
for the consumption of mineral water Gajdovka. These recommendations are located at the water collect
point and indicate the recommended amounts and way of nsiregal water.
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Effect of plastic deformation on mechanical properties of austenitic stainless steel
under cryogenic condition

Al i ca Fedori kov§

Institute of Materials ad Quality Engineeringi-aculty of Material, Metallurgy and Recycling
Technical University oKosice

Abstract

The aim of the work is to describe effect of plastic deformation on mechanical properties of selecte
metal materiali nitrogenenhanced austenitic stainless steel (SS) 316LN. An improvement of mechanice
properties of austenitic SS i®gsible by cold deformation. The low temperature of deformation would
prevent dynamic recovery and stimulate mechanical twinning what enhance the grain refinement effe
Therefore, research is focused on plad@formation under cryogenic conditions oérfous and norferrous
metallic materials.

Introduction

The 316LN steel contains at least 16 wt. % of chromium and 6 wt.% of nickel belongs
to the 300 Series stainless steel. Other alloying elements such as titanium or copper improve so
of the propeties of these steels which are required for high temperature applications. The presence of nicl
allows usage of the steel at cryogenic temperatures, what will be discussed later [1].

Austenitic stainless steels have many advantageg. they can be didiently soft (strength about 200
MPa), and thus can be machined and moulded by conventional processes, on the other hand by «
forming, their strength properties can be increase above 2000 MPa. Thetefacs austenitic cubic
structure is tough angblastic up to the cryogenic temperature range. Otherwise, at elevated temperature
they do not lose their strength properties as fast asbaead ferrite materials [2]. The disadvantages
of these steels may be that they are less resistant to cyaiation than ferritic types of stainless steels
because a higher coefficient of thermal expansion results in a flawed breakdown of the protective oxi
layer. Futhermore, it is possible to cause corrosion cracking due to use in an environment whe
the material is not sufficiently resistant. The fatigue range of these materials is lower compared to ferrite
This fatigue limit in combination with a higher coefficient of thermal expansion is the cause of the hee
fatigue susceptibity of austenitic staimss steels [3].

Properties of austenitic stainless steels cannot be altering by heat treatment but only by cold plas
deformation. In the annealed state they are fully-magnetic, but due to cold deformation, some may
become slightly magnetic. The bastel of this group is 304, which is also the most widely used [4].

The cold forming process applied on the steel is usually carried out without preheating at roo
tempeeture or at slightly elevated temperatures which causes the deformation heat dederatg
the defomation process. The reasons for the practical use of cold forming amall thickness cannot
be achieved by hot rolling, improvement of accuracy of product dimensions (reduction of dimensional
tolerances).

It furthermore enhanceudace quality by increase of surface smoothness, eliminate undesirable
phenomena resulting from heating and heat treatment such as surface decarburization in the case of
carbon steels. Last but not least, the desirable directional anisotropy ohybreabp and mechanical
properties of the formed and then h@atted material can be achieved by cold forming. Due
to the tempeatures at which the cold forming is carried out, there is no substitution diffusion of the atoms
in the metal lattice, but dpdiffusion of interstitially dissolved elements with a very small atomic diameter
can occur. Therefore, in contrast to hot forming, cold forming is accompanied by the intensiv
work-hardening of the formed metal [5].

Temperatures below 273K are genegratbnsidered to be low temperatures. Working conditions
below the freezing point must be counted in the construction, transport, and power sectors of the pipeli
Steels designed under cryogenic conditions were designed for the transport of flowind gstsbat not
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least, it is important to mention the superconductivity of materials, which is secured by temperatu
conditions below 273K.

In materials deformed at temperatures below 273K, dynamic recovery processes are fully inhibite
and lead to accumuilan of dislocations. With increasing density of dislocations, their movement is slowed
down and concentration is concentrated. This causes the mechanism of plastic deformation is the
and mechanical twinning, while the main mechanism of conventiptadtic deformation is slid
of disloations. With further increase of tension, it is possible to assume that the grain size is refine
to the orderof nanometres. The grain size is related to the mechanical properties of the material
what means that yb forming under cryogenic conditions it is possible to achieve an increase
in the mechanical properties of selected metallic materials [6].

Material and experimental procedure

In the work modified 316LN austenitic stainless was used. The steel was dhaped forging
foll owed by heat treatement at 1050AC for 60mi
were cut from the middle of the slab. Chemical composition of the experimental material is lishbdeid.

Table 1.Chemical composon of experimental material (wt. %)
C Cr Ni (Mn|{Mo| Si| P S \% Ti | Nb| N B

316LN|0,06|18,76/ 13,73/ 1,5|1,87| 0,5/0,007|0,003/0,02|0,004|0,02/0,13|<0,001

Two types of experimental unidirectional rolling at were carried aitroom temperature and under
cryogenic conditions. Specimens were rolled by about 10% reduction at each pass, and the total deforma
was 10%, 30% and 50%. The cryogenic rolling conditions were secured by immersing fineespec
to liquid nitrogenous for 30 min. before rolling amat fLO min. after each pass. Dimension ofcapens
for experimental rolling are: hO = 11mm, b0 = 41mm, 10 = 80mm.

Static tensile test was carried out by universal testing machine (ATLAS, load capacity 650kN
at three temperatures ranging from 4,2K t@KR9Cryogenic temperatures were secured by the cryostat
system inbuilt in Atlas testing machine filled with liquid helium (4,2K) and liquid nitrogenous (77K).

Results and discussion

The engineering strestrain curves obtained from static tensile teghede different temperatures
are shown in Fig.1. The initial state is represented by black colour in each graph. Testing the 316l
stainless steel at room temperature (293K) in initial state before experimental rolling shows: yield strenc
(YS) = 325 MPaultimate tensile strength (UTS) = 641MPa and total elongation (TE) = 48,7 %. Mechanica
characteristics obtained for all tests are listed in Table2. It can be said that yield strength and ultimate ten
strength of modified 316LN increase with deforrmatand the rolling temperature has impact to the final
mechanical properties. On the other hand, the total elongation significantly decreases with deformation w
is caused by exhaustioaf plasticity and increase of the deformation resistance of raaturing
experimental rolling. Therefore after rolling process, the heat treatment should be done.
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Figure 1 Stressstrain curve$ static tensile test of rolled 316LN at different temperature: a) ambiet roltiegsile test at 293, b)
cryorolling’i tensile test at 293K, ¢) ambient rollingensile test at 77K, d) cryorollirigtensile test at 77K, ) ambient rolling
tensile test at 4,2K, f) cryorollingtensile test at 4,2K

The hypothesis that by cryogeniclimog higher mechanical properties will be achieved have not been
confirmed. At 77K tensile test showed that after ambient rolling with total deformation 30% the mnakhan
properties are higher. To understand the reason further investigation is requirbihieg differential
scanning calorimetric measurement, microstructure observation, hardness testing, and so on.
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Table 2.Static tensile test results

RT (room temperature) CT (cryo temperature)
Tensile test _ _
U YS UTS TE U YS UTS TE
temperature
[%] | [MPa] | [MPa] |[MPa]| [%] [MPa] [MPa] | [MPa]
0 3250 641 487 0 325 641 487
293K 10 493 701 307 10 476 7491 36
30 823 9674 11 30 773 960 17
50 1010 10604 0.8 50 947 1192 3
0 7900 1282 56.6 0 790 1282 56.6
10 993 1300 52 10 10523 13746 30
e 30 1349 16277 26 30 1304 1601 14
50 12971 15071 11.2 50 15713 18804 3
0 10700 1543 452 0 1070 1543 452
10 11958 15388 34.1 10 13199 15431 10
ek 30 14536 17682 12 30 1672 1887 7
50 17556 19409 7.4 50 1804 2081 2.2
Conclusion

On the base of results achieved by the performed experinieat,following conclusions

can be formulieed:

- With higher deformation and decreasing test temperature, the yield strength and ultimate tens
strength increasevhile plasticity is significantly decreases.

- The austenitic stainless steel can be strongly reinforced by plastic deformation under cryoger
condtions.

- In order to preserve plasticity of the final material, additional heat treatment is required
But thee are are applications where the high strength is required without any need for plasti
properties. Such strong materials can be prepared by rolling under cryogenic conditions.
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Introduction

Statistical results show that more than 60% of the energy produced worldwide is largely lost in tt
form of waste heat. Thermoelectric materials have a remarkable ability to transform heat directly ar
reversibly into electricaknergy[1]. The advantages of thermoelectric devices include the absence of
moving parts, reliability, durability, quiet operation and the fact that they do not produce any polluting
emissionsso they can be used in a wide range of applications and are also attractive from an environmer
point of view. The thermoelectric efficiency of the material denotes a dimensionless vdiiatidined
as

CISET
IT=—0T (1)

K
where a is the Seebeck coefficien, the electrical conductivityT is the absolute temperature (working
temperature) and the thermal conductivity of the material (Figure 6.). From the equation 1 is clear that for
erhancement oZT we must increase Seebeck coefficient and electrical conductivity. On the other hand, w
need to lover thermal conductivity. Unfortunately, all three parameters are strongly correlated, dependent
number of free carriers, therefore incread power factor«*o) often leads to simultaneous increases of
and resultingZT is the same, if not even worse. There are few approaches to overcome this proble
nowadays. Most of the research groups are focusing on reduction of the thermal conductivity of the mate
by effective scattering of the phonons (lattigbrations). This can be achieved by doping matrix with
appropriate elements, alloying or nastoucturing. Also, material preparation method plays an important
role[2].

Thermoelectric Effects

There are three major thermoelectric effe@gebeck effect, Peltier effembd Thomson effect
Seeleck effect is manifest as an electromotive force (EMF) or voltdgehich appears when the junction
between two dissimilar conductors-fpe and Ntype) is heated. Strictly speaking, the effect depends
on the temperature differencgyg between the two junctions that are needed to complete the electrical

circuit. The Seebeck coefficient is defined as

V
o= E [2)
Although the effect occurs only when there is a junction between two materials, the schematics of Seeb
effect is shown in Figl. A closely related, reverse, effect was discovered in 1834 by Jean Peltier. Peltie
heating or cooling occurs when an electric current, |, flows through the junction between two conductot
The Peltier coefficient, »s, is defined as
q

T = 7 (3)

where g is rate of leating or cooling. It is rather more difficult to demonstrate the Peltier effect than
the Seebeck effect. If the thermocouple branches are metallic, the reversible Peltier effect is usue
overshadowed by irreversible Joule heating. Thus, unless thacetearent is very small, the best that can
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be done is to show that the overall heating is less for the current flow in one direction rather than the otr
what is known as Thomson effg8].

Heat Source

LU

T+AT S |
ol 197
P type fIff 197N type
I 14 4
TL | L i
141 111
‘QQ’ I—'

Figure 1 Thermoelectric couplddemonstration of Seebeck effect

Thermoelectrics of Today
One of the first thermoel ectric devices ewas

(FeSp) thermoeelements produced at KELK L{d]. Since that, thermoelectric research comes through big
development. Very known are thermoelectric radioisotope generators (SiGe generators usi
Po decomposition) powering space probes like Voyager Rindeer. Because in deep space there
is not enough sun light, thermoelectricity is the very last power source. Today are often used Pelt
thermoelectric coolers (e.g. TEC 12706 based of BiTe) in applications like refrigerators, temperatu
stabilizers,or you can simply charge your smartphone with a tea candle. Disadvantage of all thes
thermoelectric devices is that they are composed of toxic neither radioactive elements, best ZT have at I
temperature and are not cheap. Global thermoelectric gtalpioduce cheap materials with low working
temperature, composed of earth abundant aneaoa elements. One can simply realize that this is hard
to achieve and most of the thermoelectric groups are pursuing highest ZT values by using complica
mateials. Fig 2 a) shows the various materials used in thermoelectric research and development and tr
individual contribution and 2 b) they comparison with various energy conversion techn@ijgies

a)  wgmm b,

80 4 b
50 4

B PoTe
(=) 80:70,
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B Skutterudite 19%
|| Clathrate 18%
B Half heusler alloy

Other emerging inorganic materials 10

Conducting polymers ! | 0%
CNT/graphene- polymer composite 0 . s . . .

40 4 :....(.f L

30 4 Hgh Temper stine
Therm vetec e

Efficiency (%)

20 Mt Tom pocotune
Tramcoleive

‘mm-yl 2039%

Figure 2 a)Materials used in thermoelectric research and developimeBthematic represents the global energy coiers
(in%) by various technologid5]

It is clear that thermoelectric maieds start challenging solar cells and with ZT parameter higher than 2.5
they will be more effectivgs].

44



METALURG JUNIOR 2@ 10.-11.May 2018% I SNU ye&

Preparation Methods

Preparation methods plays a big role in thermoelectric material desing. Researchers often he
to chose best preparation method for each material, because one and the same material has diffe
thermodectric parameters if it is prepared by different method (mostly they are limited by their lab
equipment). Fig3 a) shows yearly publications related to thermoelectric materials processed by differer
methods and also rising interest in thermoelectrieaesh in past 15 years related to number of publications
[6]. In Fig 3 b) is demonstrated phonenattering in thermoelectric material and electronic transport of hot
and cold electrons. One can see that phonons are mostly scattered on grain boundaries and nanopart
Effective phonon scattering in material leads to decreasing the thermal ceonducty o and
to higher ZT. Novel approaches in thermoelectric research in last years shows that, nanostructuri
(by e.g. ball milling) and doping wih appropriate materials are best ways for ZT enhanfgment

d. " . Induction melting b.
)250 s Arc melting )
1 Levitation melting
200 e BM/MA

2 -

g 150 - = Solid state reaction

3 - SHS

- 100  Combustion

A " Chemical

* 50

. 1 ]

2000 2010 2015 VA Short wavelength phonon —_— e ot
Year \/P Midlong wavelength phonon Coid Electron
Figure 3 a) Yearly publications related to thermoelectric materials processed by different m@hdx)sSchematic diagram
illustrating phonon scattering mechanisms and electronic transport of hot and cold electrons withioel¢lceic materig7]

Experimental

In our research we focus on the Helkéusler (HH) system &psHfo 25Ti0 sNi 1Sy g98Sky 002 fOr a first
time presented by Sakurada in 20@3. This HH compound exhibit ZT
temperature suitable for low temperature applications. ZT curvesfefedit HHs are shown on the Figy
In order to improve already high ZT parameter of thg,#ifo 25Ti05Ni1SM g96Sky 002 COMpound we have
combine it with 2 and 5 wt. % di-FeSp system, which is long known as good thermoelectric material
for ambienttemperature applications (e.g. thermoelectric radio powered by candle in 1990). We hoped thi:
small additions of low thermal conductiveFeSp will improve phonon waves dissipation (scattering)
leading to further reduction of thermal conductivity in owestigated HH system.

1.0

0.6

Figure of merit ZT
*

T
l"\\ A A,
100 200 300 400 S00 GO0 700
Temperature 7 [*C]

1 't

0.0

Figure 4 Stateof-the-art thermoelectric figure aherit of halfHeusler materialf9]
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Sample preparation

The Zrg 29Hfo,25T10 5Ni1Smy 9985k 002 HH compound was prepared by arc melting of pure elements
in the Compact Arc Melter MAM1( f r om Edmund B¢hl er GmbH) . Titat
Aesar), Zirconium lump (99.8% from Alfa Aesar), Hafnium chif8.8% from MaTecK), Nickel powder
(99.999% from Sigma Aldrich), Tin rod (99.9%), and Antimony metal shot (99.999% from Alfa Aesar)
were properly weighted and mixed in one charge. Such charge waseled under argon atmosphere
(50 kPa). Each charge wasmelted at least three times to ensure chemical homogeneity over the whol
compound volume. Thalloy was milled together with addition bfFeSj to fine powder implanetary mono
mill PULVERISETTE 6. Milling parameters were: 2x30 minutes milling at 66(MRwith 30 minutes
break in between to cool tungsten carbide bowl! containing charge and tungsten carbide balls. Resulting
powder was filled in Ar glow bag to 20 mm diameter graphite mold. Sintering of powders was carrie
at load 16 kN and temperagufi473 K for 10 minutes in spark plasma sintering (SPS) machine, model HF
D10-SD under nitrogen atmosphere. Parameters of SPS compaction are shownbapGompaction was
done.

Figure 5 a) SPS curvers of sintering process for nano#th# u s | er C o mpke8i20ah) X-rayxliffraction patterns
of the Zrg 2gHfo 25T 10 sNi1 S 9985k, 002(black) and Zg ,gHfo 25Tio sNilSMy geaSh o2+ 5 WRESp(biown)

Sample Characterization
Phase composition of the samples was determined-byaXy di f fracti on usi

atX-Ray Diffractometer Phillips XEkRHopsTiosNABNSH ¥R D
(black) and the milled (with extra added 5 wt. %befFeSp) (green) are shown together on Figure 5.b.)
Onecan see that sampl e after mi | | i ng oedgrho dbsetve s |

microstructure of sintered material, samples were etched for 1 second in diluted 1:3 Kroll etchant followe
by rinsing in ethanol. After it sample surfaceonphology was observed at Light Microscope Olympus
GX71, where record good homogeneity and almost no pores. Photos from LM are shown6Gra)Fig

To confirm chemical composition of our samples we used microanalysis EDX system of the Scannir
Electron Migoscope, SEMIEOL JSM 7000F. We observed good sample homogeneity, with some crack:
(samples were just 0.5 mm thick) and some pores on the edges of the pellets (SPS process is de
in the middle of the compact, where most of Joule temperature is geheld® images are shown

in Fig. 6b), ¢). Element chemical composition is not in good agreement with our origin composition, due th
fact, that Hafnium has strong absorption edgatl9,65 kV, so that means when other elements like: Fe, Ni,
Si, have K dges under 9,65 kV, they will be invincible for used e.g. 10 kV accelerating voltage (10 kV
is standard voltage for SEMMicro-hardness of the samples was measured by Wilson Tukon 1102 & 1202
Micro Hardness tester equipped by Vicker indentor. Averageohmcdness of the alloys is ~1000 HVO.1.
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