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• Phosphorus (P) is an essential nutrient for all life forms;

• Demand of food and commodities industry phosphate rock
– One of the 20 critical raw materials1;

• Excessive P loads inserted on natural water bodies:
– Eutrophication2;
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• Different processes were
proposed to the recovery
and concentration of P:
– Biochar adsorption2;

– Crystallization3;

– Precipitation4 and;

– Membrane-based process5

• Electrodialysis6;
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• P recovery from sewage sludge ash (SSA):
– SSA  by-product of dewatered sewage sludge combustion in an

incinerator7,8;
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• P recovery from sewage sludge ash (SSA):
– SSA  by-product of dewatered sewage sludge combustion in an

incinerator7,8;

• The objective of this work was to test the technical feasibility of a
5-compartment ED cell in the treatment of a phosphate containing
solution aiming the recovery of P from municipal wastewater;

1. Introduction
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2.1. Solutions

• Phosphate containing solution:

• Electrolytic solution:

2. Materials and Methods

Salts Concentration

NaH2PO4.H2O 0.33 g L-1

Na2HPO4.7H2O 0.65 g L-1

Salt Concentration

Na2SO4 4 g L-1



2.2. Electrodialysis Cell

• Membranes:
– CEM: HDX100;

– AEM: HDX200;

– Supplied by Hidrodex®;

– 16 cm²;

• Electrodes:
– Ti/70TiO230RuO2;

– 16 cm²

2. Materials and Methods



2.3. Determination of the limiting current density

• Current-Voltage Curves (CVC) method9;

• 2 mA each 30 seconds;

• Duplicate.
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2.4. Electrodialysis experiments

• ED tests were carried out in triplicate;

• Room temperature;

• Conductivity, pH and cell potential were monitored;

• Solution aliquots were collected at pre-established time and
submitted to ion chromatography analysis;
– Study of the ions transfer;

– Efficiency of the ED process to remove and recover phosphate;

2. Materials and Methods

𝑝𝑒% =
  𝐶𝑖 − 𝐶𝑡

𝐶𝑖
× 100



3. Results and Discussions

3.1. Limiting current density

• HDX100:
– one plateau

– one ilim
– typical behavior10;
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3. Results and Discussions

3.1. Limiting current density

• HDX100:
– one plateau

– one ilim
– typical behavior10;

• HDX200:
– two plateaus

– two ilim
– differs from the

conventional;
10. Scarazzato, T., Buzzi, D.C., Bernardes, A.M., Romano Espinosa, D.C., 2015. Journal of Cleaner Production. 91, 241–250.



3.1. Limiting current density

3. Results and Discussions

Presence of two
plateaus11

Different phosphorus-
containing species12

pH conditions

11. Pismenskaya, N., Nikonenko, V., Auclair, B., Pourcelly, G., 2001. Journal of Membrane Science. 189, 129–140;
12. Puigdomenech, I., 2004. Inorganic Chemistry, Royal Institute of Technology, Stockholm, Sweden.



3.2. Evaluation of Electrodialysis

• 0.53 mA cm-2;

– 75% of ilim,AEM1
13;

• 15 hours;
– 200 µS cm-1 (water supply);

3. Results and Discussions
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3.2. Evaluation of Electrodialysis

• Conductivity

3. Results and Discussions
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3.2. Evaluation of Electrodialysis

• pH

3. Results and Discussions
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3.2. Evaluation of Electrodialysis

• Cell voltage

3. Results and Discussions
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3.2. Evaluation of Electrodialysis

• While the pe% for Na+ is over than 92%, phosphate-containing
species reported a lower value, around 61%, possibly due to H3PO4

availability;

3. Results and Discussions

Ionic specie Percent Extraction (pe%)

Phosphate-containing species 
(HxPO4

x-3)
(60.82 ± 6.48) %

Sodium (Na+) (92.21 ± 1.21) %



• CVCs showed an unusual behavior for the AEM (HDX200);

•

• Further experiments should be done to try to achieve higher

phosphate species recovery;

– Controlling the solution pH;

– operating in a continuous way or;

– changing successively the solution in the diluted compartment.

4. Conclusions

Changes on pH 
conditions in D 
compartment

Formation of H3PO4

pe% of P-containing
species was
restricted
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