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Introduction

Bisphenol A (BPA) is a synthetic organic compound with two unsaturated phenolic rings attached by a bridging carbon. BPA is classified as an endocrine-disrupting chemical (EDC) with estrogenic properties, but it is still widely used as a plasticizer in the synthesis of polycarbonate plastics and epoxy resins [START_REF] Ben-Jonathan | Xenoestrogens: the emerging story of bisphenol a[END_REF] because it is very durable; heat and shatter resistant, and can also improve the clarity of plastics. It is widely used in the manufacture of some food and beverage packaging, e.g., water and baby bottles, compact discs, dental sealants, medical devices and lacquers for coating metal products such as plastic cans, bottle caps and water pipes [START_REF] Chapin | NTP-CERHR expert panel report on the reproductive and developmental toxicity of bisphenol A[END_REF][START_REF] Chouhan | Effect of Bisphenol A on human health and its degradation by microorganisms: a review[END_REF]. Thus, humans ingest BPA on an almost daily basis. It is known that babies and children are more affected by BPA than adults. BPA has been detected in urine and serum of pregnant women and in placental tissue, amniotic fluid and urine of babies [START_REF] Vandenberg | Human exposure to bisphenol A (BPA)[END_REF] In addition, BPA has also been detected in wastewater, groundwater, surface water and even drinking water [START_REF] Lane | Chlorination and chloramination of bisphenol A, bisphenol F, and bisphenol A diglycidyl ether in drinking water[END_REF][START_REF] Lee | Emission of bisphenol analogues including bisphenol A and bisphenol F from wastewater treatment plants in Korea[END_REF][START_REF] Zbair | Steam activation of waste biomass: highly microporous carbon, optimization of bisphenol A, and diuron adsorption by response surface methodology[END_REF]. Recent studies have indicated that the estrogenic activity of BPA at levels as low as 0.2 pg/mL causes endocrine disruption leading in infertility, breast cancer and thyroid cancer [START_REF] Gültekin | Synthetic endocrine disruptors in the environment and water remediation by advanced oxidation processes[END_REF]. There is therefore an urgent need to develop effective technology to remove BPA from wastewater and drinking water.

Up to date, a number of methods such as adsorption, biological treatment and advanced oxidation have been investigated to remove BPA from water [START_REF] Anastopoulos | A review for chromium removal by carbon nanotubes[END_REF][START_REF] Mohapatra | Physico-chemical pre-treatment and biotransformation of wastewater and wastewater Sludge -Fate of bisphenol A[END_REF][START_REF] Zbair | Steam activation of waste biomass: highly microporous carbon, optimization of bisphenol A, and diuron adsorption by response surface methodology[END_REF]. Biological treatment would be the least expensive, but it takes longer to remove BPA [START_REF] Lobos | Biodegradation of bisphenol A and other bisphenols by a gram-negative aerobic bacterium[END_REF][START_REF] Omoike | Biodegradation of bisphenol A by Heliscus lugdunensis, a naturally occurring hyphomycete in freshwater environments[END_REF]. Moreover, conventional biological management appears to have a low and unstable BPA removal capacity due to its very low concentration in water and high biorefractory properties [START_REF] Cleveland | Heterogeneous Fenton degradation of bisphenol A by carbon nanotube-supported Fe3O4[END_REF][START_REF] Staples | A review of the environmental fate, effects, and exposures of bisphenol A[END_REF]. The adsorption process is simple and efficient, but it requires high operating costs related to the regeneration of spent adsorbents from contaminants [START_REF] Cleveland | Heterogeneous Fenton degradation of bisphenol A by carbon nanotube-supported Fe3O4[END_REF]. On the other hand, advanced oxidation processes (AOPs) have demonstrated a great capacity to degrade persistent organic matter through the formation of highly active oxidizing free radicals (HO and SO 4 -) [START_REF] Athalathil | TiO2-sludge carbon enhanced catalytic oxidative reaction in environmental wastewaters applications[END_REF][START_REF] Reddy | A review of photochemical approaches for the treatment of a wide range of pesticides[END_REF]. Among the processes of AOPs tested for the elimination of BPA, it can be mentioned: UV/H 2 O 2 process [START_REF] Moussavi | The photochemical decomposition and detoxification of bisphenol A in the VUV/H2O2 process: Degradation, mineralization, and cytotoxicity assessment[END_REF], electrogenerated ferrous ion activated ozone, H 2 O 2 and persulfate system [START_REF] Akbari | Bisphenol A degradation in aqueous solutions by electrogenerated ferrous ion activated ozone, hydrogen peroxide and persulfate: Applying low current density for oxidation mechanism[END_REF], Fenton like process [START_REF] Ahmadi | A novel catalytic process for degradation of bisphenol A from aqueous solutions: A synergistic effect of nano-Fe3O4@Alg-Fe on O3/H2O2[END_REF][START_REF] Arampatzidou | Removal of bisphenol A by Fe-impregnated activated carbons[END_REF] and catalytic wet air oxidation (CWAO) method [START_REF] Erjavec | Catalytic wet air oxidation of bisphenol A model solution in a trickle-bed reactor over titanate nanotube-based catalysts[END_REF]. CWAO is a particularly effective and promising process for removing organic compounds, such as phenolic compounds, from wastewater [START_REF] Keav | Wet Air Oxidation of phenol over Pt and Ru catalysts supported on cerium-based oxides: Resistance to fouling and kinetic modelling[END_REF][START_REF] Nousir | Deactivation phenomena during catalytic wet air oxidation (CWAO) of phenol over platinum catalysts supported on ceria and ceria-zirconia mixed oxides[END_REF]. Moreover, CWAO is an industrially feasible and environmentally-friendly system that destroys organic contaminants as biodegradable intermediates or mineralizes them into CO 2 , H 2 O and harmless end-products at high temperature (125-320 °C) and under oxygen or air pressure (0.5-20 MPa). Noble metals supported on oxides or carbon materials are widely studied in CWAO because of their high catalytic performance and resistance to metal leaching [START_REF] Kim | Heterogeneous catalytic wet air oxidation of refractory organic pollutants in industrial wastewaters: A review[END_REF][START_REF] Levec | Catalytic wet-air oxidation processes: A review[END_REF]. However, the high cost and scarcity of these precious metals make it necessary to explore new routes to either minimize their use or replace them with non-noble catalysts with similar catalytic properties. Phosphate-based materials have been of great interest in recent years as they can be used as fertilizers, catalysts, ion conductors, piezoelectric materials, biotechnological materials and sorbents. Currently, there is more interest in the use of these materials as catalysts for various chemical transformations.

The titanate nanotube-based catalyst proved to be very efficient for the destruction of BPA by CWAO exhibiting a high activity around 91 %, and 69 % of TOC removal (Kaplan et al., 2014a).

The resulted end-product solution contained small amounts of biodegradable compounds.

Moreover the CeO 2 and Ce 0.85 Zr 0.15 O 2 CWAO based catalysts reaches 76 % of BPA removal and respectively 75 % and 73% of TOC abatement [START_REF] Heponiemi | Cerium Oxide Based Catalysts for Wet Air Oxidation of Bisphenol A[END_REF].

The novelty of this research is the investigation of inexpensive Iron-Nickel-Phosphate oxide based catalysts in the catalytic wet air oxidation of an aqueous solution of Bisphenol A. The activity of the catalyst (Fe/NiP) and its stability were studied for the removal of Bisphenol A (BPA) by catalytic wet air oxidation (CWAO). The objective is to identify the features of the catalyst that will influence the activity and selectivity of the reaction.

Materials and methods

2.1.Preparation of nickel phosphate support (NiP)

The support was prepared by co-precipitation method using the required stoichiometric amount of 

2.2.Deposition of the iron active phase

The wet-impregnation method was used to deposit 20 wt-% of iron from an aqueous solution of FeSO 4 , 7 H 2 O (Sigma-Aldrich, 99%). The support is brought into contact with the necessary volume of iron solution. The mixture of Fe precursor solution and the support was stirred overnight and dried at 60°C until the excess water evaporated completely. Finally, the dried sample was calcined in an air atmosphere for 3 hours at 450°C with a ramp of 5 °C min -1 .

2.3.Characterization methods

The X-ray diffraction (XRD) analysis of NiP and Fe/NiP was performed using a Bruker-BINARY, model D8 Diffractometer, equipped with a Cu Kα radiation (λk α = 1.5418 Å). Both samples were scanned in the range 2θ from 15 to 70° with a 0.02° step in 30 s.

The specific surface areas, pore volume and pore size distribution of NiP and Fe/NiP were measured by nitrogen physisorption at -196 °C using a Micrometrics TRISTAR 3000 device applying successively the BET and the BJH models. Prior to these measurements, the samples were degassed under vacuum at 250 °C overnight to clean the surface of the materials.

H 2 -TPR (temperature-programmed reduction) measurements were performed on an Autochem II 2920 with a 10% H 2 /Ar gas mixture and a flow rate set at 50 mL/min. Prior to the measurements, the samples were pretreated under Ar at 450 °C for 1h, with a temperature ramp of 10 °C/min, and then cooled down to room temperature. H 2 -TPR analysis was performed from room temperature to 850 °C with a ramp of 10°C/min.

The Fe content of the prepared catalyst (Fe/NiP) was determined by inductively coupled plasma optical emission spectroscopy (ICP-OES). The analysis was performed using a Perkin-Elmer Optima 2000DV. Prior to analysis, a known mass of sample powder was dissolved in acid under microwave heating. The ICP analysis was also used to analyze the leaching of iron in aqueous solution after CWAO reaction.

The surface morphology of NiP and Fe/NiP were observed by transmission electron microscopy using a "TEM / STEM JEOL 2100 UHR", with a resolution of 0.19 nm, equipped with an EDAX energy dispersive spectrometer, a HAADF wide angle annular dark field detector and Gatan CCD camera.

2.4.Catalytic experiments

CWAO experiments were investigated in a 0.44 L batch reactor made of Hastelloy C22 alloy loaded with 160 mL of BPA solution (0.3 g/L) and NiP or Fe/NiP catalyst (4 g/L). After a purge with helium, the reactor was heated up to the reaction temperature. The stirring speed was set at 1000 rpm. At the initial time of the reaction, 25 bars of pure O 2 were introduced into the reactor. The pressure was kept constant during the experiment by regular refilling with O 2 . Samples of the liquid phase were periodically collected and filtered through a Durapore membrane (0.45 µm; Ø = 13 mm) to remove all catalyst residues for analysis. The liquid samples were analyzed by HPLC using a 250 × 4.6 mm C18 reversed-phase column (Shimadzu Prominence UFLC XR ). The mobile phase was a mix of 60 vol. % methanol and 40 vol. % water (flow rate: 0.8 mL/min). The HPLC system was equipped with a UV-visible detector fixed at 276 nm. Total Organic Carbon (TOC) values were determined using a total organic analyzer Shimadzu LCPH/CPN. The HPLC and TOC devices are calibrated using standard solutions of Bisphenol A in ultra-pure water. At the end of the CWAO reaction (180 min), the reactor was cooled down to room temperature. ICP analysis of the remaining solutions was performed to ensure that iron did not leach from the Fe/NiP catalyst. It is worth noted that the reproducibility of the experimental protocol was proved for several reference catalysts and that the experimental error was found to be less than 5%.

Results and Discussion

3.1.Characterization of samples

X-ray diffraction was used to identify crystalline phases formed in NiP support and Fe/NiP catalyst. The amount of iron impregnated on NiP support, determined by ICP analysis, is 18.5 wt-% (Table 1), which is close to the target value (20 wt-%).

According to IUPAC Classification [START_REF] Sing | Reporting physisorption data for gas/solid systems with special reference to the determination of surface area and porosity (Recommendations 1984)[END_REF] , the N 2 -physorptions on NiP and Fe/NiP evidence type IV isotherms indicating the presence of mesopores (Fig. 1b). Both isotherms exhibit type H3 hysteresis loop, indicating the presence of non-rigid aggregates of plate-like particles or assemblages of slit-like pores.

For comparison purposes, the specific surface area, the total pore volume, and the average pore diameter obtained from nitrogen physisorption isotherms of NiP and Fe/NiP are summarized in Table 1. All the textural parameters decrease after the impregnation of iron, suggesting that iron particles partially block NiP support pores. H 2 -Temperature Programmed Reduction (H 2 -TPR) was performed on the samples. Fig. 2 shows the hydrogen uptakes as a function of temperature, obtained for NiP (Fig. 2a) and Fe/NiP (Fig. 2b).

The decomposition of the TPR profile of NiP reveals several peaks located around 407, 444, 543, 645, 725, 781, and 820 °C (Fig. 2a). According to the literature, the peaks at 407 °C and 444 °C can be attributed to the reduction of small and large crystallites of NiO to Ni metallic, respectively [START_REF] Bui | Studies of the synthesis of transition metal phosphides and their activity in the hydrodeoxygenation of a biofuel model compound[END_REF][START_REF] Chen | Deoxygenation of methyl laurate as a model compound to hydrocarbons on transition metal phosphide catalysts[END_REF][START_REF] Pan | Effect of a second metal (Co, Fe, Mo and W) on performance of Ni2P/SiO2 for hydrodeoxygenation of methyl laurate[END_REF][START_REF] Zou | High catalytic performance of Fe-Ni/Palygorskite in the steam reforming of toluene for hydrogen production[END_REF]. The peak at 543 °C is related to the phosphidation of nickel [START_REF] Bui | Studies of the synthesis of transition metal phosphides and their activity in the hydrodeoxygenation of a biofuel model compound[END_REF]. Furthermore, the peak at 645 °C can be assigned to the reduction of nickel oxy-phosphate [START_REF] Chen | Deoxygenation of methyl laurate as a model compound to hydrocarbons on transition metal phosphide catalysts[END_REF]). In addition, the peaks at 725, 781, and 820

°C could be due to the reduction of nickel oxy-phosphate, nickel phosphate and P-O bond [START_REF] Bui | Studies of the synthesis of transition metal phosphides and their activity in the hydrodeoxygenation of a biofuel model compound[END_REF][START_REF] Chen | Deoxygenation of methyl laurate as a model compound to hydrocarbons on transition metal phosphide catalysts[END_REF][START_REF] Pan | Effect of a second metal (Co, Fe, Mo and W) on performance of Ni2P/SiO2 for hydrodeoxygenation of methyl laurate[END_REF].

Fig. 2b shows that the addition of iron to NiP strongly modifies the shape of the TPR profile of NiP (Fig. 2a). Decomposed TPR curve of Fe/NiP displays four peaks at 460, 482, 524 and 770 °C. The reduction temperature of NiO to metallic Ni shifts slightly to a higher temperature in the presence of Fe. This slight increase from 444 °C to 460 °C is consistent with the literature [START_REF] Zou | High catalytic performance of Fe-Ni/Palygorskite in the steam reforming of toluene for hydrogen production[END_REF] and is explained by an interaction between Ni and Fe. The peak at 482 °C can be assigned to the reduction of Fe 2 O 3 to Fe 3 O 4 [START_REF] Chen | Deoxygenation of methyl laurate as a model compound to hydrocarbons on transition metal phosphide catalysts[END_REF][START_REF] Pan | Effect of a second metal (Co, Fe, Mo and W) on performance of Ni2P/SiO2 for hydrodeoxygenation of methyl laurate[END_REF] and the peak at 524 °C can be attributed to the co-reduction of Fe 2 O 3 and Fe 3 O 4 to FeO and Fe [START_REF] Zhang | Chlorinated volatile organic compound oxidation over SO42-/Fe2O3 catalysts[END_REF][START_REF] Zou | High catalytic performance of Fe-Ni/Palygorskite in the steam reforming of toluene for hydrogen production[END_REF]. Finally, the peak at 770 °C can be due to the reduction of iron-phosphate [START_REF] Chen | Deoxygenation of methyl laurate as a model compound to hydrocarbons on transition metal phosphide catalysts[END_REF] or the co-reduction of nickel and iron associated with phosphate [START_REF] Pan | Effect of a second metal (Co, Fe, Mo and W) on performance of Ni2P/SiO2 for hydrodeoxygenation of methyl laurate[END_REF]. The Transmission Electron Microscopy (TEM) images of NiP and Fe/NiP are shown in Fig. 3.

As it can be seen in Fig. 3a and 3b, NiP exhibits an amorphous nano-cylindrical morphology with different thicknesses ranging from 13 to 49 nm. In addition, the TEM images also indicate the presence of interconnected mesopores. The distribution of particle size is centered at 5.5 nm (Fig. 3c). In contrast, after the impregnation of Fe on NiP, the nano-cylindrical morphology and the porosity are not observed (Fig. 3d), this can be explained by the high dispersion of Fe (yellow color) on the surface of NiP. Indeed, the map analysis of the Fe/NiP sample (Fig. 3e) shows the homogenous distribution of Fe on the NiP surface. Furthermore, the mapping analysis reveals the presence of sulfur (green color), which is present in the active phase ( ), already identified by XRD. This result is therefore in good agreement with N 2 -physisorption analysis, which reveals a decrease in surface area due to the clogging of pores by Fe particles. 

3.2.Catalytic results

Thermal decomposition (blank tests)

The temperature plays a very important role in the WAO process of degradation of hazardous organic pollutants. Thus, the rate of reaction, the total reduction of TOC and COD are strongly dependent on the temperature (Kaplan et al., 2014b;[START_REF] Pintar | Catalytic wet-air oxidation of aqueous solutions of formic acid, acetic acid and phenol in a continuous-flow trickle-bed reactor over Ru/TiO2 catalysts[END_REF]. Moreover, the mechanism of degradation of organic pollutants in the WAO process is also strongly related to the reaction temperature due to the various types of free radicals that can be generated [START_REF] Pintar | Catalytic wet-air oxidation of aqueous solutions of formic acid, acetic acid and phenol in a continuous-flow trickle-bed reactor over Ru/TiO2 catalysts[END_REF]. For this reason, blank experiments i.e without a catalyst, were carried out to study the thermal decomposition of BPA at 140°C. Fig. 4a displays BPA conversion as a function of time. Blank test shows that the conversion of BPA after 180 min at 140°C reaches only 37.0 % and leads to many by-products, as shown on the HPLC chromatogram displayed in Fig. 4b. This result is explained by the fact that the aromatic structure of the phenolic compounds gives them a high activation energy for WAO. Consequently, higher reaction temperature is required to get over such high activation energy barriers [START_REF] Mirzaee | Enhanced degradation of Bisphenol A from high saline polycarbonate plant wastewater using wet air oxidation[END_REF]. In order to avoid excessive temperature conditions and thus reduce the cost, the use of a catalyst is necessary to improve the conversion of BPA and to avoid the formation of by-products. 

Effect of support and catalyst

First, the NiP support was tested to evaluate its performance for CWAO of BPA. Fig. 5a shows that BPA conversion after 180 min of reaction (37 %) is similar to that obtained with the blank test at 140°C. On the other hand, the modification of NiP by Fe induces a significant increase in catalytic properties. Fe/NiP exhibits a good catalytic activity since the BPA is fully converted (99.8 %) after 180 min of reaction (Fig. 5a) and 85 % ΔTOC are achieved (Table 2) versus only 35 % with NiP. Nevertheless, BPA was not entirely transformed into carbon dioxide, which implies the formation of some organic intermediates.

Liquid phase samples were periodically collected during the CWAO process for analysis by HPLC for the blank test, NiP and Fe/NiP. The conversion curves are displayed in Fig. 5a. The HPLC chromatograms focused on the BPA peaks were illustrated in Fig. 5b, c andd. The inset figures (Fig. 5b, c andd) showed the temporal evolution of the spectral changes of BPA generated by HPLC of BPA conversion using NiP and Fe/NiP samples. With the reaction time, the peak intensity of BPA gradually decreases. BPA is fully converted after 180 min for Fe/NiP. The disappearance of BPA is accompanied by the formation of its by-products similarly to that is observed in Fig. 4b. The formation of these by-products is in accordance with the values of ΔTOC.

Comparison of the HPLC chromatograms (Fig. 6a,b) after 180 min of reaction shows that several intermediates are detected in the case of NiP while only two peaks are detected in the case of Fe/NiP. These peaks are detected at a shorter retention time than that of BPA, indicating that the intermediates produced are more polar than BPA. This is in agreement with the results stated in the preview study on the degradation of BPA [START_REF] Tai | Rapid degradation of bisphenol A using air as the oxidant catalyzed by polynuclear phthalocyanine complexes under visible light irradiation[END_REF]. However, all detected peak areas of the BPA intermediates were much lower than those of the initial BPA. In other words, fluctuations of these BPA intermediates as a function of time reveal different possible step in the degradation pathways of BPA, and it is, therefore, difficult to identify them. Although the study does not aim to analyze in detail the by-products obtained during the CWAO of BPA, the main products detected were tentatively identified in comparison to the studies of Miho Sasaki et al (Sasaki et al., 2005b(Sasaki et al., , 2005a)), Vincent Cleveland et al [START_REF] Cleveland | Heterogeneous Fenton degradation of bisphenol A by carbon nanotube-supported Fe3O4[END_REF] and Buddhika Rathnayake et al [START_REF] Rathnayake | Photocatalysis and catalytic wet air oxidation: Degradation and toxicity of bisphenol A containing wastewaters[END_REF]. Thus, the HPLC analysis (Fig. 6c) of BPA solution treated by CWAO using Fe/NiP at 140°C after 180 min revealed the formation of two intermediates: 4'hydroxyacetophenone and 1,2-bis(4-hydroxyphenyl)-2-propanol. 

Kinetic modeling of CWAO reaction of BPA

The kinetics of BPA CWAO reaction was modeled according to the pseudo-first-order (PFO) ratelaw. The measured data were fitted by using a non-linear model, according to the following equation (Equ.1):

Equ.1

Where the total conversion (C tot ) and the rate constant (k) were used as fitting parameters. The term "t" was the CWAO reaction time. The calculated R 2 values and the residual analysis were used as parameters to evaluate the quality of the fit. 

Stability test

In addition to being efficient for the CWAO reaction, the catalyst must be stable under the operating conditions. To evaluate the stability of the Fe/NiP catalyst, it was reused three times in consecutive CWAO reactions. Once the catalyst was removed from the autoclave, it was filtered, washed with ultrapure water and then dried in the oven at 60°C.

Fig. 8 shows that the BPA conversion remains at about 99% after 3 cycles. However, the efficiency of the solid declines over the multiple cycles since the % ∆TOC decreases which could be due to the accumulation of intermediates and by-products onto Fe/NiP surface. Furthermore, the ICP analysis of the remaining solution after each cycle shows negligible leaching of iron (Table 2),

indicating high stability of iron in the prepared catalyst (Fe/NiP). Nickel leaching is also negligible: (ICDD: 00-014-0569) phase. The Ni 3 (PO 4 ) 2 (ICDD: 00-038-1473) phase is also present in either crystalline or amorphous form, which seems to promote the conversion of BPA. In order to verify the synergistic effect between the iron phase and the nickel phase, an FeP catalyst was prepared using the same method of preparation as for the NiP catalyst. This catalyst was than evaluated for the CWAO of BPA. The results obtained are summarized in Table 3. Although the FeP catalyst has a high conversion of BPA, very close to that of Fe/NiP, the presence of the nickel phase in Fe/NiP results in a higher ΔTOC, around 85.0%. It can be concluded that the iron phase enables almost total conversion of BPA, but the addition of nickel is necessary to promote total oxidation. 

Conclusion

The catalytic wet air oxidation of BPA was investigated by nickel phosphate as support (NiP) and iron supported on NiP as a catalyst. The conversion of BPA was studied at 140°C and 25 bar of total pressure. The CWAO reaction using Fe/NiP catalyst was effective in achieving almost complete conversion of BPA in 180 min of reaction. Moreover, Fe/NiP catalyst showed rather high stability given the severe operating conditions (acidic media, high pressure, high temperature) and was still highly effective in successive runs. We also demonstrated that FeP and Fe/NiP have high and similar activity, but the presence of the Ni phase (Ni 3 (PO 4 ) 2 ) leads to a higher ΔTOC.

Studies are still ongoing in order to provide further insight into the CWAO of BPA for possible practical application.
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 1a Fig. 1a shows the XRD patterns of NiP and Fe/NiP samples which display amorphous phases and semi-crystalline peaks. By comparison with ICDD database (International Centre for Diffraction Data), it appears that the main crystalline phase on the NiP support is a monoclinic structure of Ni 3 (PO 4 ) 2 (ICDD: 00-038-1473). As expected, the XRD pattern of Fe/NiP catalyst reveals the presence of Ni 3 (PO 4 ) 2 phase. It presents also a hydrated phase of iron sulfate hydroxide ( (ICDD: 00-053-1056), as well as unidentified phases. The
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 1 Fig. 1: XRD patterns (a) and Nitrogen adsorption-desorption isotherms (b) of NiP and Fe/NiP.
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  Fig. 2: H 2 -Temperature Programmed Reduction profiles of (a) NiP (b) Fe/NiP.
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 3 Fig. 3 (a) and (b): TEM images of NiP, (c): Distribution of particle size, (d): TEM of Fe/NiP, and (e): TEM-mapping. 2
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 4 Fig. 4 (a) Thermal decomposition of BPA at 140 °C (b) HPLC chromatogram for WAO of BPA (without catalyst).
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 56 Fig. 5: (a) Kinetics of BPA conversion (%), (b) HPLC chromatograms focused on BPA without catalyst at 140°C (c) using NiP, (d) using Fe/NiP.
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 7 displays both the experimental and fitted BPA conversion as a function of reaction time for NiP and Fe/NiP. The possible rate constants for NiP and Fe/NiP would be 0.014 and 0.020 min -1 , respectively. Therefore, the addition of iron to NiP clearly enhanced the conversion of BPA and the rate of reaction.
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 7 Fig. 7 Pseudo-first-order kinetic fitting of BPA conversion for NiP and Fe/NiP.

Fig. 8

 8 Fig. 8 Catalytic performance of Fe/NiP reused three times in consecutive CWAO reactions. Conversion of BPA and TOC abatement (∆TOC) after 180 min of reaction.

Fig. 9

 9 Fig. 9 XRD patterns of Fe/NiP after 180 min of CWAO of BPA for three cycles.

Table 1 . Textural parameters and ICP analysis of NiP and Fe/NiP.

 1 

Table 2 . Metal leaching after 180 min of CWAO of BPA using the catalyst Fe/NiP.

 2 

	leaching	Cycle 1	Cycle 2	Cycle 3
	[Fe] (ppm)	0.03	0.03	0.02
	[Ni] (ppm)	859.50	60.80	74.80
	The diffractograms of the catalysts after each cycle (Fig. 9) reveal the disappearance of the
	Fe 2 (SO 4 ) 2 (OH ) 0.67 •xH 2 O (ICDD: 00-053-1056) phase and the appearance of a new Fe 3 (PO 4 ) 2 (OH) 2

Table 3 . Conversion of Bisphenol A and ΔTOC after 180 min at 140 °C.

 3 

	Sample	BPA conversion (%)	%ΔTOC
	NiP	37.0	35.0
	Fe/NiP	99.6	85.0
	FeP	99.7	64.4
	3.2		

.5. Comparison of our results to other works Table 4 provides

  a comparison of our results with those reported in the literature for the CWAO of BPA. It appears that the Fe/NiP material has better catalytic performance, both in terms of conversion and TOC abatement (∆TOC).

Table 4 . Comparison of CWAO of BPA conversion and ΔTOC on different catalysts.

 4 

	Catalyst	BPA initial concentration (mg/L)	Temperature (°C)	Time (min)	Conversion (%)	% ΔTOC	References
	CeO 2	60	160	180	76	75	(Heponiemi et al., 2015)
	Ce 0.85 Zr 0.15 O 2	60	160	180	76	73	(Heponiemi et al., 2015)

  For the Ru/CNS the ΔTOC it is not mentioned in the publication

	Titanate nanotube	10	200	Severa l hours	91	69	(Kaplan et al., 2014b)
							(Serra-Pérez
	Ru/CNS	20	130	90	>99	nd	et al.,
							2019);
							(Rathnayak
	Pt/0.8Ti-0.2Ce	60	160	180	72	48	e et al.,
							2019)
	Fe/NiP	300	140	180	>99	85	This work
	nd : not determined :						
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