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1. Introduction: Fenton and photo-Fenton processes under acidic conditions (pH=2.8) results in technical 

disadvantages (requiring additional stages in the process) as well as operational disadvantages (leaching 

of contaminants) and an increased treatment cost 1,2. Using the photo-Fenton process to treat colored 

effluents has not been considered appealing for the textile industry due to several factors, including the 

presence of salts (10-30 g/L) and the pH of residual water (pH=5-12), which increase treatment cost and 

reduce the process’s efficiency. The formation of stable Fe-oxalate complexes has increased the 

feasibility of photo-Fenton processes under pH neutral conditions (pH=5-6) without compromising 

efficiency 1,2. Therefore, the present study evaluated the economic and environmental impact of 

different pH during the oxalate-enhanced photo-Fenton process during the treatment of a reactive textile 

dye-bath. 2. Experimental: Reagents: reactive orange 16 (RO16, C20H17N3Na2O11S3), H2O2 (30% w/w), 

iron sulfate (FeSO4•7H2O), sodium oxalate (Na2C2O4). The textile dye-bath was prepared as suggested by 

previous literature (RO16=100 mg/L, NaCl=30 g/L, NaHCO3=5 g/L, CH3COONa=1 g/L). This study 

evaluated the effect of pH and the doses of the reagents used (Fe2+, H2O2, and Na2C2O4) on the efficiency 

of the process. The cost analysis considered both fixed and operational costs and the environmental 

performance analysis was carried out via a life cycle assessment (LCA) using open LCA compliant to 

IPPC-2013 and ReCiPe-2008 methods. 3. Results: The most appropriate operational conditions (pH=4.8, 

Fe2+=15 mg/L, H2O2=150 mg/L, and Na2C2O4=280 mg/L) were determined using the optimization tool 

available using the Design-Expert® software. Under acidic conditions (pH=2.8), achieving a 94% 

discoloration requires at least 120 minutes. Alternatively, the same efficiency can be achieved in 90 

minutes at a pH value of 4.8. Intensification of the photo-Fenton process using Fe-oxalate is much more 

economically and environmentally favorable at pH values closer to neutral given that this incurs a carbon 

footprint reduction of 51% (Image 1). At the same time, it reduces the impact by at least 50% in 11 of the 

18 environmental categories analyzed with the ReCiPe method (climate change, CC; fossil fuel depletion, 

FD; freshwater ecotoxicity, FEC; freshwater eutrophication, FEU; human toxicity, HT; natural land 

transformation, NLT; particulate matter formation, PMF; photochemical oxidant formation, POF; 

terrestrial acidification, TA; terrestrial ecotoxicity, TE; and water depletion, WD) (Image 2). Under acidic 

conditions, NaOH is the second most CO2 emitting factor (Image 1) given that its production results in 

high-energy consumption (2500-3500 kWh/ton) and emits environmentally concerning compounds (CH4, 

HFC, N2O, NO, NO2, NH3, HCl). Additionally, operating the enhanced photo-Fenton process at a pH of 

4.8 is slightly cheaper (1.23 US$/m3) than under acidic conditions (1.53 US$/m3). 4. Conclusions: The 

use of oxalate complexes in the photo-Fenton process improves its environmental performance and 

reduces treatment costs due to the decrease in energy and reagent consumption. 5. References: [1] M. 

Vedrenne, R. Vasquez-Medrano, D. Prato-Garcia, et al. J Hazard Mater, 243, (2012) p. 292–301. [2] C. 

Zhang, Y. Dong, B. Li, F. Li, J Cleaner Production,177, (2018) p. 245-253. 

Image 1: Carbon footprint of the process.         Image 2: Environmental analysis of the process (ReCiPe). 

 


