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Abstract

The paper deals with utilization possibilities oles energy (photovoltaic systems) and
with transformation of this energy to chemical e@yerand its utilization on the surface
treatment of metals by electrochemical processeda& treatment takes part in the final
surface quality of technical equipment. They infleee its period of service, reliability in
operation, readiness and requirements for mainteeahis technology could have high
application in machinery industry in the futurer the possibility of cheap electrical energy
generation. Next advantage of this electrical egeggneration is the decrease of negative
environmental damages.
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Introduction

Solar energy is the main condition of the live ba Earth. Solar radiation is possible to
use directly for the generation of heat, cold andigr. Indirectly, it is possible to use solar
energy through hydropower, wind energy, energyeaf waves, heat energy of environs and
energy of biomass [1,4]. Thanks to photoelectrieafin semiconductor, we can transform
solar energy in the solar cells to power energyn$formation of solar energy to power
energy has widespread utilization. Disadvantagsot#r energy production its dependence on
day light, season and cloudiness in the area. Hweungh, it is potential energy, which is
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impossible to ignore [1,5]. Photovoltaic effect,iahhpermits to construct photovoltaic (PV)
cell, was discovered by A.Becquerel in 1839 [23lbsistence of the PV transformation from
solar radiation to power energy is so-called ipadtovoltaic effect.

If solar radiation falls on the semiconductor miaderthen the concentration of charge
carrier will rise compared to the condition witha@luminance.

Incident photons transfer their energy, so elestiamd holes will excite, what can be used
for current conduction. It is necessary, that tleetdc field is made in semiconductor, which
will isolate electrons and holes from each othériskind of field is acquired by PN junction
[5]. Equipment that can use this effect is calledhatovoltaic (solar) cell. This equipment
directly changes solar radiation to direct curf@®) [3,4,5]. The solar photovoltaic cell is a
semiconductor diode. It is implemented like thatthe tin slice of silicium (Si) in the small
depth under surface created PN junctiwhich is provided from the both sides by apprderia
metal contacts. When solar radiation falls on tbk electrons and free holes are generated.
Electric field of PN junction separates them, aadds them to opposite side; electrons to the
N layer, which becomes a negative pole of the phadtaic cell and holes to P layer, which
becomes a positive pole. Electric voltage is gdedran the contacts and electric current
starts to flow to an appliance [2,3,6].

Electrochemical processes

Electrochemical processes don't present the moghifgiant place in production
technologies, but perpetually inconvertible plateey are mainly applied in the sphere of
surface modifications (electroplating, polishingatihg, degreasing, cauterization), in
production of native metals (refining of copperchkal, silver, gold.), and in production of
gases (chlorine) or metals (aluminium, magnesiBekides these technology processes, the
electrochemistry finds applying for example in élelytic work or sharpening of tools. All
presented technology processes take place in esvobelectrolysers and electrolytic baths
of different sizes and types [7,8].

Electroplating

By electroplating the coats are made in electroet@nreaction, and with the help of
current the layer of coating metal is made. Coatslie made electrochemically, too they are
copper, nickel, chrome, zinc, tin, cadmium, silgwld and other coat&lectroplating is one
of the most difficult surface adjustment technoésgifor pretreatment products. It is
understandable, because the transmission of nogetétam solution on the surface of cathode
and its incorporation to the crystal grid requirerfpct contact of phases. Selection of
technology depends on the type of electroplatirglpets and bath, electroplating technique,
condition of surface and technique equipment aftedplating plant [9,11].

Nickel coating

Nickel coats have the widest application, becahsg verify requirement of anticorrosive
protection with requirement of decorative appeagarnidickel anticorrosive protection is
proportional to coat thickness. Nickel very goodists corrosion in all types of surrounding.
Nickel coats are sometimes covered with thin chréager for decoration purposes. In special
cases it is also possible to use as coat silvéd, gtatinum or stannum [10].
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Experiment

Technological procedure of nickel coating

In this experiment were used steel tin plates, &gproximately 50 x 50 mm parameters
and with weight about 11 g. Most of plates’ surfae&s hit by a corrosion and grease. By
electroplating, it is necessary to take care otrpatément of product, because metal ion
incorporating from solution to crystal grid requingerfect contact of phases.

Mechanical pretreatment
Abrasive paper was used on the removal of hard-itgs and asperities caused by
drilling. A part of rust was possible to removedmnple motions in various directions.

Rinse

This operation was allotted in between each treatraed also as a finish treatment. In the
beginning, the rinse was done by sprinkling witktiled water, but this method left marks
after drying. Therefore, rinse by immersion to Water was selected.

Chemical pretreatment
Following chemical pretreatments were performédrahechanical pretreatment:
degreasing 4t is removal of all kinds of impurities from surfadkey are bound by either
physical adsorption or adhesive forces. Composiioa degreasing bath was determined
according to the level of surface contamination alsd according to type of material,
bating - it is the removal of corrosion products from mesakfaces by chemical or
electrochemical manners. It waesalized after surface degreasing,
after bating,decaping what is soft bating, can follow, but it is notcessary. In this
experiment the process of decaping was skipped atedt rinsing, galvanic coating
followed.

Nickel coating

The base of electrolytic excretion of metals isufficgent performance source of direct
current. For galvanotechnique low voltage at indés\2 - 12 V is used. Electric current is
determined by the area, which we want electroplte.nickel coating, two possibilities of
types of surfaces exist - polished or opaque dbemiposition of bath is in Table 1.

COMPOSITION OF BATH FOR CREATING OPAQUE NICKEL COANG Table 1
litre of bath [g]
-
ST me = m e
360/2HB3§2303)ACM 20 - 50
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For polished surfaces thiocarbamide &Sk5 with concentration 0.2 g:2lwas added into the
bath. During electroplating bath it was mixed bynosagnetic stirrer.

Experimental equipment for nickel coating with P\Vapels

In the experiment, PV solar panel, which is ing@lin the solar laboratory at STU MtF in
Trnava, was used as an electric power source. Pasitneters of PV solar system:

optimal performance (peak) (10 %): 50 W,

nominal voltage: 12 V,

optimal voltage (+/10 %): 17.4 V,

off-load voltage (+£10 %): 21.4 V,

optimal current (+10 %): 2.97 A,

off-load current (++10 %): 3.27 A,

In this part, proceeding was according to the s&hewhich is presented in Figure 1.
Regulable source was directly substituted by P\e[ga(FVP), because the connection of PV
panels was locally in the front of cabling to vgkachanger. Figure 2 shows experimental
electrolyser.

PV PANEL
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,,,,,,,,,,,,,,

,,,,,,,,,,,
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ELECTRODE ELECTRODE
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Fig. 1 Scheme of experimental set with Fig. 2 Experimental electrolyser (1-glass
energy obtained from PV panel tank, 2 — copper hangings 3 — magnetic
stirrer with heating, 4 — thermometer)

For determination omaximal coating areg average value of solar radiation during the
experiment was necessary to find out. The nexteckedlue is the highest intensity of solar
radiation during the whole operation of the soiydratory. From these values according to
Formula 1 is possible to acquire maximal coatirepar
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max = ( Nn j ENmax (l)

where

Imax - the highest value of produced current at maximabrded solar radiation intensity [A],
I - the highest measured value of electrical curdemning experiment [A],

N, - solar radiation intensity during experiment .[WW?],

Nmax - the highest recorded solar radiation intensithie laboratory [W. i].

This value can be then used in the final Formultor2determination of the biggest
possible coating area;

S =-max )

where
Snax- Maximal coating area [dfin
Is - current density (for nickel coating 3 - 5 A.dn[A].

Excluding velocity of galvanic bath was determitycthe Formula 3;

vV=— ®3)

where

v - excluding velocity [g.8],

m - weight of excluded coating [g],
t - coating time [s].

Thickness of excluded coating can be determinedwm ways, either calculation or
measurement with micrometer. Formula 4 was useddiaulation of coating thickness;

h=vd® )

S
where
h — Thickness of excluded coatingn],
V — Volume of excluded coating filn
S— Plate area [fiL

Results and discussion

Study of nickel coating with utilization of PV pands

At all experiments we have worked with constantgerature 55 °C and constant time
150 seconds.
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Weight of tin plate before nickel coatingz m10.8817g.

Average value of solar radiation during experimem8W.m™.
Maximum measured value of electrical current duergeriment2.97 A.
Weight of tin plate after nickel coating,m 11.2378g.

Weight of excluded coatingsm =0.3561g.

Determination of maximum coating area

Maximum recorded value of solar radiation intengitysolar laboratory is 1033 W.fn
This experiment ran over 20. 5. 2010 at 13:30 5@3and the value of solar radiation
intensity was 748 W.M. The values of produced electric current at thisrisity were around
2.97 A. At the intensity of 1033 W.) according to Formula 1, it is possible to achieve
around 4.1 A.

On the assumption that recommended current deissiy intervals 3 - 5 A .difi, then
according to Formula 2, it is possible to coatteratwith the area.4 dnf. However, for the
ideal values of current density (4 A .dnare around. dn?.

Excluding velocity(according to Formula 3)

Weight of excluded coating: m = 0.35§;1

Coating time: t = 1500 s

Excluding velocity: v =2.3740. 10 g.s*

Average thickness of coatin@ccording to Formula 4)
Volume of excluded coating:y= 0.4001 . 10 m
Area of tin plate: S = 0.005m

Average thickness of coatingyil+ 8.002um

Visual evaluation

Figure 3 shows correct excluded opaque coat: lighgh, homogenous and coat total
adhesives to the tin surface. Figure 4 illustra@sect excluded polished coat: light rough,
homogenous and coat total adhesives to the tiaceurf

Fig. 3 Appearance of correct nickel- Fig. 4 Appegrancg of correct nickgl-
coated tin with opague coat at electrical coated tin with po_Ilshed coat electrical
energy generation from PV panels energy generation from PV panels
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Conclusion

The main task of the paper was to verify the pholtaic system of solar laboratory and
find the utilization possibilities of this systemr felectrochemical processes.

The whole system is now usable for electroplating, for the low capacity we can use
only the system for subjects with small areas, rdoli dnf, 1.4 dnf in ideal conditions.
Excluding velocity of bath was 2.37400* g.s* and average thickness of coating was
8.002um.

This paper was elaborated within proj@¢EGA no. 1/0798/08 Development and
utilization of small hydroenergetic source Setur he combination with solar equipment
for mechanical technologies*”
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