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ABSTRACT

This study deals with the removal of cadmium and cyanide from galvanic
industry wastewaters. The use of the electrodialysis technique for the
treatment of a synthetic wastewater contai ning approximately 0.0089molL *
cadmium and 0.086 mol L* cyanide was studied using a five-compartment
electrodialysis cell. The extraction of cadmium and cyani de depends on the
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applied current density and it islimited by the precipitation of cadmium on
the cation-exchange membranein the diluate central cell compartment.
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INTRODUCTION

Therelease of industria wastewaters containing
cadmium and cyanide to the environment is strictly
controlled dueto thetoxic nature of these substances.
To reducethe environmental impactsitisnecessary to
remove these substancesfrom wastewater beforeits
discharge in the environment™. One of the largest
cadmium and cyanide sources, which contributeslargely
towater pollution, arethe e ectroplatingindustriesthat
use cadmium cyanide baths. The main problems
associ ated to thisprocess, from theenvironmenta point
of view, are the deposition baths and rinsewaters
discharges. The alkaline-chlorination process for
cyanide destruction with further cadmium hydroxide
precipitation isacommon method employed for the
treatment of the wastewaters characterized by the
presence of these substances. However, chlorination
of cyanides can result in highly toxic intermediates
(cyanogen chlorides) and other toxic organo-chlorines

that can beformed. These compoundstogether with
residual chlorine create additional environmental
problems. Metal precipitation can generate alarge
amount of cadmium hydroxide sludge classified as
dangerous waste by the Europeen Regulation-
NER10004"? and itsappropriatedisposition congtitutes
aseriousenvironmental and economical problem for
the involved industries The development of more
advanced technol ogiesfor wastewater treatment has
increased inlast yearsand new techniques have been
suggested as promising possibilities, not only for the
removal but aso for therecovery of substances present
inthe wastewater’®®. Among these new techniques,
electrodiaysis can be mentioned'®*¥, Electrodialysis
isamembrane separation processinwhichionic species
in solution are transported through ion-exchange
membranes, under theinfluenceof andectricfiedfrom
onesolutionto another.

Inanelectrodialysisstack, asshownin (Figure 1),
cation-exchange and anion-exchange membranesare
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Figurel: Electrodialysistechniqueprinciple
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Figure2: Five- compartment electrod|alysscell andthe
expected transport of theionic species
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dternately arrangedin afilter press-likesystemtoform
diluted and concentrated flows between themembranes
Theéectrodes, disposed at theend of thestack, arein
contact with an electrode rinse solution. The applied
direct current electric field produces thetransport of
cations towards the cathode and anionstowards the
anode.During thistrangport anionsare ableto permesate
through the anion-exchangemembrane, but are blocked
by the cation-exchange membrane. The opposite
occurswith cations. Asaresult, two different solutions
are produced inside the stack: one more diluted (the
diluate) Removal of Cadmium and Cyanide from
Aqueous Solutionsthrough El ectrodiaysisand another
more concentrated (the concentrate) than the feeding
solution™19, Congdering that thismembraneseparation
techniqueisableto transform aconcentrated solution
in two other solutions, one more concentrated and
another morediluted thantheorigina solution (feeding
solution), electrodialysis presentslarge applicationin
what concerns the galvanic industries wastewater
trestment, becauseit makesit possibletoreusethemore
diluted solution asrinsewater and themore concentrated
solutioninthedeposition bath617, The objective of
thiswork was to verify the possibility of use of the
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electrodialysis technique to remove cadmium and
cyanide from a synthetic wastewater containing
approximately 0.0089mol L* cadmium and 0.086mol
L1 cyanideapplying different current densities.

MATERIALSAND METHODS

Electrodialysiscell and solutions

Theédectrodialysscell usedinthiswork and repre
sentedin (Figure 2) wascompaosed of fivecompartments
separated aternately by cation-exchange and anion-
exchange membranes. Thecell wasmanufacturedin
transparent acrylic. The cation-exchange and anion-
exchange membranes used were NAFION 450 and
SELEMION AMYV, respectively. The effective
membraneareawas 16cm?. Thetwo outer compartments
contain theworking electrodes (pl atinum sheets) both
with 16 cm? effective area. The solutionsinthethree
centra compartmentscirculaeindependently whilein
the e ectrode compartmentsthe same solutioniscircu
lated in closed circuit to avoid pH variations dueto
electrodesreactions. In each cell compartment 500mL
of solution circulate. The solution to betreated (0.0089
mol L1 CdO, 0.086 mol L** NaCN and 0.018 mol L*
NaOH) crculatesinthediluate centra cdl compartment.
A 0.054 mol Lt NaOH solution circulatesintheanodic
and cathodic concentrated cell compart mentsand a
Na,SO, 5% solution circulates in the electrodes
compartments. The solutions were prepared with
andyticgradereagentswith distilled and deionized water.
The current was applied through a2.5A-80V power
supply. Theexperimentswereaccomplished at least in
duplicate at 25°C. Cadmium concentration in the
solutionswas measured by Inductively Coupled Plasma
Spectroscopy. Cyanidewasmeasured by direct titration
with an AgNO, solution™®. The electrodialysis
performance was evaluated in terms of percent
extraction (pe) and current efficiency (ce), defined
respectively by equations 1 and 211929,

pe= €i-c), 100 )
G

Where C, isthe initial concentration of the ion and C, is the

final concentration of theion

zF(mi —-mg

ce= ) %100 2
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Figure3: Speciation of cadmium and cyanide speciesasa
function of the cyanide concentration and the solution pH
(0.0089 molL *cadmium)
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Figure4: Cd(CN),? anme ':,'\,n.l\;ent extraction asafunc-

tion of the electrodialysistimewith a 20mA cm-2curent

density (@) Cd(CN),2,CN- (m)
Where z is the valency of theion, F is the Faraday
congtant (9650°C moal ), m istheinitia number of moles
of theion (moles), m.isthefina number of molesof the
ion (moles), | isthedectric current gpplied (A) and At
isthetimeinterva (s) and nisthenumber of membrane
pairsAt theexperimentsdoneat thiswork, the number
of membranepairswas cons dered equal to one, sSince
thework solutionisin contact just with onemembrane
pair (diluatecentral cell compartment)

RESULTSAND DISCUSSION

Cadmium and cyanidetransportstrough theion-
exchangemembranes

Theexperimentsaccomplishedinthedectrodidyss
cell demonstrate that cadmium and cyanide are
predominantly inanionicform, sncethey aretransported
only through the anion-exchange membrane. This
behavior can beexplained by theformation of negetively
charged coordination compl exesbetween cadmium and
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cyanide Cadmium and cyanide, indifferent proportions,
lead up to theformation of different cadmium cyanide
complexesinalkalinemedia. According to Prytz and
Osterud?, intheinterva Cd:CN 1:4 and Cd:CN 1:20,
the Cd(CN),> complex should prevail. Flengas®
suggeststhat with excessof cyanided| thecadmiumis
complexed in the Cd(CN),> form. Ortegaand colla
borators suggest that Cd(CN),* isformed in great
excess of cyanide to a solution pH higher than 10.
Koivula and co-workerg?? demonstrates that for a
Cd:CN 1:10 system, 95% of cadmium are under the
Cd(CN),* form. In thiswork, the cadmium cyanide
compl exes speciation wasobtained using the program
HYDRA MEDUSA™, Figure3 showsthat & theinitia
pH and cadmium and cyanide sol ution concentrations
used in thiswork the predominant cadmium cyanide
complex formedis Cd(CN) %, just likein cadmium-
plating baths. The other ionic species present in the
solutionsarefreecyanide (CN) hydroxide (OH") and
sodium (Na') iong*”. Intheelectrodiaysiscell, only
sodium ions can pass through the cation-exchange
membrane, whereasmetd complexes, freecyanideand
hydroxide ions are transported through the anion-
exchangemembraneasit can beobservedinfigure 2.

Experimentsto esteblishthecurrent dengty influence
ontheCd(CN),* and CN-ionsremova wereperformed.
TABLE 1 showsresultsobtained at 10, 15and 20 mA
cm2current densities.

Theresultssuggest that the percent extraction of
theionic speciesishigher when higher current densities
aregpplied, eventhough thecurrent efficiency islower.
Itisclear that thelower current dengity resulted in better
current utilization. The CN-ionremoval ishigher than
the Cd(CN),* ion. The cadmium cyanide complex is
morevoluminousthan cyanideion, what indicatesthat
itismoredifficult to transport larger ionsthrough the
anion-exchangemembrane

Cadmium compound precipitation on cation-
exchangemembrane

Experiments accomplished with 20 mA cm2and
during 240 minutes of electrodialysisresult in 86%
Cd(CN),> and 95% CN- extraction, as it can be
observedinfigure4.

However acadmium compound precipitation on
the cation-exchange membrane di sposed between the
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Figure5: (a) New cation-exchange membrane (NAFION
450) micrograph and (b) respective EDS spectra
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Figure®6: (a) Used cation-exchange membrane (NAFION
450) micrograph and (b) respective EDS spectra
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Figure7: Speciation of cadmium and cyanideionic spe-
ciesasafunction of cadmiumand cyanideconcentration

and thesolution pH
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cathodic concentrate and the diluate central cell
compartmentswas observed. Such precipitationisnot
observed up to 90 min of electrodialysis, where 23%
Cd(CN),* and 43% CN- extraction occur. Figures 5a
and 6ashow micrographsobtained by SEM (Scanning
Electron Microscopy) for acation-exchange membrane
before its use (new membrane) and for the cation-
exchange membrane used up to 240 min of electro
dialysis, respectively. Figures 5b and 6b show the
corresponding membranesEDS (Energy Dispersion
Spectroscopy) spectra, respectively. Fromfigure6bit
isclear that the precipitate correspondsto acompound
containing cadmium. However, amoreaccurateandyss
should be conducted to determine which cadmium
compound isformed. This precipitation representsa
drawback for the electrodialysis process since the
precipitate formation onion-exchange membranescan
reducethe effective membrane areaand consequently
theprocessefficiency. Besdes, it cancauseirreversible
membranedamagesreducingitslifecydeandincreasing
operational costs

Itiswdl know indectrodidysisthat theprecipitation
onion-exchange membranes can be aconsequence of
operating abovethelimiting current density. Inthiscase
water dissociationin H* and OH-ions can occur, what
might cause changesin the pH of the boundary layer
formedinthe membrane/solutioninterface, leadingtoa
local changein the characteristics of theionic species
present in the sol ution. Insoluble compounds can be
formed and then precipitate on the ion exchange
membrane. Previousresultshave shown that withthese
membranesand these solutionsthereisalimiting current
density at the cation-exchange membrane at
approximately 25mA cm1328, Sinceinthiswork 20
mA cmr?2 was applied during 240 min for the ions
removad, it can be estimated that during thisprolonged
expeimentd intervd, thesystlem could reach thelimiting
current density. Figure 7 demonstrates that if pH
increases and cadmium and cyanide concentration
decrease, insoluble Cd(OH), can beformed. Cd(OH),
might then precipitate on the cation-exchange
membrane. By these considerationsit can be estimated
that the cadmium compound formed and preci pitated
on themembraneis Cd(OH),. Itisclear that accurate
pH measurements should be available near the
membrane/solution interface to confirm these
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Figure8: Behavior of thesolution pH in theeectrodialy-
siscell compartment during 240 minutesof eectrodialy-
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Figure9: Behavior of thesolution conductivity in theelec-
trodialysiscell compartment during 240 minutesof elec-
trodialysiswith a20mA cm? curent density. (B )Electrodes
(®)Anodic(a) Central (») Cathodic
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Figure10: Behavior of the cell voltage during 240 min-

utesof electrodialysiswith a20mA cmr?curent density

hypotheses

Behavior of the pH and the conductivity of the
solutionsand thecell voltage

During theelectrodialysis processwith a20 mA
cnr? current density the cdll voltage (measured between
thetwo platinum e ectrodes), thepH and theconductivity
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of the solutions (measured directly in the solutions
reservoirs) werea so determined. The determined pH
value representsthe bulk pH of the solution and not
necessarily the pH inthemembrane/solutioninterface.
Thisbehavior can be observed infigures 8-10.

Figure 8 showsthat thereisadecrease onthebulk
pH a thediluate central cdl compartment. Thisdecrease
could beassociated to the OH- consumptionthat occurs
during theformation and precipitation of Cd(OH),. The
conductivity decrease in the diluate central cell
compartment indicatesthe Cd(CN),>, CN, Na* and
OH-ionsremovd (Figure9). Theconductivity increase
in the anodic concentrate cell compartment can be
attributed to the Na* transport from the electrodes
compartment and to the Cd (CN),>, CN- and OH-
transport fromthediluate centra cell compartment. The
conductivity increasein the cathodic concentrate cell
compartment can be attributed to the SO,* transport
from the electrodes compartment and to the Na*
trangport from thediluate centra compartment.

The céll voltageincrease can be attributed to the
decreaseinthe conductivity of thediluate central cell
compartment sol ution as aconsegquence of theionic
species removal increasing the solution electrical
resistance (Figure 10). Besides, when Figures 8 and
10 are compared, it can be seen that when bulk pH
decreasesin thediluate central cell compartment the
cdll voltageincreases. Thisbehavior could bedl related
to alimiting current density at the cation-exchange
membrane.

CONCLUSION

The results presented here demonstrate that
cadmium and cyanidetransport occursonly throughthe
anion-exchange membrane towards the anode,
indi cating that theioni c Speciesarenegatively charged.
Cadmium and cyani de percent extraction and current
efficiency depend on the applied current density and
the total removal of theionic speciesislimited by a
cadmium compound preci pitation onthecation-exchange
membraneof thediluate centra cdl compartment. More
accurate experimentsshould bedonetotry toavoid the
cadmium compound preci pitation and to achievehigher
ionic speciesremova. Onedternativeisthetrestment of
solutionsby dectrodiaysisinacontinuousway or with
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success ve changesof solutioninthediluatecentrd cell
compartment.
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