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Abstrakt

Galvanicky kal patri do kategérie nebespgch odpadov, nakko obsahuje
lGhovaténé nebezpmé zlozky ako sdazké kovy (napr. Cu, Zn, Cr, Cd ), kyanidy, flugrid
oleje a pod. Ekonomické spracovanie tychto kaloezne:ne komplikované, najma kvdli ich
komplexnosti a chemickej heterogenite. Tato praea zeamerala na hydrometalurgické
spracovanie kalu s obsahom zlozZiek ako Cu, ZnC@r,Ni, Fe, Si, Ca a inych prvkov s bxen
overit’ lhovaté&nog’ Cu, Zn a Cr v roztokoch kyseliny sirovej v koneeétiom rozmedzi 0.01-
1 M H,SO,. Vysledky ukazali, ze po 5 mindtach Idhovania vto&u 0.25 M HSO, a pri
pomere kvapalnej ku pevnej faze 40:1 bola#aznos Cu do roztoku 90 % a Zn 85 %.
Vytaznos Cr nepresiahla 25 % bezlaldu na zvolené podmienky lihovania. Okrem toho sa
zistilo, Ze vf¥aznog$ Cu sa a ostatnych sledovanych kovov sa zniZujengmvanim pomeru
kvapalnej ku pevnej faze. NajvySSiatagnos Cu 95 % do roztoku sa ziskala pri pouziti
roztoku 0.5 M HSQ,. V druhejéasti prace sa overila moznoselektivneho ziskania medi z
komplexného vyluhu na Zeleznej platni. Ukazalo Za,cementacia je vhodnou metédou na
ziskanie Cu z komplexného vyluhu. Cementaciou gplate 20 °C bez pouzitia mieSania sa z
komplexného vyluhu ziskala Cu &idnog’'ou viac ako 84 % oistote 96 %.

Abstract

Galvanic sludge belongs to hazardous waste beaafupeesent of various heavy
metals like Cu, Zn, Cd, Cr and others substanéesdyanides, fluorides etc. The economical
treatment is very difficult because of chemicalehegenity of galvanic sludge. The focus of this
investigation was the hydrometallurgical treatmehtomplex galvanic sludge containing Cu,
Zn, Cr, Cd, Ni, Fe, Si, Ca and other elements. dileof experiments was to verify the leaching
behaviour of copper, zinc and chromium in sulphadid solution of concentration range of
0.01-1M HSO,. Based on experimental results it was confirmed thaximum copper and zinc
extraction 90 % and 85 % could be reached afteinbites at room temperature by using of acid
concentration of 0.25 M and solid to liquid ratioQ. The extraction of chromium did not
exceed value of 25 % regardless of leaching camditilt was also shown that copper and other
metals extraction degreased when S:L ratio incokasbe highest extraction of Cu 95 % by
using of 0.5 M HSQ, was achieved. The second part was focused onegca¥ copper from
leaching solution by selected separation procesmieatation on an iron plate. Cementation
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process proved at given conditions as a possibleofidow to selectively obtain copper from
the complex polymetallic leaching solutions. Thedarct with minimum copper content of 96 %
and cementation efficiency more than 84 % at theptrature of 20 °C after 24 hours without
stirring was achieved.
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1. Introduction

Galvanic sludge is formed in electroplating plamssresult of precipitation of metals
in waste water and from spent electrolyte. The gdudfter neutralisation is amorphous and
consists mainly of hydroxides and carbonates. Spwtion of the sludge form also crystalline
substances like CaQ@t higher concentration of sulphate ions. Amounnetals present in the
sludge varies with galvanising technology applied avith surface area of the sludge. Total
volume of the sludge depends on composition of dhévanising baths, on wastewater’s
concentration and on type of reagents used [1]s Teimplex sludge belongs to hazardous
wastes, but on the other hand they are a valuahleces of various metals like copper, zinc,
nickel, cadmium, gold, silver etc. The problem afvgnic sludge treatment is very actual and
there is a tendency to find the most effective métfor treating and utilising each valuable
component from it. The economical treatment is wéifficult because of complexity of the
galvanic sludge. Optimal technique appears to parsging individual wastewater and purifying
in particular steps to obtain relatively pure momtafiic sludge. This sludge then should be
treated very simply. It could be also interestingywo treat individual spent electrolyte in situ
by for example solvent extraction, electrolysismeatation or another process in order to
recover present metals. Many plants solve the probbf galvanic sludge by landfill or
stabilisation. Intelligent solution from both ecgical and economic point of view is given by
maximum recovery of valuable components at the st\wessible costs.

2. Theoretical
Galvanic sludge and treatment possibilities

Galvanic sludge consist of metals used for surfeestment like Cu, Ni, Cr, Cd, Sn,
Zn, Ag, Au, Pb and bearing metals like Al, Fe, Maubstances used for precipitation process,
as Ca and Na. The galvanic sludge besides heawjlsti&e copper, zinc and nickel in the form
of hydroxides (oxihydroxides) contains also varigmpurities like CaSQ Si0O,, CaCQ also
cyanides, sulphides, fluorides, tenzides and blteover, it contains high amount of water and
this makes its disposal, transport and landfilficliit. In order to improve recovery of heavy
metals form the sludge by leaching or by their ratéion with other substances they could
spontaneously release and migrate in the envirohmeinly in the ground water [2].

Among basic treating possibilities of galvanic dga are: stabilisation,
pyrometallurgical, hydrometallurgical, biohydromtegical and combined technologies. It is
necessary to note that some technologies are ediemtinly at the disposal and another on
recovery of individual substances from sludge. €ffirse, these latter mentioned methods are
energy consuming and therefore less popular anfentreéating companies.

Stabilizing technologieprovide an environmentally friendly solution, bufthout
exploitation of the secondary raw materials potdniVletals present in galvanic sludge, which
cannot be recycled or utilised must be immobilibetbre deposition in the landfill according to
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valid regulations of Ministry of Environment of Stak Republic (ME SR). The purpose of the
stabilisation process is immobilisation of contaamits in the solid matrix of stabilised material
[3]. Among stabilizing technologies belongs maisiglidification, what means enclosing of
waste in solid matrix by using of lime hydrate @ment (bitumenation in solidified melt,
cementing, vitrification etc.) [4-5]. Further altative solidification methods consist of the
incorporation of the sludge into the bricks, whas ienabled by zeollitic properties of soils. The
problem is chromium, because at its high concdaftrah the sludge it is present as Cr(@QH)
and after firing it is converted to CgOwhich is soluble and therefore may become a
contaminant [6]. Pyrometallurgical methods includeelting of galvanic sludge in special
reactors producing slag, alloy and ashes with waridistributions of heavy metals.
Disadvantage of the thermal treatment is the higgrgy consumption and the costs associated
with it and impure products that is often a mixtofeoxides and alloys and necessity of drying.
According to papers [2,7] roasting of galvanic gladdoes not produce adequately pure and
marketable product. This product exceeds limitscfmomium, copper, nickel and lead.

Hydrometallurgical method for treating galvaniadde is based on leaching in acid
or alkaline solutions followed by selective separabf metals from these solutions by means of
solvent extraction methods, electrochemical methasisvell as by appropriate precipitation
processes. The interesting method for separatidmeafy metals from solution is sorption on
biological matter. Biosorption of Cu, Cd, Ag, AusAvas studied in works [8-10]. About 90 %
of studied metals was taken up from diluted sotuficoncentration of metal in the solution was
about 20 mg}) in dependance of concentration of metal in thiitems. Capacity of the
process depends on the biomass origin (biomassnatégl from algae, moss, fungi and
tectrices) and form of the metal.

Hydrometallurgical treatment process is advantagdmecause of slight leachability
of metals precipitates in acid media. On the olfzerd, it is necessary to test the possibilities of
the selective transfer of individual substances and/or from the solution. It is obvious that the
amount of metals and other impurities or substammesent in the sludge can affects the
leaching process as well as extraction and pretipit processes that will be applied for
winning pure metals. It is necessary to look fa tptimum leaching and extraction conditions
for every sludge.

Paper [11] describes the recovery of copper fromlvanic sludge by
hydrometallurgical method. The process comprisexhmg of sludge in 0.5 M 430,
precipitation of impure copper hydroxides, caldimatof these precipitates at he temperatures of
800-900 °C during 2 hours and final leaching theulting oxides in 1 M k5O, at 60 °C. The
highest copper recovery, 84 % was achieved aftahieg in 0.5 M HSQ, at pH between 0.9
and 1. During calcination step the mixtures contgjmmetals Fe, Cr, Al, Zn, Ni and Si were
transformed in less soluble oxides, which were spd in the following leaching stage.

Biohydrometallurgical recovery of non-ferrous nigtés based on utilisation of
bacteria in bioleaching process [12]. The auth&B] Hescribe process, in which the beneficial
substances are recovered by bacterial leachingy UBES method (Indirect Bioleaching with
Effects Separation). This method combines oxidagiffect of trivalent Fe in sulphuric acid and
biooxidation of bivalent Fe by the action of ba@erhiobacillus ferrooxidans during leaching
process. Two samples with various contents of meZal, Zn, Ni, Cd and Cr were subjected to
bioleaching. By using this method, the total exticat 93 % of all metals into the solution was
achieved. In case of another sample the recovesy9#a% of Zn and Ni and 65 % of Cu and
Cd. Plant using the IBES technology have to be \yible to allow for the change of
parameters according to type of treated wastégitsity, temperature and leaching time.
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There are several processes for treating galvalidge. Stabilising technologies
provide an environmentally friendly solution altlgbuwithout recovering valuable substances.
Moreover, they contribute to increasing amountstabilised waste. Pyrometallurgical routes
are energy demanding processes and achieved psodfignelting are not usable for next
treatment. Hydrometallurgy enables (bioleachingrious leaching agents, and extractive,
sorption and precipitating steps) to recover vdlalr contaminating substances from the
sludge. On the other hand the complexity of thedgdu often requires higher costs as
consequence of number of operating steps and amaintised reagents. In spite of some
disadvantages, big attention is being paid to sglwhe problem of galvanic sludge and to
looking for optimum process for recovery substarfoes this sludge with the highest possible
purity. There are also some technologies usedempthctice, which are treating this sludge: e.i.
MAX-Process, TNO-Process and Goldschmidt-Procesks [1

The focus of this investigation is the hydromesajical treatment of galvanic sludge.
The aim of experiments was to verify the leachiebdviour of copper or zinc and chromium in
acidic solution. As suitable leaching medium, tilatdd solution of sulphuric acid was chosen
because the sludge consists mainly of metals hjdizex Experiments were carried out at room
temperature. The second part was focused on rec@fecopper from leaching solution by
selected separation process- cementation on arpled@. The purity of achieved products and
efficiency of copper extraction were also deterrdine

3. Experimental
Input material

The sludge sample from galvanising plant was u$é@ sludge was formed in the
process of neutralising of rinse wastewater fronfese electrotechnical material make-up.

In neutralising station the acidified water isatiexd with chromic one and alkaline
water with cyanide. The mixing of chromic with cydm is impossible because of generation of
toxic hydrocyanic acid.

In order to determine cyanides in alkaline wast#ens the methods of cyanides
oxidation by gaseous chlorine or by mixture of sodlihypochlorite and soda or chlorinated
lime is used.

Waste chromium-containing waters disposal meamsedtuction of Cr(VI) to Cr(lll)
by reducing agent like for example ferrous sulph&eaction of waters with reducing agent
requires acidic environment with initial pH valugsthe range of 2-3. The binding of free
mineral acids as well as precipitation of Fe, Ni,i# the form of hydrated insoluble hydroxides
is achieved by neutralisation process. OxidatioRefs achieved by using chlorine residue from
alkaline wastewater without cyanides. Using oxy@em air in neutralising step carries out
further oxidation of Fe. When chromium is neutrdisit is necessary to ensure pH in the range
of 7.5-8 by use of soda before it is siphoned. Aliteatment, the water is poured in the transfer
tank and alkaline and acid waters are stirred by Bhen the water is poured into the
sedimentation tank and keep to settle during 243sadn the next step, the settled sludge is
transferred in the sludge field.

The galvanic sludge for the experiments was tadférirom sludge field in Slovak
Company. The sludge was washed, filtered and firdhied at the temperature of 110 °C. Table
1 gives the chemical analysis of this sludge.
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Table 1 Chemical analysis of galvanic sludge
Substance| AD; | CaO| SiQ Cu Zn Fe Ni Cr Pb Cd Ag LOI
[%] 552 | 9.79| 15.83 11.30 3.7512.13| 0.15| 0.14| 0.097] 1.0% 0.20 29.p

The particle size of the sludge is 97 % below 0 was determined by using of
rastersedigraph FRITSCH. Density of the sludgerdéted by pycnometer was 2.17 g:&nx-
ray diffraction analysis shows presence of onlystaline phases like limestone Cagénd
quartz SiQ. These phases come from neutralising or degreasigents. Because the sludge
consists mainly of amorphous precipitates (hydresjdthe presence of other phases was not
expected and not even confirmed. X-ray diffracteoralysis was realised with diffractometer
DRON 2.0 (ZSSR) and diffraction pattern was analyisg RIFRAN software [15].

Leaching experiments

Before sample was subjected to leaching, the dsiedge was homogenised in
mortar. The leaching apparatus was constructedhanthyout of this apparatus is illustrated in
figure 1.

M\

Fig.1 Schematic representation of the laboratopasgtus:1- glass blender, 2- thermometer, 3- saufftake, 4- glass
beaker, 5-cooler, 6-lid, 7-thermostat

The charge of the sludge for leaching experimevas 10 grams and volume of
leaching medium 400 ml. As leaching medium the tsmiuof diluted sulphuric acid was used in
range of concentration of 0.01-0.5 M. Moreover, ldachability of copper in distilled water was
studied. In individual experiments the sample ohi5vas taken from leaching solution in time
intervals of 2, 5, 10, 20, 40, 60 minutes and aswdyby AAS method. After leaching the
residual sludge was filtered followed by volume m@ing of final leachate in order to correct
achieved extraction results.

The effect of leaching time, concentration of swipc acid as well as solid liquid
ratio (S:L) at room temperature (approximately ange of 18-20 °C) on copper zinc and
chromium extraction, at changed solid/ liquid ratieas also studied in this part of experimental
work. Proposed reactions of the sludge substanitbssulphuric acid in leaching step:

CuO + HSO, — CusSQ + H,O AGygoc = -81.155 kJ Q)

Cu(OH), + H,SO; — CuSQ + 2H,0 AGygoc = -87.443 kJ (2)
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Zn0O + HSO,— ZnSQ, + H,O AGygoc = -98.333 kJ (3)
Zn(OH)Z + H,SO, — ZnSQ + 2H,0 AGygec =-101.250 kJ (4)
Cr,03 + 3H,SO; — Cr2(804)3 + 3H,0 AGygec = -201.255 kJ (5)
2Cr(OH)3 + 3H,SO,— Cr2(504)3 + 6H,O AG,pc=-276.429 kJ (6)

Cementation experiments

For cementation experiments two achieved findtafies after leaching were used.
The experiments were oriented at cementation obrtapt metal - copper because it is the main
component of the sludge as well as of leachate. CEmeentation was realised with two iron—
plates with dimensions of 70x26x0.5 mm and weigh2235 g and of 22.39 g, respectively.
Glass beakers with leachates were introduced toetgstirrer and Fe-plates were immersed
into deep 47 mm or 50 mm into the leachate. Certient@rocess runs at room temperature.
The leachates were stirred for 8 minutes and tleepl&tes remained in leachate during 24 hours
without stirring. After this time the copper wasepent in solution as powder or in compact
pieces. Cementates were filtered, dried and weiglsedell as subjected to chemical analysis
and X-ray diffraction phase analysis.

4. Results and discussion
Leaching results

In respect of quantity of present important substa in the sludge, the analysis was
oriented mainly on copper extraction. Moreover,one case the comparison of zinc and
chromium extraction at chosen conditions and pdggitof their selective extraction was
studied. Results achieved from kinetic study otledility of copper and selected metals into
the solution and effect of concentration and Stioran copper leachability are shown in the
Figs 2-7.
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Fig.2 Effect of cuzsos0n Cu extraction Fig.3 Effect ofos0s ON Cu extraction (extraction
value &ter 5 min. of leaching)

From the figure 2 it follows that with increasimgncentration of acid at the room
temperature and S:L ratio 1:40 the extraction gbpew into the solution is increased, too.
Copper practically does not dissolve in distilledter. From this picture it is obvious that there
are significant differences in copper extractioficefncy when different concentrations of acid
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(0.01, 0.1 and 0.25 M) were used. After 2 minutekeaching the copper extraction of about 5
% was reached by using of acid concentration of 801t was shown that this concentration is
not sufficient and even not acceptable at theseélitons. The copper extraction value of 43 %
at acid concentration of 0.1 M was achieved whaamselO-times higher acid concentration
used caused about 9-times higher copper extradtimm figure 3 it follows that up to the acid
concentration of 0.25 M the copper extraction & fand rather linearly increasing and then it
does not increase so much. The maximum copperatixinaof about 95 % after 2 minutes of
leaching process was achieved by using of 0.5 Mhswic acid. The difference between
extraction values reached by using 0.25 M and 0.%a&8 very small and represents 5 %. It
means that further increase of acid concentrati@r 6.25 M is ineffective. From the fig.2 it
follows that approximately after 2 minutes of leachthe maximum copper extraction is
achieved without further increasing tendency. Taet indicates that metals in the sludge are in
the form of highly soluble compounds such as hydies; oxides or oxihydroxides. Due to this
fact, it is advantageous to use weak concentratipdhigric acid solution up to the 0.25 M.
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Fig.4 and 5 show that at the changed S:L ratidl:®0 the increase of copper
extraction with concentration of acid is not samatic as it was in case of S:L ratio 1:40.
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Providing S:L ratio 1:20 the copper extraction wewer at each concentration used and
maximum value of 86 % at acid concentration 0.5 Msvachieved. It is obvious that low
concentrations of sulphuric acid under 0.1 M athbigS:L ratios are inconvenient. In the
leaching process of the complex sludge the indafidubstances could react with each other in
different ways as well as they could change ion$viies during leaching following
precipitation of Cu compounds or other substanbkseover, the red spots observed in some
leaching residues probably belong to Fe-hydroxiae. more precise determination it would be
necessary to use the X-ray diffraction phase aisali®uring leaching process the formation of
white precipitate in removed samples especiallthatbeginning of leaching and at lower acid
concentration was observed. Precipitates were stgojeto the X-ray phase analysis and the
presence of CaS2H,0 (gypsum) was confirmed. In the sludge, the calicas CaO or CaCQ

is present originating from neutralizing step. Thssbstances react with sulphuric acid to form
calcium sulphates and Gdg). By using of concentrated acid solutions thanfing of
suspension was observed due to release of the gas:

CaC@+ H,SO, — CasQ + COZ(g) + H,O AGygec = -133.794 J (7)

After finishing of the leaching process the variet colours of the filtrates could be
observed: transparent, soft blue, soft green, yeticeen, dark-green, brown.

In the fig.5 and 6, it is shown that at the acdaentration of 0.25 M the S.L ratio has
significant effect on the leachability of metaldieTmaximum copper and zinc extraction at S:L
1:40 of 90 % and 85 %, respectively was achievedpared with values of 70 % and 75 % for
copper and zinc achieved at lower S:L ratio 1:48pectively.

These results are interesting from the point efwbf process selectivity. Based on
achieved results we can propose an optimum metbbdkidge leaching in order to obtain in
stages important metals by means of suitable ptatign or extraction techniques. On the other
hand, the strategy of waste process plays an iporole, too. One effective way for sludge
leaching is to use diluted sulphuric acid. Coppmrid be gradually leached from the sludge and
chromium should mostly remain in the sludge. Theckate containing zinc then could be
subjected to cementation of copper and after tieig the remaining solution with zinc could be
subjected to electrolysis of zinc. Moreover, thieican sulphate it is possible to separate from
the leachate spontaneously. For this purpose that sglectrolytic baths from electroplating
processes could be used. Of course, it is necesaealise that the galvanic sludge is mostly
polymetallic waste with many substances. Due te fhct, it will be beneficial to study the
leachability of other metals.

Besides these facts, there is one possible waytbhaeduce the amount of galvanic
sludge. The solution consist in direct separatibmetals or their compounds from the spent
electrolytic or pickling baths as well as wasteavatby using liquid extraction, ion exchange or
precipitation.

Cementation results

For purpose of copper cementation experimentainrtemperature (20 °C) two
solutions were chosen. First solution was filtratth copper concentration of 514f.ml* and
the second one with copper concentration 5@gdnl*. The observed parameters were the
purity of cementation products, phase compositiord a&ementation efficiency. During
experiments, the flaking-off the cementation caatafter first or fourth minute in stirred



Acta Metallurgica Slovaca, 12, 2006, (293 - 302) 301

solution was observed. After finishing cementatéperiments, the solution was filtered and
cemented metal was separated, dried and weighexl wEight of cementate in first case was
430 mg and in the second one 500 mg. X-ray diffoacphase analysis of obtained cemented
precipitates in both cases showed the presenceanf phase copper, index 4-836 JCPDS and
small amount of CD, index 5-667 JCPDS due to air oxidation.

Chemical analysis of these products in tab.2 cowfil dominant copper and small
amount of impurities.

With regard to low contents of both oxide and imifies, their presence was ignored
in calculations of the efficiency of cementatiorheTcalculated cementation efficiencies for
copper by use of Fe-plate at room temperature \efast case 83.58 % and in second one
87.41 %.

Based on cementation results it follows that bingigpolymetallic leachates it is
possible to obtain by cementation on Fe-plate atrdemperature without mixing powdered
copper with high efficiency and satisfactory purity is also possible to use Zn powder as
cementing agent instead of Fe-plate or powder.

Table 2 Chemical analysis of cementates fth bases

Metal[%] Cu Zn Ni Cr Cd Pb
1. experiment 96.34 0.021 0 0 0.03 0.09
2. experiment 96.44 0 0 0 0.03] 0.1(

5. Conclusion

The hydrometallurgical route for galvanic sludgeatment was verified in this work.
The aim was to obtain information about optimumditians for selective leaching of copper,
zinc and chromium in diluted sulphuric acid solago Besides this, the possibility of copper
cementation on Fe-plate was tested. Based on exgetal results it was confirmed that
maximum copper and zinc extraction 90 % and 85 %dcbe reached at room temperature by
using acid concentration 0.25 M and S:L ratio 1:#0was shown that using higher acid
concentrations is not necessary. The copper arel otietals extraction degreased when S:L
ratio increased. It is clear that with atendenoyiricrease the S:L ratio also higher acid
concentration above 0.25 M would be needed for drigixtraction rates. Zinc shows good
leachability in selected media compared to coppachability. The extraction of chromium did
not exceed value of 25 % regardless of leachingliions. In most cases the metals are leached
into the solution with maximum extraction value,igfhis then stable during leaching. That is
an economically viable because it is not necedsalgach during long period but few minutes.

Cementation proved at given conditions as a plessiay how to selectively obtain
copper from the complex polymetallic leaching solus. In the first case, the product with
copper content of 96.34 % and cementation effigieafd84 % at the room temperature after 24
hours without stirring was achieved. In second catsthe same conditions, the product with
copper content of 96.44 % and cementation effigief37.41 % was achieved.

The proposed method for treating the galvanic gdudonsists in leaching with
sulphuric acid of concentration of 0.25 M at rocemperature during max.10 minutes at S:L
ratio 1:40 following recovery of copper powder lBntentation on Fe-plate at room temperature
during 24 hours without stirring. The recovered eatation product is relatively pure and
suitable as a secondary raw material for remel@&ective leaching of copper and zinc without
chromium at room temperature requires low concéatraof sulphuric acid under 0.25 M and
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S:L ratio 1:40. On the other hand, we should berawéprecipitation of some metal compounds
from the solution.
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