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Best option for the majority of industrial wastewatersBest option for the majority of industrial wastewaters
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Low energy demandLow energy demand
per cubic meter &per cubic meter &
best metal removalbest metal removal
at higher flow ratesat higher flow rates

(0.009 mg/L Cu)(0.009 mg/L Cu)

Requires additionalRequires additional
pH conditioning atpH conditioning at

shorter holdshorter hold--up timesup times

Uncertainties asUncertainties as
regards ECregards EC--reactorreactor
scalingscaling--up withinup within

a largea large--scalescale
implementation implementation 

Best metal recyclingBest metal recycling
chance at the lowest chance at the lowest 
material raw usagematerial raw usage
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SWOT AnalysisSWOT Analysis

ECEC--ReactorReactor

Power supplyPower supply

ConductivityConductivity pH meterpH meter

Power meterPower meter

Data acquisitionData acquisition

ConditioningConditioning

FiltrationFiltration

Electrocoagulation systemElectrocoagulation system

Neutralization degreeNeutralization degree

5 min5 min
pH=4.8pH=4.8

Effluents after ECEffluents after EC--treatment using Altreatment using Al(s)(s)

10 min10 min
pH=5.1pH=5.1

15 min15 min
pH=5.5pH=5.5

22.2 mg/L Cu22.2 mg/L Cu
5.5 mg/L Al5.5 mg/L Al
4.9 mg/L Mn4.9 mg/L Mn

50 mg/L Cu50 mg/L Cu
13 mg/L Al13 mg/L Al
6 mg/L Mn6 mg/L Mn

0.09 mg/L Cu0.09 mg/L Cu
0.6 mg/L Al0.6 mg/L Al
1.4 mg/L Mn1.4 mg/L Mn

0.009 mg/L Cu0.009 mg/L Cu
0.57 mg/L Al0.57 mg/L Al
0.97 mg/L Mn0.97 mg/L Mn

OriginOrigin

Treatment CostsTreatment Costs
0.82 EUR/m0.82 EUR/m33

at 40 L/hat 40 L/hat 60 L/hat 60 L/hat 120 L/hat 120 L/h

Only option for extremely acidic industrial wastewatersOnly option for extremely acidic industrial wastewaters
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Very simpleVery simple
dosage processdosage process

Expensive materialExpensive material
raw (NaOH) & metalraw (NaOH) & metal

removalremoval justjust belowbelow thethe
dischargedischarge requirementrequirement

(0.9 mg/L Cu)(0.9 mg/L Cu)

EnvironmentalEnvironmental
concerns due toconcerns due to

contents of neutralcontents of neutral
salts in effluentssalts in effluents
after treatmentafter treatment

Suitable for effluentsSuitable for effluents
at low pH valuesat low pH values

Only option for extremely acidic industrial wastewatersOnly option for extremely acidic industrial wastewaters
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raw (NaOH) & metalraw (NaOH) & metal

removalremoval justjust belowbelow thethe
dischargedischarge requirementrequirement

(0.9 mg/L Cu)(0.9 mg/L Cu)
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Suitable for effluentsSuitable for effluents
at low pH valuesat low pH values

0,90,9

50

34

0,4 0,3

13 12,3

0,1
6 5,5

3,30

10

20

30

40

50

00:00 15:00 30:00 45:00

Time [min]

C
on

ce
nt

ra
tio

n 
[m

g/
L]

4,0

5,1

6,2

7,3

8,4

9,5

pH
 [-]

Cu [mg/L] Al [mg/L] Mn [mg/L] pH [-]

SWOT AnalysisSWOT Analysis

Reactor 1Reactor 1
Reactor 2Reactor 2

Reactor 3Reactor 3

PumpPump

StirrerStirrer

pH meterpH meter

StorageStorage
tanktank

ProductProduct
tanktank

Precipitation LinePrecipitation Line

Neutralization degreeNeutralization degree

Reactor 1Reactor 1
15 min15 min
pH=5.7pH=5.7

Effluents after treatment using NaOHEffluents after treatment using NaOH

Reactor 2Reactor 2
+15 min+15 min
pH=7.3pH=7.3

Reactor 3Reactor 3
+15 min+15 min
pH=9.3pH=9.3

Treatment CostsTreatment Costs
11 EUR/m11 EUR/m33

34 mg/L Cu34 mg/L Cu
12.3 mg/L Al12.3 mg/L Al
5.5 mg/L Mn5.5 mg/L Mn

0.9 mg/L Cu0.9 mg/L Cu
0.4 mg/L Al0.4 mg/L Al
3.3 mg/L Mn3.3 mg/L Mn

0.9 mg/L Cu0.9 mg/L Cu
0.3 mg/L Al0.3 mg/L Al
0.1 mg/L Mn0.1 mg/L Mn

all at 12.5 L/hall at 12.5 L/h
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Continuous Electrocoagulation Treatment ofContinuous Electrocoagulation Treatment of
Wastewater from Copper ProductionWastewater from Copper Production

Chemical Precipitation Electrocoagulation

Jackson Rodriguez*, Srećko Stopić, Bernd Friedrich

IME Process Metallurgy and Metal Recycling at RWTH Aachen University, Intzestr. 3, 52056 Aachen, Germany

* Contact address: JRodriguez@ime-aachen.de

With less than one-tenth of treatment
costs compared to NaOH precipitation
using the very same wastewater, EC
provided enough evidence of being
cost-effective and environment-friendly.

After EC-treatment, effluents seem to
be not only more suitable for industrial
water reuse, but also the sludge has
marketable properties since it is mostly
Alumina Al2O3, lowering disposal costs.

Fig. 1: Proposed Electrocoagulation mechanism in aluminium-based systems

Fig. 5: Summary of operational facts concerning chemical precipitation Fig. 6: Summary of operational facts concerning Electrocoagulation

Sixth Framework Programme

Project within the

Technical advisory was provided at
RWTH-Aachen University

with kind support from

Prof. Dr. Ulrich Koelle
Institute for Inorganic Chemistry IAC

PD. Dr. Michael Schroeder
Institute for Physical Chemistry IPC

Wastewater was supplied by RTB-BOR, a Serbian
mining and smelting complex, whose metal
containing effluents are being currently
discharged at the river basin Saraka.

Proposed Electrocoagulation Mechanism & Functional Principle
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Fig. 2: Absorption of dissolved cations in metal containing effluents

Fig. 3: Al-Hydroxide in Electrocoagulation

absorbed cations

Fig. 4: Electrocoagulation synergies toward a sustainable development

World Water Crisis

vs.

According to World Water Council, nearly 70% of water
resources is required for agriculture worldwide. 

Industrial use of water increases with country
income, going from 10% for low- and middle-

income to 59% for high-income countries.

If water consumption trend continues,
by 2020 17% more water than is

available will be required in
order to feed the world. 

Taking these figures into account it is possible to 
realize the importance of water reuse for the   

economy of developing countries, mostly      
based on agriculture, as well as for the          

industry at developed countries.              

After all, it would be irrational                      
not to care for food in a                             
shared ecosystem.                                    
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