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1 Introduction
Although corrosion is generally a negative phenomenon in 
terms of the integrity of construction materials that causes 
great losses to the economies of the world,1–3 if corrosion 
processes are applied in the treatment of contaminat-
ed water, anodic dissolution of metals can have a posi-
tive effect on the removal of contaminants. This process 
is called electrocoagulation (EC), which is by definition 
an electrochemical process, in which coagulant types are 
formed in  situ by electrochemical oxidation (dissolution) 
of immersed metal anodes in a contaminated medium.4 
The resulting metallic ions are subject to instantaneous 
and spontaneous hydrolysis reactions, which result in the 
formation of different monomeric and polymeric (oxy)hy-
droxy complexes that interact with dissolved pollutants to 
form stable flocs. This method of water purification is one 
of the advanced technologies that combine the principles 
of coagulation, flotation, and electrochemical principles.4–9 
In general, metals with a lower standard electrode poten-
tial (such as Mg, Al, Zn, and Fe) have a higher affinity for 
corrosion, i.e., anodic dissolution, and thus are suitable for 
use as anodic materials in the electrocoagulation process. 
That is why the anodes made of aluminium and various 
types of its alloys, zinc, steel, etc., are most often used. The 
electrocoagulation process is influenced by a number of 
parameters, such as material and anode surface condition, 
characteristics of contaminated water such as the presence 

of different ionic and organic species, their concentration, 
pH, electrolyte conductivity, temperature, electrolyte mix-
ing, anode dissolution rate under electrical influence (opti-
mal current density), etc.10–12

During electrocoagulation with Al, Fe, and Zn electrode, 
the generation of metallic ions occurs due to the anodic 
dissolution (Al3+ from the aluminium electrode, Fe2+ from 
the iron electrode, and Zn2+ from the zinc electrode), ac-
cording to the general Eq. (1):13,14

M(s) → Mn+
(aq) + ne− (1)

Metallic cations undergo further spontaneous reactions 
forming corresponding hydroxides (Al(OH)3 with Al elec-
trode, Fe(OH)2 and also Fe(OH)3 formed under the pres-
ence of dissolved oxygen with Fe electrodes, while Zn(OH)2 
with Zn electrode). In addition to these hydroxide species, 
Fe2+, Al3+ and Zn2+ also form monomeric, polymeric, and 
hydroxo- complexes with hydroxide ions, depending on 
the pH range and removing pollutants by a sweep-floc 
mechanism.13 At the cathodes, the evolution of hydrogen 
usually occurs along with the hydroxide ions (Eq. (2)), in-
fluencing the increase in pH values. The evolution of H2 
may promote the flotation of some portion of coagulated 
pollutants to the surface:14

2H2O(l) + 2e− → H2(g) + 2OH− (2)

Anode oxygen evolution is also possible, Eq. (3):

2H2O(l) → O2(g) + 4H+ + 4e− (3)

In addition, many authors have found that the actual an-
ode dissolution is different from the anode dissolutions 
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calculated using Faraday’s law, which indicates that other 
electrochemical reactions might be taking place at the an-
ode. Several authors have suggested that the evolution of 
oxygen at the anode that takes place at alkaline pH, and 
a sufficiently high anodic potential (see Eq. (3)), might be 
the reasons for the disparity between the theoretical and 
actual anodic dissolution.15

Taking into account the increasing number of biowaste 
composting facilities, the availability of the process that 
can efficiently treat this leachate is a major concern, and 
electrocoagulation is recognised as a simple, cost-effective, 
and economic solution. However, there is a lack of pub-
lished papers investigating the treatment of compost lea-
chate by electrocoagulation, especially in comparing the 
efficiency of different electrode materials.16 Amani et al. 
investigated an electrocoagulation–flotation system for the 
treatment of high-load compost leachate in a batch reactor 
using various electrode configurations (Al-Al, Al-Fe, Fe-Al, 
Fe-Fe). They concluded that Al-Al was the best configura-
tion based on the maximum decrease in COD and total 
suspended solids (TSS).17 Simonič et al. investigated the 
electrocoagulation efficiency of compost leachate using Al 
electrodes. They found removal efficiencies of Cu2+ and 
Zn2+ of 75 % and 65 %, respectively, after 60 min of ex-
perimentation at a voltage of 15 V, an electrode distance 
of 3 cm, and an initial pH of 5.4. In addition, the organic 
compound measured by chemical oxygen demand (COD) 
and biochemical oxygen demand (BOD) had reduced by 
36 % and 35 %, respectively.18

To our knowledge, this is the first paper that investigates 
the electrocoagulation treatment efficiency of compost 
leachate using electrodes made from different metals (al-
uminium alloy, carbon steel, and zinc). Experiments were 
planned according to Taguchi method in order to perform 
the optimisation of compost leachate treatment by EC with 
different metallic materials (Fe, Al, and Zn), initial pH val-
ues (4, 6, and 8), stirring speeds (70, 170, and 270 rpm), 
and contact times (10, 20, and 30 min). In addition, elec-
trode costs were evaluated from Faraday’s law and from 
the measuring of mass changes in electrodes. Due to the 
obtained results, the electrodes used were compared.

2 Experimental
2.1 Samples

Compost leachate solutions were simulated from garden 
compost (Agro compost) using batch mode. The obtained 
leachate had a pH value of 5.8, electrical conductivity 
594 µS cm−1, turbidity 167 NTU, COD 576.92 mg O2

 l−1, 
and total solids (TS) 1.07 g l−1. Characterisation was per-
formed according to Standard methods for examining wa-
ter and wastewater.19

Electrode materials used in this study were: aluminium al-
loy AA2007 series 2000, in which the main alloying ele-
ment is copper (w(Al) = 92.58 %, w(Cu) = 3.84 %); car-
bon steel in which the main elements are iron and copper 
(w(Fe) = 98.27 %, w(Cu) = 1.17 %); and commercial zinc 
electrodes in which the main elements are zinc and alu-
minium (w(Zn) = 99.31–99.76 %, w(Al) = 0.1–0.5 %).

2.2 Electrocoagulation study planned using Taguchi L9 
(34) orthogonal array

Electrocoagulation (EC) experiments were performed in 
batch-type electrochemical cell of 400 ml, with immersed 
electrodes. Experiments were planned according to Tagu-
chi’s L9 orthogonal array design (Table 1). The aim of this 
study was to investigate the influence of different electrode 
materials (Fe, Al, and Zn), initial pH of suspensions (4, 6 
and 8), stirring speeds (70, 170, and 270 rpm), and contact 
times (10, 20, and 30 min). Distance between electrodes 
was maintained at 3 cm. All experiments were performed 
with the addition of electrolyte NaCl in a concentration 
of 1 g l−1, while the values of current and applied voltage 
were in the range of 0.32–1.00 A and 14.12–32.94 V (cur-
rent density value i = 0.018 A cm−2). Table 1 gives an over-
view of experimental conditions during experiments. The 
L9 has nine rows representing the number of experiments, 
and four columns representing the controllable factors. 
The type of electrode material (E), initial pH (pH), stirring 
speed (S), and experiment duration (t) were chosen as con-
trollable factors, and their impact on COD and electrodes 

Table 1 – Overview of working conditions during EC experiments planned according to Taguchi L9 (34) orthogonal array
Tablica 1 – Pregled radnih uvjeta tijekom EC eksperimenta planiranih prema Taguchi L9 (34) ortogonalnom nizu

Exp. no.
Eks. br.

Experiment label
Oznaka eksperimenta

Electrode material
Elektrodni 
materijal

(E)

Solution initial pH 
adjustment

Početno podešavanje 
pH otopine (pH)

Stirring speed
Brzina okretaja 

miješala ⁄ okr min−1

(S)

Contact time
Vrijeme kontakta ⁄ 

min (t)

1 EC-Fe, pH = 4, 70 rpm, 10 min Fe (L1) 4 (L1) 70 (L1) 10 (L1)
2 EC-Fe, pH = 6, 170 rpm, 20 min Fe 6 (L2) 170 (L2) 20 (L2)
3 EC-Fe, pH = 8, 270 rpm, 30 min Fe 8 (L3) 270 (L3) 30 (L3)
4 EC-Al, pH = 4, 170 rpm, 30 min Al (L2) 4 170 30
5 EC-Al, pH = 6, 270 rpm, 10 min Al 6 270 10
6 EC-Al, pH = 8, 70 rpm, 20 min Al 8 70 20
7 EC-Zn, pH = 4, 270 rpm, 20 min Zn (L3) 4 270 20
8 EC-Zn, pH = 6, 70 rpm, 30 min Zn 6 70 30
9 EC-Zn, pH = 8, 170 rpm, 10 min Zn 8 170 10
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mass loss was studied. As seen in Table 1, each factor used 
had three testing conditions (levels – L1, L2, and L3).

Prior to each experiment, the electrodes were ground 
and polished with successive wet SiC emery papers (up 
to 800 grit), ultrasonically cleaned in 70 % ethanol, and 
deionised water. After the EC process, the final pH, TS, 
and COD were determined in the supernatant. Before and 
after the EC experiment, the electrodes were weighed on 
an analytical balance, and the electrodes mass loss was de-
termined. 

2.3 Taguchi optimisation

In this investigation, optimisation was performed for chem-
ical oxygen demand and electrodes mass loss. The two 
quality characteristics, the smaller-the-better (SB) or the 
larger-the-better (LB) were used, depending on the param-
eter to be optimised. SB quality characteristic is represent-
ed by Eq. (4):20

2
1

SB/ 10 log
n

ii
y

S N
n
== − ∑ (4)

S/N represents signal-to-noise ratio, n is the number of rep-
etitions under the same experimental conditions, and y is a 
measured electrodes mass loss.

LB quality characteristic is represented by Eq. (5):21,22

21

LB

1

             / 10 log

n

i
iyS N

n

=

= −
∑ (5)

where y is a measured percentage of COD decrease.

As one of the aims of the study was to determine the opti-
mal conditions for EC treatment of compost leachate, the 

average S/N ratio of each controllable factor at level i was 
calculated according to Eq. (6).

( )1
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/
/
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=
∑

(6)

S/NFL represents S/N ratio for factor F on level i, and the 
superscript j is the jth appearance of the ith level.23 In this 
study, every level for the specific factor appears 3 times.21,22

3 Results and discussion
3.1 Analysis of the efficiency of electrocoagulation with 

different electrode materials

Treatment efficiency during experiments was assessed 
from the COD, and is summarised in Table 2. TS results 
are also given. Before and after immersion, the electrodes 
were weighed on an analytical balance; the results of elec-
trodes mass loss are given in Table 2.

TS in the initial compost solution equalled 1.07 g l−1, indi-
cating the presence of suspended, dissolved, and settlea-
ble solids in the composting leachate. Values of TS in final 
solutions were higher compared to the initial one, which 
can be associated with the addition of electrolyte NaCl in 
the concentration of 1 g l−1 at the beginning of each exper-
iment. It was also evident that TS values in the final solu-
tion oscillated depending on experimental conditions. The 
highest value was obtained in experiment no. 9 with Zn 
electrode, at pH 8, stirring speed of 170 rpm, and 10 min 
contact time, at which, interestingly, the lowest COD de-
crease was obtained, as was the highest increase in cath-
ode mass.

Final pH values were higher compared to adjusted initial 
pH values in solution at the beginning of each experiment 

Table 2 – TS and pH in final solutions, removal efficiency based on values of COD, and mass of electrodes consumed during the EC 
experiment

Tablica 2 – Ukupni isparni ostatak i pH vrijednost u konačnim otopinama, učinkovitost uklanjanja organske tvari izražena preko KPK 
vrijednosti te potrošnja elektroda tijekom EK eksperimenta

Exp. no.
Eks. br.

Experiment label
Oznaka eksperimenta

TS
Isparni ostatak ⁄ g l−1

pHfin
pHkon

COD decrease 
Uklanjanje organske tvari 
izraženo preko KPK ⁄ %

Electrode loss
Potrošnja elektrode ⁄ g
Anode
Anoda

Cathode
Katoda

1 EC-Fe, pH = 4, 70 rpm, 10 min 1.45   8.67 83.39 0.0601 −0.0016
2 EC-Fe, pH = 6, 170 rpm, 20 min 1.35 10.13 89.78 0.1340 −0.0017
3 EC-Fe, pH = 8, 270 rpm, 30 min 1.33 10.67 89.78 0.2047 −0.0041
4 EC-Al, pH = 4, 170 rpm, 30 min 1.33   8.80 90.42 0.1819 0.0869
5 EC-Al, pH = 6, 270 rpm, 10  min 1.22   8.58 85.94 0.0538 0.0006
6 EC-Al, pH = 8, 70 rpm, 20 min 1.57   9.12 91.05 0.0924 0.0518
7 EC-Zn, pH = 4, 270 rpm, 20 min 1.35   9.37 92.97 0.4280 −0.0118
8 EC-Zn, pH = 6, 70 rpm, 30 min 1.47 11.13 82.75 0.6469 −0.0305
9 EC-Zn, pH = 8, 170 rpm, 10 min 1.68 10.98 75.72 0.3300 0.2354
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(initial pH was adjusted at pH = 4, 6, or 8). The increase 
in final pH values is attributed to the hydrogen evolution 
reaction at the cathode, and the formation of hydroxide 
ions, as well as the speciation of the hydrolysis products.13 
However, several other explanations in literature can also 
be found regarding the increase in pH, such as due to the 
release of CO2, which is over-saturated in acidic solutions 
and enhanced by H2 bubble evolution. Also, some anions, 
such as Cl− and SO4

2−, may exchange partly with OH− in 
metal hydroxide to free OH−, giving an increase in the 
solution pH.24,25 The lowest increase in solution pH was 
obtained with Al electrodes (in the range of 8.58–9.12), 
depending on the experimental conditions. According to 
Mansuri et al., the final pH near 9 observed in the presence 
of NaCl with Al electrode can be associated with buffering 
effects of aluminium hydroxides.26 The highest increase in 
final pH was obtained with Zn electrodes (in the range of 
9.37–11.13), while final pH with Fe electrodes was in the 
range of 8.67–10.67, depending on the experimental con-
ditions.

Based on values of COD decrease, it was evident that 
electrocoagulation can easily remove both biodegradable 
and inorganic compounds susceptible to oxidation with 
dichromate from compost leachate, and suspension sol-
ids were easily removed from the solution with high effi-
ciency. The final values of COD in all experiments were 
below the limit values prescribed by Croatian regulation27 
for discharge into natural surface water and public sewage 
system (125 mg O2

 l−1). From the result given in Table 2, it 
is evident that the highest efficiency regarding the COD 
decrease was observed with Al electrodes under the con-
ditions of experiments no. 6, and zinc electrode under the 
conditions of experiment no. 7.

Anode consumption was evident in all experiments, which 
confirmed anode sacrifice during EC. The highest con-
sumption was evident in experiments with Zn electrode 
(experiments no. 7, 8, and 9, among which anode con-
sumption was the highest at experiment no. 8.), followed 
by Fe anode consumption, while the lowest anode con-
sumption was achieved in experiments with Al electrode 
(experiments no. 4, 5, and 6). However, cathode con-
sumption was also evident in experiments with Al elec-
trode (experiments no. 4, 5, and 6), and experiment no. 
9 with Zn electrode. The chemical dissolution of the al-
uminium anode and cathode was due to the acidity and 
alkalinity produced in their vicinity during the process.26 In 
other experiments, a slight increase in cathode mass was 
observed in all experiments with Fe electrode (experiments 
no. 1, 2, and 3), as well in experiments no. 7 and 8 with 
Zn electrode. Increased cathode mass is associated with a 
covering layer of corrosion product on electrode surfaces.

3.2 Taguchi optimisation

In order to find optimal experimental conditions, which 
provide the best COD decrease and the lowest anode and 
cathode mass loss, the LB and SB Taguchi characteristics 
were calculated, respectively. The values of S/NLB or S/NSB 
ratios determined using Eqs.  (4) and (5) are presented in 
Table 3.

Table 3 – S/NLB and S/NSB ratios
Tablica 3 – S/NLB i S/NSB omjeri

Exp. no.
Eks. br.

S/NLB ratio for COD 
decrease

S/NLB omjer za smanjenje 
KPK

S/NSB ratio for electrode 
consumption

S/NSB omjer za potrošnju 
elektrode

1 38.42 24.66
2 39.06 17.57
3 39.03 13.95
4 39.13 11.41
5 38.68 25.29
6 39.19 16.82
7 39.37    7.61
8 38.36    4.20
9 37.58    4.95

Calculated S/NFL values (Eq. (6)) are presented in Table 4. 
The range, i.e., the difference between the highest and 
lowest S/NFL was also calculated and as a result, every fac-
tor was related to the rank. The most important factor, the 
factor whose change resulted in the highest change, was 
ranked as 1. In this study, the time is the most important 
factor for COD, while electrode material was for electrodes 
mass loss. In both cases, the initial pH was the least impor-
tant.

Table 4 – S/NFL values and rank of factors for COD decrease and 
electrodes mass loss

Tablica 4 – S/NFL vrijednosti i rangiranje faktora za smanjenje 
KPK-a te potrošnju elektroda

Parameter
Parametar

COD decrease
Smanjenje KPK

Electrode loss
Potrošnja elektrode

Factor
Faktor E pH S t E pH S t

Level 1
Razina 1 38.84 38.97 38.65 38.23 18.73 14.56 15.23 18.30

Level 2
Razina 2 39.00 38.70 38.59 39.21 17.84 15.69 11.31 14.00

Level 3
Razina 3 38.44 38.60 39.03 38.84 5.59 11.91 15.62   9.86

Range
Raspon 0.56 0.37 0.44 0.98 13.14   3.78   4.31   8.44

Rank
Rang 2 4 3 1 1 4 3 2

Note: The optimal level for each tested factor is marked in bold numbers
Napomena: Optimalna razina za svaki testirani faktor označena je 

podebljanim brojevima

The optimal electrode material for COD decrease was alu-
minium, while for electrodes mass loss it was steel, closely 
followed by aluminium. For both factors, the zinc elec-
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trode was the least preferable. The optimal initial pH for 
COD was 4, and for electrodes mass loss it was 6, showing 
that acidic or slightly acidic reaction mixture had a bene-
ficial effect on EC. For both COD and electrode mass loss, 
the optimal stirring speed was the highest one used, i.e., 
270 rpm. The optimal experimental time most beneficial 
to COD decrease and electrode mass loss was 20 and 
10 min, respectively. It may be seen that 10 min was not 
enough to sufficiently decrease the COD value, but longer 
experiments have no useful effect on the process exam-
ined. The lowest electrodes mass loss was, as expected, for 
the shortest experiments.

3.3 Comparison of energy and electrode consumption 
during electrocoagulation

Electrode consumption was evaluated from Faraday’s law 
and by measuring of electrodes mass loss before and af-
ter EC process. Consumption of electrical energy (Cenergy; 
kW  m−3) and mass consumption of electrode (Celectrode; 
kg m−3) were calculated by Eqs. (7) and (8):28

energy
U I tC

V
⋅ ⋅

= (7)

electrode
I t MC
z F V
⋅ ⋅

=
⋅ ⋅

(8)

where U is cell voltage (V), t is operating time (s), V is vol-
ume of the treated leachate (m3), z is number of electron 

transfers (2 or 3), F is Faraday constant (96 485.33 C mol–1), 
and M is molecular mass of metal (g mol–1).

Celectrode from the mass consumption was calculated accord-
ing to Eq. (9).29

electrode
mC
V

= (9)

Celectrode is the electrode consumption measured by elec-
trodes mass loss before and after EC process (mg l−1), m is 
the total mass of released metal obtained from electrodes 
mass loss (mg), and V is total volume of solution in the elec-
trocoagulation cell (l).

The difference between the electrodes mass loss obtained 
by calculation according to Faraday’s law and from actual 
electrodes mass loss were analysed, and the results com-
pared in Table 5.

From the results shown in Table 5, the highest voltage was 
applied in experiment no. 5 (32.94 V), while the lowest 
was in experiment no. 3 (14.12  V). The lowest current 
consumption was in the experiments with Fe electrode, 
followed by Al electrode, and the significantly highest with 
Zn electrode. The highest energy consumption was in ex-
periment no. 4, while the lowest was in experiment no. 1.

The measured values of aluminium electrode mass loss by 
weighing of electrode significantly exceeded theoretical 
values calculated using Faraday’s law. This phenomenon 
has been called “super-faradaic efficiency”.30 According to 

Table 5 – Comparison of electrode and energy consumption
Tablica 5 – Usporedba potrošnje elektroda i energije

Exp. no.
Eks. br.

Experiment label
Oznaka 

eksperimenta
U ⁄ V I ⁄ A Cenergy ⁄ kWh m−3

Calculation based 
on Faraday’s law
Izračun temeljem 

Faradayeva zakona

Calculation based on electrode loss
Izračun temeljem potrošnje elektroda

Celectrode ⁄ kg m−3 Canode ⁄ kg m−3 Ccathode ⁄ kg m−3 Canode + cathode ⁄  kg m−3

1 EC-Fe, pH = 4, 
70 rpm, 10 min 14.80 0.320   1.973 0.139 0.150 −0.004 0.146

2 EC-Fe, pH = 6, 
170 rpm, 20 min 18.12 0.382   5.768 0.332 0.335 −0.004 0.331

3 EC-Fe, pH = 8, 
270 rpm, 30 min 14.12 0.382   6.742 0.497 0.512 −0.010 0.502

4 EC-Al, pH = 4, 
170 rpm, 30 min 31.00 0.910 35.263 0.382 0.455    0.217 0.672

5 EC-Al, pH = 6, 
270 rpm, 10 min 32.94 0.750 10.294 0.105 0.135    0.002 0.136

6 EC-Al, pH = 8, 
70 rpm, 20 min 23.09 0.700 13.469 0.196 0.231    0.130 0.361

7 EC-Zn, pH = 4, 
270 rpm, 20 min 25.78 1.000 21.483 1.017 1.070 −0.030 1.041

8 EC-Zn, pH = 6, 
70 rpm, 30 min 27.92 1.000 34.900 1.525 1.617 −0.076 1.541

9 EC-Zn, pH = 8, 
170 rpm, 10 min 25.30 1.000 10.542 0.508 0.589    0.825 1.414
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Mansuri et al., the excess in dissolved aluminium is pri-
marily due to the chemical dissolution of aluminium.26 In 
addition, aluminium dissolution occurs not only at the an-
ode but also at the cathode, which is in agreement with 
the finding obtained by Ghernaouta et al.31 The residual 
amount of aluminium in the final solution may have a neg-
ative influence on living organisms if these effluents are 
discharged into the natural recipient without additional 
treatment.

In experiments with Fe and Zn electrodes, the measured 
values of metal electrode consumptions were almost equal 
to theoretical values calculated using Faraday’s law, except 
in experiment no. 9, were those differences were high. In 
addition, in experiments with Fe, only cathode increase 
was observed, while for Zn electrodes both cathode con-
sumption and cathode increase were observed. 

4 Conclusions
Due to the increased number of biowaste composting 
facilities, a high amount of compost leachate with a very 
complex composition is produced and requires additional 
processing. Thus, the application of a simple and econom-
ically feasible process of electrocoagulation with different 
electrode materials is encouraged to investigate the treat-
ment of compost leachate. In this paper, Taguchi’s L9 or-
thogonal array design was applied to investigate the effect 
of different metallic materials (Fe, Al, and Zn), initial pH 
values (4, 6, and 8), stirring speeds (70, 170, and 270 rpm), 
and contact times (10, 20, and 30 min) on COD decrease 
and electrodes mass loss during compost leachate treat-
ment. 

The results showed that addition of electrolyte increased 
the TS and pH values in final effluent, while COD values 
decreased. The lowest increase in final pH was obtained 
with Al electrodes. The highest efficiency regarding the 
COD decrease was observed with Al electrodes, under ex-
perimental conditions no. 6, and with Zn electrode under 
experimental conditions no. 7. However, the final values of 
COD in all experiments were below the limit prescribed by 
Croatian regulation.

The highest anode mass loss was achieved in experiments 
with the Zn electrode, followed by Fe, and the lowest an-
ode mass loss was achieved in experiments with the Al 
electrode. In addition, anode and cathode mass loss oc-
curred in experiments with Al electrodes. In experiments 
with Fe and Zn electrodes, the measured values of metal 
electrodes mass loss were almost equal to theoretical val-
ues calculated using Faraday’s law, while in experiments 
with Al electrodes, those differences were significant.

Taguchi optimisation showed that the most effective factor 
for the decrease in COD was the duration of the experi-
ment, while for electrodes mass loss it was the electrode 
material. The optimal conditions for the decrease in COD 
determined by Taguchi include: aluminium electrode, pH 
of 4, stirring speed of 270 rpm, and contact time of 20 min. 
The optimal conditions for mass loss of electrodes include: 
steel electrode, pH of 6, stirring speed of 270  rpm, and 

contact time of 10  min. Thus, the optimum conditions 
must take into account both effects, COD decrease and 
electrode mass loss. Zinc electrodes showed no potential 
for use in the EC process when treating compost leachate, 
while Al and Fe electrodes could be used in an acidic or 
slightly acidic environment with agitation. 

However, the total operating cost of the EC process will 
depend on the market price of each metal, as well as the 
electricity cost. The price of metal has increased drasti-
cally recently, which will negatively influence the total EC 
operating cost. Thus, the use of waste metal materials as 
electrodes is highly encouraged in the EC process. Elec-
tricity costs can be reduced by implementing renewable 
energy sources. Special accent should be focused on the 
determination of the residual amount of metals in the final 
solution, as it is known that a higher amount will negatively 
influence living organisms. In this regard, some other mate-
rials should be investigated to make the electrocoagulation 
process more applicable in compost leachate treatment. 
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List of abbreviations and symbols 
Popis kratica i simbola

BOD/BPK – biochemical oxygen demand
– biokemijska potrošnja kisika

COD/KPK – chemical oxygen demand
– kemijska potrošnja kisika

E – electrode materials
– elektrodni materijal

EC/EK – electrocoagulation
– elektrokoagulacija

FL – controllable factor at level L
– kontrolirani faktor na razini L

LB – larger-the-better
– veće je bolje

NTU – nephelometric turbidity units
– nefelometrijska jedinica mutnoće

S – stirring speed
– brzina vrtnje miješala

SB – smaller-the-better
– manje je bolje

TS – total solids
– ukupni isparni ostatak

TSS – total suspended solids
– ukupne raspršene tvari

S/N – signal-to-noise ratio
– omjer signal-šum
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Celectrode – electrode consumption
– potrošnja elektrode

Cenergy – energy consumption
– potrošnja energije

F – Faraday constant
– Faradayeva konstanta

i – current density
– gustoća struje

m – total mass of released metal obtained from 
electrodes mass loss

– ukupna masa otopljenog metala temeljem 
potrošnje mase elektroda

M – molecular mass of metal
– molekulska masa metala

n – number of repetitions under the same  
experimental conditions

– broj ponavljanja pod istim eksperimentalnim 
uvjetima

t – experiment duration time or contact time
– vrijeme trajanja eksperimenta ili vrijeme kontakta

U – cell voltage
– napon ćelije

V – volume of treated leachate
– volumen obrađene procjedne vode

z – number of electron transfers
– broj prijenosa elektrona

y – measurement value of electrodes mass loss or  
COD decrease

– mjerna vrijednost gubitka mase elektroda ili 
smanjenja KPK
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SAŽETAK
Primjene različitih metala kao elektrodnog materijala u obradi 

kompostne procjedne vode
Ladislav Vrsalović, Nediljka Vukojević Medvidović,* Sandra Svilović i Josipa Šarić

U ovom radu različiti metalni materijali (legure Fe, Al, Zn) ispitivali su se kao žrtvene anode tije-
kom elektrokoagulacije (EK) za obradu kompostne procjedne vode. Taguchijev L9 ortogonalni niz 
primijenjen je za ispitivanje četiriju kontroliranih čimbenika (različiti metalni materijali, početne 
pH vrijednosti, brzine vrtnje miješala i vremena kontakta) na uklanjanje organske tvari izražene 
preko kemijske potrošnje kisika (KPK) i gubitak mase elektroda. Učinkovitost uklanjanja organske 
tvari izražene preko KPK-a dosegla je vrijednosti u rasponu od 75,72 do 92,97 %. Rezultati opti-
mizacije Taguchi pokazali su da je najučinkovitiji čimbenik za uklanjanje organske tvari, izražene 
preko vrijednosti KPK-a, trajanje eksperimenta, dok je gubitak mase elektroda za materijal elek-
trode. Cinkova elektroda pokazala je najmanji potencijal za uporabu u EK procesu za pročišćava-
nje kompostne procjedne vode, dok se Al i Fe elektroda mogu upotrebljavati u kiselom ili blago 
kiselom području. Zabilježen je sljedeći opadajući redoslijed potrošnje energije: Zn > Al > Fe. 
Izmjerene vrijednosti gubitka mase metalne elektrode premašuju teorijske vrijednosti izračunate 
Faradayevim zakonom u EK eksperimentima s Al elektrodama, dok su u eksperimentima s Fe i Zn 
elektrodama te razlike manje.

Ključne riječi 
Fe, Al, Zn, žrtvovana anoda, potrošnja elektrode, Taguchi optimizacija
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