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A B S T R A C T   

The raw materials for the tanning industry, namely hides and skins, are preserved (curing stage) and carried with 
common salt, i.e., sodium chloride (NaCl). Proceeding to conversion into leather, pickling is a key stage of the 
tannery process, which entails high demand of water and salt. In this work, the salt-derived brine (SdB) 
generated from the curing of hides was treated by iron-driven electrocoagulation (EC), aiming at its later 
application in the pickling stage of the tanning industry, promoting a transition to zero waste emission policy. 
Focusing on reducing the brine’s total organic carbon (TOC), central composite rotational design and response 
surface methodology were adopted to study the effect of electrolysis time (6.2–14.2 min) and current density 
(74–431 A⋅m− 2) on the treatment of the SdB (≅ 7.5 % wt. NaCl). The quality of the treated brines was then 
assessed in pickling trials and compared with virgin brine. 68–83 % removal of TOC from the SdB were achieved 
under electrolysis time ranging 6.2–14.2 min and current density ranging 126–252 A⋅m− 2. Under these operating 
ranges the quality of the wet-blue leathers was guaranteed. Lowest power consumption (0.44 kWh⋅m− 3) was 
achieved under electrolysis time of 6 min and current density of 126 A⋅m− 2, yielding 68 % removal of TOC. 
Moreover, the shrinkage temperature of the hides was improved with treated brine (103.5 ◦C–110.5 ◦C) 
compared to virgin brine (103.0 ◦C). The present study provides strong evidence that contaminated salt from the 
curing stage can be valorised within the tanning industry through electrocoagulation treatment and then used in 
another production stage, instead of being landfilled.   

1. Introduction 

The raw materials for the tanning industry, namely hides and skins, 
need to be treated with several chemicals across different stages of 
production, to obtain the leather (Nur-A-Tomal et al., 2022). Generally, 
each 1000 kg of raw bovine hides will yield approximately 250 kg of 
leather, generating also 15–50 m3 of wastewater and 450–730 kg of 
solid waste (Black et al., 2013; Hu et al., 2011). The preservation (curing 
stage) of 1000 kg of raw hides requires 300–400 kg of common salt, i.e., 
sodium chloride - NaCl (Hu et al., 2011), to prevent the degradation 
during the timeframe between leaving the slaughterhouse and entering 
the tannery (Black et al., 2013) - approximately 13–17 % salt is fixed 
into the hide (Uddin et al., 2022). In this matter, and although alter
natives are available, the salting continues to be preferred over other 

methods due to lower cost of the common salt and easy accessibility 
(Nur-A-Tomal et al., 2021). One of the output streams of the curing stage 
is precisely the salt, which at that point is contaminated with animals’ 
manure, hair, blood, etc., leading this material to be usually landfilled 
(Black et al., 2013). Current legislation regarding landfilling of wastes 
with high organic content presents increasing restrictions (Black et al., 
2013). Moreover, high levels of salinity affect landfill biogas production, 
inhibiting not only biogas generation, but also the degradation of 
organic compounds (Ogata et al., 2016). In this framework, a solution to 
valorise contaminated salt is needed, to complement the already existing 
works on the search for more eco-friendly methods to cure raw hides 
(Al-Jabari et al., 2021; Kanagaraj et al., 2015; Nur-A-Tomal et al., 2021; 
Selvi et al., 2022; Tamil Selvi et al., 2020). 

Pickling is another key stage of the tannery processes, in which the 
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hides are immersed in an acid brine solution thereby sterilising and 
improving the penetration of the subsequent tanning material (Black 
et al., 2013; Li et al., 2009). This stage entails high demand of water and 
salt, which is used to avoid acidic hide swelling (Li et al., 2009; Martinho 
et al., 2015). The pickling wastewaters, i.e., contaminated brines, have 
high salt content (≅ 7.5–8 % wt. NaCl), and therefore have high elec
trical conductivity (Martinho et al., 2015; Sundarapandiyan et al., 
2010). The Best Available Techniques document for the Tanning of 
Hides and Skins (Black et al., 2013) suggests the reuse of contaminated 
brine (prepared with salt from curing) in the pickling stage, after 
treatment by membrane filtration, however the high initial investment 
cost strongly hinders the application of this technique (Martinho et al., 
2015; Zhao et al., 2019). Hence, it has become imperative and chal
lenging to find a cleaner, cost-effective, and sustainable solution to deal 
with the contaminated salt from curing stage, in order to allow its 
further use in the pickling stage. Electrocoagulation (EC) has been 
pointed out as a promising process (simple and economic) to treat saline 
wastewaters (Abbasi et al., 2022; Akansha et al., 2020; Tegladza et al., 
2021), with the electrical conductivity of the solution under treatment 
playing an important role (Darvishmotevalli et al., 2019; Yavuz and 
Ögütveren, 2018). EC relies on electric current to remove contaminants 
without requiring the addition of chemicals (Nampoothiri et al., 2016). 
Recognized advantages of this process include the use of simple equip
ment, low operating cost (depending on electrodes used), and reduced 
formation of sludge compared with chemical coagulation (Ahmed et al., 
2012; Syaichurrozi et al., 2020). In EC the coagulant is generated in situ 
by electrolytic oxidation of a suitable anode material, which is most 
often aluminium (Al) or iron (Fe), releasing Al3+ (4.0 < pH < 6.5) or 
Fe2+ (6.0 < pH < 8.0), respectively (Kara et al., 2013; Weiss et al., 
2021). These ions are hydrolysed in the bulk solution to form various 
monomeric and polymeric species, which transform into insoluble (oxy) 
hydroxides. Such compounds will neutralize the electrostatic charges on 
the surface of suspended solids and coagulate with the organic pollut
ants in water, allowing for easy separation from the liquid phase 
(Tegladza et al., 2021). In the process, water is also electrolysed, pro
ducing small bubbles of oxygen at the anode and hydrogen gas (H2) at 
the cathode. The hydrogen bubbles adsorb the flocs, through natural 
buoyancy, promoting their flotation to the surface where they can be 
more easily concentrated, collected, and removed (Naje et al., 2016). A 
complex set of reactions occurs during the EC process, including 
chemical oxidation and reduction, adsorption, decomposition, precipi
tation and flotation (Syaichurrozi et al., 2020). The key reactions driving 
EC using Fe electrodes are well described by Eqs. (1)–(4) (Abbasi et al., 
2022; Isik et al., 2020). Later, the Fe2+/Fe3+ ions released from the 
anode react with hydroxide ions (OH− ) to form insoluble coagulants of 

Fe(OH)z (where z is the number of electron transfer: 2 or 3) (Syaichur
rozi et al., 2020). 

In anode: 

Fe→Fe2+ + 2e− (1)  

Fe → Fe3+ + 3e− (2) 

In cathode: 

2H2O+ 2e− → H2 + 2OH− (3)  

2H+ + 2e− →H2 (4) 

The goal of this work was to treat contaminated salt from the curing 
of hides for subsequent use of its brine in the pickling stage of the tan
ning industry (Fig. 1). To that end, contaminated salt was dissolved in 
water and the resulting salt-derived brine (SdB) was treated by elec
trocoagulation, with iron electrodes. To the best of the authors’ 
knowledge, it is the first time that salt from curing is treated by EC 
aiming to be reused within the producer industry, under circular econ
omy thinking, and promoting a transition to zero waste emission policy. 
Response surface methodology (RSM) was applied to determine the ef
fect of electrolysis time, t (min) and current density, J (A⋅m− 2) on the 
removal of total organic carbon (TOC) from the SdB. The quality of the 
treated brines (tB) was then assessed in pickling and tanning trials, in 
parallel with virgin brine, to guarantee enough quality in the brine for 
pickling application. Envisioning a future scale-up of the proposed so
lution, power consumption was also estimated, as it strongly influences 
the economic viability of the treatment solution. 

2. Materials and methods 

2.1. Curing salt-derived brine sample 

A composite sample of real contaminated salt from hides’ curing 
stage was prepared from samples provided by a Portuguese tannery 
industry collected in two months. The salt samples were firstly sieved (<
4 mm) to remove coarse contaminant particles (manure, hair, blood, 
etc.), and then dissolved in tap water. The resulting contaminated curing 
salt-derived brine was labelled as SdB, which had approx. 7.5 % wt. salt 
(as received), the usual salt concentration used in pickling stage (Black 
et al., 2013). SdB was characterized by standard methods (see Section 
2.5). Three repetitions were performed in the SdB sample character
ization. Table 1 presents the mean values of each quality parameter and 
respective standard deviations of the SdB. 

The pH of the SdB was slightly alkaline and suitable for the EC 

Fig. 1. General approached proposed to treat SdB by EC under circular economy thinking.  
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process, requiring no prior adjustment (Kara et al., 2013; Weiss et al., 
2021). 

The total dissolved solids content was slightly less than 7.5% which 
was not an unexpected result, since the brine was prepared with salt as 
received (after being sieved), i.e., it was not pure salt, but hydrated and 
with contaminants that can be water soluble or not. Concerning the 
suspended solids, around 37 % were (volatile) organic matter. 

2.2. Experimental setup and procedure 

EC assays were performed in a batch reactor with a working capacity 
of 1 L, equipped with two iron plate electrodes, as shown in Fig. 2. The 
iron electrodes (79.2 cm2 of total contact area) were placed 10 cm apart 
and connected to a D.C. power supply (MLINK, RYI). All assays started at 
room temperature (c.a. 20 ◦C) at pH = 7.8 ± 0.4, which was the original 
SdB pH. To avoid electrode passivation and promote equal wear out, the 
electrode polarity was reversed in each experiment. After the predefined 
electrolysis time, the power supply was turned off and the treated brine 
was transferred to a graduated cylinder for 1 h of settling. At that time, 
supernatant liquid, which accounted for 80–95 % (v/v) of the raw SdB 
volume (i.e., 5–20 % (v/v) of sludge), was collected and analysed in 
terms of TOC, according to Method 5310B (Greenberg et al., 1999). 
Additional aliquots, from each experimental condition, were collected 
and proceeded for wet-blue leather pickling trials. These trials were 
performed with bovine skin flaps, from the neck area, already delimed 
and purged. A control pickling assay was also conducted with a virgin 
brine, i.e., a brine prepared with virgin salt. All pickling trials were 
conducted at lab-scale to evaluate the most relevant properties of the 
leather (ISO 5433-Leather — Bovine Wet Blue — Specification, 2013), 
namely thickness, shrinkage temperature, grease content, free fatty 
acids (FFA) content, and hexavalent chromium content (Cr2O3). 

An estimate of power consumption, of the lab-scale EC process, was 
determined by multiplying the current intensity, voltage and electrolysis 

time for each assay. 

2.3. Experimental design 

Several parameters can influence the efficiency of the electro
coagulation process, such as electrode material, current density, elec
trolysis time, electrodes distance, pH, conductivity, temperature and 
initial organic content. This work aimed to carry out a treatment with 
minimal (or no) addition of chemical and physical agents. Thus, the 
initial values of pH, conductivity, temperatures, TOC content were the 
natural of the raw SdB. Concerning the electrode material, as stated 
before, it was chosen iron foreseeing in the future the use of scrap ma
terials (cheaper and efficient (Brillas and Martínez-Huitle, 2015; Gon
dudey et al., 2020)). The distance between the two electrodes was 
defined based on preliminary experiments. Finally, two independent 
operating variables were studied: current density and electrolysis time. 
Response surface methodology was applied to assess the influence of 
these variables on the removal of TOC (dependent variable) from the 
SdB. This allowed the mapping of the region under study and the se
lection of the best operating conditions. CCRD was used to plan the 
experiments. Table 2 presents the predefined experimental ranges for 
each independent variable, with “±1″, "0″ and "± 1.42″ representing, 
respectively, the factorial points, the central point and the axial points of 
the design (Rodrigues and Iemma, 2014). The selection of electrolysis 
time range was based on preliminary experiments which showed that 
treatment times above 15 min did not improve TOC removal for this 
contaminated brine. The current density range was selected considering, 
on the one hand the power supply limitation (i.e., a current density 
below 70 A⋅m− 2 was not feasible), and on the other hand a current 
density above 500 A⋅m− 2 is not recommended due to high power and 
electrodes consumption. A total of 12 experiments were carried out, 
including 4 repetitions at the central point. To prevent systemic errors, 
the assays were performed randomly. 

Table 1 
Quality parameters of the curing SdB used in this work.  

Parameter Mean ± s 

Total Organic Carbon, TOC [mg⋅L− 1] 137.7 ± 2.5 
Total Suspended Solids [mg⋅L− 1] 1073.3 ± 52.2 
Volatile Suspended Solids [mg⋅L− 1] 397.3 ± 6.1 
Total Dissolved Solids [g⋅L− 1] 70.2 ± 1.1 
pH 7.8 ± 0.4 
Conductivity [mS⋅cm− 1] 74 ± 3.1  

Fig. 2. Schematic diagram of the electrocoagulation reactor and the reactions occurring on each electrode.  

Table 2 
Experimental range of the studied independent variables used in the CCRD.  

Independent variable − 1.42 − 1 0 +1 +1.42 

Current density [A⋅m− 2] 74 126 252 379 431 
Electrolysis time [min] 6.2 7.0 10.0 13.0 14.2  
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2.4. Statistical data treatment 

A second order polynomial model with interactions was used to fit 
the experimental results, according to Eq. (5). 

Z = k + ax1 + bx2
1 + cx2 + dx2

2 + ex1x2 (5)  

where Z is the fitted response (removal of TOC), k, a, b, (…) to e are the 
regression coefficients, x1 and x2 represent the current density and 
electrolysis time, respectively. The adequacy of the model was verified 
by an analysis of variance (ANOVA). The quality of the regression model 
was expressed by the coefficient of determination R2, R2

adj, and by the 
Lack of Fit. The residuals plots analysis was performed to validate the 
model assumptions (normality and randomness of residuals) (Ribeiro 
et al., 2020; Vargas et al., 2021). All statistical analyses were performed 
with StatSoft Statistica® v. 8.0 software. A 95 % confidence level was 
adopted. 

2.5. Analytical methods 

TOC concentration was determined according to the standard 
method 5310 B (Greenberg et al., 1999) with a Sievers InnovOx TOC 
analyser. Standard methods 2540 C, 2540 D and 2540 E (Greenberg 
et al., 1999) were adopted in the determination of total dissolved solids, 
total suspended solids, and volatile suspended solids, respectively. pH 
and electrical conductivity were measured with a Consort Instrument® 
multi-parameter meter. Finally, the assessment of the properties of the 
leather after the pickling stage was carried out according to the methods 
stated in ISO 5433 (ISO 5433-Leather — Bovine Wet Blue — Specifi
cation, 2013). 

3. Results and discussion 

3.1. Treatment of salt-derived brine by electrocoagulation 

The second order model fitted to the experimental results is 
described by Eq. (6). 

Z = 42.61 + 0.094x1 − 3.0 × 10− 4x2
1 + 3.480x2 − 0.245x2

2 + 0.009x1x2 (6) 

The ANOVA of the regression (Table 3) shows that the model pro
vided a good fit (R2 ≅ 0.954; R2

adj ≅ 0.915), which highlights the 
quality of the fit (see also Fig. 3 (d)) and non-statistically significant Lack 
of Fit (p-value > 0.05). Thus, as R2 is higher than 0.8, the model had a 
good fit to the experimental data (Darvishmotevalli et al., 2019) and can 
be used to analyse the EC treatment of SdB. 

The assumptions of the regression model were validated by the 
analysis of the residual plots, as shown in Fig. 3. 

The straight line along the data (Fig. 3 (a)) indicates that the re
siduals follow a normal distribution. Fig. 3 (b) validates the randomness 
of the residuals, equal number of points above and below the central 
horizontal line and no data points stands out from the basic random 

pattern of the other residuals. No outliers were identified in Fig. 3 (c), 
since all values lied within the range ± 3.0 standard deviations around 
the mean. Furthermore, good correlations between predicted and 
observed values (Fig. 3 (d)) confirm the adequacy of the model to predict 
the TOC removal for any given operating condition within the experi
mental range tested in this work (see Table 2). 

The ANOVA results for the coefficients of the variables revealed that 
both linear and quadratic terms of the current density (x1 and x2

1) had 
statistically significant effects on the removal of TOC (p-value <0.05), as 
shown in Table 4. 

Moreover, the interaction term also played a statistically significant 
role in the removal of TOC. In other words, the effect of current density 
on TOC removal depends on the value of the electrolysis time and the 
effect of the latter on TOC removal also depends on current density 
value. Abbasi et al. (2022) employed an EC process with iron rod elec
trodes to remove colour from a wastewater generated in an liquorice 
industry. The colour removal was accelerated with increasing current 
density and electrolysis time, since more coagulation ions were released 
from the sacrificial anode, and H2 generation was faster. The authors 
recognized that electrolysis time and current density were the key 
control parameters to achieve optimum operating condition of the EC 
process. Similar results were observed by Chen et al. (2021) when 
studying the application of EC to remove chemical oxygen demand 
(COD) from a swine wastewater. These authors reported an increase on 
COD removal with the increase of current density and electrolysis time, 
using iron electrodes and initial pH of 6.3. Even using wastewaters from 
different sources, these works showcase the positive effect of current 
density and electrolysis time during the process, which highlight the 
attractiveness of the EC process. 

The response surface presented in Fig. 4 depicts the effect of current 
density and electrolysis time on the removal of TOC from the SdB. 
Overall, the removal of TOC in the tested experimental ranges varied 
between 65 and 83 %. 

The highest removal of TOC was registered for the highest electrol
ysis time and current density tested. When current density increased 
from 74 A⋅m− 2 to 379 A⋅m− 2 and the electrolysis time raised from 10 
min to 13 min, the removal of TOC increased from 65 % to 83 %. Since 
the electrocoagulation system is electrolytically operated, the current 
density determines the rate of coagulant (anode) and gas bubbles 
(cathode) generated (Kim et al., 2020). At higher current density, the 
amount of metal (in this work, iron) oxidized in the anode increases, 
resulting in a higher formation of (oxy)hydroxide flocs (Syaichurrozi 
et al., 2020), which in turn leads to higher coagulation of contaminants. 
Furthermore, bubbles density increases and their sizes decrease with 
increasing current density and electrolysis time, which also promotes 
faster removal of pollutants (Abbasi et al., 2022). Isik et al. (2020) 
observed the same trend when treating a pistachio processing waste
water by EC. These authors studied the effect of current density and 
reaction time on COD removal (initial value: 25,315 ± 87 mg⋅L− 1). Iron 
electrodes were used for each experiment (25 ± 1 ◦C and pH = 5.79 ±
0.01) and placed with an inter-electrode distance of 2 cm. The authors 
observed that the COD removal was positively affected (5–40 %) by 
increasing current density from 25 to 300 A⋅m− 2 and electrolysis time 
from 30 to 240 min. Contrary results were obtained by Oden and 
Sari-Erkan (2018), who studied the effects of current density (16–48 
A⋅m− 2) and electrolysis time (10–30 min) on the removal of COD from 
metal plating wastewater by EC using iron electrodes. These authors 
reported antagonistic effect between the two studied parameters, and 
only current density had significant effect on COD removal. 

In the present work, for an electrolysis time until 9 min, an increase 
in current density - for values up the middle of the tested range - fav
oured the removal of TOC (Fig. 4). However, when the current density 
increased beyond these values, a decrease in TOC removal was observed. 
In turn, for electrolysis times greater than 9 min, an increase in current 
density always had a positive effect on TOC removal. 

Table 3 
ANOVA results of the response surface quadratic model with interactions.  

Variable Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F - 
value 

p - 
value 

x1 160.8 1 160.8 44.06 0.007 
x2

1 133.1 1 133.1 36.47 0.009 
x2 36.08 1 36.08 9.888 0.051 
x2

2 26.38 1 26.38 7.229 0.074 
x1x2 41.63 1 41.63 11.41 0.043 
Lack of 

fit 
7.318 3 2.439 0.668 0.626 

Pure 
error 

10.95 3 3.649   

Total 395.7 11     
R2 ≅ 0.954 R2

adj ≅ 0.915    
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Similar results were registered by Arslan et al. (2023) in the treat
ment of turnip juice wastewater by electrocoagulation with iron elec
trodes. For 30 min of electrolysis time, increasing current density from 
50 A⋅m− 2 to 100 A⋅m− 2 did not cause a significant change in COD 
removal. On the other hand, treating tannery wastewater by EC, Azarian 
et al. (2018) observed no significant change in treatment efficiency due 
to an increase in electrolysis time from 10 to 25 min, using the same 
current density (170 A⋅m− 2). 

The trends observed in Fig. 4 may be explained by three main reasons 
(An et al., 2023; Arslan et al., 2023; Galvão et al., 2020; Syaichurrozi 

et al., 2020): (i) at very high current density, considerable energy is 
wasted heating the wastewater, which results in decreased EC efficiency; 
(ii) the upward flux of the excessive generated hydrogen gas on the 
cathode (Eq. (3) - (4)) and the excess suspended flocs in the reactor can 
result in the re–dispersion of iron hydroxide flocs, as well as the lower 
flocculation efficiency and higher turbidity; and (iii) final pH affects the 
amount of (oxy)hydroxide flocs formed: reduction of H2O (cathode) 
results in the formation of OH− ion and H2 gas (Eq. (3) - (4)), however, 
the OH− is not completely consumed in the formation of Fe(OH)z and the 
excessive presence of those anions increases the solution pH during the 
EC process. 

Concerning evidences of the effect of the excessive hydrogen has on 
the flocculation process, Syaichurrozi et al. (2020) applied an EC process 
(with iron electrodes) in order to study the kinetics of pollutant removal 
in a vinasse wastewater, and concluded that the use of very high current 
and lower electrolysis time can lead to an excessive formation of 
hydrogen bubbles and the coagulants formed could easily be strapped to 
the surface of solution before they adsorbed and entrapped the 
pollutants. 

In the present work, neither final temperature nor H2 gas released 

Fig. 3. Analysis of the suitability of the quadratic model (Eq. (7)) used to describe the removal of TOC from the SdB by EC: (a) normal (%) probability vs studentized 
residuals; (b) studentized residuals vs predicted response; (c) outlier t plot; (d) predicted vs observed values. 

Table 4 
Regression coefficients of the fitted model and respective significance.  

Model variables Estimate coefficient Std. error p - value 

Intercept 42.61 11.79 0.036 
x1 0.094 0.035 0.075 
x2

1 0.003 0.000 0.009 
x2 3.480 1.963 0.174 
x2

2 − 0.245 0.091 0.074 
x1x2 0.009 0.003 0.043  
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during the EC process were not measured, but final pH was measured, 
and it was registered an increase 4–20 % after EC treatment in all assays 
(data not shown). The tB, corresponding to the maximum TOC removal 
efficiency (83%) observed in this work had a final pH of 9.58. Other 
authors also observed the same pH trend during the EC treatment of 
wastewaters. Arslan et al. (2023) reported a more noticeable increase in 
pH when the current density and electrolysis time were higher. Can et al. 
(2014) studied the effect of some operating parameters on the arsenic 
removal by EC using iron electrodes, and concluded that the pH rise 
during EC affected arsenic solubility and hence its removal; starting at 
pH = 7, by the end of treatment (30 min at current density of 5.4 A⋅m− 2) 
the pH reached 10.74. The same pH evolution was observed with 
aluminium electrodes in the treatment of landfill leachate in the work 
conducted by Galvão et al. (2020). They observed an increase in pH from 
7.0 to 9.7 after 90 min of EC process (current density = 161.08 A⋅m− 2). 
Given that the solubility of the formed (oxy)hydroxide flocs depends on 
the pH (Can et al., 2014), it is important to understand more about the 
reactions that take place in the reactor. Garcia-Segura et al. (2017) 
reviewed the fundamentals of EC process with Fe and Al electrodes, 
stating that the formation of insoluble Fe(OH)2 favours flocculation, 
with that species remaining in equilibrium with Fe2+ under pH up to 9.5, 
and with monomeric species Fe(OH)+ (pH 9.5 up to 11.4) and Fe(OH)3

−

(pH 11.8 to 14.0). Although the Fe3+ species favours even more the 
coagulation-flocculation process, Fe(OH)3 is the only species present in 
solution under pH ranging 6.2–9.6 (Garcia-Segura et al., 2017). For pH 
higher that 9.6, Fe(OH)4

- is also present in solution, which is not the most 
desirable scenario, given its poor coagulative performance (Barrera-Díaz 
et al., 2003). Beyond a more pronounced increase in pH when the cur
rent density and electrolysis time is higher, also more sludge can also be 
produced due to the high dissolution rate of the iron anode electrode 
(Garcia-Segura et al., 2017). 

Somehow, the promising results obtained in this work, with iron 
electrodes, were not a surprise. Some works (e.g., Kim et al. (2020), 
Chen et al. (2021), Igwegbe et al. (2021) and Kara et al. (2013)) have 
already evaluated the performance of Al and Fe electrodes in the EC 
process, the latter being the one with better performance, partly due to 
the amount of flocculants produced to remove the pollutants. Moreover, 
Akansha et al. (2020) observed that, to achieve similar removal of COD 
from dairy industry wastewater, higher current was required with Al 
electrodes than with Fe ones; which indirectly lead to a higher operating 
cost. Nevertheless, all cited works above deal with wastewaters with low 
salt concentrations, in comparison to the matrix (SdB) used in current 
work. Thus, this study is pointing out a promising brine treatment 

process and alternative to the membrane filtration. 

3.2. Application of the treated brines in hide’s pickling 

The results obtained in the quality tests of chrome-tanned leathers 
using treated brine in pickling stage are presented in Table 5. 

Regarding the quality parameters for the wet-blue leathers, regard
less of the EC operating condition, higher leather shrinkage temperature 
was observed with the replacement of virgin brines by tB, which is a 
promising result. Despite the thicknesses of the leathers pickled with tB 
were always lower than that of the ones pickled with virgin brine (3.91 
mm), that did not affect the final quality of the leather. On the other 
hand, the quality of the leather obtained from experiments tB5 and tB6 
can be compromising in future applications, given the chromium oxide 
content (below 3.5). The condition of maximum removal of TOC (assay 
tB4) yielded a wet-blue leather with excess FFA content (above the limit 
of 0.1 % (ISO 5433-Leather — Bovine Wet Blue — Specification, 2013)), 
which also occurred in condition tB3. 

Considering the values of the quality parameters for the wet-blue 
leathers after pickling and tanning stages with EC treated brine, as 
well as the results from RSM, the following EC conditions are recom
mended to treat the curing salt-derived brines: electrolysis time between 
6.2 and 14.2 min, and current density between 126 A⋅m− 2 and 252 
A⋅m− 2, corresponding to 68–83 % removal of TOC. In this range, enough 
quality of the leathers could be guaranteed using tB. Therefore, any final 
decision about the optimal operating conditions of the EC treatment 
must ultimately rely on a second factor: economic performance, namely 
power consumption. 

3.3. Estimates of power consumption in EC treatment 

Envisioning a future pilot-scale of the proposed treatment, power 
consumption evaluation can help in the final decision on operating 
conditions. Fig. 5 depicts the effect of current density and electrolysis 
time on power consumption for removal of TOC ≥ 68 %, corresponding 
to the minimum value where the quality of the leathers was not 
compromised (in this study). 

The highest levels of power consumption were estimated for the 
highest values of current density, which is easily explained by the linear 
dependence of power consumption from current density. For instance, 
increasing the current density from 126 A⋅m− 2 to 431 A⋅m− 2, for the 
same electrolysis time (7 min), the power consumption is 8 times higher, 
but the removal of TOC did not increase. Azarian et al. (2018) observed 
the same trend when treating a tannery wastewater by EC process. The 
power consumption for an electrolysis time of 10 min was 4.9 kWh⋅m− 3, 
increasing to 9.0 kWh⋅m− 3 for 25 min of electrolysis. In the present 
work, the increase in power consumption was not associated with any 
significant change in the efficiency of the treatment, contrarily to what 
was reported by Can et al. (2014). These authors observed an increase in 
arsenic removal from wastewater (88.9–99.7 %) when the current 
density was increased from 1.8 A⋅m− 2 to 10.70 A⋅m − 2, with corre
sponding increase in power consumption (from 0.06 to 1.23 kWh⋅m− 3). 

In this work, the minimum power consumption to achieve 68 % 
removal of TOC would be 0.44 kWh⋅m− 3, with a current density of 126 
A⋅m− 2 and 6 min electrolysis time. On the other hand, if maximum (83 
%) removal of TOC would be targeted, the lowest possible power con
sumption would be 5.42 kWh⋅m− 3, corresponding to a current density =
379 A⋅m− 2 and electrolysis time of 12 min. Considering the objective of 
this work, from an economic point of view, since the minimum 
requirement is a TOC removal ≥ 68%, the optimal operating condition 
would be the one with lower power consumption. 

4. Conclusions 

A contaminated salt-derived brine produced in the curing of hides 
from the tanning industry was successfully treated by EC process, 

Fig. 4. Influence of current density and electrolysis time on the removal of TOC 
from the SdB by electrocoagulation. 
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achieving 68–83 % removal of TOC. The treated brines were successfully 
used in a wet-blue leather pickling trials with bovine hides. The leathers 
had characteristics equal to or superior to those registered with virgin 
brine, which would entail significant reduction of water footprint and 
economic savings at an industrial scale. Thus, to not compromise the 
wet-blue leathers, the EC operating conditions to treat the SdB are 
suggested: electrolysis time ranging 6.2–14.2 min, and current density 
ranging 126–252 A⋅m− 2. From the economical point of view, to achieve 
a TOC removal of at least 68% with the minimum needed power con
sumption (0.44 kWh⋅m− 3), a current density of 126 A⋅m− 2 and 6 min of 
electrolysis time are suggested. Although some sludges are produced 
during the EC treatment, the amount of solid waste that will be land
filled will drastically decrease in tanneries’ industries, compared to the 
current situation. This research work opens a new path for the valor
isation of contaminated salt contributing to improve the sustainability 
and circularity of the tanneries’ industrial process by exploring solutions 
to reduce the consumption of raw materials (salt and water) and the 
emissions (solid waste) into the environment. 
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