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Abstract  

 

The catalytic wet peroxide oxidation (CWPO) of bisphenol A (BPA) with Fe catalysts 

supported on activated carbon from grape seeds (GS) has been studied. The GS were pyrolized 

(N2, 600 ºC, 2 h) and subjected to activation upon partial gasification with air (400 ºC, 2 h). 

Oxidized samples of the char and activated carbon were also obtained upon treatment with 

HNO3. The Fe catalysts were prepared by incipient wetness impregnation with ferric nitrate 

solution. They showed narrow microporosity, with surface area values ≈ 350-500 m2 g-1 and 

total iron contents between 2.8-4.2 % wt. The CWPO experiments were carried out at 50-80 ºC. 

The best catalyst allowed complete conversion of BPA (100 mg L-1) and a 60 % TOC reduction 

in 3 h reaction time at 80 ºC and the theoretical stoichiometric amount of H2O2 (530 mg L-1). 

The ecotoxicity of the effluent was negligible and the biodegradability was highly improved. In 

a long-term experiment (100 h), the catalyst suffered a loss of activity upon the early stages on 

stream (≈15 h), where about 20% of Fe was lost, followed by a highly stable behavior for the 

rest of the experiment.  

 

Keywords: Grape Seeds, Heterogeneous Fenton, Bisphenol A, Fe catalysts, Biochar, Stability. 
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1. Introduction  

One of the greatest challenges facing today's society is the correct management of the large 

amount of wastes produced. Agricultural wastes represent potential resources since they are 

available at low cost in their occurrence areas. Depending on the starting material, the pyrolysis 

of these wastes provides chars with certain characteristics of composition, porosity, specific 

surface area, pore structure and physicochemical properties [1,2]. Different kind of wastes have 

been studied to obtain char, like apricot and cherry stones [3], olive and grape bagasse [4] or 

pomegranate seeds [5]. Grape seeds represent up to 15% of the solid wastes from the wine 

industry [2]. The use of grape seeds for the preparation of adsorbents or catalytic supports 

appears very interesting owing to their granular morphology and their ready availability from 

winery works [2,6,7]. Satisfactory results have been obtained when this material has been used 

as adsorbent for the removal of diuron [7] or support of Pd catalyst in the hydrodechlorination 

of diuron [8] and in nitrate reduction [9].  

Advanced oxidation processes (AOPs) have the capability to remove refractory or non-

biodegradable pollutants operating at mild conditions [10,11]. Specifically, the potential of 

catalytic wet peroxide oxidation (CWPO), which implies the generation of HO· radicals from 

H2O2 decomposition has been widely investigated for the abatement of toxic and bio-recalcitrant 

organic pollutants in water [12-17]. Regarding the operating conditions, CWPO reactions are 

usually carried out at ambient-like conditions [18-20], but recent studies have reported 

significant improvement of the degradation and mineralization rates of recalcitrant compounds 

at temperatures above 50 ºC [13,15]. Inchaurrondo et al. [13] achieved 4-fold higher TOC 

conversion (from 20 to 80 %) in the CWPO of phenol by increasing the temperature from 25 to 

70 ºC. The main drawbacks of CWPO is associated with the high requirements of H2O2. For this 

reason, many works focused on the amount of reactant needed as a main issue [14,15,21]. 

Traditionally CWPO Fe supported catalysts consist of silica, alumina, pillared clays and 

carbonaceous materials. The use of carbon materials as supports leads to highly dispersed metal 
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catalysts but they show relatively high iron leaching due to the acidic pH or the low chemical 

stability of the supports [14,22].  

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane, BPA) is an industrial chemical which is 

extensively consumed for polycarbonates manufacture as well as in the production of epoxy 

resins. Other applications include the manufacture of flame retardants such as 

tetrabromobisphenol A [23-25]. The world rate of production of this chemical (BPA) reached 

about 5.4 million tons in 2015 [26]. BPA is identified as an endocrine disrupting chemical, and 

it can be found in the water bodies either directly or indirectly via degradation of various BPA 

containing materials such as plastic bottles, containers, toys, food/soft drink cans, packaged 

food, etc. [27-29]. Because of its slow biodegradation, BPA concentrations from 100 to 100,000 

ng L-1 and from 1 to 100 ng L-1 have respectively reported in influent and effluent streams from 

several WWTPs worldwide [30]. 

Conventional physical–chemical or biological processes are unable to remove BPA from water 

[31]. Therefore, several AOPs such as CWPO [32-34], Fenton/photo-Fenton oxidation [35-37], 

sonochemical treatment [38], photochemical/photocatalytic oxidation [39-42], ozonation [43], 

and hybrid processes [44-48] have been tested. 

The aim of this study is to prepare iron catalysts supported on grape seeds-derived carbon 

materials and to test them in CWPO using BPA as target compound. The fresh and used 

catalysts have been characterized by several techniques including CO2 adsorption at 273 K, 

elemental analysis, ash content, total reflection X-ray fluorescence spectroscopy (TXRF), X-ray 

photoelectron spectroscopy (XPS) and Scanning Electron Microscopy - Energy Dispersive X-

ray spectroscopy (SEM-EDX). The CWPO results have been analyzed in terms of H2O2 

decomposition, BPA removal and TOC conversion. Additionally, the toxicity and 

biodegradability of BPA and the CWPO effluent were evaluated. The stability of the most 

interesting catalyst was also tested in long-term continuous operation (100 h on stream).  
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2. Material and methods  

2.1 Catalysts preparation and characterization 

The grape seeds used as precursor were from the red wine variety “Tinta de Toro” harvested in 

Toro (Zamora, Spain). The sizes of the raw seeds were between 2 and 4 mm. The seeds were 

washed with distilled water, dried at 105 ºC for 24 h and pyrolyzed in a rotatory quartz furnace 

(CARBOLITE CB HTR 11/150P8) at 600 ºC for 2 h [2]. The working temperature was reached 

at a 10 ºC min-1 heating rate and N2 was continuously passed at a 1 NL min-1 flow rate. The 

resulting char is identified as GS-0. It was activated with air (2 NL min-1) for 2 h at 400 ºC, 

reached at 10 ºC min-1 [6]. This activated carbon was named GS-1. The GS-0 char was also 

subjected to oxidative treatment with HNO3 which was carried out boiling 1 g of char in 10 mL 

of a 6 N HNO3 solution for 20 min followed by washing with distilled water until neutral pH 

[49]. This oxidized carbon was identified as GS-2. The HNO3 oxidation treatment was also 

applied to the air-activated carbon giving rise to the GS-3 carbon. Iron was incorporated on each 

carbon support by incipient wetness impregnation with an aqueous solution of Fe(NO3)·9H2O 

(Panreac, 97%) to obtain catalysts with a 4.0 % wt. of Fe. Once impregnated, each catalyst was 

dried at 60 ºC for 12 h and calcined for 4 h at 300 ºC, reached at 3ºC min-1. The catalysts, with 

granular morphology, were identified adding Fe to the name of the support (Fe-GS-1, Fe-GS-2 

and Fe-GS-3). 

The surface area and total pore volume of the catalysts were determined by CO2 adsorption at 0 

ºC in an automated volumetric gas adsorption apparatus (MicromeriticsTristar 3020). Previous 

to adsorption the samples (0.15 g) were degasified under vacuum at 150 ºC for 7 h using a degas 

system (Micromeritics VacPrep 061). The surface area (SDA) and the micropore volume 

(VmicroCO2, 0.4–0.9 nm) were calculated using the Dubinin–Astakhov equation. This approach 

was used because materials with narrow microporosity were expected according to previous 

works [2,6]. The pH slurry was determined measuring, until constant value, the pH of an 

aqueous suspension of catalyst (1 g) in distilled water (10 mL). The morphology of the catalyst 

and its surface composition were analyzed by Scanning Electron Microscopy - Energy 
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Dispersive X-ray spectroscopy (SEM-EDX) with a Hitachi S-3000N apparatus. The samples for 

SEM observation were metalized with gold using a Sputter Coater SC502. Imaging was 

performed in the high vacuum mode under an accelerating voltage of 20 kV, using secondary 

and backscattered electrons. Elemental analyses (C, N, S, and H) were carried out with a LECO 

CHNS-932 analyzer, while the ash content was determined following the standard ASTM 

D1506-99 method. The oxygen content was calculated by difference to 100%. Moreover, 

catalyst surface composition was quantified by X-ray photoelectron spectroscopy (XPS) using a 

5700C model Physical Electronics apparatus, with MgKα radiation (1253.6 eV) and energy 

dispersive X-ray spectroscopy analysis (EDAX). The bulk Fe loading was determined by total 

reflection X-ray fluorescence spectroscopy (TXRF), using Si-Li detector in a TXRF Extra-II 

Rich & Seifert spectrometer. 

2.2. CWPO experiments 

The CWPO runs were carried out in glass-made stirred batch reactors at atmospheric pressure, 

600 rpm stirring velocity and temperatures within 50 - 80 ºC for 4 h. Duplicate runs were 

always made. The starting concentration of BPA (Sigma-Aldrich, >99%) was 100 mg L-1, the 

H2O2 (Panreac, 33%w/v) doses were 265 and 530 mg L-1, which correspond, respectively, to 50 

and 100 % of the theoretical stoichiometric amount for complete oxidation of BPA to CO2 and 

H2O (mineralization). The catalyst concentration was fixed at 500 mg L-1. The initial pH was 

adjusted to 3.0 with nitric acid and continuously monitored along the experiment. A set of 

experiments were carried out to check the H2O2 decomposition (50ºC, 530 mg L-1 H2O2 and 500 

mg L-1 catalyst), and the adsorption of BPA on the catalysts in absence of H2O2 (50 and 80ºC, 

100 mg L-1 BPA and 500 mg L-1 catalyst). Long-term experiments (100 h on stream) were 

performed in a continuous stirred tank reactor (CSTR) fed with BPA (200 mg L-1) and H2O2 

(1060 mg L-1) aqueous solutions at 2 ml min-1 of each reactant. A catalyst loading of 500 mg L-1 

was always used, so that the space-time (τ) was fixed at 4.7 kgcat h molBPA
-1. These experiments 

were performed at 80 ºC, atmospheric pressure and 600 rpm stirring velocity.  
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The process was followed by analyzing periodically samples from the batchwise experiments or 

from the exit stream in the continuous ones. BPA and aromatic intermediates were quantified by 

means of high performance liquid chromatography (HPLC) with an UV-Vis detector (Varian). 

BPA and 4-hydroxyacetophenone (4-HAP) were analyzed using a Microsorb-MV 100-5 C18 

column with 1 mL min-1 of a gradient of methanol-water (46 to 90 % of methanol) as mobile 

phase at 225 and 275 nm, respectively. For the aromatic intermediates a Microsorb-MV 100-5 

C18 column was used with an aqueous sulphuric solution (0.1 M) as mobile phase at 210 nm 

wavelength for hydroquinone (HQ) and at 246 nm for p-benzoquinone (BQ). Ion 

chromatography with chemical suppression (Metrohm 790 Personal IC) was employed to detect 

short-chain organic acids (acetic and maleic acids) using a METROSEP A Supp 5 250/4.0 

column with 0.7 mL min-1 of 1.0 mM NaHCO3/3.2 mM Na2CO3 as mobile phase. Total organic 

carbon was measured with a TOC Analyzer (Shimadzu TOC-VCSH). H2O2 was analyzed by 

colorimetric titration using a UV/Vis spectrophotometer (Cary 60, Agilent) from the formation 

of Ti(IV) - H2O2 complex, which was quantified at 410 nm [50]. The iron leached to the liquid 

phase was measured by colorimetric titration at 510 nm using the o-phenatroline method [51].  

Ecotoxicity of the initial BPA solution and the reaction effluents was determined by the 

Microtox® Acute Toxicity Test (SCI 500 Analyzer) which measures the percent decrease of the 

light emission of Vibrio fischeri after 15 min of incubation at 15 ºC, adjusting the osmotic 

pressure of the samples close to 2% NaCl and pH between 6 and 8. The ecotoxicity values were 

expressed as EC50 for BPA, defined as the effective concentration of a sample that causes 50% 

reduction of bioluminescence, or IC50 for the reaction samples, defined as the dilution ratio (%) 

of the sample that yields this 50% light emission reduction. The IC50 values are inversely 

proportional to ecotoxicity expressed in toxicity units (TU). 

Toxicity was also evaluated using the method proposed by Polo et al. [52], based on the OECD 

209 respiration inhibition test for activated sludge. This procedure consisted on the use of an 

unacclimated sludge in short-term respirometric measurements in contact with BPA at different 

concentrations in the presence of an easily biodegradable compound, such as sodium acetate. 
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Inhibition was also estimated in terms of EC50, defined as the concentration of the toxicant 

causing a 50% reduction of the exogenous SOUR (specific oxygen uptake rate) obtained in the 

presence of sodium acetate as sole carbon source. The biodegradability assays were carried out 

following the typical operating conditions of an activated sludge process, measuring toxicant 

removal and the activity of microorganisms [52,53]. In a close reactor were incorporated the 

unacclimated sludge and the target compound, and the SOUR profile was obtained interrupting 

the air supply and measuring the dissolved oxygen decay in a range of 0.3 mg L-1. The tests 

were carried out for 24 h at 25 ºC. Biodegradation was followed from the evolution of BPA and 

TOC. 

3. Results and discussion  

3.1. Catalyst Characterization 

Table 1 summarizes the characterization of the raw seed, the char resulting from pyrolysis, the 

activated carbons used as supports and the corresponding Fe catalysts. The pyrolysis caused a 

1.5-fold increase of the C percentage with respect to the raw grape seed. In terms of elemental 

analysis, the N content was somewhat higher in GS-2 and GS-3, and consequently, in Fe-GS-2 

and Fe-GS-3 due to the treatment with HNO3. Furthermore, this treatment, that creates surface 

oxygenated groups [49,54], increased also the surface acidity as can be inferred from the pHslurry 

values of 5.6 and 6.1 for Fe-GS-2 and Fe-GS-3, respectively, versus 7.9 for Fe-GS-1 catalyst. 

Regarding the specific surface area, pyrolysis led to a char with SDA around 400 m2 g-1, with a 

significant development of microporosity (micropore volume close to 0.14 cm3 g-1). Air 

activation produced a low increase of surface area, whereas the HNO3 treatment lowered the 

SDA of the char. Air-activation followed by HNO3 treatment led to the highest surface area (484 

m2 g-1) and pore volume (0.166 cm3 g-1). The bulk iron content indicates that the Fe 

incorporation in Fe-GS-1 catalyst (2.8 %wt.) was less effective than in the other two catalysts, 

where the expected content of around 4 % wt. was more closely achieved and even surpassed 

(Fe-GS-3). This fact can be explained by the presence of surface oxygenated groups which can 

favor the Fe uptake. The values of the FeXPS/FeBulk ratio, frankly higher than 1, are indicative of 
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a heterogeneous distribution of the metal phase, a predominant location on the outermost 

surface, most pronounced in the case of the two catalyst supported on air-activated carbons (Fe-

GS-1 and Fe-GS-3). Air activation creates surface oxygenated groups which may favor the 

preferential location of Fe on the external or non-microporous surface rather than in the internal 

microporosity.  

The original granular structure and the size (around 2-4 mm) of the grape seeds were maintained 

in the char from pyrolysis as confirmed by SEM. Occasionally the internal overpressure during 

pyrolysis can cause some opening of the coat [2,9]. Figure 1 presents SEM images of entire and 

broken particles of the Fe-GS catalysts showing iron distribution. In the case of the Fe-GS-1 

catalyst (Figure 1.A) the iron particles were mainly found on the outer surface. The Fe-GS-2 

catalyst SEM image (Figure 1.B) showed that there is less active phase on the external surface, 

since iron was found inside the support. Finally, the Fe-GS-3 catalyst micrograph (Figure 1.C) 

shows an outer layer of iron, as well as, a thin layer of the same on the inside surface. As 

representative example, Figure 1.D shows the energy dispersive X-ray spectrum (EDX) of the 

Fe-GS-1 catalyst. Similar profiles were obtained for the other catalysts.  

3.2. CWPO experiments 

Previous blank tests were carried out in order to learn on the possible thermal decomposition of 

H2O2 in the presence of BPA without catalyst under the operating conditions to be used in the 

CWPO experiments. H2O2 decomposition was lower than 5 % and no changes were observed in 

the BPA concentration. Adsorption of BPA onto the catalysts in absence of H2O2 was checked. 

At 50ºC the adsorption capacity of BPA was lower than 20 mgBPA g-1 for Fe-GS-1 and Fe-GS-3 

catalysts and around 4 mgBPA g-1 for Fe-GS-2, while at 80 ºC it was negligible in all the catalysts 

(< 2 mgBPA g-1). 

The activity of the catalyst for H2O2 decomposition in absence of BPA was tested. Figure 1 

shows the evolution of H2O2 upon time reaction. The data were adjusted to a pseudo first-order 

rate equation, a simple approach which serves to describe the kinetics of H2O2 decomposition 
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with activated carbon [55]. The reaction with the Fe-GS-2 catalyst yield the lowest kinetic 

constant (10-4 min-1) whereas values of 7·10-4 and 1.1·10-3 min -1 were obtained with Fe-GS-3 

and Fe-GS-1, respectively. 

Table 2 shows the results from CWPO of BPA at 50 ºC with the three catalysts tested. The pH 

remained almost unchangeable (≈ 3) along the experiment in all the cases. The Fe-GS-1 and Fe-

GS-3 catalysts achieved complete BPA conversion. The second required some more time due to 

an initial induction period of 60 min, where a lower H2O2 decomposition took place. On the 

other hand, the Fe-GS-2 showed low BPA removal with no TOC reduction and a negligible 

H2O2 conversion. This indicates that the treatment with HNO3 is insufficient to obtain an active 

catalyst under these operating conditions. The Fe-GS-1 catalyst allowed somewhat higher TOC 

reduction than Fe-GS-3, consistently with the higher percentage of H2O2 decomposition. 

However, in both cases, the extent of mineralization was fairly low and a high relative amount 

of H2O2 remained after 4 h (more than 65% of the initial). Therefore, the operating conditions 

were insufficient for an acceptable mineralization of BPA. Aromatic reaction intermediates (4-

HAP, HQ and BQ) were detected at concentrations below 1 mg L-1 and short-chain acids, such 

as acetic and maleic acid, at concentrations below 15 mg L-1.  

From the results so far, Fe-GS-1 catalyst was selected to analyze the influence of the operating 

conditions (T and H2O2 concentration) on the CWPO process. Figure 3 shows the time-course 

of H2O2 concentration and BPA conversion as well as TOC and dissolved Fe concentration at 

different temperatures and H2O2 doses. In all the cases complete conversion of BPA was 

reached, even though the H2O2 decomposition after 4 h of reaction was not complete. The 

increase of the temperature led to a higher rate of disappearance of BPA and higher 

mineralization. At 80 ºC, with the stoichiometric amount of H2O2 (530 mg L-1) complete 

conversion of BPA was achieved in 30 min and once H2O2 was depleted (≈ 180 min) TOC 

reduction was close to 65 %. The TOC reduction reached a plateau-like level, corresponding to 

the residual species essentially to light organics acids, mostly the acetic, highly resistant to this 

treatment.  The concentration of Fe in solution was negligible up to around 120 min of reaction. 
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By that time BPA was completely disappeared, mineralization was about 50 % and 90 % H2O2 

was already decomposed. Thus, the possible contribution of dissolved Fe can be considered of 

very low significance, if any. Cleveland et al. [34] observed that the CWPO of BPA using 

carbon nanotube-supported Fe3O4 was enhanced by 3.5 when the temperature increased from 20 

ºC to 50 ºC, achieving high rates of BPA degradation and a COD removal efficiency around 40 

%. However, the efficiency on the use of H2O2 (amount of TOC removed per unit of H2O2 

decomposed) remained almost inalterable at around 0.10 mgTOC mgH2O2
-1 after the 240 min of 

the experiment without significant variation with temperature and the H2O2 dose within the 

range of values tested.  

Regarding to Fe leaching, its presence in the liquid phase was not detected up to 120 min 

reaction time. It increased with the temperature but did not exceed 5 % of the initial Fe load of 

the catalyst at the end of the experiment. Previous works have related the Fe leaching with the 

presence of oxalic acid [12,14], but in this study that species was not detected in any case.  

3.3. Ecotoxicity and biodegradability experiments 

A value of EC50 of 4.2 mg L-1 was obtained for BPA by the Microtox Toxicity Test. The EC50 

reported in the literature [56] range from 1.0 to 10 mg L-1, so BPA is classified as “moderately 

toxic” and “toxic” to aquatic biota by the European Commission and the United States 

Environmental Protection Agency (US EPA). The EC50 value obtained by the respiration 

inhibition test with activated sludge was 47 mg L-1. According to these values, Microtox Test 

resulted more sensitive to BPA than the activated sludge as concluded Polo et al. (2011), who 

reported that the Microtox® test overestimates the potential negative effect on the activated 

sludge of a wastewater treatment plant [52]. 

A sample of the initial and final effluent from CWPO of BPA at 80 ºC with Fe-GS-1 using the 

stoichiometric H2O2 dose was subjected to the Microtox Test. The toxicity of initial solution 

was of 23.8 TU, whereas the final effluent yield almost negligible ecotoxicity. 
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BPA can be considered as no readily biodegradable since no changes on the concentration of 

BPA and TOC nor significant variations of SOUR were detected along the biodegradability test 

(Figure 4A). The results of that test with a sample of CWPO effluent are depicted in Figure 4B. 

The respirometric profile shows an increase of sludge respiration at three intervals of time 

associated with the degradation of the by-products from CWPO of BPA (acetic and maleic 

acid). More than 40% of TOC reduction was observed. Previous works have reported that acetic 

acid is the most readily biodegradable compound among the identified oxidation by-products 

whereas maleic acids require an acclimation time of the sludge [57,58]. 

3.6. Stability of the catalyst 

The evaluation of the stability in long-term experiments is critical for the practical application of 

CWPO processes. To address catalyst stability, a long-term experiment was carried out in a 

continuous stirred tank reactor at 80 ºC at 4.7 kgcat h molBPA
−1 space-time. Figure 5 shows the 

evolution of BPA and TOC conversion upon time on stream. The TOC reduction decreased 

from 46 % at 6 h to 30 % at 15 h and then remained almost constant. A similar trend was 

observed for BPA conversion, which decrease during the initial 10 h on stream but then 

remained at about 90 % up to the end of the 100 h – experiment. This initial loss of activity can 

be due to Fe leaching, which was detected only during the initial 10 h on stream. As reaction by 

products were identified 4-HAF, BQ, maleic acid and acetic acid. The two last achieved 

maximum concentrations at around 15 h on stream and then stabilized in the vicinity of 10 mg 

L-1 each. Almost constant residual concentrations of aromatic intermediates (4-HAP and BQ) 

were maintained upon the whole experiment. Those species require working at higher space-

time than that of the experiments for complete disappearance, a crucial issue in particular in the 

case of BQ, given its high ecotoxicity. TXRF analyses of the effluent showed that Fe leaching 

was around 20% after 100 h, mainly occurring within the early stages on stream. The 

characterization of the used catalyst did not show significant changes in terms of SDA, 

micropores volume or elemental analysis. 

4. Conclusions  
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Three Fe catalysts were prepared using grape seeds-derived activated carbons as supports. The 

catalysts were tested in CWPO of bisphenol A. They were microporous materials with CO2 

measured surface area values in the range of ≈ 350-500 m2 g-1 and with the Fe located mainly at 

the outermost surface. The catalyst with 2.8 % Fe over air-activated carbon showed the best 

performance, allowing complete conversion of BPA and TOC reduction up to 60 % at 80 ºC 

with the stoichiometric amount of H2O2 in less than 3 h reaction time. Moreover, this treatment 

provoked a dramatic reduction of the ecotoxicity and a significant improvement of the 

biodegradability. In long-term operation (100 h on stream), Fe-GS-1 catalyst suffered a loss of 

activity upon the early stages (≈ 15 h), probably associated to the observed Fe leaching (around 

20 % of the initial load). Then the catalyst showed a fairly stable behavior. The characterization 

of the used catalyst did not revealed any significant changes in terms of porous texture and 

elemental composition.  
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Figure captions 

Figure 1. SEM images of the entire, half-broken and the surfaces of the Fe-GS catalysts. Fe-

GS-1 (A), Fe-GS-2 (B) y Fe-GS-3 (C) and EDX spectra of Fe-GS-1 (D). 

Figure 2. Hydrogen peroxide decomposition whit the Fe-GS catalysts ([H2O2] o: 530 mg L−1, T: 

50 ºC, pHo: 3). 

Figure 3. CWPO of BPA with the Fe-GS-1 catalyst at the stoichiometric (A,B) and half-

stoichiometric (C,D) H2O2 doses vs reaction time at different temperatures. BPA and TOC 

conversion: solid symbols; H2O2 concentration: open symbols. Insert: dissolved Fe.    

Figure 4. Time course of BPA and TOC, and respirometric profiles obtained in the fast 

biodegradability test for a BPA watersolution (A) and the resulting effluent from CWPO (B). 

Figure 5. Long-term performance of the catalyst upon CWPO of BPA ([BPA]: 100 mg L−1, 

[H2O2]: 530 mg L−1, T: 80 ºC, pHo: 3, τ: 4.7 kgcat h mol−1
BPA). 
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Table 1. Characterization of the raw seeds (GS), the char (GS-0), carbon supports (GS) and Fe 
catalysts (Fe-GS). 

Material 
Elemental analysis  SDA  Vmicropores  FeBulk  FeXPS FeXPS/FeBulk 

ratio C (%) H (%) N (%) S (%) Ash (%) O (%)  (m
2
/g) (cm

3
/g) (wt. %) (wt. %) 

GS 55.8 6.8 2.3 n.d. 3.5 31.6 0 0 - - - 

GS-0 81.8 2.2 1.9 n.d. 9.4 4.7 405 0.14 - - - 

GS-1 76.3 2.3 1.5 n.d. 8.2 11.7 440 0.16 - - - 

GS-2 71.0 2.3 4.0 n.d. 8.1 14.6 376 0.14 - - - 

GS-3 70.1 2.3 2.9 n.d. 7.3 17.4 506 0.19 - - - 

Fe-GS-1 73.8 2.1 2.6 n.d. 12.0 9.5 416 0.15 2.8 11.0 3.9 

Fe-GS-2 69.0 2.4 3.1 n.d. 10.9 14.6 348 0.12 4.7 7.6 1.8 

Fe-GS-3 67.0 2.2 2.7 n.d. 9.6 18.5 483 0.17 3.9 12.8 3.3 
 

n.d. not detected 

 

Table 2. BPA, TOC and H2O2 conversion with Fe-GS-1, Fe-GS-2 and Fe-GS-3 catalysts after 4 
h reaction time ([BPA]o: 100 mg L−1, [H2O2]o: 530 mg L−1, T: 50 ºC, pHo: 3). 

Catalyst BPA conversion (%) TOC reduction (%) H2O2 conversion (%) 

Fe-GS-1 100 26 35 

Fe-GS-2 10 0 3 

Fe-GS-3 100 22 27 
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Highlights 

• Fe catalyst were prepared on pyrolized and activated grape seeds support. 

• Fe-GS-1 catalyst was highly active and stable upon CWPO of BPA.  

• Complete removal of BPA and 60 % mineralization was reached at 80ºC. 

• BPA CWPO enhanced the biodegradability and reduced the toxicity of the effluent. 
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