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ABSTRACT. The main goal of this work was to valorize a contaminated salt coming from the preservation 

of hides, through the treatment of the respective salt-derived brine by iron-driven electrocoagulation (EC) 

process, aiming at its future use in the pickling stage of the tanning industry. Focusing on reduce the brine’s 

organic load (total organic carbon, TOC), the effects of electrolysis time (7.0 – 13.0 min) and current 

intensity (1.0 – 7.0 A) on the treatment of salt-derived brine ( 7.5 % wt. salt) were evaluated. The treated 

brines were then tested in pickling trials to assess their final quality. From the results obtained, suitable EC 

operating conditions were proposed: electrolysis time range 7 –  13 min and current intensity range 1 –  2 

A, allowing for 75 – 80% removal of TOC. Therefore, the curing salt can be valorized within the same 

industry being redirected, after treatment, to another production stage, instead of landfilled. 
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1. Introduction 

Leather is the main industrial product made from a natural fabric, the skin. The raw materials for the tannery 

industry, namely hides and skins, are preserved (curing stage) and carried with common salt (NaCl) [1]. The 

optimum percentage of salt for efficient hide preservation is around 40 – 50 % wt [2]. 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. Given the principles of the circular economy, 

alternative management solutions for this waste should be found. On the other hand, pickling is a key stage 

of the tannery processes, in which the hides are sterilising, ending the bating action, and improving the 

penetration of the subsequent tanning material [3].This stage entails high demand of water and salt [2], 

which is used to avoid acidic hide swelling [4]. The pickiling wastewaters, i.e. contaminated brines, have 

high salt content ( 7.5 – 8% wt. NaCl) and therefore high electrical conductivity [5]. The pollution control 

of contaminated brines could be performed by electrochemical processes, such as  electrocoagulation (EC), 

where the electrical conductivity of the solution under treatment plays an important role [6], [7]. EC is based 

on the use of electric current to remove contaminants without the need for additional chemicals [8]. In this 

process 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+ or Fe2+, at a suitable pH [9]. 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 suspended solids' surface 

and coagulate with the organic pollutants in water, allowing for easy separation from the liquid phase [10]. 

Water is also electrolysed, producing small bubbles of oxygen at the anode and hydrogen gas at the cathode. 

The hydrogen bubbles adsorb the flocs and, through natural buoyancy, ensure their flotation to the surface 

where they can be more easily concentrated, collected, and removed [11]. Some works (e.g.[9], [12] and 

[13]) 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 [9], [12]. 

Besides, to achieve similar removal of chemical oxygen demand from dairy industry wastewater, higher 

current was required with Al electrodes than with Fe electrodes; with the latter the EC process attained 
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maximum efficiency at pH range 6 – 8 [14]. 

The key reactions (Eq.[1-4]) that occur in the EC processes using Fe electrodes can be represented as follows 

[15], [16]:  

In anode: 

Fe(s) → Fe2+(aq) + 2e− (1) 

𝐹𝑒(𝑠) → 𝐹𝑒3+(𝑎𝑞) + 3𝑒− (2) 

In cathode: 

2𝐻2𝑂(𝑙) + 2𝑒− → 𝐻2(𝑔) + 2𝑂𝐻−(𝑎𝑞) (3) 

2𝐻+ + 2𝑒− → 𝐻2(𝑔) (4) 

EC process is often applied in the pollution abatement of wastewaters. The treatment of a solid waste by 

this method should be possible after previous dissolution of the solid in water. 

The goal of this work was to valorise contaminated salt from the curing of hides, through the treatment of 

the respective salt-derived brine by EC with iron electrodes, aiming at its subsequent use in the pickling 

stage of the tannery industry. 

 

2. Material and Methods 

2.1. Curing salt-derived brine sample 

A composite sample of real contaminated salts from curing stage was provided by a Portuguese tannery 

industry. The salt was firstly sieved (< 4 mm) to remove coarse contaminant particles (manure, hair, blood, 

etc.). Then, it was dissolved in tap water, obtaining a contaminated curing salt-derived brine. The brine had 

approx. 7.5 % wt. salt (as received), which is the usual salt concentration used in pickling stage. The brine 

was characterized by standard methods (see Section 2.4). The mean values of each parameter results and 

respective standard deviations (s) are presented in Table 1. Three repetitions were performed in the sample 

characterization. 

 
Table 1. Characteristic mean parameters of the curing salt-derived brine used in this work. 

Parameter Mean ± s 

Total Organic Carbon [mg/L] 138.0 ± 2.5 

Total Suspended Solids [mg/L] 1073.3 ± 52.2 

Volatile Suspended Solids [mg/L] 397.3 ± 6.1 

Total Dissolved Solids [g/L] 70.2 ± 1.1  

pH 7.8 ± 0.4 

Conductivity [mS/cm] 83.1 ± 8.1 

The pH of the curing salt-derived brine is suitable for the EC process, requiring no prior adjustment. The 

total dissolved solids content is slightly less than 7.5 % which is not an unexpected result since the brine 

was prepared with salt as received (after being sieved), i.e. it is not pure salt, but hydrated and with 

contaminants that can be water soluble or not. Concerning the suspended solids, around 37 % are organic 

matter. 
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2.2. EC experiments 
 

The EC process was applied to treat the curing salt-derived brine. Central composite experimental design 

(CCED) was used to plan the experiments. The effect of two factors (or independent variables)  – current 

density and electrolysis time  –  on TOC removal was studied. Table 2 presents the predefined experimental 

ranges for each factor, with “±1" representing the limits of the experimental ranges, "0" representing the 

median of such ranges, and "± 1.42" used to define axial points. A total of 12 experiments including 4 

repetitions at the central point were carried out. To prevent systemic errors, the assays were performed 

randomly. 

 

Table 2. Experimental range of the studied variables used in the CCED experiments for TOC removal by 

EC process. 

Independent variable −1.42 −1 0 + 1 + 1.42 

Current intensity [A] 0.6 1.0 2.0 3.0 3.4 

Electrolysis time [min] 6.2 7.0 10.0 13.0 14.2 

 

A batch reactor with 1 L working capacity, equipped with two iron plate electrodes, was used in the EC 

assays. The  electrods (79.2 cm2 of total contact area) were placed 10 cm apart and connected to a D.C. 

power supply (MLINK, RYI). All assays were performed at room temperature (c.a. 20 °C) at pH = 7.8 ± 

0.4, which was the natural, non-adjusted, pH of the brine. After the predefined electrolysis time, the power 

supply was turned off and the treated brine was transferred to a graduated cylinder for 1 hour of settling. 

Two samples of the supernatant were collected and preserved for: (i) TOC quantification (acidified with 

HNO3 (Panreac, 65 % w/v)  and stored below 4 °C until analysis) and (ii) hide’s pickling (refrigerated at 

temperature below  4 °C). Samples of ten experimental points (two central points were not tested) proceeded 

for pickling trials. A reference pickling assay was also conducted with a virgin brine, i.e. a brine prepared 

with virgin salt. These trials were conducted at lab-scale to evaluate the  properties/contents of the hides, 

namely thickness, contraction temperature, grease content, free fatty acids (FFA) content, and chromium 

oxide content.  

2.3. Statiscal data treatment 

Surface response methodology (RSM) was used to analyse the results obtained in the bride treatment with 

EC. A polynomial second order (with interactions) model was fitted to the experimental results. The 

adequacy of the model was verified by analysis of variance (ANOVA). The quality of the regression model 

was expressed by the coefficient of determination R2, adjusted R2, and by the Lack of Fit. The residuals 

plots analysis was performed to validate the model assumptions (normality and randomness of residuals) 

[17]. All statistical analyses were performed with StatSoft Statistica® v. 8.0 software. A 95 % confidence 

level was adopted. 

2.4. Analytical methods  

TOC concentrations were determined according to the standard method 5310 B [18] with a Sievers InnovOx 

lab TOC analyzer. For the quantification of solids the following standard methods were adopted: 2540 C 

(TDS), 2540 D (TSS) and 2540 E (VSS) [18]. The pH and electrical conductivity were measured with a 

Consort Instrument® multi-parameter meter. To assess the properties of the hides after the pickling stage, 

the tests were carried out according to the methods stated in the ISO 5433 [19]. 

3. Results and Discussion 

The model that best fited the experimental results of the EC treatment was the quadratic model (with linear 

and interations terms). The model provided a good fit (R2  0.922; R2
adj  0.857) [20] and non-statistically 

significant Lack of Fit (p-value > 0.05) was observed. The normality and randomness of residuals were 
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verified (data not shown). The current intensity and the interaction between the two independent variables 

had statistically significant effects on TOC removal (p-value < 0.05). 

The response surface plot presented in Figure 1 shows the effect of current intensity and electrolysis time 

on TOC removal. For the experimental conditions adopted in this work, the registered TOC removals ranged 

between 65 – 85 %. 

 

 

Figure 1. Influence of current intensity and electrolysis time on TOC removal from curing salt-derived 

brine treated by electrocoagulation. 

The highest TOC removals were registered for the highest values of electrolysis time and current intensity 

tested in this work. The current intensity determines the rate of coagulant (anode) and gas bubbles (cathode) 

generated [9]. At higher current intensity, the amount of metal oxidized increases, resulting in a high amount 

of (oxy)hydroxide flocs formed, which leads to higher coagulation of contaminants. On the other hand, the 

density of the bubbles increases and their size decreases with increasing current intensy and electrolysis 

time, which also promotes faster removal of pollutants [7]. Abbasi et al. [16] recognized that electrolysis 

time and current intensity are the key control parameters to achieve optimum operating condition of the EC 

process. Increasing the current intensity favoured the efficacy of the EC process, but also increased energy 

consumption, which was also observed by Yavuz et al. [6]. 

Table 3 presents the results obtained in the quality tests of the hides pickled with brines treated under the 

experimental conditions presented in Table 2. The thickness of the hides pickled with treated brine was 

always lower than that of the pickled with virgin brine (3.91 mm); thicknesses lower than 3 mm are not 

recommended when processing bovine hides [2]. On the other hand, the hide contraction temperatures were 

favoured by the treated brines, as they were systematically higher than those observed with virgin brine 

(103.0 °C ), which is a promising result. The chromium oxide content was < 3 mg / kg in all the experimental 

tests, similar to the observed in virgin brine. 

Table 3. Effect of treated brines in the quality of pickled hides (Virgin brine: Thickness = 3.91 mm; 

Contraction temperature = 103.0 °C ; Grease content = 0.50 %; Chromium oxide < 3 mg/kg). 

EC experimental condition Pickled hides’ quality parameters 

Current 

intensity [A] 

Electrolysis 

time [min] 

TOC* 

[mg/L] 

Thickness 

[mm] 

Contraction 

temperature [°C] 

Grease 

[%] 

FFA 

[%] 

Chromium 

oxide [mg/kg] 

1.0 7.0 32.9 2.82 103.5 0.9 0.10 <  3 

1.0 13.0 43.5 3.35 106.0 1.2 0.10 <  3 

3.0 7.0 39.8 3.58 109.0 3.5 0.30 <  3 

3.0 13.0 24.4 3.02 109.0 3.4 0.30 <  3 

0.6 10.0 48.3 2.90 110.5 1.5 0.10 <  3 

3.4 10.0 29.5 3.23 109.5 2.9 0.30 <  3 
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2.0 6.2 33.9 3.45 109.0 1.9 < 0.10 <  3 

2.0 14.3 28.6 3.47 110.0 2.9 0.10 <  3 

2.0 10.0 25.8 3.61 110.0 1.9 0.10 <  3 

2.0 10.0 24.2 3.48 109.0 1.1 0.10 <  3 

*after EC treatment 

As stated before, higher TOC removal was achieved with the increase of current intensity and electrolysis 

time. However, for current intensity above 3 A (for all electrolysis times tested) the grease content of the 

hides surpassed 3 % and the FFA exceeded the limit of 0.1 % [19], which can compromise their quality in 

future applications. Thus, considering the quality parameter for the hides after the pickling stage and the 

results showed in the RSM, the following EC conditions are recommended to treat the curing salt-derived 

brines: electrolysis time between 7 and 13 min, and current intensity between 1 and 2 A, corresponding to 

75 – 80 % removal of TOC. 

4. Conclusions 

A contaminated salt-derived brine from the hides’curing phase was successfully treated by EC process, 

achieving TOC removal ranging between 65 – 85 %. The recommended EC working ranges to treat the 

brines aiming at their subsequent use in the pickling stage were: electrolysis time 7 – 13 min, and current 

intensity 1 – 2 A; under these conditions the quality of the pickled brines was not compromised. Therefore, 

this work is 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 into the 

environment.  
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