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Light enhance Fenton rates 
via photo-induced LMCT 

Fe(OH)2+ + hν → Fe2+ + OH•

Fe(III)Ln + hν → Fe(II)Ln-1 + Lox
•+

And by iron oxide bandgap illumination 
In the case of heterogeneous photo-Fenton

FeOOH + hv            →  FeOOH(e- + h+)

FeOOH(e-) + H2O2 →  FeOOH + OH• + OH-

FeOOH(h+) + L        → FeOOH + Lox
•+

FeOOH(e-) + Fe(III) →  FeOOH + Fe(II)

Fenton chemistry
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Why Heterogeneous photo-Fenton 
processes could be advantageous ? 

Process operational at a broad pH range, no initial and final pH 
adjustment required.  

Dissolve iron concentration is minimised, a separation of catalyst 
avoidable.  
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Innovative preparation strategy  

Transparent polymer films substrate (PVF, PE, PET) 

Application of surface functionalization : TiO2 photocatalysis

Iron oxide coating (Forced hydrolysis FeCl3)

Surface functionalization

Polymer

Iron oxide coating

Oxygen 
functionalities Iron oxide

Characterization methods: X-ray photoelectron spectroscopy (XPS), UV-
visible spectrophotometry, scanning electron microscopy (SEM)
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TiO2 photocatalytic surface 
functionalization-deposition method (PSFD) 
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Iron oxide coating and activation

Iron and Titanium oxide 
coated functionalized polymer 
films (ICP) showing synergistic 
activity

Mazille et al. Applied catalysis B (2009)
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Laboratory scale Set up

Vtotal = 110ml; Virradiated = 25mL 

Aphotocatalyst = 75cm2 Natural pH

Solar simulation
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Nalidixic acid degradation Laboratory scale

Nalidixic acid (NAL)

 initial “natural” pH 6 
 H2O2 approx. 100mg/l
 Average over 5 runs exp. error ≈ 3%
 Homogeneous contribution
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Nalidixic acid degradation : long-term 
stability 

0

0,2

0,4

0,6

0,8

1

0 30 60 90 120

[N
A

L]
/[N

A
L]

0

Time (hours)

Run:     1............5.........10...........15..........20...........25...........30.........................................45...47



Nalidixic acid degradation: salt content
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 25 ml photoreactor, 
total volume 110 mL

 Nalidixic acid (NAL) 
40 mg/L, initial pH 6

 Presence and 
absence of NaCl 5g/L

 Solar simulator

 H2O2 approx. 100mg/l

 Average over 5 runs 
Exp. error ≈ 3%
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Pilot scale photo-reactor

Vt =8.5L; Vi=1.83L; Vd=6.67L

Flow rate 
4.5L/min
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Nalidixic acid degradation: scale up
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Conclusions

• A innovative way to prepare supported photocatalysts on polymer 
films was proposed (TiO2 PSFD+ FeCl3 hydrolysis)

•Photocalyst films were efficient to degrade nalidixic acid at 
controlled neutral pH and low iron leaching was observed

•The presence of salt was not detrimental for the process

•The materials showed good long term stability (>150 hour)

•The application of the new material to pilot scale solar photo-
reactor was successful.



Perspectives  
E.Coli inactivation in PET bottle reactors

Photocatalyst H2O2

(mM)

kobs (min-1)

a Light only - 0.024 ±0.004

b Fe3+ (0.6 mg/L) 0.3 0.053 ±0.008

c PETb
TiO2-PC-Fe-oxide 0.3 0.060 ±0.004

 initial “natural” pH 6 

 E. Coli K12,  106 CFU/mL
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Synergistic action
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