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Sulphur has a great influence on the propertiestas]. Therefore its determination has
always been very important. Normally it is measuusthg optical emission spectrometry
with spark excitation or non-dispersive infraregatption, thermal conductivity detection,
or iodometric titration after combustion in oxygénhmight cause problems when none of
these methods is at one’s disposal, as most otle¢hoats require wet chemical sample
preparation. In this paper a wet chemical sampépamation method is presented, which
seems to be able to meet the requirements of ablelimethod when ICP-AES
spectrometry is used for the determination of sutph
Keywords: determination of sulphur in steel, ICP-AES speuetry, wet chemical sample
preparation.

Introduction

Sulphur has always been a very important constitagsteel, as it has a great influence
on the properties. That is why its determinatios alavays been very important both in the
course of manufacturing and in the quality contbkteel and steel products. At first its
determination based upon the combustion of the naate be tested in oxygen. The gases
formed during the test were absorbed in an aquesmlgtion and the sulphur was
determined by a volumetric method [1]. The advdnthe so-called direct reading optical
emission spectrometers offered a new possibilitsad method using solid samples [2].
Nevertheless the new method has some drawbacksinegéts accuracy therefore the old
combustion method was developed, and instead ofdhametric method, the use of non-
dispersive infrared absorption spectrometry becagemerally accepted [3]. These
techniques require solid samples and are able dwig® results in a short time. Their
disadvantage is that a special analytical instruntgna rather expensive spark optical
emission spectrometer is necessary for the detatiom

Principally other optical emission methods usirgt shemical sample preparation, such
as ICP-AES spectrometry may also be suitable fiphsu analysis [4], but the sample
preparation could cause problems. It is because met chemical sample preparation
procedures of steel involve dissolution in hydrocid acid. Sulphur, which can be found in
steel mainly in form of sulphides, forms hydrogetphide and will leave the solution, i.e.
analyte-losses must be encountered in these conslifi hese losses can only be avoided if
it is ensured that the sulphur content of the steelot only dissolved but it is oxidized
during dissolution.

Using nitric acid, sulphuric acid or phosphoriddais not very common in the analysis
of steel, because their use may lead to the passifithe metal to be dissolved, which
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would prevent the dissolution. Lack of a suitabt@las the main problem of developing of
suitable methods.

Studying the effect of nitric acid it turned ot dilute nitric acid is able to dissolve
most un-alloyed and low-alloyed steels, and it t@nused in a wet chemical sample
preparation method, provided sufficient care igtato prevent passivity of the sample.

1. Experimental
1.1.Chemicals and materials used in the experiments

High purity acids and chemicals of analytical gragae used in the course of the
experiments. For calibration certified referencderals prepared exactly in the same way
as the samples were applied. In the course of siedéction not only their sulphur content
was taken into account but their general chemioatposition too, so that it could cover
the concentration range typical for most low-alldys&eel qualities. Their composition is
presented in Table 1.

Identifier C S Si P Mn Cr Ni Cu Mo Al \%
ﬁlsr"fﬂ 0036| 0003| 0223 00141 018 0116 0167 0.058 680[00.135| 0.061
ASMW [

My | 040 | 0033 161 0039 0! 0.1

ASMW ]

M | 037 | 0020 140 0.03] 127

ASMW

MY | 043 | 0024 030 0037 178 0143 0.475
ﬁlsr’\]/.lc\)/g 0176 | 00095 050 0013 046 129 011 108 0,300
ﬁlsr’\fg’g 0127| 0042| 030 0084 0541 076 013 0B6 0047
ASMW

AV | 016 | 0.016| 032 0011 049 135 353

Table 1. Chemical composition of the standardsl éisecalibration

All the concentration values presented in Tableelgiven in m/m %.

1.2. The wet chemical sample preparation procedure

As not only the sulphur content but also phosphsrand silicon were also to be
determined the sample preparation procedure cantiéps and chemicals necessary only
for the latter two elements.

0.4 g sample was into a glass beaker. which wasredwith a watch-glass and 10%cm
dilute nitric acid (dilution 1:3) was added to tseemple. The dissolution was carried out by
gently heating. Overheating should be avoided bynahns as it may lead to sulphur loss.
Depending on the chemical composition of the sartipecomplete dissolution may take
even 2 or 3 hours. Following that the sample wadised with 2 cml 20 g/dmi KMnO,.
The excess of the oxidizing agent was decomposethé@yaddition of 2 ch20 g/dni
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NaNQ,. As a result of the oxidization sulphur will be the form of sulphate, while
phosphorous will be in the form of phosphate. Whte solution cooled down to room-
temperature it was taken to a plastic baker ancc@t5concentrated HF was added. This
transformed silicon to SiF The excess HF attacks the sample introductionpetant,
which is made of glass and silica. Therefore 8 dnm/m % boric acid was added to the
sample solutions. Finally the solutions were magetai a volume of 100 cin Beside
sulphur the procedure makes possible to determatte ghosphorous and silicon content of
the steel samples. In the present form, the coratéon range in that the method is suitable
for the determination of sulphur is 0.005%-0.070¢%6higher sulphur content is to be
measured, the sample mass can be reduced so thatotttentration range could be
extended upward. When e.g. the sample mass is &@ung, the uncertainty caused by
weighing is about 0.1%, which is negligible, andhagh as 0.28% sulphur content can be
determined in this way.

1.3. Measurement conditions
1.3.1. Line selection

Almost all lines of sulphur can be found in theewam-ultraviolet range, except for a
couple lines lying in the visible range. Becausehef low concentration to be measured,
only the most sensitive lines can be applied. Exaht three lines can be taken into
account: 182.562 nm S |. atom line, 181.971 nm &dm line and 180.669 nm S |. atom
line. The spectral background of the lines candemsn Figure 1. The data presented in this
figure were obtained by measuring a steel sample suilphur content of 0.042%, prepared
using the procedure written in section of 1.2.

Looking at the figure it can be seen that thera serious spectral interference on the
182.562 nm line, therefore it is not suitable foeawuring sulphur in steels and it was
excluded from the further experiments. The two otires both seems to be fit for the
determination, therefore both of them were usatiéncourse of the measurements.

1.3.2. The spectrometer and the measurement consliti
In the course of the measurements 720 OE ICP speeter, manufactured by the

Varian Inc. (at present belongs to Agilent) wasdudés main features can be found in
Table 2.
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Figure 1. The spectral environment of the selestédhur lines

Type of viewing the plasma: Axial

The frequency of the generator: 40 MHz

The RF performance applied on the torch: 900 — W0Aadjustable by the software

Type of the optical system: Double monochromatdh Echelle gratings
Type of detector: Two-dimension CCD

Wavelength range: 160 — 780 nm

Primary sample introduction system: Pneumatic (gedynebulizer

Secondary sample introduction system: Ultrasonbutizer

Controlling software: ICP Expert Il (under Micros¥ftindows XP OS)

Table 2. Features of the ICP spectrometer usHtkigourse of experiments
The radio-frequency power applied to the torch @0 W. Pneumatic sample
introduction was used. The measured intensitieg @eeraged from 3 subsequent readings
each of them has an integration time of 8 s.
2. Results

2.1. Determination of the detection limits (DL)

In the course of the determination of the detectionit values, the measurement
conditions were the same as those written aboweepexXor the number of the subsequent
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readings, which was 10 in that case. A blank soiutirepared in the same was as the
samples were, was used to determine the backgrstamdlard deviation. Nr 159 ASMW
reference material was used as a sample with krsmphur content (0.042%). The results
are presented in Table 3.

: SDisL Csu Csu I'sta DL DL

Line [nml | ey | im %) | (mg/dm¥ | (net) | [mg/dm?¥ | [mim %]
181.971 49 | 0042 1.68 1360]  0.018 _ 0.0005
180.669 19 | 0042 1.68 807 0011 0.0008

Table 3. The detailed data of DL of sulphur deiaation

The detection limit values were calculated by tiéfving formula:

DL=3 SD

BL % CStd
Std
where: DL the detection limit [mg/dm
SDg,. standard deviation of the intensity of the blaokution [a.u.]
Istg background corrected net intensity of tlamdard [a.u.]
Csw  the concentration of the analyte in the staddolution [mg/drj.

Based upon the results, it can be stated thatvas$00.005 % S content can be measured
with sufficient accuracy. (This value is one or@dérmagnitude higher than the detection
limit.)

2.2. Calibration

The calibration was carried out by applying theneaconditions as for the measurement
of the samples. The transfer function was estaddishy using the linear regression
procedure. The calibration curves obtained areepted in Figure 2 and 3. As it can be
seen, linear calibration curves could be obtainedath lines.
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Figure 2. Calibration curve on the 180.669 nm Ifi¢
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Figure 3. Calibration curve on the 181.971 nm ¢

Neither of the curves produces 0 intensity valug¢him blank solution. The reason for
this background intensity is partly the scatterigtitlin the vacuum ultraviolet range and
partly the sulphur content of the chemicals usethéncourse of sample preparation. The
uncertainty of the calibration is calculated frone Wifferences among the certified values
of the standards and those of calculated usingetfumtion of the calibration curves. It is
0.00242 m/m % for the curve recorded on the 180r§69ine and 0.00248 m/m % for the
181.971 nm line respectively. Comparing the twgbut lines, only little differences can
be observed. Although, based upon this fact eifi¢he 2 lines could be used for analysis,
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we chose the 180.669 nm line for further experimemntcause of the slightly better
detection power.

2.3. Obtaining the repeatability of the determinari

To get a real repeatability for the method 5 sa&ampt including certified reference
materials — were chosen so that wide concentratmge could be tested. Five parallel
samples from each selected standard and in-hoaiseastl were prepared using the method
presented in this paper. Following the calibrattbe samples were measured, and the
repeatability values were calculated. The resutpaesented in Table 4. All the data in the
table are in m/m % units.

Identifier Nominal conc. | Measured average SD RSD
A 12 (Ferroetalon) 0.065 0.0661 0.0046 6.97
A 16 (Ferroetalon 0.023 0.0260 0.0013 5.0(
A 17 (Ferroetalon) 0.029 0.0306 0.0008 2.64
C 12X (MBH An.) 0.024 0.0237 0.0008 3.32
C 14X (MBH An) 0.647 0.671 0.0576 8.59

Table 4. Data for the repeatability

Looking at Table 4 it can be seen that the metkoslitable to measure the sulphur
content of the steel in a wide concentration rafide repeatability values also include the
uncertainties of the sample preparation procedaoceirhomogenities of the samples. The
later has significant effect especially at highenaentration level, where great part of the
sulphur content can be found in different inclusion

3. Discussion of the results

Steel can be regarded as a difficult matrix from ¥fewpoint of the chemical analysis.
It is because this material often contains elemauitis different chemical properties and
chemical behaviour. As for as the atom-spectrosdapy, the main constituent of steel is
very rich in spectral lines, therefore the posstpectral interferences always have to be
encountered in the course of method developmemtetfchemical sample preparation has
to be applied, further difficulties may emergechse of sulphur, the main difficulty is that
the usual method, i.e. dissolution of the sampléydrochloric acid cannot be used, as
hydrogen-sulphide can form, which may lead to aealpsses. Using nitric acid as a
dissolving agent, care must be taken to avoid npatssivity. That is why dilute nitric acid
is used in our method. From the chemical compaosttiata is obvious that this procedure is
suitable for most unalloyed and low-alloyed steEls: highly-alloyed steels, e.g. stainless
steels it is not suitable, as the occurrence optmsive state cannot be avoided because of
the high chromium content.

Although there is about a substantial dilutiondaese of the dissolution, the detection
power is suitable for the determination, even insecaof low (0.005%) sulphur
concentration. The calibration resulted in linearves on both lines, and the uncertainty
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values (0.00242% and 0.00248% respectively) arficairitly low, therefore they can be
used down to the concentration of 0.005%.

The repeatability values were determined by prega@nd measuring 5 standard
samples, and the data obtained prove that the ohéshsuitable to determine the sulphur-
content in a wide concentration range. Looking @l€ 4, it can be seen that it can be used
even in case of resulphurised steel. Comparingvtilaes to those obtained by using
combustion methods with non-dispersive IR detectibrcan be stated that the values
produced by applying our method have the same acgur quality.

Finally a question could be raised, when this meétls worth using by the analyst.
Regarding the fact that much time is necessaryther wet chemical preparation, this
method cannot compete with fast methods, when tiseomly little time at the analyst's
disposal. On the other hand if the analysis timeas a key-importance demand, this
method may be applied especially when the speadiplipenent necessary for the
combustion methods is not available.
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The paper analyses a large scale interdisciplinesgarch that is carried out at Miskolc
University. In its applied anthropological approdbh analyses takes into consideration the
social scientific background of a basically teclhininovation model. On the basis of re-
search results so far the multicultural local siycie Csernely (Borsod County, North
Hungary) treats the project with ambivalence. lItclsar if the aversion of the sub-
communities towards the realization of the projamttinues to exist the development plan
will suffer.

Keywords: applied anthropology, Roma minority, social conflimalysis, local commu-
nity, biomass-based community energy system.

1. The conception of an interdisciplinary social-gentific research

A large scale interdisciplinary research is caroed within the TAMOP research pro-
ject at the University of Miskolc that is ratherusmial to national practices.

The basic idea is that Csernely, an isolated andarically disadvantaged peripheral
community is subject to a complex set of tasksubhoan experiment of development with
the introduction of the biomass-based heating systethe region. The preparation and
analysis of conditions is more than just an analgsitechnical, environmental economical
and legal aspects. Contrary to Hungarian practoesnusual aspect is also taken into con-
sideration: the Applied Anthropological and Socigitml background of the projédt].

It is unusual because while in the majority of deped societies a successful innova-
tion is always considered to be a result of analanalysis of conditions, in Eastern Cen-
tral European practices a detailed research ohkoonsequences is not part of the innova-
tion. All over the World is a typical phenomenoiglds of knowledge, which contribute to
the realization of the goals of the political ancbeomic élites by “producing” social-
science knowledge of practical value, are highlgrapiated.

The project entitled “The Development of a BiomBssed Community Energy Sys-
tem” is carried out at Csernely, South of Ozd, munded by hills and basins, covered by
large forests. The history of the settlement gagsklio the 13th century. In the late 20th
century the majority of the inhabitants were adtigal or forestry workers or worked in
the industrial plants of Ozd. Following the politichanges of the 1990s, with the closing
down of industry in the region, there was a dramigittrease in the number of unemployed

! The so called applied anthropology is an imporsartifield of modern sociocultural anthropology.
Applied anthropology refers to the practical apgtion of socio-scientific information. Foster,
George M. (1968) 38-55.
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workforce resulting in the migration of younger geations and the impoverishment of the
population.

The population of Csernely is a little over 800apdtonstituting around 400 house-
holds. The majority of the inhabitants are old gedjving alone. This requires the suste-
nance of a pensioner care network, and also sewes last tie of the emigrated to their
place of origin.

Another important sociocultural element of the oggis the increasing Roma minority
population consisting of large families of diffetegenerations, contrary to the Hungarian
majority. The Romas, however, do not constitute@mbgeneous ethnical community, there
is an opposition between those having lived thereggénerations and recently settled fami-
lies. If we want to understand the socioculturahptexity of Csernely we should grasp it
as a multicultural community. The cultural conceptbf multiculturalism [2] is basically
pluralistic [3]. According to this, in a community several tawhl scales of values, reli-
gious and moral beliefs can be valid simultanequahd their acceptance is necessary.
Plural communities’ basic experience is that tHeéassertion of different groups is recon-
cilable with the local identity. Therefore in a gl community the support and mainte-
nance of multiplicity is a clearly evident goal. &' mterdependence and equality of groups
— which are different from each other but live tthge — is considered to be an essential
part of local democracy. The main characteristimafticultural communities is that power
is owned not only by the majority, but is sharethwhe other groups as well.

The present survey aims at presenting the diffeaétitides towards plans for the de-
velopment of the biomass-based heating center wiffferent segments of the Csernely
society. Since all technological innovation devel@nts are realized within a given socio-
cultural environment a very important element ofcass the acceptance of the project by
the local communities. Different segments of thésnmunity have different “acceptance”
strategies towards the project, reasons of whiddne be examined. The analysis will
provide us with sociological information serving adasis for a communication strategy
helping us increase the acceptance of the project.

2. Elements of the Csernely Society

“The Development of a Biomass-Based Community En&gstem” project initiated a
questionnaire-based research within the houseludldise settlement. Besides basic ques-
tions concerning ways of disposing of litter, andams of heating in the household as well
as whether the inhabitants had any information mmhbss-based heating other aspects
were brought to light. As it turns out the commurgbnsists of sub-communities existing
next to, and partially overlapping each other. Bhesb-communities have an ambivalent,
often opposing attitude towards each other. Thibiaatence is characteristic of their atti-
tude towards the biomass project as well; accept&&ery much in coherence with the
sympathy or opposition of the sub-communities tasarach other.

2 The notion of multiculturalism is generally usaxl describe and characterize complex societies,
which are either connected with contemporary glgbatesses — that is, as the result of the migratio

which accompanies globalization they cause permntaeéations between cultures and the individuals
and groups representing them —, or they refleéstaffically formed cultural situation of co-existan

as a stable characteristic.

3 Pluralism is a concept that acknowledges the plidiiy of interests, ideologies, values and views.
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A very interesting situation prompted us to exantine aspect; we asked for directions
from a middle-agent man in the village once timec8 the lists of households were al-
ready divided among the questioners the man wasn&d during the conversation that he
will also be given the questions at a later ocaasidne middle aged man was very helpful
and promised to support the research if it provesetve the modernization of the commu-
nity and provides possibilities for opening jobstlire region. To the surprise of the ques-
tioners the same man later refused to provide @doyrnation at all. Later research showed
the opposition between the sub-communities to bea¢hson for this first helpful and later
refusing attitude towards the question.

2.1. Elderly inhabitants

A major sub-community of the settlement consistsnaftive old pensioners. On the
basis of the questionnaires we can see that themgleofeel responsible for their environ-
ment but their existential vulnerability and théar of impoverishment as a result of the
loss of the value of money makes them unstabley Téal they have no say in the commu-
nity’s life anymore. They definitely believe thetdve of their community is predestined by
the increasing number of Roma settlers. Their ualtit towards the biomass project is
largely influenced by their everyday experienceploysical threat. Most of these people
support the project but the main obstacle of dgymkent in their view is the Roma popula-
tion’s lack of interest, passivity and criminalizifg. This standpoint is created on the base
of physical experiences and long-standings stepesty Theories on social relations be-
tween groups defy the notion of stereotypical fiorally. This means that each stereotype
bears practical significance in expressing itdwaté “towards the othet4]. In most cases
stereotypes help maintain the ethnic and culturgatithg lines; furthermore, they justify
the behaviour towards the given group. There acetywes of stereotypes depending on the
direction of social classification: auto- and hetstereotypes.

Auto stereotypes are images referring to one’s “ogroup. Generally they are simpli-
fications marking positive characteristics, andrtgeals are to strengthen the group’s inner
cohesion and mobilize common active powé5]. Hetero stereotypes are categories used
to name and characterize “strange” groups and thembers. Their content is more often
negative; they serve to create a hierarchy betwgeeups and to draw the symbolic line
between thefh[6]. The system of mutual stereotypes in Cseriglfynctioning as a com-
plex system.

4 The phrase stereotype first was used by Waltetniapn in 1922. By this phrase he understands
simplified, one-sided and schematic images (“priegsl), which show each social group as a homo-
geneous, organic formation based on some typicaiacteristic features. Stereotypes are the sum of
impressions and images, with the help of which grpee referring to the social environment can be
classified and ranked.

® Auto stereotypes may have inner or outer sourEes. Hungarians typical inner auto stereotypes
referring to themselves are hospitality and resefuiness (the number of Nobel prize winners). Good
examples of auto stereotypes originating from osterrces are that Hungarians have a good tem-
perament, are pessimistic, prone to complain anding.

® Hetero stereotypes are used to identify and ratiket” socio-cultural communities. In the opinion
of the Hungarians the German are hard workingjlised, precise and “without personality”.
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2.2. Roma minority inhabitants

The second important sub-community is the Roma nrtininhabitants consisting of
two opposition groups. We have to make differeneavben the Roma families having
lived in Cserney for generations and those havimyed out of Ozd because of unem-
ployment problems. The relationship of the Hungsiand the old Roma families was
characterized by mutual recognition and respethénpast decades, but this changed with
the appearance of the new settlers, the stigmaroés attributed to them casting a shadow
on the Hungarian-Roma relationship. Our researdh the qualitative analyzes of data
shows that both Roma communities and the Hungacansider the main reason for the
tensions to be unemployment.

30% of the total population is of active age an@o4df this is unemployed. In the case
of the Roma population that constituted 10% of tiital population of 802 in 2010, the
unemployment rate is 80%.

2.3. Employees

A third group of the Cserney population consistshafse employed at local institutions
or small businesses (tailoring company, local $tofbese families of at least one member
having a regular income are of a better finandialtion and have a more varied attitude
towards the project. They seem to be interestednmore economical family energy utiliza-
tion practice but only consider the possible emplegt opportunities to be an option if it
comes with a better income than their present jobs.

3. The Biomass Project a Possible Means of Sociojtichl Adaptation and its Com-
munication

It is often said that technological innovation dhd resulting employment projects have
an advantageous influence on the whole of the soclde research also deals with the
attitude of the Cserney inhabitants towards thestipe of potential employment possibili-
ties as a result of the development project. Méshe answers were characteristic of the
general attitude of the given group while reflegtithe general evaluation of the whole
community. The pensioners for example expresseid plsitive expectations towards the
developments, their interest being, as a resut@f age reasons, in the bettering of living
conditions rather than in the possibility of newmayment. At the same time the general
view is that the infrastructure employed in the newhnology would not last long because
of thefts and damages made, these opinions expgessplicit generalizations of experi-
ences with the Roma population.

The positive attitude of the local municipality tasds the project is exemplary.

The potential sociopolitical advantages in cohegenith the general development plan
of the village are clear for everyone concernedrowing living conditions, employment
opportunities and a fight against impoverishment.

At the same time we have to see that the opinioth@iocal municipality towards the
project has a positive influence on the opiniomé group and a negative influence on the
attitude of another. The older population for extnims a positive view of the project as a
result of the municipality’s support. Some segmeasftshe Roma population on the con-
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trary, the lifestyle of which had been stronglyticized by the municipality, are prompted
to reject the developments as something automiticahnected to the work of the local
authorities.

The biomass project is intended to be a complexeldement plan influencing not only
economical-energetical and employment aspectseofatal society but also their existing
relationship with each other. Thus one future asspkthe project will be the analysis of its
influences to the life of the Cserney populatiasniremic viewpoint[7]. Also, on the other
way around, a precondition for the project’s sust@dsealization is its acceptance by the
local population and a positive attitude towardsiteparation and development.

On the basis of results so far the Cserney sotiess the project with ambivalence, as
a result of a number of clearly outlined reasons:

a) The majority population of the village is aging aindtheir case the potential aims
and advantages of the biomass project are irrele@amgle people households with
lonely old people have no interest and neutralgeptthe plan.

b) People in opposition with the local municipalitiegect all attempts connected to the
authorities.

¢) The increase of the Roma population generateshanicatonfrontation between the
majority and minority groups of the population. &ible obstacle of the plan being
accepted by the Romas is that the initiative isneated to the majority population.

d) The division of the Roma population into those hgviived in the village for gen-
erations and the new settlers increase their ardgivaiew towards any kind of de-
velopment.

The above four aspects are generally hinderingehkzation of the project. A possible
solution may be an effective and well aimed commatidbn strategy towards the groups
affected. If the aversion of the sub-communitiesaxls the realization of the project con-
tinues to exist the authenticity of the developnm@ath will suffer.
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Electrorefining, producing pure tin from waste matis in cheap acid electrolytes can
be effectively operated with parameters set to ideo¥or the stability of the solution and
high current efficiencies and the use of the pecaldcurrent reversal (PCR) technique.
However, the cathodic deposit is roughly dendritgqjuiring regular interventions. For the
long term automatic operation, we have devised@stremechanical system that regularly
compresses the metal deposited with a loose stajctpplying pre-set force and time
intervals, thereby eliminating the dangerous outghs. Thus the operation of the cell can
be stabilized for longer runs. As a free alterratof electrical supply, the system was
detached from the mains supply by applying a solput. The long term electrolysis
experiments have proved the stable and efficienkvemd the high — close to 99.99% —
purity of the product.

Keywords: tin refining, HCI solution, cathodic depositiorerdirites, cathode compression.

1. Introduction

Conventional pyrometallurgical refining is not efént in producing high purity tin,
therefore electrorefining has become a convenieyt w eliminate most of the impurities
in a single operation [1, 2]. As alkaline solutiaesjuire higher temperatures and double as
much specific charge of the tin ions as in acidusohs, the use of sulfuric acid based
electrolytes is usually applied [3]. However, thabdizing the Sn(ll) ions require high
amounts of cresylic phenylic sulfonic acid, an exgiee and hardly available component.
Controlling the growth of the rough tin crystalstla¢ cathode surface is usually carried out
by the application of special organic additive agepplication of PCR technology has
also been introduced [4] in sulfuric acid electtey with moderate success. In order to
make this technology inexpensive and available dioraller scale applications, simple
hydrochloric acid — tin chloride electrolyte sotuts have been suggested, which offer the
natural inhibiting effect by chloride complex fortimn, and the added advantage of high
solubility and the possibility to apply high curtesensities [5]. The beneficial effect of
PCR current on the morphology of the cathode [4¢&] be utilized also in this system.
However, the simple acidic solutions of tin mayeldkeir stability because of the gradual
oxidation and Sn@xH,O precipitation, and the reaction of the depostiedwith the
Sn(IV) species — in addition to the danger of hgdm evolution — may spoil the current
efficiency. All these difficulties can be counteteat by an optimizing the process of PCR
electrorefining in HCI — SnGlsolutions, however the formation of a rough andsély
dendritic cathode deposit is hard to be avoidedsjerting from the optimized conditions
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offering solution stability and high current efficicy is not recommendable and the use of
simple organic inhibitors could neither be justifi¢5]. If controlling the growth of
whiskers and long dendrites is not convenient ia fossible ranges of electrolytic
parameters, a mechanical method can still be cereidto avoid the difficulties caused by
the strong tendency of isotropic electrocrystatima The main purpose was to devise such
an electro-mechanical cathode compacting systenchmpievents the outgrowth of long
crystals, thereby helps avoiding the short-circaitd the contamination by the anode slime,
and requires no continual cell inspection.

The production of metals by electrolytic procedummnverts the value of the used
electric energy into the value of the produced metaadily stockpiled. This is a reliable
constant use of the generated electric charge,wdidlows the utilization of a green and
inexhaustible source of energy to the highestiefiicy. As the electrolysis requires longer
times of operation than the normal daylight hoardyattery based storage facility needs
also to be incorporated to span the night periddsis the possibility of a long-term
uninterrupted operation can be offered from theesursupply side, but with the automated
control of deposit structure, also from the curgmsumption side.

2. The experimental equipment and procedure

The system consists of three groups of units. Asvshon the left side in Figure 1, the
energy supply section consists of the solar pahel,charge controller and the acid lead
battery. The other side consists of the electrslysll equipped with the mechanism of
cathode compression. The current for the electimat®s process and the rotation of the
electric motor is controlled by the electronic aitc based on a programmable
microcontroller, between the electric energy supgig consumption sides (Figure 2). In
order to provide for the periodically reversed eaty a suitable switching unit is also
incorporated in the power supply section. The ndordroller receives digital input from a
connected keyboard and sends information to adiquystal display. The cell can be
operated under galvanostatic or potentiostatic itimmd, by setting either the required
intensity of the current or the cell voltage. Thdcnmocontroller operates also the
programmed cathode pressing functionality. The qunes is exerted on the deposited
crystals by a pressing plate parallel to the catsmdface. It is driven by an electric motor
and a transmission mechanism. The position andeiested force are sensed and the
program uses this information for controlling thewvement.
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Figure 1. The lay-out of the electro-mechanicat&blysis system equipped with
solar energy supply
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Figure 2. The main electronic devices and thetetecircuitry of the controlling unit

The structure of the electrolysis cell is showrFigure 2. The rotation of the electric
motor is transmitted through a suitably designear god threaded spindle-nut mechanism
to a perforated pressing plate. Its movement igditnby magnetic sensors, sending signals
to the microcontroller. As the cathodic depositvggdhicker, the pressing movement must
be stopped earlier. Therefore, the pressing plateturned to the standby position if the
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current uptake of the electric motor reaches agpreslue. In order to eliminate the danger
of short circuits, the pressing plate covers thmpete cross section of the electrolyte bath.
Thus no crystals are allowed to grow in the gap&éen the edges and the walls.

Pressing )
Solution nlet  plate | | Solution outlet

Solar pan¢  Control uni

Cogwheel

(+)  Anod

€
Threaded
spindles

Magnetic senso

Magnetic stirre Peristaltic pum

Figure 3. Structurea] and picturelf) of the electromechanical electrolysis cell

The electrolyte solution is circulated from the ®vedge of the anode to the top of the
cathode through a peristaltic pump. This helps amepte for the differences in the tin
concentration, thereby suppressing diffusion paédion. This purpose is assisted also by a
magnetic stirrer rod placed in the anodic compantme

The anode was cast after melting the solderingevastterial and removing the dross.
The cathode plate was cast of purified tin and réheerse side was covered by an acid
resistant lacquer layer. The immersed surface was & 8 cm. The un-dissolved impurity
elements of higher electrode potential than thatirofire collected in the sludge layer on
the surface of the anode. Dissolved impurity eleseh more negative electrode potential
than that of tin remain in the electrolyte solufitimerefore some of the circulated solution
should be removed for purification and replacedphye raw solution of equal volume as
the concentration of the impurities require it. Thedvertent changes in the tin
concentration can also be compensated by this guoee The electrolysis is terminated
when the thickness of the deposited layer readiegosition of the magnetic sensor set
closer to the cathode. When the cathode is reméweed the cell to detach the produced
deposit, the anode is also removed to wash theatell sludge off its surface. It may be a
valuable raw material for the extraction of silverand also copper — by selective
hydrometallurgical processing.

3. Experimental results
In order to test the efficiency of the cathode coemspion system under the extreme

conditions, the experimental electrolysis was earrout by applying DC current, which
allows longer outgrowing crystals than the PCR extrr The progress of the operation is
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demonstrated by the series of pictures in Figuréh& dark sludge layer is obvious at the
surface of the used anode in Figureb®.The initial conditions of crystal growth are
illustrated by Figure 4c) This crystals quickly develop into large whiskensd needles
shown if Figure 4d) which can be compressed into a relatively deager| shown from
the side in Figure &) The compressed deposit becomes gradually deasavaral (10-15
min long) cycles of compression take place. Aftaltiple cycles, a virtually compact
deposit is produced, as demonstrated in Figur® ©Optionally, the movement of the
pressing plate can be activated by the sensedasecie the resistivity of the cell, caused
by the outgrowing masses of dendritic crystals.

Figure 4. Pictures of th@) cast anodebj used anodeg] initial crystals, ¢) loose
crystals, €) the compressed crystal§), the cathode deposit after multiple compressions

We have observed that the current distribution brexomore and more even as a result
of the increasing number of compression cyclesnduai long electrolysis run. It is caused
by the multiplication of deposition sites among tmain dendrite branches when the
outgrowing crystals are pressed back to a relatiweliform surface. As a result, the
electrocrystallization of tin becomes denser amdldlyer more compact. This mechanism is
demonstrated by the series of macro photographRgyure 5.

Figure 5. The increasing thickness of the secgndandrite arms after
multiple compression

The relatively even surface of the deposit is bierafalso for the current efficiency.
We have measured stable net current efficienciegimuously close to 95% during the
entire length of the electrolysis run. The changéhe tin concentration is shown by Figure
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6, when as high as 1000 Afrourrent density was applied in the 1M HCI tin cide
solution. This experiment was run with PCR curreh®0:1 forward: reverse cycle time
ratio. The theoretical net current efficiency islcatated from the measured weight
increments of the cathode and the amount of thec#fe charge causing cathodic
deposition:
zF

118,71DmS” (1)

t+ t_

| -
T, +t

net =

e

dt
t ty +t.

where mg, is the mass increment of the cathode in the- €) interval, |, andl. are the
absolute forward and reverse currents in thandt corresponding periods, F is the
Faraday constamt= 2 is the valence of the electro-active ionghis case the forward and
reverse currents were set equal. A virtual valughefdetermined current efficiency was
expressed assuming the deposition of the predomBafil) species. The practical gross
current efficiency — referring to the total chargensumed - could be expressed with a
similar formula where the second term in the irdégrgument is added to the first one.
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Figure 6. Changes in the virtual net current &fficy and the tin concentrations in the
cathode and anode compartments during electrqlyi$ HCI, 1000 A/ni, PCR 20:1)

When the electrolysis was interrupted for removamgl weighing the cathode — after
washing and drying — samples were also taken frben Homogenized solution and
examined by iodometric analysis for Sn(ll). Theatdin concentration was determined by a
complete cementation of the sample with aluminiwowgber and re-dissolution in boiling
HCI and finally analyzing the total tin as Sn(IThis value was slowly, but continually
increasing in both compartments of the electrolym#. At the same time the Sn(lV)



Electrorefining of tin in pure acid solutions by chanically controlled cathode... 25

concentration remained low. The set HCI concemnaivas also found stable or negligibly
increasing. This corresponds to the assumed meshaoficathode corrosion by

[snct, 4 ¥) +sn=2snc, ]9 +(y- X" )

reducing Sn(lV) by re-dissolving some of the defmukimetal. This could be the major
cause of any current loss. The generation of thgVirspecies can be attributed to the
oxidizing effect of air

[snch ] %) + 050, +2H* +(y- X)oI =[sncl, [ ¥) +H,0 ©)

in the first place, as the cell was operated opethé atmosphere. This effect may have
been enhanced by the stirring of the solution leefaking the multiple samples. Another
source of oxidation may be attributed to the anedpgecially at elevated current densities.
The rise in the total tin concentration can be teratted by treating a portion of the
circulated electrolyte solution through a condii@n cell, where the anode is made of
insoluble material. The accumulation of impuritieissolved from the anode endanger
purity on the long run; therefore they have to &dmoved from the necessary portion of the
circulated electrolyte solution by further techrégu This is a general feature of any
electrorefining procedure, but in this case thegaurities are at a relatively low level.

The purity of the metal deposited and periodicatiynpressed at the surface of cathode
is reliably high. As a result of the periodic comgsion, no outgrowing crystals may touch
the sludge layer on the anode, and the sites ofretetransfer are distributed over a large
and relatively uniform cathode surface. The forfeature eliminates entrapped impurities,
and the latter condition does not allow the foroatf sharply preferential deposition sites
causing a severe depletion of tin ions in theiinilg and harmful diffusion polarization.
Thus the application of the periodic cathode cosgioen technology may finally enhance
the purity of the cathodic product. The main impyricopper and the most valuable
alloying element, silver are practically and safedyained in the anode slime. The rest of
the impurities, are also separated. The efficien€ypurification can be assessed by
comparing the compositions of the anode made ofrétve material and the produced
cathodic deposit after detaching it from the bakdep melting and sampling. Table 1
shows the efficiency of purification for the mostgortant impurities.

Concentration, %
Ag Bi Cu Fe Ni Pb Total
Anode | 0,4903| 0,0600| 0,2004 0,005[0,0075| 0,0153 0,779B
Cathode| 0,0063| 0,0023| 0,0077 0,00060,0003| 0,00274 0,024p

Table 1. Impurity concentrations in the raw anadd the refined cathode materials

Due to the dissolution of copper from the contadtshe electronic devices by the tin
bath during the wave soldering process, the coppacentration tends to surpass the set
limits in the soldering material. Therefore, the snémportant target of purifying waste
soldering materials is copper. A comparison ofgtating concentration in the anode and
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the final one in the cathode shows, that the refnmiveopper is highly efficient. The purity

of the produced tin is ~ 99.98%, which is above $itendard level offered in metal

exchange stocks. The cathodic product can be edsthched and melted, although this
step also requires the exclusion of oxidation. Beeaof the high specific surface of the
crystals, the product is best melted by quick suisioe into an existing tin bath.

Conclusions

Due to the high market price of tin, secondary raaterials generated in the soldering
technology carry great value. Earlier experimenalrk has established the optimum
conditions for achieving high current efficienca®d stability in the inexpensive dilute HCI
— SnC} electrolyte solutions without the application ofiyaspecial additives. These
conditions proved favorable also to producing gimet the cathode. The essentially rough
structure of the cathodic deposit, tending to fdomg outgrowing crystals, still required
further development. This difficulty could be salvéoy incorporating an automated
electromechanical system in the cell, which pedallly compresses the loose cathode,
thereby allows long-term operation without the nesfdinspection. The compressing
mechanism and the cell current are both contrdig@ programmable central electronic
unit developed for this specific purpose. The cdihaleposit becomes gradually denser
and more uniform as the operation progresses. Thernt required for the whole system
can be supplied by an integrated photovoltaic sowed a buffer storage facility. The
purity of the product and the utilization of theedtic charge is enhanced by the
compressing mechanism, thus superior quality noatialbe produced efficiently
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Automotive castings have to meet more and moreati@srequirements these days.
There is a constant need for production engineedieégelopments ranging from purity
degree — that is producing molten metal with hilglaeness — to grain refinement and alloy
improving including heat treatment technologiesolm research we investigated the oppor-
tunities of production development in an automotieenpany producing aluminium based
castings.

Keywords: heat treatment, AISi alloy, aluminium-silicon all@automotive casting, casting
alloy, AISi10MgCu0,5, precipitation, precipitationardening, solid solution treatment,
quenching, ageing, T5, T6, Guinier-Preston zoregegation.

Introduction

We dealt with the correlation of the so called Bahtreatment and mechanical proper-
ties and changes in microstructure. Several puisics helped us in our research [2, 3, 4].
We also examined optimisation of heat treatmenampaters and reducing the heat treat-
ment time. Our aim was to find ways of cost recarctdf age hardening, as economic fac-
tors are also very important for an engineer besidehnical parameters and feasibility.

1. Presentation of the experiments and results

The alloy we experimented with is AISi10MgCu0,5, igththe automotive parts are
made of. The exact places of examinations and medjstress limits are defined by the
buyers’ demands. The castings provided by the faci@re cut and mechanised to these
demands. This way we had the necessary specimepsif@xperiments. They were sepa-
rated into two groups. Some samples are from tlpemnppart of the casting which was
cooled down in a normal way.

The other group of workpieces are from the loweart pf the casting which were
cooled down in a controlled way. In the following wvill refer to these samples as upper-
part and lower- part samples for the sake of sititpli
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2. The heat treatment plan

In case of the casting made of AlSi1l0MgCu0,5 allog heat treatment applied in the
foundry lasts for 9 hours. In the first stage thisra 6-hour solid solution treatment at 530
°C temperature and then the castings are inteysomdled down in water of 60-80 °C
temperature. In the second stage after the fadingothere is a 3-hour ageing process at
210 °C temperatures. In the experimental part ofexamination we worked out a heat
treatment plan based on the heat treatment paresmetéhe foundry. The aim was to find
out whether the stress limits required by the bwrld be met despite the reduction of
heat treatment time.

Cast product, 2 days after casting
Cast product, 14 days after casting
530°C-3h-210°C-2h
530°C-3h-210°C-3h Group 1
530°C-3h-210°C-4h
530°C-4h-210°C-2h
530°C-4h-210°C-3h Group 2
530°C-4h-210°C-4h
530°C-5h-210°C-2h
530°C-5h-210°C-3h Group 3
530°C-5h-210°C-4h
530°C-6h-210°C-3h
Casted and measured in the Foundry

PPN ORI wW N

=
o

P
N

-
w

Table 1. The plan of the heat treatment

The parameters of age hardening were defined inrdance with this aim (the tem-
peratures were not changed). We set up 3 groufsgT. The heat treatment described in
line N° 12 we carried out just for curiosity to de@w big the difference might be in the
results if we apply heat treatment to a whole ogsith a special charge basket in the foun-
dry or we apply the heat treatment to mechanisedisgen of smaller sizes in a furnace of
the university laboratory. The results show that¢hare differences but not significant.

3. The results of the hardness test

In Brinell hardness measurement tests the dianodténe steel bullet was 5 mm, the
load force was 250 kp (2452,5 N) and the time pkri@s twelve seconds. The hardness
features of upper-part and lower-part test samplese composed of the average of 7
measurements.
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Figure 1. Hardness depending on different heat treatmeinpaters

Figure 1 shows Brinell hardness depending on diffelageing times with the same
solid solution treatment time. The darker colowns$ the hardness measured on the lower-
part samples (cooled down in a controlled way). fidgriirements prescribe 90-110 HB for
both the upper and the lower-part of the sampléirggs Apart from measuring inaccura-
cies we strictly insist on the HB interval and wancsee that both the specimen treated in
the foundry and the specimen we treated (530 °Cpaemture — 4 hours solid solution
treatment and 210 °C temperature — 3 hours aghgyto this interval.

The Guinier-Preston zones responsible for the asmen hardness are formed in large
quantities in the solid solution, so we have done Vickers hardneststinside of the den-
drit arms to determine the effect of the Guinieeg®on zones on hardness. In this case the
test samples were completely prepared, the loafdinge was 10 g, and loading took 10
seconds. This type of measurement is not usedeir~tundry, so | could not mark any
expected values. The results can be seen in Fjure



30 M. Godzsak-J. S6lyom-A. Kovacs—P. Pekker-Z. GAcsi

Hardness, HV

Figure 2. Microvickers hardness depending on dfie heat treatment parameters

Figure 2 shows that the hardness values of thettestments 4+4 h and 5+3 h are the
largest (115,6 HV and 116 HV), they are over thedhass value the reproduction of the
heat treatment in the Foundry (109,3 HV). Besidesan also see, that the hardness values
are increasing with the raising of the heat treatntienes, because more dissolved alloying
content will be in the later increasing amountesfipering to able to form GP zones.

4. The results of the mechanical measurements

The most important mechanical properties were ddfiby the tensile test. Figure 3
shows that all the heat treated workpieces reathedequired minimal tensile strength
value (220 MPa). The most constantly high tengiengith can be attributed to 4-hour solid
solution treatment and the highest figures are @itB — hour precipitation hardening. This
value is higher than tensile strength of the foymquece treated for 9 hours.
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Figure 3. Tensile strength depending on diffeheat treatment parameters

Figure 4 shows that both the heat treated piecéstlam non-heat treated castings
reached the required minimum of 0,5% elongatioreldhgation value is too low the cast-
ings become too rigid. Similarly too high elongatis also harmful to tensile properties.

Elongation, %
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Figure 4 Elongation depending on different hesdtiment parameters
5. The results of the XRD measurements

The X-Ray diffraction measurements were carried autthe {311} lattice plan. The
values of the lattice parameters indicate the tissiocomponent content. According to the
professional literature [1] if the magnesium comntefhthe alloy is solved it increases the
value of lattice parameter. If the copper, mangamegssilicon content of the alloy is solved
it causes reduction in the lattice parameters.
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The ability of silicon to cause changes in latfiegameter is very low. As the process is
advancing the silicon, copper and manganese ateftiaginto the solution might moder-
ate the effect of magnesium regarding the lattiaeameters. The 4-hour solid solution
treated workpiece has the highest lattice parameter

4,0564,055
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Lattice parameter, Angstroém
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Figure 5. Lattice parameter depending on differeait treatment parameters

It can be seen in Figure 5 that lattice parametérall heat treated samples have in-
creased compared to the non-heat treated workpiEoe. most even lattice parameter
changes can be seen in 4-hour solid solution heatnents, probably the alloying compo-
nents are solved in the biggest amount in this easelater during the ageing process may
cause precipitations.

Half value width can be increased by lattice defelzttice stress, uneven component
content distribution, precipitations and Guinieegton zones might also change the inter-
plenar crystal spacing in their environment as thaye coherent surface, so they can in-
crease lattice potential. Figure 6 shows that Yalfie width figures (expect two of them)
decreased. We might conclude that probably Guiresston zones do not cause as much
widening as the microconcentrations of dendrithe hon-heat treated casting. G-P zones
might result in further decrease in lattice pot@nii they coarsen and their lattices are not
coherent in aluminium matrix.
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Figure 6. Half value width depending on differaeat treatment parameters

6. The results of the TEM measurements

Nano-size Guinier-Preston zones which are resplenfib the increase in hardness and
tensility in aluminium alloys can be examined dikgonly by transmission electron micro-
scope. In our research we had the opportunity &anémxe a single specimen so we chose a
sample with suitable hardness and tensility priget530 °C temperature — 4 hours and
210 °C temperatures — 3 hours). Figure 7 shows cleayacteristic ,fishbone” or ,Chinese
character” formation the so calleetype iron-manganese precipitation.

HV. 250 K9 DET: BSEDe-SEDetel L L 1 L1 11 11
Satelits STescan  DATE: 0902111 20um

Figure 7. Photos of the Fe-Mn phase-type) like “Chinese character”;
light microscope — (left side), TEM — (middle) aB&M — (right side)

Figure 8 illustrates G-P zones in different magaifion rates. Reading the professional
literature we found photos where G-P zones canelka snore sharply [2] [3] [4] but in
these photos it is more difficult to see them ia thatrix and their composition cannot be
identified either.
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Figure 8. Photos of the Guinier-Preston zones

7. The results of the SEM measurements

Figure 9 illustrates the discontinuity surface ore @f the tensile test specimens in 500
X magnification rate.

HV: 25.0 kV DET: BSE Detector
Satellite ©Tescan DATE: 09/02/11 200 um

Figure 9. Discontinuity surface

We can see all of the discontinuity surfaces, afotoarse compound phases marked
with a white circle and a lot of interdendritic psity marked with a white rectangle. As a
whole, a lot of coarse compound phases, interdéngrorosity and microcracks can be
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found on the discontinuity surface. These matet@dibcts may cause the low yield strength
and elongations.

Summary

Our task was to find other heat treatment paramétereduce the treatment periods and
power consumption (530 °C temperature — 6 hours248PC temperature — 3 hours). The
most important aim was to reduce the heat treatriierat but at the same time meet the
mechanical requirements expected by the custorid¢ierefore we experimented with 9
different T6 heat treatment parameters lastingdftferent time periods without changing
the temperature of the treatment. When analysiegddita we examined the changes in
hardness and tensility values together with théctatparameters and half value width.
Based on the test results we found that the maistidel precipitation hardening is with the
following parameters: 530 °C temperature — 4 hamd 210 °C temperature — 3 hours.
This heat treatment process is 2 hours shorterttiesame process in the foundry. Conse-
quently, it would mean reduction in the costs fug tompany. In addition to mechanical
properties we also studied the microstructure amdhanges with transmission electron
microscope and indirectly with X-Ray diffractionste as well. In our research we found
that the mechanism of strength increasing in vareluminium alloys is a complicated and
complex process, it is determined by a lot of fext®We think examination of electrical
conductivity and thermoelectric power would provid®re exact information about pre-
cipitation processes, these areas are definitetytwaming further research in.
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The paper summarizes the essential thesis of thiéibemym of materials in 17 state-
ments, with the following subjects: 1. semanticsth2 five base units of nature, 3. the 84
stable elements and their non-constant atomic repdssystems and phases, 5. phases and
components, 6. characterization of the equilibristaite, 7. state parameters, 8. extended
phase rule, 9. the requested size of the data-bankaterials equilibria, 10. the four laws,
11. the Gibbs energy, 12. the Gibbs energy of Emlatand mixtures, 13. the conditions of
equilibrium, 14. the Calphad system, 15. the Gibbsrgy of nanophases and the size de-
pendence of equilibrium, 16. the Estphad system,ti& electrochemical synthesis dia-
grams.

Keywords: materials equilibria, thermodynamics, Gibbs, naqoiéria.

This paper describes the essence of equilibriumatgrials. There is nothing new here
compared to what is already known. The novelthésdize of this paper. There are lengthy
books, in which the ordinary reader can be easiy. [This short paper helps to keep our
mind on the essence of the subject. The 17 statsraemas follows [1]:

1. The origin of the word “matter” (= materia in Latiis word “mother” (“mater” in
Latin), proving that materials sciences is the raotbf all sciences. This semantic
unity found in indo-European languages was trarisdogven into the Hungarian lan-
guage in the 10 century by creating an artificial word “anyag” (matter) from the
ancient Hungarian word “anya” (= mother) [2].

2. Nature can be described by 5 base quantities aitsl [@h length (m), mass (kg), time
(s), temperature (K), electric charge (C). Additithy there is an infinite number of
derived quantities and units, such as force (Nglectric current (A), or even inten-
sity of light (cd), the later being a combinatiohderived units of W, sr, Hz. Addi-
tional arbitrary quantities and units can be crédiased on arbitrary definitions, as
the amount of matter (mole) is created togetheh tie Avogadro number by declar-
ing that in an arbitrary way that the mass of 1aenof C-12 is taken exactly as 12
g/mol [4]. The difference between the system ohBltaand the current Sl system of
units [5] is hard to understand and is due onlyntwmrrectly treated scientific diplo-
macy. Let us ask the current officials of scieredrrect this situation.

3. There are 84 stable elements in Nature [6]. Alleotelements are unstable, i.e. they
cannot be stabilized and utilized to create usesfatierials without a danger for work-
ers and users. The majority of the elements con$isbme isotopes. However, the
distribution of different isotopes is found diffetesven along the surface of the Earth,
and thus the atomic mass of the elements cannobtsdered any more as constants
of nature [6].



38 George Kaptay

4. Nature can be divided in an arbitrary way into mfinite number of systems upon our
convenience to ease our analysis. Systems are afatdeast one phase, or several
phasesP = the number of phases), divided from each otlggénterfaces. Phase$()

in a system are characterized by phase rayjgs{ n- /  n. , wheren. =amount
F

of phaseF in the system, mole). Their sum equals unity (Y =1).
F
5. Phases are made of componeilsvwhich are usually selected from the 84 stabte el
ments (C = the number of components). Upon conweriestable compounds can
also be considered as components. Phases are tehiaext by their structure and
composition, expressed in mole fraction of componén in phase F

(XiF) ° ni(F)/ M) » where Ny, is the amount of component i in phase
[
mole). Their sum equals unity ( Xi(F) =1). The system is characterized by the
[

average mole fraction of component:© n,/ N, (wheren, is the total amount
i

of component i in the system, mole). Their sum éxuaity (X, =1).

I
6. The state of any system is characterized by fopesyof information: the number of

co-existing phased, their nature F ), their phase ratiosY( ) and their composi-
tions (X )-
7. The equilibrium state of the system (i.e. the ébmiim values forP , F, y. and

Xi(ry) depends on state variables (their number = VARa most abundant situation

there areVAR= C +1 independent state variables: pressure (p), terperél’) and
the average mole fractions() of (C-1) components in the system. For nano-syste

(i.e. systems with at least one phase having at m@e dimension below 100 nm) the
total number of atoms in the system is an additistae variable. Additionally, gravi-
tational, electrical and magnetic fields might hae influence on the equilibrium
state of the system. Thus, the actual number ¢ stariables:VAR=C- 1+ K,
where K is the number of active state variablescooinected to composition, i.e. K is
the number of actual state variables from theofgpressure, temperature, number of
atoms, gravitational, electrical and magnetic geld all of them are active, then K =
6 and VAR=C+5. If onlyp andT are active, then K = 2 and VAR=C+1. The maxi-
mum number of state variables for K = 6 and C =\B4R ,.x = 89.

8. The maximum number of phases, which can co-exist @ach other in a given system

is written as: P, =C+ K. State variables are divided into those having fre
(VAR,,.) and fixed VAR ) values, with a relationship between them:
VAR=VAR,,. + VAR, 4. The number of freedom (the number of state végab
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with free values) is the difference between the imarm number of co-existing
phases and the actual number of phas&AR,,,=C+K- P. Then:

VAR,.q = P- 1. Thus,VAR;,., is independent on both andK. For 1 phase to

exist in the system (P = 1), none of the stateades should be fixedAR;, ., = 0)

and the number of freedom equals the number of staiables. The above equations
simplify to the Gibbs phase rule at K = 2 [7].
9. The relationship between state variables and thdilegum state of the system (i.e.

the equilibrium values foP , F, Y- and Xi(F)) can be found empirically, in an ex-

perimental way. If each of the maximum 89 statéades have only 1,000 quantified
values, then the number of different situationsature equals 1080= 1G°’. If each

of the 13° homo sapiens species to be alive at the sameotintiee Earth by 2050 can
perform one such accurate experiment every dayt(istelargely over-optimistic es-
timate), it would take 18 days, i.e. more than 18 years. This is much more than
passed since the Big Bang {i§ears). Even if we consider only 5-component sys-
tems with temperature as the only additional statgable, there are 5 independent
state variables, calling for 1008 10* combinations, so it would take 1,000 years for
this full databank to measure for the whole mankiriaus, although the empirical es-
tablishment of the relationship between the statéables and the equilibrium state is
possible in principle, this task will never be adlyrealized in an empirical way.

10. The above situation calls for another solution. Tdlationship between state variables
and the equilibrium state of the system should diabdished theoretically, using su-
per-computers. The theoretical basis of this taak mublished by Gibbs in 1876 [7]
and it is based on the first two laws of matergdgiilibrium (= chemical thermody-
namics): i. the energy in Nature is constant (déifeé forms of energy can be trans-
formed into each other) [8-9], ii. The entropy iathre constantly increases [10-11].
A third law was introduced by Nernst in 1906 to mgdossible to calculate the Gibbs
energies of systems: iii. The entropy of pure aadgtt crystals at zero Kelvin is zero
[12-13]. The recent#law guides the calculations at high temperattiteskeal solu-
tions tend towards ideal solutions when temperdtunecreased [14-15].

11. All systems, phases and components can be desdripoélteir so-called Gibbs ener-
gies, which determine their behavior and equilibritwhen K = 2 (pressure and tem-
perature), the Gibbs energy of a system is writtediparts:G =U + p*V - TS,

where the symbols are in order of their appearatimemolar Gibbs energy (J/mol),
the molar inner energy (J/mol), pressure (Pa), metédume (ni/mol), temperature
(K) and molar entropy (J/molK). Also, molar enthalfd/mol) can be introduced as:

H =U + p>V. The same equations for phabe: Gz =U. + p°V. - T &
and H: =U; + p>V; where quantities with subscript are: molar integral Gibbs
energy, internal energy, volume, entropy and epthaf phaseF . The same equa-
tions for component i in phasé : Gy =U ) + P, - TXS, and
Hir) =Uir) + P, where quantities with subscrip(F ) are: molar partial
Gibbs energy, internal energy, volume, entropy anithalpy of component i in phase
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F . The hierarchy of system — phases — componemqe&erved: the total Gibbs en-
ergy of the system is composed from the integrdb&ienergies of the phases of the

given system G = Yy >G; ), while the integral Gibbs energy of a phase isico
F
posed of the partial Gibbs energies of the comptsnesf a given phase:

G: = Xi(F) >Gi(F) . Similar equations are valid for all other statedtions (U,

I
H, V, S).

12. The partial Gibbs energy componénh a solution phasd- is written as a sum of 3

terms [16]: G; ¢, = G, +DGii?F) +DGi'(EF) . The first term is the standard Gibbs
energy for a pure 1-component pha$e)i(The second term is due to the formation of
an ideal solution:DGi"(jF) = RXT AN X, ¢, , where R = 8.3145 J/molK, the universal

gas constant. The third term is due to the diffeeelbetween ideal and real solutions,
written in the first approximation for a binary stbn as [17]:

m_E

T
i) =W ><(1- Xi(F))2 xexp - z‘_ , where W, (J/mol) andf - (K) charac-

F
terize the binaryF solution. WhenW,. <0, the components attract each other,

while at W >0 the components repulse each other at low tempemtlhis spe-

cial interaction between the components graduakhgkens at high temperatures, in
accordance with thé™daw. The characteristic value ¢ has a magnitude 2,000 ...
4,000 K for alloys [14]. The average Gibbs enerfjya anixture of several phases is

writen as:G = Yy, 3G, .
F

13. If the G functions for all possible phases are known (a&tion of pressure, tem-

perature and composition), the equilibrium phase lwa selected from a simple prin-
ciple: G® min[7]. Sometimes instead of one phase, a mixtureeeéml phasesd
and b, for example) provide the equilibrium state, thee most negative G-value. In

this case an additional condition of the heterogase=quilibrium should be satisfied:

G2y =Gip [7]:

14. The principles, outlined by Gibbs were transfornet the first computer programs

by Kauffmann and others [18-20]. Since then, adargmber of binary and higher
orders systems have been successfully optimized [8&] and other Calphad-
calculations) and many phase diagrams were meaaunckdalculated.

15. Phases which are smaller in any of their dimenstbaa 100 nm, have an additional

term of their Gibbs energyGy = H - T>XS. + A. X/, x5, where A. is
the specific surface area of the phaséigh= m"), S,, is the interfacial energy

between the phase and its surrounding {J/fhis equation means that all size-
dependent thermodynamic properties (vapor presmeting point, other equilibrium
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temperatures, solubility, decomposition potentdt,) are due to the specific surface
area and not due to curvature, as incorrectly dtatethe Kelvin, Gibbs-Thomson,
Ostwald-Freundlich, etc. equations [22-23].

16. Phase diagrams contain a huge number of measuredpolated and extrapolated

equilibrium information. In more complex codes (sws to calculate the crystalliza-

tion during casting) the data calculated by thep@Gafl method are needed. However,
for this type of applications calculations by att@alphad software is too time-

consuming. To overcome this problem, a simplifiedsion called Estphad was de-
veloped by Roosz et al, in which equilibrium valaes stored in the form of polyno-

mials [24-25].

17. The Gibbs energy data, optimized by the Calphadneonity can be used not only for

the calculation of phase diagrams, but also toutatie chemical equilibria and even to
calculate the equilibrium composition of a cathoglioduct obtained by electrochemi-
cal synthesis [26].
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The modification effect of Sr addition on the mistrmucture of Al-Si casting alloys
(AISI9Cul and AISi9Cu3Fe) was investigated. The ification of eutectic in Al-Si
casting alloys is a generally accepted process wsadarily to improve mechanical
properties by promoting the refinement of the iemdly coarse and plate-like eutectic
silicon phase. Furthermore, the combined effecBiofiddition and cooling rate was also
studied in this paper because the microstructuthefeutectic is significantly affected by
the cooling rate. The following measurements weseduin this research: optical
microscopy, measurement of secondary dendrite g@&cirsy, computer image analysis,
scanning electron microscopy and electron microprmalysis.

Keywords: Al-Si alloys, strontium, eutectic modification, dow rate.

Introduction

Al-Si alloys are an important class of aluminum dassting alloys having wide ranging
applications especially in the automotive indusbyt even in the aerospace industry. The
application area of an alloy is specified by thggital and mechanical properties of the
casting, which are influenced by the chemical cositimn and microstructure. The two
major microstructural components of the hypoeuteatiSi casting alloys are the primary

-Al solid solution dendrites and the Al-Si eutectiberefore the mechanical properties
mostly depend on the properties of these structaastituents [1-4].

The eutectic silicon crystallizes into a coarseatglike morphology during the
formation of the eutectic, which is mechanicallgativantageous for the casting, because
sharp corners concentrate stress, which can ceartere during the use of the casting. The
most commonly used modifier element is strontiuralse even a few hundred ppm of Sr
can result a very fine, fibrous structure, furtherenit has a longer decay time than sodium.
Strontium as a modifier element is added to Al&ting alloys to change this morphology,
which causes a well-refined fibrous structure of #utectic Si, thereby improving the
mechanical properties of the casting [3-8].

The fine, fibrous eutectic structure can be actdemetwo ways: either by the addition
of modifying elements, such as Na, Sr or Sb; oingyeasing the cooling rate, but in this
case complete modification cannot be produced, tteisddition of modifier elements are
essential [3—6].
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1. Method

AISi9Cul and AISi9Cu3Fe low Sr containing alloysreveised in the experiments. The
alloys were melted in an electric furnace at 750 &€ in industrial practice. Different
amounts of Sr were added to the Al-Si alloys (Td)lén the form of AlISr10 master alloy.
After strontium addition an incubation time of 1@nmvas allowed. The alloys were poured
into a thin cylindrical steel cup with a diameté3® mm (thermal analysis) and into a pre-
heated (to 200 °C) permanent mould of tensile teds with a diameter of 16 mm.
Therefore the effect of the cooling rate was afseestigated. The contents of Sr in testing
samples were analysed by Spark Optical EmissiontBpeeter and are listed in Table 1.

Casting Calculated Sr, | Analysed Sr,
. Alloy Samples
series ppm ppm
11 20 11
] 1/2 50 41
1. AlISi9Cul
1/3 100 115
1/4 150 152
2/1 20 17
2/2 50 45
) 2/3 100 105
2. AISI9Cu3Fe
2/4 150 171
2/5 200 222
2/6 250 326

2. Results and discussion

2.1. Effects of strontium and cooling rate on theierostructure

Table 1. Concentration of strontium in test sarmmple

Figure 1 shows the effect of cooling rate on therostructure, which is made much
finer by applying rapid cooling. Secondary denddten spacing (SDAS) was measured to
define the cooling conditions with computer imagelgsis developed by the Department
of Physical Metallurgy.
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Sample from thermal analysis Sample from tensile-test rod
- slowly cooled - quickly cooled-

500 pm 500 pm

Figure 1. Effects of cooling rate on the microstane of AISi9Cul alloy
containing 152 ppm Sr

The results (Table 2) show that there is an appratély two-fold difference between
the SDAS of the samples from thermal analysis aoih the tensile test rods, therefore this
deviation works out to an eight-fold cooling ratéfetence by equation 1.

SDAS, pm
Samples from thermal analysis (slowly cooled) 47
Samples from tensile test rods (quickly cooled) 23

Table 2. Average secondary dendrite arm spacitiggofamples

SDAS= konst ‘Z—I @)
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Samples from thermal analysis Samples from tensile-test rod
- slowly cooled - quickly cooled-
a) 2/1:17 ppm Sr b) 2/1-SzP17 ppm Sr
c) 2/2:45 ppm Sr d) 2/2-SzP45 ppm Sr
e) 2/3:105 ppm Sr f) 2/3-SzP:105 ppm Sr

Figure 2. Effect of Sr on the eutectic microstanetof AISi9Cu3Fe alloy
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The micrographs of the quickly cooled samples (fritra tensile test rods) and the
slowly cooled samples (from the thermal analysfspi&i9Cu3Fe alloys are compared in
Fig 2. In both cases the refinement of eutecticail induced by the strontium is clearly
visible, and in the case of tensile test rodsiit @so be observed that the faster cooling rate
results in an even finer eutectic microstructurthatsame Sr level.

The microstructure of the additional samples waso abxamined, but significant
differences in the extent of the modification cainbe observed in the samples containing
more than 105 ppm Sr.

2.2. Quantitative metallographic characterizationf @utectic Si particles by computer
image analysis

The extent of the modification of the samples waantified by three parameters — area,
roundness and number of particles — which were aredswith Leica computer image
analysis. Figure 3 shows the change in these p#ésesndepending on the strontium
content. Solid lines show the change in the valuthe slowly cooled samples from the
thermal analysis and dashed lines show the quicbled samples from the tensile test
rods.

It can be clearly seen that the average valueed éfigure 3a) and roundness (Figure
3b) of Si particles decreases, while the numbeSBigbarticles (Figure 3c) increases with
increasing strontium content, so the eutectic besofimer. Furthermore, it was observed
that the modification effect is significant evenvaty low Sr content, and then it stabilizes
at a specific value.

Due to the differences between the cooling conaktithermal analysis and tensile test
rods) the curves of the average area and numigirprticles are well separated from each
other. The modification effect is more intensive the quickly cooled samples. The
deviation of the cooling conditions does not casigeh large differences in the values of
the roundness. The curves of the slowly cooled sssrghow that there is no change in the
values of the average area of the Si particles@abd®0 ppm Sr, where the area of the Si
particles stabilizes at ~10 jinwhile the area of the Si particles stabilizesrese~50 ppm
Sr at the value of ~10 pinfor the quickly cooled samples. The value of thandness
stabilizes at ~2.5 for both Sr contents (50 and @i Sr).

The area of the Si particles decreases precipitaiasH-50 ppm Sr content, which is
made even steeper by the increase of the cooliegaa can be seen from the shape of the
curves. (Figure 3a)
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a)

b)

Figure 3. Effects of Sr on the parameters of titeaic Si particles
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2.3. Scanning electron microscopy and EDS analysis

A strontium-containing compound phase — probablySipbr, — was identified in
sample 1/4 from AISi9Cul alloy containing 152 ppm(Bigure 4), which is significant,
because Sr bounded in compound does not expounddtiication effect on the eutectic
silicon. 9, 10 Oxygen was also measured in the sample, so thpaam phase probably
appeared in oxide form.

o <«—— ALSI,ST,

Wit% At%
Element]

Al 36.3 | 53.06| 41.17| 57.29
1 Si 29.61|17.03| 32.27|17.66
Sr 23.09|17.39| 8.06 | 5.78
@) 8.23| 7.94| 15.7814.46

Figure 4. SEM image of the M8i,Sr, IMC phases and their chemical composition

The sample containing 326 ppm Sr from AlSi9Cu3Reyalvas also observed by SEM,
but the strontium-containing compound could not identified despite the higher
concentration of Sr. The reason is that the AlSBaualloy contains much more impurity
elements, such as lead, which also appear whittherSEM images, so this makes it
difficult to find the Sr-containing compound phases

Conclusions

AlISi9Cul and AISi9Cu3Fe casting alloys with diffetemounts of strontium addition
were examined in this study. The combined effettstrontium and cooling rate were also
investigated. The following conclusions can be drdrem the experimental results:

1. The increase of the cooling rate has a signifiediect on the eutectic microstructure;
the quicker the cooling, the finer the eutectithetsame strontium concentrations.

2. The modification effect of Sr is very intensive tgpa certain value then stabilizes
after reaching it. This value is 100 ppm in theecakthe slowly cooled samples (from the
thermal analysis), while it is 50 ppm for the gujckooled samples (from the tensile test
rod). Above these values further strontium additioes not cause further refinement of the
Al-Si eutectic.

3. An ALSi,Sr, intermetallic compound phase was detected in tiseostructure of the
test sample containing 152 ppm Sr. The amountroftim bounded in this compound is
unable to participate in the modification process.
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In my paper | focus on the patterns of living tdgetfrom a historical point of view. By
using Fredrik Barth’s concept on ethnicity the fggaint of my analysis are the situations
in which the different ethnic groups associate. pecal focus is given to the inner
configuration of the Roma community of Csernely afgb to the specific system of values
and norms. The complex analysis of the narratiugcires of Roma and Non-Roma living
together is carried out in order to describe tlfedint points of views, behavioral patterns
and images of the other that exist in the village.

Keywords: Biomass projectpatterns of living together, conflicts of the localciety, the
impact of conflicts on the project.

Introduction

In order to develop a model of biomass-based engmgywision sufficient for
completely or partially satisfy the heating energgeds of a given locality a
multidisciplinary research team was formed at theiversity of Miskolc (engineers,
sociologists, anthropologists, economists andtg)ri§ he settlement chosen as the locality
of the pilot project is situated halfway betweendGand Szilvasvarad. The aim of the
project in Csernely is to replace the heating ensggtem using natural gas with a system
using renewable sources. The project also aimsst@te workplaces, to utilize currently not
used lands and to create a settlement that is migtan energy user but also an energy
provider [1]. The social scientific research focusen risk management and conflict
potential.

The applied anthropological research is based @n hypothesis that the simple
description of the relations between the differgrdups of citizens at Csernely does not
cover all the social and cultural aspects to bewkndor the success of the project. The
biomass project includes a complex development fflarimpact of which shall not only be
understood in terms of economy, energy or laborketaout also in terms of the relations
between the citizens of the settlement. The imp&dhe project on the life of the local
society is predictable.

In order to successfully realize the “Biomass Ritjjét is an absolute necessity to
ensure that the local citizens are cooperativeaaeepting. The complex survey carried out
at Csernely showed us that one of the strongedlictsrof the local society arise from the
different lifestyles, values and norms of the Noork& and the Roma citizens the later
being relatively new settler at the village. In mpgper | focus on the patterns of living
together from a historical point of view. By usiRgedrik Barth’s concept on ethnicity the
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focal point of my analysis are the situations inickhthe different ethnic groups associate
[2].

The patterns of living together in Csernely arealeped by using the results of the
survey and the qualitative interviews that were enadl special focus is given to the inner
configuration of the Roma community of Csernely afgb to the specific system of values
and norms. The complex analysis of the narratiugcires of Roma and Non-Roma living
together is carried out in order to describe tlfedint points of views, behavioral patterns
and images of the other that exist in the village.

Based on the methodological findings of existingeggches we claimed that there is a
huge discrepancy between attitudes and actual mekav herefore the quantitative data
gained by the survey had to be completed by usimgitgtive methods (life interview,
narrative biography).

In order to conceptualize the research questiois issential to describe the most
important social aspects of the local society. 99 the village was inhabited by 1227
person. The number of citizens increased betweemtrs reaching 1474 by 1940. After
the World War Il the rate of increase slows dowacheng its highest point at 1496 in 1960.
From that time the village experiences a constaatime in number of citizens. In 1980 the
number of inhabitants is 1292, while at the timetaf collapse of the regime in 1989 it is
only 1091. The decrease continues up to our tilesording to the data given by the local
government 800 people lived in the village in 20dBjch means that, compared to the data
of 1960, the number of inhabitants lessened by 50%.

The most important factor of decrease is the highigration potential arising from the
closing down of nearby mines, factories and plavis.can also observe a different reason
for migration: the inhabitants with better educatior higher degrees move to the urban
areas. This process started during the time ofstiwalist modernization and continues
today. Although it cannot balance the deficit, frtime time of the collapse of the regime a
inward migration can also be experienced in thdagd. This later is process is
characterized by the arrival of settlers of diffdrethnic origin. Roma people from the
neighboring village move in Csernely. At the begngnthey used the state given social aid
to purchase empty houses. Nowadays it is more aoré common that they move in the
empty houses arbitrary. After 1989 Dutch and Beldg@milies also bought properties in
the village, but with the increasing number of Rasetlers, this process slowed down.

As a result of the migration three specific segmentmed within the local society:
mostly elderly non-Roma Hungarians living in single two-person households, Roma
people living in Csernely for generations and Ramacomers arriving to the village in
the last 10 years. The 50 Roma families make upet@ent of the total population. In the
kindergarten there are only Roma children. Thedcbil of the non-Roma inhabitants
attend elementary school in the nearby settlemeéygsa result the elementary school of
Csernely had to be closed down two years ago.

According to the data on employment currently miv@n half of the inhabitants are
inactive pensioners, most of the people in actiye are unemployed only a few families
have regular income. Since the first two decadethef20th century the inhabitants of
Csernely have been employed by the mining corpmator by the Iron Work Factory of
Ozd. Beside a few families living from agricultumest of the families were employed by
the heavy industry. Up to the 1980’s the villagpenenced successful modernization with
outstanding work opportunities, chances of gaimireglth and better social status. This era
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is characterized by wealth and success in the iscginces. The formerly prosperous
vilage faces several problems now: aging poputatemnflicts with the newcomers,
outward migration of the younger generation anditical government being constantly in
debt.

1. Narratives of the Roma and non-Roma Hungarian liing together

In terms of time the narratives of the Roma and-Roma Hungarian living together
can be described as follows:

The past in which the living together was abselytideal
The present with all its conflicts
The future that is lost for the local Hungarians

This narrative is characterized by the notions eflicie, of devastation. According to
the locals the formerly existing values got corgdsh the last 10-15 years. The reasons are
obvious: in their point of view the closing down mwines and factories together with the
arrival of Roma are causing the decline of theagdl. The most important attributes of the
decline-narrative are: aging, rapid decay of livisgindards, future beyond recovery,
disintegration of the local order, fear of everydaynes, danger. The reason for all of these
is the process of Gypsies moving in the villagehe lbocals say. The social, existential
problems of the village are understood as of etboitlicts.

Many times the narratives on Gypsies distinguisfvben Gypsies living in the village for
generations and Roma newcomers. It is also trueigthathat negative attitudes are
expressed toward the Roma as a whole.

Beside the narrative of deprivation also the namabf revival exists. The most
important characteristic of the later is that insilers the recovery of the village as a
possibility. The process is reversible; if certairtumstances and requirements are met the
decline of the village becomes avoidable. In thé&swthe natural environment of Csernely
is a potential based on which a new future is fdssiVe have to add though that this new
future excludes Gypsies. Mounted tourism, renovatib the Strumann mansion and the
utilization of it, establishment of a local muse@md the usage of alternative/renewable
energy sources are the main elements of this nawefuThese suppose to help the village.
According to this concept the “troublemaker” Gygamilies “who don't like living in a a
village where there is order” will voluntarily mowaut. Others believe that the outward
migration of the Gypsies would only speed up wille thelp of non-local financial
resources.

The actual practical aspect of the narrative ofivadvis preventive and pro-active.
Firstly, the further moving in of “troublemaker” @gy families should be prevented,
together with the purchase or arbitrary occupatidrempty houses. Some say that to
prevent this the empty houses should be demolishied. pro-active dimension seeks to
change the situation by making reasonable decisidhgse include the creation of
workplaces for the younger generation, the re-ogenbf the school, touristic
developments, renovation of the mansion, and mazkgion of energy supply, to name
just the most important ones.
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2. The changing image of Gypsies

The locals of Csernely distinguish between two $yp& Gypsies living in the village.
All the narratives formed around Gypsies are charaed by the categories of Gypsies
living in the village for generations and newcométsese categories have their own values
added to them: the “normal” or “decent” Gypsies ale settlers, while the newcomers a
“troublemakers”.

In terms of newcomers the mostly cited attributes their living conditions are frugal,
they live on stealing and social aid, they are usttworthy in terms of work, they are
aggressive and lazy, they only accept a job wheretlis nothing else they can do. The
devaluation of newcomer Gypsies legitimizes theatigg attitude toward thefi3]. Many
times serious accusations are made against themfa@mexample is that they consciously
provoke other locals or that incest is common amtrgn. Such narratives obviously
strengthen the stigmatization of the newcomers. ditiesettlers, e.g. Gypsies living in the
village of generations, regard the newcomers withdame hostile attitude. The attributed
stigmas are exactly the same and they distancestiees from the newcomers. According
to the interviews they cannot even imagine havimgralationship or contact with them.

In terms of the Gypsies living in the village foergerations, the locals of Csernely
formulate quite a different opinion. They believeat a different behavioral pattern is
characteristic of this group. The words used tocdes the old settlers are the total
opposites of words describing the newcomers. Adonghy, the old settlers are decent,
hard-working, clean, trustworthy, honest, etc. Axt lworking relations are common with
them. The locals were and are giving smaller Idarthe old settlers, because they always
give it back in time. These Gypsies are part ofldwl religious congregation, they are
baptized and they participate at the funerals hiogahe deceased.

Even among the old settlers there is one Roma yaletfs call them the Z. family, with
which the locals have more and more conflicts. Téey that there were no problems with
the grandparents, who accepted the norms and vali¢se major society and lived
accordingly. Some of the children and most of thendchildren though live a life that is
unacceptable for the local society. The Z. famiyrégarded as the newcomers. This fact
makes the image of local, old settlers a bit mamaglicated, because, as we've seen, one
family falls into the category of “troublemakers”.

Some aspects of the ideally described Roma-Hungaeiationship of the past suggest
asymmetries. The establishment and intensity dfofial kinship shall be interpreted by
considering this. It was a common practice that Be@ma families chose Hungarian
godparents for their children. The collective meyndoes not preserve any case though in
which a Hungarian family would have chosen Romgpgoents.

One of the most obvious signs of the taboo of éngssertain social borders can be
observed by looking at the question of mixed mge&[4]. Not a single case of mixed
marriage existed before the last ten years. Batlgs tend to insist on choosing a partner
from his/her own group. Although the Gypsies regaiged marriages as unfortunate but it
is the reputation of the Hungarian family thataally harmed by such event. The rejection
of mixed marriages shall be understood as a togbrekerving ethnic identities. It is
interesting to take a look at the only mixed mayeieof the village. One of the male
members of a old settler Gypsy family married a garfan woman from a nearby village.
Both families were against the marriage, the Huiagaparents expressively forbade it. The
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bride’s family didn’t even participate the weddimply time brought some acceptance. The
Hungarian brother-in-law works with the Gypsy husthanow and the later was really
furious when telling us that his brother-in-law dagot admit that they are relatives. The
Hungarian bride was not welcomed in the Roma famitlger. They expected her to adapt
to their customs, cultural traditions. Although tleeal non-Roma society is completely
aware of the fact that the bride is a Hungariamfeoneighboring village she is regarded as
Roma because of her husband. Her husband comingdrointegrated Roma family she
has good and intensive relationship with the nomRdocals but still the woman with two
children is identified as Roma. The husband himisa#f an expressively Roma identity. For
years he was an active member of the Roma Min@idyncil. On the contrary his family
seeks assimilation. It is also proved by the fa&eit tthe sister of the husband chose a
Hungarian man to marry, just like their cousins Mike in the capital.

Their older son is seeing a Hungarian girl. For hime identification as Roma is
offensive. Notwithstanding, the locals regard akkmbers of the family as Gypsy. The
Hungarian woman told us that when she applied fobat the local school the headmaster
turned her down because of being Roma. The stigataih was made because of her being
part of a Roma family. The obvious ethnic discriatian is contrary to the behavioral
patterns applied in the interactions with Roma femiliving in the village for generations.
Theoretically the locals accept the old settlersibipractice the behavior toward them is
different.

The locals of the village still cannot forget theading of three bells from the local
cemetery in 2008. One week prior to the theft theas the funeral of a local Gypsy man
on which several Roma from the neighborhood wergigizating. One of the local
Hungarians who has an intensive relationship with Roma godchild now living in
Budapest and also with the local old settler Romapte see a direct connection between
the funeral and the theft. He supposes that thevdlsi were present at the funeral and that
the plan of stealing the bells was actually formdten attending the event. It is out of
question that the thieves were Gypsies, althoughirthestigation was closed without any
result. This example shows us that even the fogmeokitive experiences cannot prevent
the emerging of a negative image of Gypsies. Thagie though is characterized mostly by
attributes connected to the newcomers.

Earlier the image of Gypsies at the settlement vi@sned along the positive
experiences of everyday living. Economic relatigreye not based on a patron and client
type of relationship. During the socialism the loGypsies worked as agricultural day
laborers, but not in Csernely. Therefore the comnmattern of patron and client
relationship could not be formed here. The mostargmt connection between the local
Roma and non-Roma inhabitants was formed by fieti@mship.

Most of the local Roma were able to successfullgpado the norms and values of the
majority. During the socialist modernization themployment rata and their living
conditions were similar to that of the non-Roma dlanans in the village. Because of this
successful integration the relationship betweentti@ ethnic groups was characterized
along social and not ethnic lines. The ethnic disicration against newcomers, the
interethnic tension and the general attitude towdwel Gypsies show that things have
changed nowadays. Today the living together of R@nd non-Roma Hungarians is
mainly characterized by asymmetry. The most impartspect of the attitude toward the
newcomer Gypsies is defined by devaluation, bydber-valuation of one’s own ethnic
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groups and by the common degradation of the otfidrs. Hungarian majority adopted a

model-like behavior toward Gypsies, which is chtedzed by keeping the distance and by
social exclusion. The base of ethnic differentiatis the existential and moral superiority
of the local Hungarians. Earlier this attitude wa$ common in Csernely. The reson for the
changing attitude is that the “socialization” défief the newcomer Gypsies is balanced by
the revaluation of one’s own ethnicity and culturethe changing structures the earlier,
traditional patterns of living together gradualbst their validity. Currently we experience

the re-drawing of ethnic boundaries, the processwbith is characterized by the re-

definition of the notions ‘Gypsy’ and ‘non-Gypsyrhese notions and the differentiation

are the practical tools to preserve the sociall@tafor both groups.

3. The impact of conflicts between Roma and non-Rcemn Hungarians on the
realization of the project

The survey carried out among the population of $bttlement shows us the local
viewpoints concerning the project. Positive attituward the Biomass project can be
observed in all of the groups. We have to note ghatlhhat a significant number of elderly
non-Roma Hungarians did not want to participatthasurvey. Most of the citizens regard
the Biomass project as a necessity of the renewdh village. Despite the lack of
information on the project most members of the comity believe that it will have a
positive impact on the lives of the citizens.

By looking at the answers regarding the curreriustand possibilities of the village we
have to say that most of the respondents are iata sf apathy and hopelessness. The
answers have similar elements: irreversible agihghe population, constant thefts and
burglaries, lack of public safety, closing of tlshgol and the local government in the state
of bankruptcy. According to the respondents thedese situation is a consequence of the
“massive settlement of Gypsies” in the villagealko means that the most important factors
influencing the success of the project are the letsfbetween Roma and non-Roma
inhabitants. Non-Roma villagers believe that thadization of the biomass project is highly
endangered by the new Roma settlers. Their lifestgnd everyday practices obstruct the
project. The non-Roma villagers suppose that tledtshand dilapidations committed by
new Roma settlers will endanger the infrastructofehe innovative development. The
strict line between non-Roma Hungarians and noiv@d@&oma settlers is observable both
in terms of everyday life and in terms of the sssoef the project.

The growing proportion of new settlers regarded“tasublemakers” increases the
potential conflicts while also strengthens the eiraplifying general concept of Roma
people as the source of all problems. The troubleéhat this concept obliterates the
boundaries between the integrated, native Roma aontyn and the physically and
mentally also segregated new settlers. As a coesegy the distrust between the local
Roma and non-Roma community grows, significantlgasmgering the feasibility of the
innovation.

In addition to this, the tension between the Ig@ternment and the new settlers also
hinders the realization of the development. Theaidd development connected to
renewable energy was that of the mayor. He is thin mupporter of the biomass project.
Unlike the former mayor he does not run from thaflicts with the new settlers. One of



Local society and the biomass project in Csernelye-impact of conflicts between... 57

the most significant aspects of his leadershipdeéd the acceptance of confrontation. As a
consequence, he is really unpopular among the atimenRomas. Conflicts evoke strong
emotions more and more frequently with some ethuidgigal overtone. The non-native
Gypsy community regards the mayor and anti-Romacist, nonetheless the mayor has a
good relationship with the native Roma communitypjgosedly this underlying conflict
will show itself also in the reception of the prajeThe new Roma settlers of Csernely will
stand against everything and anything coming frormomnected to the local government or
the mayor himself, while the integrated native Raommunity will support the project.

The most serious conflicts of the local societythie present day Csernely originate
from the changing of formerly functioning practice$ Roma and non-Roma living
together. Therefore no significant developmentgxty can be planned or initiated without
carrying out a social and cultural feasibility sgud
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Biodegradability and antimicrobial properties atsoafavourable in the food industry
and the healthcare. Poly-lactic acid plasticizethwissential oil can be promising packag-
ing material. | evaluated the antimicrobial actnitf some essential oils to select the best of
them. Kirby-Bauer test and macrodilution test weesen in order to verify the applicabil-
ity of the EQ’s. However, marjoram, clary sage,ijpign and rosemary were more effective,
in contrast with the ginger oil. The diffusion raté EQO’s in PLA is low, approximately
10108 n/s.

Keywords: biodegradable, PLA, antimicrobial, essential oil(\V

Introduction

There is a growing need for biologically degradadekaging materials with similar
mechanical, optical and technological propertieshaspolyolefins as polyethylene, poly-
propylene or polystyrene. PLA (Poly-Lactic Acid)tlee most popular plastic for this pur-
pose, and its price is getting closer to the maleitommonly used. In the food industry,
packaging has to preserve the foodstuff. Many stittadditives applied as preservatives
in and around the food, which became obnoxiougHercustomers in the last few years,
but they accustomed to the products with long difelfEssential oils are natural materials,
their smell can be chosen to fit to the taste afdfofor example marjoram, garlic can be
used for meat, and lemon or cinnamon is suitabidrfity yoghurt or cake. The concentra-
tion which is able to get in touch with the foo@ry low, because of the slow migration in
the polymer, so toxicity and displeasingly odoh&dly possible. Key question is the effi-
ciency of the additives, so the minimum inhibitagncentration (MIC) is useful data for
comparison of different agents. There are some aadetlior determining MIC. My choice
was a scenic method called Kirby-Bauer test or witier name as Halo-test, and a more
exact process called macro-dilution test. Thee lisige range of biocides to use in a poly-
mer matrix, as organic acids (citric acid, lactiidabenzoic acid), organic salts (Na-lactate,
Na-benzoate, Na-sorbate), inorganic materials (@gjie, Zn-oxide), bacteriocins (nisine),
enzymes (lysozyme) or natural plant extracts. Pa& heen compounded with nisine [1, 2,
3], silver-based nanoclay [4propolys [5], and chytosan [6], while EQO’s have téged
with other matrix materials, for example for polgpylene [7] or edible films [8]. Diffusiv-
ity of thyme essential oil and its components wealwated by Colomines et al. [9]. Mini-
mum inhibitory concentrations can be measured lbgatiag the inhibition zones on an
agar plate sprayed with microbes, as in the cas@rby-Bauer test, the Stokes test and the
E-test, or by making a dilution test, or by cougtthe number of cells on a foodstuff which
is in contact with the agent [10, 11].
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Materials and methods

The essential oils were obtained from Aromax Zithva description about their com-
position. The applied EO’s were marjora®riganum majorang clary sage %alvia
sclared, juniper Quniperus communjisginger Zingiber officinalg¢ and rosemaryRosma-
rinus officinalig. The main components of EQ’s can be seen inalh@ing (table 1).

Marjoram Clary sage Juniper Rosemary Ginger
terpinene-4-ol linalyl-acetat¢  trans-anethole eyptal -zingiberrene
cys-sabinene-hydrate linalool fenchone camphor wuene
p-cymol sclareol chavicol -pynene bysabolene
-terpynene myrcene 1,8-cyneole -pynene ginerol

Table 1. Major components of essential oils

For the attack, | chose from 3 type of microorgarss| used two Gram positive bacte-
rium (Bacillus cereus, Staphylococcus aureus), am negative bacterium (Escherichia
coli, Pseudomonas aeruginosa) and two yeast stréBmcharomyces cerevisiae,
Geotrichum candidum). Bacillus cereus is a brealape bacterium which can produce
endospores, so has an excellent surviving abilihe used S. aureus strain is a meticillin
resistant type, which is very dangerous, and eafpegrows in hospitals. E.coli is the main
indicator microbe of the fecal contamination. Ndit & the E. coli is pathogen, many
strains are useful in the intestinal flora. Pseudioas aeruginosa can be found nearly eve-
rywhere in the nature, they are the first attackaefrigerated meat products. S. cerevisieae
is the normal baker yeast, which is good for biert, bad contaminant in fruit juices. G.
candidum has real hifa and artospores, and sodeig products.

The materials | used to keep the colonies in thhtrconditions, were TGY (trypton-
glucose-yeast) medium (generally used as count platrient), MEE (completed meat
nutrient) for Bacillus, BA (bloody agar) for the 8ureus, Luria-Bertani broth for the Es-
cherichia coli, and MEA (malt extract agar) for §east cultures. Bacteria were incubated
on 30 °C, while for yeasts | used a temperatur28ofC. The dilutions of microbe suspen-
sions were prepared with physiological salt dilatio

As nutrient, for the Kirby-Bauer test, | used MeelHinton agar plate and sterile cellu-
lose disks with a diameter of 6 mm. For the te$tesus, DMSO was used with 50v/v%
concentration in distillated water, for the procéassed Widal tubes and pipettes (10pul-
1000ul). The concentrations were made by mediamidils from 2 to 0.0625 pl/ml. A
microbe suspension with a 0.5 McFarland (approxétyatC cells/0.1 ml) was streaked by
glass rod and turning three times with 60°. Thekigls were leaved to relax for 2 hours in
incubator, while | impregnated the solvents inte tellulose disks. After | placed the disks
on the agar plates, they were incubated at 37 fQ4cdchours before reading results. If the
concentration of the essential oil is enough to@né the microbial growth, clear inhibitory
zones can be seen on the agar plates around thegngted cellulose discs. The diameter
of the inhibitory zones has to be callipered. THENMinimum inhibitory concentration) is



Determination of antimicrobial activity of essemtigls asadditives to develop... 61

the lowest concentration of an antimicrobial agat can inhibit the visible growth of a
microorganism after overnight incubation.

For the dilution test, the same dilution scale wsed as in the case of the Kirby-Bauer
test. | pipetted 1 ml of the essential oil soluicemd 100 ul stock solutions into Widal
tubes, so each tube containedcklls/ml. After incubating overnight (24 hours) dyred
agar plates from 1-1 ml of each liquid in steriletiPdishes. | checked the number of the
colony forming units in the plates after 24 andhéirs incubation at 37 °C. There was a
difference in the CFU/mI (colony forming unit / 1l eest solution), as the samples con-
tained enough concentration of essential oils tuce microbial growth, produced less
microbial colonies than the standard sample (wittessential oil). The MIC is given in
pl/ml, where 1 mean the minimum inhibitory amouritessential oil (ul) in 1 ml solution
containing originally approximately f@nicrobe cells.

Figure 1. Kirby-Bauer test on Mueller-Hinton agdaite with E. coli and Rosemary oil
(left), essential oils and their dilutions in Widabes (right)

Results
The two test gave coherent results, but the effyids much lower in the case of the

agar-diffusion (Kirby-Bauer) test. The results bétdilution method are shown below in
the Table 2.

Microoraan- ?ngg:rgl:]r: Salvia Zingiber | Juniperus | Rosmarinus
ismg Code (n{ar'o- sclarea officinale | communis| officinalis
ra ni) (clary sage) | (ginger) | (juniper) (rosemary)
(Gram +| ATCC
S. aureus bact) | 43300 > 0,29 > 0,5 0,375
. (Gram +| ATCC
Bacillus cereus bact) | 14579 0,375 2,0 0,375 0,375 >
Escherichia | (Gram —| ATCC
coli bact) | 25922 0,375 0,0625 > 2,0 0,0625
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. Orlganum Salvia Zingiber | Juniperus | Rosmarinus
Microorgan- majorana < ; A
- Code . sclarea officinale | communis| officinalis
ism (marjo- ) S
ram) (clary sage) | (ginger) | (juniper) (rosemary)
P. aeruginosa (%:‘CT)‘ ggg% 0,75 05 > 0375 035
Sacharomyceg ATCC
cerevisiae (Yeast) 24859 0,375 0,75 > 0,0625 0,75
Geotrichum ATCC
candidum (veast) 66592 0.75 0.5 g 05 2

Table 2. MIC of EQ’s in ul/ml

The essential oils were active against the chosemarganisms. The essential oil of
ginger is weak antimicrobialy, so it is not promigias an additive of a food packaging
plastic material. Marjoram oil is the best one, doesn’t inhibit the growth of S. aureus.
Rosemary oil is efficient against E. coli and Rugeosa.

Conclusions

Ginger essential oil is not effective enough to kvaiith that in the future during the
research work. The other 4 oils had good actiwtyd it would be promising to evaluate the
efficiency of their main components separated. Ha@we juniper is a very strong
antimicrobial agent, possibly it will not be applien the food industry for packagings
because of it's taste. The other three essent&l marjoram, clary sage and rosemary are
promising agents.
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At a time of growing concern over the rising camtsl long-term environmental impacts
of the use of fossil fuels and nuclear energy, wameérgy has become an increasingly
important sector of the electrical power industaygely because it has been promoted as
being emission-free and is supported by governnsHisidies and tax credits. The
first wind turbines for electricity generation haldeady been developed at the beginning of
the 20th century. The technology was improved bigstep since the early 1970s. These
equipments usually operate optimally only in a oarwind speed range. The energy of the
wind outside this range remain useless. Hungalgsss fortunate according to wind energy
utilization. The average wind speed is low, themsity and direction of the usable winds
are variable. In 2009, a Hungarian inventor Dénékak presented another way to convert
the kinetic energy of the wind into mechanical ggerin this paper we examine the
possibilities of the new invention according to #mscale energy generation in
underprivileged settlements.

Keywords: renewable energy, wind turbine, Hungarian innovatienergy-bosun”.

Introduction

A society, which energy needs are based on loaaices, is more likely sustainable
then an import fuel based one, since most countefep their own needs before export.
Therefore using local energy sources should be agininterest in all terms. Among
renewables, biomass is the most typical sourceidBdscally grown energy plants, wind
energy is also an emerging field. One should ihstalind turbine in such a place where
we already have done the necessary measurementwiad speed, typical wind direction
and weather circumstances. These measurementdyumiold several months or years, or
we can use weather observations on the designatal ta make approximate ROI
calculations.

Wind energy is non-polluting and is freely avaikalith many areas. Wind turbines are
becoming more efficient. The cost of the electyicthey generate is falling. Large
balancing areas and aggregation benefits of lamggsahelp in reducing the variability and
forecast errors of wind power as well as in poolingre cost effective balancing resources
[1]. There are already several power systems anttacareas coping with large amounts
of wind power [2], like in Denmark, Germany, Spalortugal and Ireland that have
integrated 9-20% of wind energy (of yearly eledtyidemand). Figure 1 shows the typical
wind speeds in the European regions.

The worldwide energy demand is continuously growang, according to the forecasts
of the International Energy Agency, it is expectedrise by approx. 50% until 2030.
Currently, over 80% of the primary energy demancdoigered by fossil fuels [3]. Although
their reserves will last for the next decades, thdl not be able to cover the worldwide
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energy consumption in the long run. In view of ploiss climatic changes due to the
increase in the atmospheric &€ntent as well as the conceivable scarcity oifdaels,

it becomes clear that future energy supply can belguaranteed through increased use of
renewable energy sources. With energy recoverygireenewable sources like sun, wind,
water, tides, geothermal or biomass the globalgndemand could be met many times
over; currently, however, it is still inefficientd too expensive in many cases to take over
significant parts of the energy supply [4]. Thairther expansion is certain now that the
European Union has laid down ambitious and bindargets. These state that by 2020
renewable energies are to account for as much %s &0Europe's energy consumption.
These targets focus attention not only on the b#gt sector, but also on the use of
renewable energy sources in heat production arithéntransport sector [5]. Due to the
usual adaptation reactions on the markets, it iesteable that prices for fossil fuels will
rise, while significantly reduced prices are expddor renewable energies. Already today,
wind, water and sun are economically competitivesiime regions. However, to solve
energy and climate problems, it is not only necgssa economically utilize renewable
alternatives to fossil fuels, but also to optimihe whole value added into the chain of
energy, i.e., from development and conversion,sfpart and storage up to the consumers'
utilization [5].
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Figure 1. Wind speed in different regions of Eww¢@]

As the classical definition says, the wind turbisean equipment which convert the
kinetic energy of the wind into mechanical energythe use of vanes. This motion energy
can be used to pump water, grind grain or it catub®ed into electricity with a generator.
The most known wind turbine type is the one calledzontal axis wind turbine (HAWT).
The other kind of turbine family is the verticaliwind turbine (VAWT), which has many
different forms, such as darrieus, savonius anzhgjt.

GWEC's annual market update on the status of tlobat)iwind industry is the
authoritative source of information on wind poweariets around the world. It provides
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you with a comprehensive snapshot of the globalstry [7]. In 2011 the installed wind
capacity reached above 40.000 MW (Figure 2.).

Figure 2. Global annual installed wind capacit$892011
Source: Global Wind Energy Council [8]

Figure 3. Annual capacity by region 1996-2011
Source: Global Wind Energy Council [8]

There is huge and growing global demand for emissfoee wind power, which can be
installed quickly, theoretically everywhere in therld (Fig. 3.). China determines the
energy growth of the Asian region. In 2011 wind pown the People's Republic of
Chinaaccounted for 62 gigawatts (GW) of electricity gertimg capacity.

1. The invention

Nowadays there are many different devices whichamanrvert the kinetic energy of the
wind, to some other form of energy. These equipmestially operate optimally only in a
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narrow wind speed range. The energy of the windsidatthis range remain useless.
Hungary is less fortunate according to wind enartijzation. The average wind speed is
low, the intensity and direction of the usable vgirade variable. This ,usable” wind force
represents a speed between 4 and 9 m/s (15-30 ,kamitl)its carries about 20 to 120
kWh/n? energy. Only a few percent of this energy is usedind turbines.

So far we had two different types of wind turbinesplan with. In 2009, a Hungarian
inventor Dénes Kokai, presented another way to edritae kinetic energy of the wind into
mechanical energy.

The working model presented in many exhibitions &&4x16 cm front surface. It can
generate 0,24W of electric power on 18 Hz, at wspéed of 16 km/h. These numbers
show its efficiency at low wind speed comparedtteowind turbines.

1.1. Purpose of the new equipment

The purpose of this invention is to come up withafternative solution beside the other
wind turbines on the market. The main part of thaipment is a sail like surface, which
orientation is parallel to the wind direction. Tbencept of operation is different from the
well-known wind turbines. The vanes of a verticabdhorizontal axis wind turbine rotates
clockwise or counter-clockwise, and it's driven\mctorial forces. The invention uses the
wind pressure parallel to the moving surface. Thation of this surface is supply a
generator which generates electricity.

The basic idea of the innovation is to force thedvthrough an opening, which is
perpendicular to a large surface (Figure 4.). Thelyressure moves a flexible plate inside
the equipment. This movement is turned into eleityriby an attached generator.
According to the inventor, the device can use lowerd speeds than the classical wind
turbines. He presented the equipment with suceggswon prices on many exhibitions, in
Budapest, Zagreb, Nuremberg, Seoul in Korea.

Figure 4. The prototype of the equipment
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Three main areas to cover with the new device:
using the kinetic energy of rivers,
an alternative for wind turbines,
- satisfy local energy needs at pipelines.

1.2. Operation principles

The prototype dimensions are: 150 by 150 cm, itkasa cover 2,25 fr(see the picture
above), its weight less then 15 kg. At average vgipeled it produces 70-100 W of electric
energy.

A large surface is needed in order to operate theépenent efficiently. A surface of
these wind turbines should made of several moddiesre are two types of ,energy-
bosun” available (with surfaces of 2,25° mnd 4m). According to the inventor, 5-6
modules can cover the electricity needs of an @eefamily. The cost of this investment
would be about 3300 €. (1 million HUF) Maintenaraoe operational costs are minimal,
like in the case of the most wind turbines.

The air flow in the equipment is laminar, the flalivection is straight. The turbulent
zone after the outlet of the turbine is not typicailike in the case of HAWTS, therefore
many ,energy-bosun” can be planted after each other

The equipment stays in operation at every wind gp€ke moving surface in the device
opens by the wind pressure. At low wind speed th@asses through a narrow opening,
and it opens further at higher wind speed.

For example, an ,energy-bosun” which is optimizedat40 km/h average wind speed,
opens its air flow surface only 5% at 2 km/s wipetesd. The same turbine opens 50% at
wind speed of 20 km/h. The upcoming product willitstalled in different sizes.

The movement is controlled by a main-valve, whiglttached to a flexible plate. This
plate splits the flow zone into two separated seagr(leigure 5.). The speed of the air flow
can be parted in three sections, these are thmnfiolys: accelerating phase, stopped stage
and slowing phase. The speed of the air is inangabehind closing main-valve, and
slowing behind the opening part. Since there iy @mle valve, which separates the zone,
these flows are created in opposite sides of themgasurface. The valve closes the way of
the air flow at the end position, therefore stptiessure occurs on the surface of the flexible
plate. This pressure forces the plate to move tdsvéine other end point, where the wind
pressure creates the same event. This alternatessyre change moves the flexible plate
as a membrane.
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Figure 5. Structure of the invention
1.3. Advantages of the invention

The invention has many advantages compared toicdhssind turbines. Horizontal
axis wind turbines cannot operate close to eacérathan efficient way. They needed to be
parted at least 3-5 times by their diameter bec#usdurbulent flow they generate. One
can install the new devices close to each othecpter a large surface such as a parking
building or a flat-roof. The invention can also bsed in big storms, which could be
harmful to other kind of wind turbines.

2. Using the “energy-bosun” in underprivileged settlenents

In Hungary wind energy utilization in small settlents are not prevalent. People
choose solar cells or solar collectors instead widwurbines if they want to invest to
renewables. The average wind speed in Hungarywsrldhan the starting speed of the
most wind turbines. Theenergy-bosun” could be an alternative solutioneiadtof other
kind of wind turbines in domestic use. In the catsmall settlements at a disadvantage,
this invention could help to satisfy only the loealergy needs.

Our department took part in a project, which goaswo make an alternative energy
producing system for small settlements like Csgrnéle began to investigate if this area is
suitable for wind energy utilization as a part bfstwork. In order to determine the
prevailing wind speeds, an anemometer (Figure &d)tieen installed at one of the highest
point of the village, which area is suitable folagihg wind turbines. These measures
needed to forecast the energy producing ability wind turbine.
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Figure 6. Davis Vantage Vue anemometer, and veisaliata recorder

The signal sending frequency of the anemometersdhrigure 6.) is 2,5 seconds. The
internal wireless device collects the registereddwdata in half hour periods, which later
can be saved to a computer via USB port.

Results

We processed data from the"™8f March, to the 19 of April in 2012. The Table 1
summarizes and the Figure 7 shows the gatherecdhiaf@n.

Figure 7. Distribution of wind speed (2012.03.22012.04.19.) half hour periods

The Figure 7 shows the average wind speeds dunmgneasured interval. A red star
represents the average of a half hour period #haialculated by the data register. The
density of the stars shows the amount of datadrséime spot.
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Max. Min. Average Biggest
Date temperature | temperature | wind speed squall
[°C] [°C] [m/s] [m/s]
23/03/2012 19,5 4,7 0,97 6,3
24/03/2012 19,2 4,8 0,67 6,3
25/03/2012 20,6 2,2 1,77 12,1
26/03/2012 12,5 3,3 2,56 13,4
27/03/2012 15,4 -4 2,24 12,1
28/03/2012 17,7 0,9 1,31 11,2
29/03/2012 16 6 3,93 16,5
30/03/2012 10,9 4,2 3,66 16,1
31/03/2012 12,2 51 4,46 15,2
01/04/2012 8 -1,1 2,81 11,6
02/04/2012 12,2 -3,3 2,14 10,3
03/04/2012 18,8 4,3 0,76 5,8
04/04/2012 19,7 7,2 0,5 6,3
05/04/2012 19,7 5,2 1,96 9,81
06/04/2012 18,3 9 1,22 6,3
07/04/2012 15,7 4 1,45 8
08/04/2012 7,8 1,1 2,55 12,1
09/04/2012 7,8 -1,3 1,95 9,4
10/04/2012 11,6 -4,9 0,7 6,3
11/04/2012 17,1 -2,9 0,67 6,3
12/04/2012 13,4 4,9 1,02 8
13/04/2012 16,4 2,7 0,92 5,8
14/04/2012 13,8 7,4 1,95 12,5
15/04/2012 14,1 8,4 0,48 3,6
16/04/2012 15 6,1 1,45 8
17/04/2012 12,6 6 3,41 8,9
18/04/2012 10,6 4,8 1,14 6,3
19/04/2012 14 4,3 0,35 4,5

Table 1. Summarized weather data in 28 days

It can be seen in Table 1. that the biggest squadlsh 16 m/s, but the daily average wind
speed is under 4,5 m/s. The average wind speetieinmeasured period is 1,75 m/s,
therefore the energy producing capacity of a winBline installed would be low.

3. Conclusions

Based on the gathered data, it can be stated Hieataverage wind speed in the
surroundings of the settlement is not sufficiemtifstalling classical wind turbines. On the
other hand the new invention called the “energydnbsmaybe suitable for energy
production at these wind conditions. The anemoniststill gathering the data on the site,
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so in 2-3 month time we will have sufficient amowfitdata to make accurate calculations
for a possible investment.
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Automotive castings are predominantly produced aottide irons and compacted
graphite irons. These materials satisfy the requargs of the automotive companies for a
long time. The evolving environmental requiremetite tend to decrease the pollutant
emission and to decrease the petrol consumptioradérohanges in the applied materials
as well. The present examination is dealing with tleat treatment of a Cr alloyed ferritic
stainless steel developed for die casting. The ditie heat treatment is to decrease the
hardness of the as-cast semi-product accordinghéoréquirements of the subsequent
machining. The effect of the heat treatments wiffeent times and temperatures were
examined through structure examinations and hasdmesisurements.

Keywords: cast ferritic stainless steel.

Introduction

High Cr and Ni content steels are widely used imynaanufacturing processes in the
chemical and petrochemical industry. The automothaustry has also recognized the
necessity of heat resistant alloys for a long tifoe,example, to apply them to exhaust
systems to endure thermal loading and oxidatioinduthe operation of enginegarious
heat resistant alloys such as cast irons, staiskests, and Ni-base superalloys have been
considered as candidate materials of automotiveausthsystems [12]. Among those
candidates, ferritic stainless steels attractedbtaof attention due to their favorable
mechanical strength and corrosion resistant priggerCurrently they are the leading
engineering materials in several fields of appiarst that require resistance to wear,
corrosion [1, 2], creep or thermal fatigue [7]. THigh corrosion resistance of these steels is
due to alloying elements such as Cr, Ni and Mo.o@tiom is the basic alloying element
added to iron to obtain passivity and does so whenadded in the amount of or greater
than 17% (w/w%). The addition of a low Ni contentax 3 %) seems to be an important
alternative to improve the mechanical propertidse presence of the low amount of Ni in
the ferritic microstructure is beneficial to incseathe notch-toughness [3, 4] and to
decrease the ductile-to-brittle temperatures amddystrength of the ferritic matrix. The
ferritic stainless steels cannot be hardened btirfgeand quenching such as the austenitic
stainless steels. If the ferritic stainless stemls alloyed with strong carbide-forming
elements, such as Mo, Ti, V and Nb, hard phaseschtBides can be obtained in the soft
ferrite phase [5, 6]. The improvement of the prépsrof Fe—Cr—Ni cast steels is directly
related to the development of the microstructureictv mainly consists of a ferritic matrix
and carbides and/or dispersed intermetallics [8]e Tmprovement is not always the
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hardening. The hardness is usually limited by #&ting and the subsequent machining, so
an annealing process is inserted.

Annealing heat treatments for different cast stest were performed to get the proper
structure and hardness after the casting and b#femmachining.

Experimental

The examined alloy contains W as well comparedht dtandard quality 1.4740 W
(Table 1.). The alloying elements are mainly ferahd carbide forming elements. The role
of the Ni is to increase the corrosion resistaidee heat treatments were performed on
samples with dimensions 15x15x15 mm machined frbe dast semi-products, so the
effect of inhomogeneity of the microstructure wigossible to examine. 3 or 4 samples
were taken from different locations of one cast isgraduct. The cast structures were
always examined before the heat treatments.

C Si Cr W Ni Mn Mo Nb
0.3-0.45| 1.0-1.7 17-20 1.5-2 Max 0|9 Max (0.8 Max D.Max 0.6

Table 1. The composition of alloy 1.4740, w/w%

The temperatures of the annealing heat treatmeste determined based on the
intersection of the Fe-Cr-C ternary phase diagra@ a 0.4%; considering to modify only
the carbide phase and to avoid any allotropic foansation of the matrix during the
annealing. The Cr content of the alloy and thectettisotherms (800, 850, 900 °C) are
shown in Fig. 1. The lengths of the heat treatmeset® 0.5 and 2 hrs. for every sample.

Figure 1. The intersection of the Fe-Cr-C phaagrdm at
C=0.4%1I9]
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Chromium [w/w%]

Carbon [w/w%]

Figure 2. The liquidus surface of the Fe-Cr-C phaiagram [11]

The heat treatments were carried out in an eletigiating laboratory furnace. The
coolings were performed in furnace or on air toidtbermal stresses [10]. The evaluation
of the heat treatment experiments were based orethdts of the hardness measurements
(HB) and the observation of the changes in the asicucture, comparing the effects of the
length and temperature of the heat treatments.c@lpthicroscopy, scanning electron
microscopy, energy disperse microprobe and X-réfyadtion were used for the structure
examinations. The sample preparation consisted ethamical polishing and chemical
etching.

Results and discussion

Characterization of the cast structure

The cast structure exhibited a large scatter censig the hardness and composition.
The results of the hardness measurements are simethar Figure 3. The maximal values
notably exceed the ordered value (HB 280). The ftifyaaf the second phase increases
from the edge to the inner regions of the sampéemiorphology also changes. There is a
100 um wide carbide free region at the edge ottwt; followed by a 300 pm wide region
where finely dispersed carbides are found, whichfddowed by the carbide net
characteristic for the inner regions, furthermaeriched clusters are also present (Figure
4). The quantity and the morphology of the carbidesngly differ from the previous
structures in Figure 5. The quantity of the cartiziemaller; the net is dashed (Figure 6).
Inclusions and cavities can also be observed. Eigushows two different microstructures
of the typical two phases on backscattered imagh higher magnification. The phase
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marked with 2 appears in a net at the grain boueslar in a regular lamellar form. On the
lamellar structure it can be stated that it poshagser Cr content than the matrix (Table 2).

Figure 3. The results of the hardness measurements

On the contrary, three phases can be distinguish&tjure 8. marked with 1-2-3. The
grain boundary net (area 3) and the lamellar sirecfarea 4) also appear. The dendritic
morphology of phase 1 suggests that it solidifiehf the liquid, being the matrix. Phase 2
is the phase between the carbide lamellae, its ositigpn is similar to the matrix but with
lower Cr content. Phase 3 is the carbide net baseéts morphology and composition being
rich in Cr and W. It appears to be a reaction pebd@irea 4 has similar composition being
also rich in Cr and W, but its lamellar morpholdatjffers from area 3.
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Figure 4. As-cast, 348 HB Figure 5. As- cast 218 HB

Fe

Ni

Figure 6. SE image and areal composition of tls¢ saucture

Fe

Cr

W,Si Ni

Figure 7. Backscattered electron image (BSD) aadl@omposition
of the cast structure
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Fe

Cr

W,Si

Figure 8. Backscattered electron image 2 (BSD)aardl composition
of the cast structure

Examined point Measured element [w/w %]
Fe Cr W Si Ni
Fig. 6. areal average 75.7 18.67 3.47 1.83 0.33
Fig. 7.
area 1. 76.12 17.78 3.44 2.14 0.52
area 2. 76.72 17.16 3.44 2.17 0.51
area 3. 50.93 40.19 7.5 1.09 0.29
Fig. 8.
area 1. 75.93 18.41 3.03 1.98 0.64
area 2. 81.01 12.64 3.29 2.67 0.39
area 3. 52.9 37.47 8.56 0.85 0.22
area 4. 69.67 22.6 5.6 1.76 0.38

Table 2. The measured compositions by EDAX

The reaction product formed in a peritectic reactiamcording to the liquidus surface
(Figure 2) and probably transformed subsequentljterAthe examination of the
morphology and the composition of the phases fdaartie microstructure, the aim of the
annealing heat treatment can be determined as beiinggment and spheroidize the net of
the carbide phase

The result of the heat treatment

The measured hardness results of the heat treatepless reveal that the hardness did
not drop below the required value of 280 HB dueh® heat treatment at 800 °C. The
hardness was measured to be 306 HB after the 3@mni@aling (sample marked with 21).

The hardness approached the ordered 280 HB afteuis (sample marked with 15), it
was 280 HB. After annealing at 850 °C the hardulesseased to 275 HB even after the 30
min annealing (sample marked 1). According to this temperature and the duration of
this heat treatment are both appropriate. Not gingly, during the experiment at 900 °C
the desired value was reached independently oratinealing time. The microstructure
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examinations gave the following results: Only micbanges were observed in the carbide
lamellae in the sample treated at 800 °C (Figurelt9an be seen on the figures of the
annealed sample that the fragmentation of the d@anbét is actuated but its continuity does
not change dominantly. The size and distributiorthef carbides does not change notably
confirming the measured hardness values.

As-cast structure (sample 21), 338 HB Annealecctire (sample 21), 306 HB
Figure 9. The effect of 800 °C 0.5 hrs
The fragmentation of the carbide lamellae can tseoked in the case of heat treating at
850 °C, the continuous net turns into elongatedni-spheroidic carbides. Continuous

lamellae can still be observed causing the hardwalsge to be close to the desired value.
The distribution of the carbides is still famili@rthe structure of the as-cast structure.

As-cast structure (sample 1), 349 HB Annealed structure (sample 1), 275 HB
Figure 10. The effect of 850 °C 0.5 hrs
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Not only the fragmentation of the carbide lamellag, their spheroidic morphology and
disperse distribution are also evident on the imagkthe sample annealed at 900 °C
compared to the as-cast structure. The duratidheoheat treatment also causes differences
in the structure, but it emphasize the temperatdirthe heat treatment. The effect of the
annealing at 800 °C for 2 hours is less than tliecebf the annealing at 850 °C for 30
minutes. This difference holds notably informatiorbe considered by the selection of the
applied annealing temperature. To emphasize thgyré& 12 shows the structure after
annealing at 850 °C for 2 hrs.

As-cast structure (sample 8), 304 HB Annealed structure (sample 8), 242 HB
Figure 11. The effect of 900 °C 0.5 hrs

Figure 12. The effect of 850 °C 2 hrs, (sample 7)
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X-ray diffraction measurements were performed anga 8 to identify the phases. The
as-cast and the 2 hours heat treated sample wemimed. Figure 13 shows the
diffraktogram of the as-cast sample. The high isitynpeaks evidently derive from the
(110), the (200) and the (211) reflections of tkerife phase. However, small intensity
peaks of the austenite phase also appear. Theityuafrthe austenite is very small, around
1-2%. The difference between the peaks of the sisazad the heat treated sample is in the
shape, that is, the half value breadth and thegjiiatdreadth of the peaks (Figure 14). These
values of the as-cast sample are larger, i.e. ¢l&gof this sample are wider. The integral
intensity of the (220) peak (the area below thekpethe heat treated sample (57 Cpsx°®)
is somewhat larger than that of the as-cast saif@tleCpsx®). The reason of that was
probably the difference between the size of thdasas of the samples (the examined
samples did not have the same size), not a micignal difference. The annealing heat
treatment does not cause a notable change in thpatameter (consequently, the lattice
distance-d). The reason of that is that the heatrirent does not change the composition,
and/or the change in the Cr content does not chtrgeell parameter notably, since the
atomic radii of the Fe and Cr are very close toheather. The difference between the
breadth of the peaks of the as-cast and the arthealaple results from the presence of two
solid solutions with different compositions in tag-cast sample (Figure 8 areas 1 and 2).

t

as-cas
4000

alpha Fe {110)
—_—t

200

I VRTINS NI
.

2000

Lin (Counts)

alpha Fe (211)
1000

gamma Fe(§20)
alpha Fe {200)

T IS |

il

2-Theta - Scale

Figure 13. As-cast sample, marked 8
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Figure 14. As-cast (marked 8), and the heat tdesdenples

Summary

The decrease of hardness of the as-cast fert@ioless steel castings is required to
reach the demanded mechanical properties througinaealing heat treatment. The optical
and scanning electron microscope examinations exfite reason of the high hardness of
the cast semi products. Their microstructure cess$ two phases, characteristic on the
cast structures. A notable amount of a second ptdm@inantly chromium carbide is
present in the form of lamellae or carbide netéasing the hardness. The aim of the
annealing heat treatment is the fragmentation badlisperse distribution of the carbides.
The experiments revealed that the increase ofrtheaing temperature strongly affects the
resulting microstructure. Applying 800 °C the caonity of the net is not affected notably,
while applying 850 °C the net becomes fragmented #re carbides start to from
spheroidic shapes. Notably changes can be reacpplyirg 900 °C where the net
disappears and the carbides become spheroidic ispdrse. The annealing time has a
similar effect. The changes in the microstructuneréases using longer annealing duration
on the same temperature. The hardness was decrbated 280 HB annealing the
examined stainless steel containing 17% Cr at &fdf 30 minutes.
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DIRECT CATHODIC DEPOSITION OF COPPER ON STEEL
WIRES FROM PYROPHOSPHATE BATHS!
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There is a rather different art compared to the mom batch type processes within the
domain of continuous cathodic deposition of metais wires. In the case of direct
electroplating of copper onto the cylindrical sedaf a drawn steel wire running with high
speed it is not at all an easy task to controthadl deposition parameters satisfactorily in
order to ensure good adhesion and all the othgrepties required for further processing. In
this respect, the relatively newly introduced cappgophosphate baths brought about also
new challenges which were among our primary matwvatin launching a research project
in cooperation with a company in Hungary where epgnd zinc plated steel core wires
are produced. While aiming at studying the effeftthe major parameters influencing the
properties of copper layers formed by cathodic déjom, several sets of experiments were
performed in a laboratory Hull cell under variedcaimstances. The thin copper layers so
deposited were then characterised by using highphisticated techniques, like scanning
electron microscopy (SEM), radio frequency powegtdw discharge optical emission
spectroscopy (GD OES) for elementary depth prdafilito detect and follow the
consequences of the changing plating parameterthamqbssible contaminating effects.
Keywords: cathodic deposition, pyrophosphate solution, coggestroplating.

Introduction

The well known and widely used simple sulphuricdacbpper sulphate electroplating
baths cannot be used for direct cathodic deposifonopper onto the bare and active
surface of steels as it is almost impossible tontermact the initial contact chemical
reduction (so-called cementation [1]) of copperthg solid surface of iron due to the
significantly lower standard electrode potentiaFef/Fe than that of CliCu:

Cu(aq) + Fe(s) Cu(s) + F&(aq) (1)
And, as a result of such a surface catalyzed at@méeduction reactionEg. 1 the

adherance and structure of the first thin coppgodit will not be good enough to built up
a thick, compact and sound copper surface layervedirds. In the past, this problem was

Part of this publication was presented at the XX¥icroCAD International Conference in Miskolc,
30 March, 2012
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avoidedby using copper (l) cyanide electroplating bathswimich the copper ions (Cu
form strong anionic complexes with Cldnions, which will efficiently hinder the direct
chemical reduction of copper via shifting the rethrc potential to more negative values.
Otherwise, the cathodic deposition of copper frarohscyanide baths was often utilized
only for developing a very thin primary copper layso-called copper strike), then the
further amounts of copper could be deposited, f@mple, from a cheaper acid copper
sulphate type electrolytes. In this respect thécghof AMSG Ltd.Co. in Szentgotthard was
different as they are applying a non-cyanide cometing bath first, which is a relatively
new remedy for the given problem.

Though the copper pyrophosphate electrolytes amavk for some time, and what is
also very important, they are much more benigrheodnvironment than the highly toxic
cyanide baths, their introduction and implementatia continuous steel wire plating
technologies are still relatively rare. Also, thexe only a few engineering companies
which design and build such continuous platingdinanyhow, the heart of such plating
lines is the cells which normally have a much ddfé shape and size compared to the
geometry of the mostly rectangular tanks used énlthtch type electroplating. The set of
parallel cells used in Szentgotthard are showniguiié 1 where the long troughs made of
highly corrosion resistant chromium-nickel steed abnnected to the positive pole of the
direct current source and are in physical and etattcontact with the high purity copper
anode rods placed on the bottom of the cells. Tihaeing steel wires are connected to the
negative terminal of the DC power source via stidbontacts at both ends of the long cells.
The permanent and vigorous circulation of the eddytie is a very important factor of the
whole design because of the high rate of electnoated deposition.

Figure 1. Photograph taken from above of a contiswwire electroplating line
without the aqueous electrolite solution filled in

Such modern continuous electroplating cells ared usé along the plating line by
AMSG Ltd.Co. in Szentgotthard, where the high sithnsteel core wires are first coated
with a thin layer of copper from the pyrophosphlaéths (copper strike), after which they
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use an acid copper sulphate plating bath to thictte copper depositThey also
electroplate zinc on the top in order to build inally a double layer of copper and zinc in
proper proportion. The mass ratio of Cu and Zrhimm deposits is indeed a very important
factor in view of the composition and microstruetwf the brass to be developed during
the subsequent heat treatment. However, as o afivst crucial points of the continuous
multi-step electroplating is the first depositiciefs we have concentrated our laboratory
scale experimental investigations on it.

The major types of the copper pyrophosphate elgletting baths invented and tested
decades ago can be found, for example, in the bgdkinner [2] written about copper and
copper alloy plating. As the art and science oftetglating has been long established, it is
not much of a suprise that Pinner has already itestfive different pyrophosphate copper
baths. The pyrophosphate copper baths still inagay often fall into the composition and
concentration ranges summarized in Table 1. Theyaherwise, gaining more ground in
practice also in microelectronics to coat the inmarfaces of throughholes on printed
circuit boards.

Component Concentration

g/dm® mol/dm?
Copper ca' 20 — 40 0.32-0.63

Potassium or sodium Wa' ~ 250/ 150 ~4-8
Pyrophosphate 2 100 — 300 0.57-1.72
Nitrate NG 5-10 0.08-0.16
Ammonia NH 1-3 0.06 - 0.18

Ortophosphate HPH <120 <1.2

Organic additive(s) brightening, etc, as required

Table 1. Major components and their concentratimges of pyrophosphate
copper baths in use today

The copper pyrophosphate baths can be prepareddiople non-toxic salts like the
double potassium or sodium salts of copper pyrophate, KCu(P,O),-6H,O or
Na,Cw,(P,0;),-6H,0, to which some more pyrophosphate salts (ef®; ) must be
added in excess in order to increase the complepamger of the pyrophosphate anions. In
the plating baths the role of ammonia and KN®also important as they help control the
anodic dissolution of copper and the depolarisatibtihe cathode, respectively. KN@lso
increases advantageously the electrical condugtfithe aqueous electrolyte solution.

Looking at the basics of the rather complex aquethemistry of such mixtures of
water soluble pyrophosphate salts, let us condigstronly K,Cuy(P,0O-), 6H,0 dissolved
in water at a concentration of the pyrophosphateia®.4 moldm® (not far from the range
given for C§" in Table 1). In such an aqueous solution theréheilabout 0.4 mol Cu, 0.8
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mol P and also 0.8 mol K per liter and we can ssppbe formation of the following ionic
species:

K4Cu(P,07), 6H,0 4K'(aq) + Cd'(aq) + Cu(RO,).>(aq), )

where (aq) refers to the water soluble simple aochpiex ionic species formed after
dissolving the given potassium copper pyrophosplsate in water. With changing pH
and/or redox potential, however, the pyrophosphatéons can hydrolyse to the
orthophosphate:

;" + H0 2 HPQ?, (3)

and form colloidal hydroxide precipitates,g. Cu(OH) above pH > 11 or pyrophosphate
precipitates with copper, e.g. CyO; or CyP,O; at pH < 7. The results of such
equilibrium processes can also be predicted framtbdynamic calculations, for example,
by using the HSC Chemistry data base and softw&reAs an example, the most stable
phosphorus containing aqueous ionic species arietddgn Figure 2 in the form of the so-
called Pourbaix diagram.

Figure 2. The most probable phosphorus contaiangeous ionic species in the function
of pH and Eh redox potential at 45 °C for the gimewlalities of Cu, K, and P

It is seen also frorzg. 2that after the complete dissociation and compdemation of
the potassium-copper pyrophosphate salus(P,0;),, there are not enough “free’>®*
anions to complex all the copper ions after dissmhu Therefore, in the course of the
preparation of the copper pyrophosphate electrimgidtaths some excessd¥* anions are
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added to the solutions often in the form of itsgsstum salt, instead of the cheaper sodium
pyrophosphate, as thgR0- is more soluble and has a higher electrical cotivtic

Higher degree of the complexation of the dissoleedper cations and the presence of
excess FO;* anions in the solution are very important factfoosn the point of view of the
initial cathodic deposition when the copper platdadution first wet the surface of iron (i.e.
the steel wires) because the cementation readiiqnlj must be hindered/inhibited at this
stage of the electrochemical deposition. Such adgaous surface effect of theG*
anions has recently been proved by K. Johannsel. ¢t], who confirmed the earlier
proposition of Konno and Nagayama [5], namely thatpyrophosphate ions are adsorbed
on the electrode surface prior to copper electrogiipn.

For the actual cathodic reduction of copper Konnd &lagayama [5] proposed the
following scheme:

Cu®),” Cu(RO)* + RO, (4a)
Cu®)” + 2@ Cus) + o, (4b)

but also suggested that at high concentration,6%*in the solution copper would be
reduced directly from the complex anions Gi#f),® to solid Cu(s) deposit.

Anyhow, all the above mentioned considerations gmdvious theoretical and
experimental results reflect the high complexitytteé solution chemistry of such aqueous
systems. Therefore, such pyrophosphate coppemgldéiiths must be controlled with a
highly sofisticated manner and any additional oleswon in this context should be valuable
also for the given industrial practice.

Experimental procedure

From the technological point of view, there is dmotvery important factor, which has
not been mentioned yet, it is the cathodic curdamtsity, which also affects the quality of
the initial copper deposit.The current density @rmally quite high in the continuous
plating lines (around 10 A.dfin the case of AMSG Co.Ltd) in order to facilitatee
throughput of production. This technological paréanean be comfortably investigated in
a special laboratory plating cell commonly knowrtlas Hull cell, which has been used to
study the major circumstances of the direct cathaliposition of copper. Our Hull cell
was a home-made device equipped with all the nacgsmeasuring and controlling
accessories (Figure 1).
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Figure 3. Photograph of the thermostated laboyatiorl cell assembly
equipped also with a mechanical stirrer

The electrolyte solutions used in the laboratorpeginents were obtained from the
AMSG Co.Ltd. and their actual composition fell hetconcentration ranges given in Table
1. This industrial copper pyrophosphate solutionntamed quite much “free”
pyrophosphate corresponding to a factor of 7.5 6/2®5, which factor shows the ratio of
the relevant concentrations 0@ compared to that of Cu expressed in gldifhe
solution samples received from the factory alsotaioed some lead contamination as the
steel wires are normally drawn through a hot molead bath as well, that is used for
tempering prior to their arrival to the electropigtcells. Consequently, some lead used to
adhere to the surface, getting carried over eveth@oagueous processing tanks where it
might contaminate the aqueous cleaning (degreapingling, rinsing) solutions and the
subsequent first electroplating bath as well whishfilled up with the given copper
pyrophosphate electrolyte solution. Therefore, oratory Hull cell experiments, in
addition to investigating, first of all, the effsadf the cathodic current density and solution
stirring, were also extended to checking the eftédhe possible lead contamination. The
latter parameter was even raised excessively iewaléboratory experiments by adding
water soluble lead acetate to the technologicaltigois to highlight its influence on the
quality of the copper deposit. Surface morphologg an depth elemental composition of
the so deposited copper layers were then examineddnning electron microscopy (SEM)
and radio frequency glow discharge optical emissjgectroscopy (GD OES) [6].

Experimental results and discussion

The copper deposit obtained at the slanted surdédhe steel cathode plate of the
experimental Hull cell is shown in Figure 4.
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Figure 4. Photograph of the electroplated coppeodit obtained on a steel cathode plate
in the stirred laboratory Hull cell filled up wittyrophosphate copper solution and operated
for 30 s. Local current densitig$ are also shown along the lengk) of the cathode plate

It is clearly seen in Figure 4 that there is atreddy bright and sound copper deposit
obtained at around 10 A.dhand below, and sound copper layer was deposited av
somewhat higher current densities (up to about 28K) if the solution was vigorously
stirred (i.e in the lower region of the sample @)aiThis observation is in full agreement
with the characteristic cathodic deposition pheneenknown for the diffusion controlled
regions in the function of current densities armdisg rates [7-9].

Thickness of the copper deposits obtained frompyrephosphate bath on the drawn
and heat treated steel wires in the electropldineg of AMSG Co.Ltd. is lower than 1 pm,
the surface coverage of which was tested via thexyé test [10]. The two photographs in
Figure 5 reveal the regions, as well as the coomding current density ranges, where the
thin copper layers cover the steel plate relativebll, i.e. in the midle section (~3...14
A-dm?), extending somewhat further to the right towariggher current densities where the
mechanical stirring was more intensive. Theandj scales and the deposition parameters
were the same as given in Figure 4.

Surface morphology of the electroplated deposi dispends on the current density [7-
9], therefore it was examined with high magnifioatiby scanning electron microscopy.
One example of the SEM images is shown in Figut® &r the case when the copper
deposit was obtained at a current density of ad@uiAdm The quite fine globular
structure is clearly seen.
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(@) (b)

Figure 5. Photographs of the deposited very thih(rm) copper and its print (a) obtained
on a filter paper previously immersed in a ferabegt solution. The blue spots refer to
porosities reaching down to the steel substrate.

The SEM image (b) shows the surface morphologhefeiectroplated copper obtained
at 10 Adm?.

Figure 6. Photograph of copper electroplated Figure 7. Photograph of copper electroplated
steel plate from lead contaminated steel plate from lead contaminated
(0.15 g/dm Pb) solution (0.3 g/dni Pb) solution
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Figure 8. Photograph of copper electroplated stk from lead
contaminated (1.5 g/dh®b) solution

Figure 9. SEM image of copper electro- Figure 10. SEM image of copper electro-
plated steel plate from lead contaminated plated steel plate from lead contaminated
(0.15 g/dm Pb) solution (0.3 g/dni Pb) solution

Figure 11. SEM image of copper electroplated sitee (1.5 g/dPb)
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Electroplated metal layers might incorporate alsme other components (additives,
contaminating elements, etc.) from the plating bailo detect the presence and distribution
of such elements in depth of the thin copper déptise technical capabilities of our GD
OES equipment (GD Profiler2) could be utilized helteallowed us to detect several
elements adsorbed onto the surface of the depodibrincorporated in the copper layer
deposited during the Hull cell experiments. Theeiifacial appearance of phosphorus
(marked in Figure 12 with an arrow), for examplajsinbe the consequence of the partial
and parallel reduction of phosphorus from the d®lely adsorbed pyrophosphate anions at
the very beginning of the copper electrodepositidren the highly complexed aqueous
solution starts wetting the bare surface of thelstample plate under the imposed cathode
potential. The detected intensities of P then aaahsing with the thickening copper layer
which shows the changing deposition characteristicthe copper deposit is covering more
fully the iron substrate with time. Contrary to tlistribution of P in depth of the copper
deposit, two other contaminating elements (K andgbpwn as well in Figure 12, do not
quite follow the passage of P, though a very simlivexity can be observed on the curve
of O coinciding with that of P at the interface.n8» incorporation of K is also obvious
from the in depth spectra shown in Figures 12 ahdiri one of the experiments run with
deliberately contaminating the tested copper pyosphate solutions with lead, the
concentration of dissolved Pb was increased qoitsiderably (by adding soluble lead salt
to the plating solution), then the copper layemdsposited was also analysed down to the
steel substrate and even somewhat below (as ti@dresity is reaching a plateau), shown
in Figure 13.
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Figure 12. Intensities (some multiplied by 5 oj @0some elements detected in the copper
layer in the function of sputtering time, whichpi®portional to the depth down
and into the steel substrate
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The GD depth profile presented in Figure 13 shdvwed the lead ions got reduced (Pb
intensities are multiplied by 10) together with pep onto the steel cathode plate. Its effect
on the surface appearance of the copper depogjtirds 6-8) as well as on the surface
morphologies are slight but still apprehensibleg(ieés 9-11). The slight but unambiguous
accumulation of phosphorus (intensities also miidtip by 10) due to the preferential
adsorption of the pyrophosphate anions at the béginof electrodeposition from such
copper plating baths could be detected in all ef @D in depth profiles, confirming the
proposal of Konno and Nagayama [5]. And, this tgtteenomenon should contribute much
to the inhibition of the direct surface reductiarethentation) of Cii ions by the highly
electronegative and active surface iron atoms. &qumently, it will be the mechanism of
electrocrystallization, which should primarily gomethe reduction of copper cations from
the pyrophosphate anion complexes as well as tHewiag crystallization (i.e. the
arrangement of the surface copper adatoms into didneloping and growing solid
deposit/structure). In this way there is a betteance for the build-up of a sound and well
adhering electrodeposited copper film on the iramgle plates or even on the steel wires
during the core wire production on the continuoir®wirawing and electroplating lines.
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Figure 13. Intensities (some multiplied by 5 or &) of the contaminating elements like
Pb, K, P, and O detected in the copper layer irithetion of sputtering time
(the GD excitation parameters were the same asRigire 12)

Conclusions

The adherence and overall good quality of coppecteddeposits does depend on the
initial steps of the cathodic reduction of coppmrs being complexed in the pyrophosphite
type copper electroplating solutions studied irs trésearch work with reference to the
industrial production of thin brass layers on drastgel wires in AMSG Co.Ltd. The choice
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and application of the Hull cell for our laboratarwestigations in order to reveal some
further important details of copper electrodepositivithin and also outside the working
range of the given technological parameters at AMB& proved to be indeed an
appropriate one to the task. The thin copper dépasi obtained could then be further
examined by means of some available and sophisticasting techniques like SEM and
GD OES. In this way we have pointed out the worgafsinges of the main electrolysis
parameters. We have detected some increased anid iwerporated amounts of
phosphorus (and oxygen) at the interface of thepeopmleposit and that of the steel
substrate by means of the GD OES in depth profilysis. This new observation can also
be considered as an additional experimental evielehthe assumed cementation inhibiting
effect of the surface adsorbed pyrophosphate arédnike beginning of direct copper
electrodeposition onto bare steel surface. Duehtt primary pyrophosphate surface
adsorption effect the industrial use of such pyaspthate copper electroplating baths are
not only environmentally more benign than the fadgneised cyanide baths, but they can
also lead to the formation of cathodic copper diepagith sound structural characteristics
even at relatively high current densities, as itswaroved well by our laboratory
experiments.
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