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1、Introduction: Motivation & State-of-the Art
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Conventional wastewater treatment technologies are intimately related with the
substantial progress in health and environment protection. In spite of this, the diversity
and amount of organic pollutants are so vast that water quality has been negatively

affected, with conventional treatments
becoming less effective to ensure
sufficient water decontamination.
Within this context, the technologies
based on the in-situ promotion of a
strong oxidant like the hydroxyl radical
(•OH) have emerged with a leading role.
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Electro-Fenton Two key characteristics

Fe2+ + H2O2 → Fe3+ + •OH + OH- O2 + 2H+ + 2e- → H2O2

It allows a quick and complete destruction
of target pollutants, owing to the massive
production of •OH in the bulk solution
through Fenton’s reaction.

The H2O2 needed as reactant is
generated on site from the O2
reduction reaction occurring at
the cathode surface
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Electro-Fenton

But Urban wastewater effluents is close to neutral pH
The iron catalyst precipitates

Several materials have been employed as 
heterogeneous catalysts in EF High catalytic activity, 

stability and recyclability

Hence
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Metal-Organic Frameworks (MOFs)

MOFs are highly ordered and porous crystalline structures synthesized 
from metal ion/clusters and multidentate organic linkers 

Large porosity Chemical tunability

Despite the evident advantages of MOFs in model

aqueous solutions, their structural instability and

other shortcomings have been revealed, thus limiting

their scale-up for water treatment. Some researchers

have modified the synthesis routes, aiming at

obtaining more stable materials. Bennett T D, Cheetham A K, Fuchs A H, et al. Interplay between defects, disorder and 
flexibility in metal-organic frameworks. Nature chemistry, 2017, 9(1): 11.
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Cu-MOFs
Copper, as an Earth abundant transition metal, is considered

as one of the most important iron-free Fenton-like catalysts.

The •OH can be generated from the reaction between H2O2

and the Cu(II)/Cu(I) redox species.

Note that, unlike iron species, leached Cu2+ is predominant as

[Cu(H2O)6]2+ at neutral pH, which presumably favors the

operation of Cu-based EF over a wider pH range.



2、Objectives
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3、Methods & Characterization 

 Viability of the heterogeneous catalysts and GDEs: pollutant
concentration decay and solution mineralization (i.e., TOC removal);

 Identification of intermediate compounds and their toxicity;
 Elucidation of reaction pathways of target organic pollutants

(preferentially pharmaceuticals) spiked into the wastewater
matrices.

The MOF-derived carbons will be obtained under
different pyrolysis conditions and then, they will be
employed to manufacture the GDEs by spraying the
catalyst layer on porous layers

The electroactivity (number of electrons
involved in the ORR) of these carbons will be

Wang Y, Xue Y, Zhang C. Copper embedded in nitrogen-doped carbon
matrix derived from metal-organic frameworks for boosting peroxide
production and electro-Fenton catalysis. Electrochimica Acta, 2021, 368:
137643.

evaluated by rotating 
disk electrode (RDE) 
and rotating ring 
disk-electrode (RRDE) 
techniques
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Laboratory scale reactor Flow cells Electrochemical
characterization

TOC analyzer HPLC HPLC-MS
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Autoclave Hydraulic hot press Tubular furnace

TEM
DLS

BET



4、Work plan and Schedule

Activity/Term (4 months each) 1 2 3 4 5 6 7 8 9 10 11 12

1. Get familiar with lab, general learning and
state-of-the art X X

2. Synthesis, characterization and application of
magnetic and photoactive Fe-based MOFs X X X X X

3. Synthesis, characterization and application of
novel (non-Fe)-MOFs X X X X X X

4. MOF-derived carbons, and GDEs (H2O2) X X X X X

5. MOF-derived carbons, and GDEs (water
treatment) X X X X X

6. Treatment of wastewater at coupling the
heterogeneous catalysts and GDEs X X X X X

7. International stay X

8. Attendance to conferences X X X X X X X

9. Writing articles and defense of PhD Thesis X X X X X X



5、Preliminary results

Synthesis

Cu-MOFs

Centrifugation Pyrolysis

Cu-MOF Pyrolysis at 600 ℃, Ar Pyrolysis at 600 ℃, Ar/H2

Optimum conditions (from XRD analysis):    
☻ 2 h, 120 ℃ in autoclave
☻ Pyrolysis carried out in Ar/H2 atmosphere

Legend Room T 600 ℃, Ar
600 ℃, 
Ar/H2

Beaker 1 2 3

Autoclave – 12 h 4 5 6

Autoclave – 2 h 7 8 9
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