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ABSTRACT 13 

Porous carbon derived from amine-functionalized MIL-125 metal-organic framework (C-MIL-125-NH2) 14 

was prepared by carbonization at high temperature under inert atmosphere, and used for adsorption of 15 

bisphenol A (BPA) and 4-tert-butylphenol (4-tBP). The obtained carbon showed bimodal porosity and 16 

fast extraction of both pollutants in batch conditions following a pseudo-second-order model. The 17 

adsorption mechanism was studied by the measurement of zeta potential, and the results suggested that 18 

π-π stacking interactions between the carbon material and the phenol molecules probably are the main 19 

sorption mechanism. The prepared C-MIL-125-NH2 was incorporated into mechanically stable 20 

membranes for flow-through solid-phase extraction of studied phenols prior to HPLC analysis. The 21 

hybrid material showed excellent permeance to flow, easy regeneration and good performance for the 22 

simultaneous enrichment of mixtures of BPA and 4-tBP, facilitating their determination when present at 23 

low concentration levels. 24 

Keywords: Metal-organic frameworks, porous carbons, membranes, solid-phase extraction, water 25 

pollutants. 26 
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1.  Introduction 34 

Water contamination derived from emerging pollutants such as antibiotics, pesticides, food additives and 35 

other organic pollutants has adverse effects on human health, and is a worldwide environmental problem 36 

(Chong et al., 2010; Rivera-Utrilla et al., 2013). Emerging pollutants are any synthetic or naturally 37 

compound with potentially toxic ecological and endocrine-disrupting effects that have recently been 38 

introduced in environment and still remain unregulated (Dhaka et al., 2019; Freyria et al., 2018; Rivera-39 

Utrilla et al., 2013). Different strategies have been developed for the remediation of wastewater such as 40 

ultrasonic degradation (Chu et al., 2017), Fenton oxidation (Wang et al., 2015), photocatalysis (Zhang et 41 

al., 2018) and adsorption (Hasan and Jhung, 2015). Among them, the use of porous materials as sorbents 42 

for pollutant extraction, due to its simplicity, selectivity and efficiency, has gained great interest and is 43 

being widely studied (Poole, 2003; Wu and Zhao, 2011). 44 

Based on their high chemical and thermal stability, aromatic structure and large surface area, 45 

carbon-based materials have been explored as sorbents for the extraction of emerging pollutants (Joseph 46 

et al., 2011; Pan et al., 2008; Park et al., 2015). Over recent decades, different synthetic procedures have 47 

been developed in order to prepare novel porous carbon structures with hierarchical porosity and new 48 

properties, among which stands out the template method, which consists on the preparation of an 49 

organic/inorganic template composite followed by the carbonization and removal of the inorganic 50 

template (Lee et al., 2006). Due to their high surface area, tunable pore sizes, and chemical variability, 51 

metal-organic frameworks (MOFs), formed by linking metal ions or clusters with multidentate organic 52 

ligands (Cui et al., 2016; Meek et al., 2011; Rowsell and Yaghi, 2004),  have been considered as potential 53 

precursors to synthesize nanoporous carbon materials (Chaikittisilp et al., 2013; Liu et al., 2010). By 54 

MOF carbonization at high temperature under inert atmosphere, organic linkers are converted to a porous 55 
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carbon structure, while the metallic component is distributed in this carbonaceous structure shaped like 56 

metal or metal oxide nanoparticles. 57 

Recently, among the different types of MOFs, MIL-125 (Materials Institute Lavoisier), based on 58 

the coordination of titanium clusters with aromatic carboxylic acids, has been used as precursor to obtain 59 

different nanoporous carbons. Due to their excellent anode characteristics, these porous carbons have 60 

been widely studied as materials for rechargeable lithium ion batteries (An et al., 2017; Shi et al., 2017; 61 

Wang et al., 2015). Other examples of application of MIL-125-derived carbons are focused on the 62 

photocatalytic degradation of different toxic compounds (Guo et al., 2014; Li et al., 2018) and on 63 

microwave absorption (Ma et al., 2017). However, the potential of the porous carbons derived from MIL-64 

125 as sorbents for removal of pollutants has not been widely explored.  65 

For practical extraction applications, the direct use of porous materials is limited by the hard and 66 

laborious recovery of the sorbent from the sample medium. In this regard, an interesting alternative to 67 

solve this limitation is the positioning of the porous sorbents on functional supports, which facilitates 68 

their applicability for the extraction of pollutants from water. Among the different supports used, the 69 

preparation of composites based on membranes has gained increasing interest for the removal of organic 70 

pollutants because of their easy regenerability and outstanding flow-through properties. For instance, 71 

nanofiltration membranes were prepared with functionalized halloysite nanotubes for the extraction of 72 

Direct Red 28 dye (Zeng et al., 2016). UiO-66, MIL-101 and ZIF-8 MOFs have also been used for the 73 

preparation of different membranes, which have demonstrated their potential for the extraction of phenols 74 

(Ghani et al., 2017), phthalate esters (Wang et al., 2015) and progesterone (Ragab et al., 2016), 75 

respectively, while poly(vinyl alcohol)/poly(acrylic acid) membranes have been studied for the 76 

extraction of various dyes (Yan et al., 2015). 77 
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The aim of this work is to explore the use of a porous carbon, derived from amine-functionalized 78 

MIL-125 MOF (C-MIL-125-NH2), membrane as functional support for the extraction and 79 

preconcentration of bisphenol A (BPA) and 4-tert-butylphenol (4-tBP). These pollutants have been 80 

closely studied in recent years because they have shown estrogenic effects in fish, avian, and mammalian 81 

cells and are suspected of having endrocrine-disrupting toxicity (Li et al., 2005). After batch extraction 82 

experiments with C-MIL-125-NH2 material, and in order to improve the applicability of the obtained 83 

porous carbon, a hybrid membrane was prepared using a nylon filter as support and polyvinylidene 84 

fluoride (PVDF) as binder, characterized and tested for the extraction and preconcentration of BPA and 85 

4-tBP. Experimental parameters involved in the extraction process such as pH, sample volume and 86 

recyclability have been evaluated. 87 

2.  Experimental  88 

2.1.  Chemicals 89 

Acetonitrile (HPLC, > 99.8%), Methanol (≥99.8%), acetone (≥99.8%), and N,N-dimethylformamide 90 

(DMF, 99.5%), and hydrochloric acid (HCl, 37.0%) were obtained from Scharlau. Titanium (IV) 91 

isopropoxide (≥99.8%) and 2-aminoterephthalic acid (99%) were acquired from ACROS. Bisphenol A 92 

(BPA, 97%), 4-tert-butylphenol (4-tBP, 99%), sodium hydroxide (NaOH, ≥97.0%) and polyvinylidene 93 

difluoride (PVDF, MW ~ 180,000) were obtained from Aldrich. GVS Maine Magna 0.45 µm Nylon 94 

filters of 25 mm diameter were used as initial supports. 95 

 The working solutions were obtained by mixing the desired volume of stock solution of each 96 

selected phenol (1000 mg L-1) and diluting to the appropriate volume with water. All solutions were 97 

prepared using Milli-Q water (Direct-8 purification system, resistivity > 18 MΩ, Millipore Iberica, 98 

Spain).  99 
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2.2. Instrumentation 100 

 Powder XRD data were collected by using CuKα radiation on a Bruker D8 Advance 101 

diffractometer. Thermogravimetric analysis (TGA) was carried out in an air atmosphere using a TA 102 

Instrument SDT 2960 simultaneous DSC-TGA. Nitrogen adsorption isotherms were measured at 77 K 103 

by using a TriStar II (Micromeritics) gas adsorption analyzer. The samples were previously outgassed at 104 

393 K overnight. The data of the isotherms were analyzed by using the Brunauer-Emmett-Teller (BET) 105 

method to determine the specific surface area and the two dimensional non local density functional theory 106 

(2D-NLDFT) model for the determination of pore volume and pore size distribution. The morphology 107 

and elemental distribution of the prepared materials were analyzed by using a scanning electron 108 

microscope (SEM) Hitachi S-3400N, equipped with a Bruker AXS Xflash 4010 energy-dispersive X-ray 109 

spectroscopy (EDS) system, and a transmission electron microscope Hitachi ABS operated at 100 kV. 110 

Zeta potential was measured by employing a Zetasizer Nano ZS90 (Malvern). In batch experiments the 111 

absorbance measurements were carried out using a HP 8453 UV-vis spectrophotometer. Phenols in the 112 

collected filtrates were analyzed by reversed phase high-performance liquid chromatography (HPLC). 113 

Chromatographic experiments were performed by using a Jasco HPLC instrument composed of a high-114 

pressure pump (PU-4180), a manual injector, and a UV/Vis diode array detector (MD-4017). The 115 

separation of phenol compounds was performed at room temperature on a Phenomenex Kinetex EVO 116 

C18 100A core-shell column (150 mm x 4.6 mm i.d. 5 µm) with a guard column (5 mm x 4.6 mm i.d.). 117 

The mobile phase was acetonitrile:water (50:50, v/v) at a flow rate of 1 mL min-1. The detection 118 

wavelength was 225 nm.  119 

2.3. Synthesis of MIL-125-NH2  120 

 Titanium based MIL-125-NH2 was synthesized by microwave heating according to a procedure 121 

described in a previous report (Kim et al., 2013). Typically, 0.54 mL of titanium isopropoxide were added 122 

under constant stirring to 0.60 g of 2-aminoterephthalic acid dissolved in 30 mL of a mixture of 123 
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dimethylformamide (DMF) and methanol (1:1, v/v). After 5 min of additional stirring, the mixture was 124 

introduced into the Teflon liner of an autoclave and heated at 423 K for 1 h in a microwave oven (Stard 125 

D, Milestone). Finally, the obtained yellow solid was filtered and washed thoroughly with DMF and 126 

methanol.  127 

2.4. Synthesis of MOF-derived carbon (C-MIL-125-NH2)  128 

 The as-synthesized MIL-125-NH2 was heated at 1073 K at a heating rate of 3 K min-1 in a tubular 129 

furnace under N2 atmosphere and maintained at this temperature for 2 h. After the carbonization, the 130 

yellow powder is converted into a black solid corresponding to C-MIL-125-NH2. 131 

2.5. Preparation of MOF hybrid membranes (C-MIL-125-NH2-HM)  132 

 C-MIL-125-NH2 membranes were prepared using a polymer binder (polyvinylidene difluoride, 133 

PVDF) and a nylon filter as support adapting a previously reported method (Denny and Cohen, 2015). 134 

Basically, 1 g of PVDF/DMF solution (7.5 wt.% PVDF) was added to a vial containing an acetone 135 

suspension of C-MIL-125-NH2 (30 mg carbon/mL acetone). The so obtained mixture was sonicated for 136 

30 min. Afterwards, acetone was evaporated under a stream of nitrogen gas giving rise to a concentrated 137 

carbon-PVDF dispersion, which was deposited onto a Nylon filter. Finally, DMF solvent was removed 138 

by heating at 333 K for 1 h obtaining a carbon hybrid membrane denoted as C-MIL-125-NH2-HM. A 139 

membrane based on Nylon filter coated with PVDF in the absence of carbon (PVDF/Nylon) was prepared 140 

for comparison purposes. 141 

2.6. Batch experiments  142 

  The study of the kinetics and the adsorption capacity of the selected phenols of the C-MIL-125-143 

NH2 was conducted in aqueous solution under batch conditions (adsorbent concentration = 1.0 mg mL-144 

1). Typically, 10 mg of C-MIL-125-NH2 was added into 10 ml of a 10 mg L-1 phenol solution under 145 

stirring. The concentration of BPA and 4-tBP left in the supernatants after extraction was determined 146 

using UV-Vis spectrophotometry (at a wavelength of 278 nm). Adsorption studies were conducted at 147 
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different initial pH values of the phenols solution (pH = 4, 7 and 10) maintaining the solid in contact with 148 

the solution during 24 h to ensure the equilibrium conditions. For kinetics experiments, the concentration 149 

of remaining pollutant in solution was measured at appropriate time intervals and the sorption data were 150 

analyzed with a pseudo-second-order adsorption model, whose linearized-integral form is expressed by 151 

the following equation (Ho and McKay, 1999): 152 

 153 

𝑡

𝑞𝑡
=

1

𝑘2𝑞2
2 +

𝑡

𝑞𝑡
 154 

where k2 is the pseudo-second order rate constant (mg g-1 min-1), qe (mg g-1) is the quantity of phenol 155 

adsorbed at equilibrium and qt (mg g-1) is the phenol sorption at a time of t. 156 

 157 

2.7. Solid-phase extraction procedure 158 

 The extraction capacity of the prepared hybrid membrane was evaluated using a vacuum filtration 159 

system. The membrane was conditioned with 5 mL of acetonitrile followed by 5 mL of water. After a 160 

drying step (over 2 min), a 100 mL of a solution of phenol compounds (0.4 mg L-1, each) at pH 7.0 was 161 

passed through the membrane at an approximate flow rate of 1 mL min-1, and the non-retained phenols 162 

were determined by HPLC of the collected filtrate. For the simultaneous determination of enrichment 163 

factors of the mixture of phenols, the collected analytes on the membrane filter were eluted with 5 mL 164 

of acetonitrile and the final solution was quantified also with HPLC.  165 

 166 

3.  Results and discussion 167 

3.1.  Preparation of porous C-MIL-125-NH2 168 

 The porous carbon C-MIL-125-NH2 was obtained by one-step carbonization process under inert 169 

atmosphere using only MIL-125-NH2 MOF as precursor material in the absence of any additional carbon 170 
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source. Figure 1a shows the powder X-ray diffraction pattern of the precursor MIL-125-NH2 and that of 171 

its derived carbon C-MIL-125-NH2. The prepared MIL-125-NH2 crystals showed good crystallinity and 172 

the diffraction pattern matched well with that previously reported (Dan-Hardi et al., 2009). After 173 

carbonization, the diffraction lines corresponding to the MOF completely disappear, while new 174 

diffraction peaks could be observed, which are assigned to titanium oxide particles. The calcination 175 

temperature of the MOF determines the formed phase of titanium oxide particles, obtaining in this case 176 

a mixture of anatase (JCPDS No. 21-1272) and rutile (JCPDS No. 21-1276), which is consistent with 177 

previously reported studies (Guo et al., 2014; Wang et al., 2015). In addition, the XRD pattern of the C-178 

MIL-125-NH2 exhibited two small broad bands centered around 2= 25 and 42o, indicating a certain 179 

graphitic degree of the obtained carbon (Zhong et al., 2014). According to thermogravimetric analysis 180 

performed on C-MIL-125-NH2 under air (Figure S1), the titanium oxide content in the carbon sample is 181 

calculated to be 60%. The morphology of the obtained carbon was studied by scanning and transmission 182 

electron microscopy. As revealed by SEM images (figures 1b and S2), C-MIL-125-NH2 inherits the disk 183 

shape morphology of the precursor MOF (figure S2), although the calcination process results in carbon 184 

particles with rough surface, smaller diameter, in the range of ~ 1.5  ̶  2.5 µm, and thickness of around 185 

0.5 µm (Wu et al., 2013; Zhang et al., 2014). Furthermore, TEM micrographs (figure S3) revealed that 186 

titanium oxide nanoparticles are uniformly distributed in the carbon matrix, which was confirmed by 187 

elemental mapping analysis of Ti (Figure S4).  188 

 Figure 1c shows the nitrogen adsorption and desorption isotherms at 77 K of the prepared C-189 

MIL-125-NH2, which were analyzed using the BET and 2D-NLDFT methods to examine the textural 190 

properties of the obtained carbon. According to IUPAC classification, C-MIL-125-NH2 exhibits type IV 191 

isotherm with a slight hysteresis loop, indicating the coexistence in the sample of micropores and 192 

mesopores (Thommes et al., 2015). The BET surface area and total pore volume of the C-MIL-125-NH2 193 

are 266 m2 g-1 and 0.16 cm3 g-1, respectively, which are slightly lower than those of the precursor MIL-194 
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125-NH2
 (Kim et al., 2013) due to a partial collapse of the MOF structure. The pore size distribution 195 

(figure 1d) confirmed the bimodal porosity of the obtained material, showing that most of the pores have 196 

a diameter of 0.9 nm, while a small amount of them have a diameter between 1.4 and 2.4 nm. 197 

 198 

Figure 1. (a) XRD patterns of the MIL-125-NH2 and the C-MIL-125-NH2 samples. Peaks: Anatase TiO2 199 

(squares), rutile TiO2 (circles), carbon (star). (b) SEM image of the C-MIL-125-NH2 sample. (c) Nitrogen 200 

adsorption-desorption isotherms of the C-MIL-125-NH2 sample. (d) Pore diameter distribution of the C-201 

MIL-125-NH2 sample. 202 

3.2.  Extraction capacity of the carbon C-MIL-125-NH2 in batch conditions 203 
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 The adsorption rate is an important factor to consider in order to use an adsorbent for pollutant 204 

extraction. Therefore, kinetics studies were carried out measuring, by UV-visible absorption 205 

spectroscopy, the remaining concentration of a 10 mg L-1 solution of each pollutant in contact with the 206 

adsorbent at predetermined time intervals. The obtained results (figure 2) showed that, in both cases, the 207 

adsorption data could be fitted by a pseudo-second-order model (Ho and McKay, 1999), obtaining 208 

correlation factors of 0.995 and 0.997 for BPA and 4-tBP, respectively. As it can be observed, the 209 

adsorption equilibrium was reached in 25 min for BPA and 4-tBP, indicating a rapid extraction in both 210 

cases. According to pore size distribution of C-MIL-125-NH2 (figure 1d) and the size of BPA and 4-tBP 211 

(Agenson et al., 2003; Nghiem et al., 2008), these pollutants can freely diffuse inside the largest pores of 212 

the carbon material, thus facilitating their interaction with the carbon framework. Although in solid-phase 213 

extraction, equilibrium conditions are not usually reached, the adsorption isotherms of BPA and 4-tBP 214 

were also performed (figure S5). In both cases, the adsorption data well-fitted by Freundlich model (R2 215 

= 0.96), indicating a multi-layer adsorption (Gonzalez-Serrano et al., 2004; Liu et al., 2017). 216 

  217 

Figure 2. (a) Adsorption capacity of BPA and 4-tBP on C-MIL-125-NH2 versus time (10 mg C-MIL-125-218 

NH2; pH 7.0; Cphenol, 10 mg L-1). (b) Linear fit of pseudo-second order kinetics model for the adsorption 219 

of BPA and 4-tBP on C-MIL-125-NH2. 220 
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In view of the influence of the pH of the extraction medium on the adsorption capacity, as it can change 221 

the surface charge of the adsorbent and the chemical speciation in the case of ionizable organic 222 

compounds, the adsorption capacity at three pH values of sample solution (4, 7 and 10) was studied. As 223 

shown in figure 3a, the change of pH from weak acid to neutral (4 to 7) had no significant effect on the 224 

extraction capacity of both pollutants, indicating that the adsorptive affinity between the BPA and 4-tBP 225 

and the C-MIL-125-NH2 material is not affected in this range of pH. However, when the solution pH 226 

increased from 7 to 10, a significant reduction of the sorption of both phenols was observed. Bearing in 227 

mind the pKa value of BPA (9.6) and 4-tBP (10.2) and that the isoelectric point of C-MIL-125-NH2, 228 

determined by the measurement of the zeta potential at different pH values (figure 3b), was reached at 229 

pH 6.5, the decrease in the extraction capacity of both phenols in basic solutions is due to the electrostatic 230 

repulsion between the phenols anions and the negatively charged C-MIL-125-NH2. The insignificant 231 

variation of the adsorption capacity between pH 4.0 and 7.0 indicates that the π-π stacking interactions 232 

between the π system of the carbon material and that of the phenol molecules probably is the main 233 

sorption mechanisms (Ahmed et al., 2018; Tang, et al., 2016). However, the fact that BPA, a molecule 234 

which shows two phenolic rings and hydroxyl groups, was extracted in a higher proportion seems to 235 

indicate that other mechanisms such as hydrogen bond could also play an important role. 236 
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Figure 3. (a) Effect of pH on the adsorption of BPA and 4-tBP (10 mg of C-MIL-125-NH2; Cphenol, 10 mg 237 

L-1; time of contact, 24 h. (b) Zeta potential values of C-MIL-125-NH2 at different pH. 238 

 239 

3.2.  Characterization of C-MIL-125-NH2-HM 240 

In order to improve the applicability of the obtained C-MIL-125-NH2 material and overcome the 241 

drawbacks of extraction in dispersive mode, the incorporation of the porous carbon on a functional 242 

support was carried out. For that, a simple procedure, based on the coating of a commercially available 243 

Nylon filter with a C-MIL-125-NH2/PVDF suspension, was followed, obtaining a highly robust and 244 

apparently homogeneous hybrid membrane as shown in figure 4a. SEM micrographs of the hybrid 245 

membrane (figure 4b and S6) showed that the nylon filter (figure S7) is completely covered with a dense 246 

layer of C-MIL-125-NH2 carbon of about 80 µm of thickness, resulting in a membrane of 150 µm of 247 

total thickness, as can be observed in the cross-section SEM image of the hybrid material shown in figure 248 

4c. Finally, titanium EDS mapping showed the homogeneous distribution of the titanium on the 249 

membrane (figure 4d) corroborating the uniform deposition of C-MIL-125-NH2 on the nylon filter. 250 
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   252 

 Figure 4. (a) Image of C-MIL-125-NH2-HM. (b) SEM micrograph of C-MIL-125-NH2-HM. (c) Cross-253 

section SEM image of the C-MIL-125-NH2-HM. (d) EDS mapping of Ti of the C-MIL-125-NH2-HM. 254 
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corresponding signals for both phenols are very weak, especially when compared with BPA and 4-tBP 262 

signals after preconcentration using the membrane coated with the MIL-125-NH2 derived carbon, which 263 

are much more intense than the others, indicating the high preconcentration capability of the prepared 264 

hybrid membrane. From these results, enrichment factors were calculated as the ratio of the peak areas 265 

obtained from the chromatograms before and after extraction, obtaining values of 109 and 46 for BPA 266 

and 4-tBP, respectively. These high values, especially in the case of BPA, demonstrate the feasibility of 267 

the developed membrane for extraction and preconcentration of phenols present in water even at low 268 

levels.    269 

The C-MIL-125-NH2-HM was also evaluated for the extraction, under flow conditions, of 270 

different volumes of a standard solution of the two phenols. Results are shown in Figure 5b. After the 271 

filtration of 100 mL of water, the developed hybrid membrane showed high extraction efficiency for both 272 

pollutants, achieving an extraction percentage of 100 and 91% for BPA and 4-tBP, respectively. An 273 

increase in sample volume (500 mL) resulted in a lower extraction performance of the membrane for 274 

both pollutants, however, it still showed a high extraction capacity for BPA (90%), indicating the high 275 

ability of the composite to treat high volumes of water polluted with bisphenol A. 276 

  277 
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Figure 5. (a) Chromatograms of phenol standard solutions before and after extraction by using 279 

PVDF/Nylon and C-MIL-125-NH2-HM. (b) Extraction of BPA and 4-tBP adsorption on C-MIL-125-NH2 280 

membrane using different sample volumes. 281 

 282 

 To gain a deeper insight into the efficiency of the obtained hybrid membrane for the extraction 283 

of environmental pollutants, recyclability studies were carried out (figure 6). For that, BPA and 4-tBP 284 

extraction was repeated 5 consecutive times, washing the membrane with acetonitrile (5 mL) and water 285 

(5 mL) between consecutive extractions for its regeneration. After 5 extraction cycles, enrichment factor 286 

of the both pollutants practically does not change, being the relative standard deviation of 4.8 and 3.7% 287 

for BPA and 4-tBP respectively, which demonstrates the easy regeneration and excellent recyclability of 288 

the prepared membrane. 289 

 290 

 291 

Figure 6. Recyclability of C-MIL-125-NH2-HM for adsorption of BPA and 4-tBP from water.  292 

 293 
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  3.4.  Enrichment of BPA and 4-tBP from well water 294 

 As an example of practical application, a groundwater sample was collected from a private well 295 

located in Mallorca Island (Spain). BPA and 4-tBP were not detected in the sample and they were spiked 296 

with a standard solution of the two phenols (0.4 mg L-1, each). The enriched sample was filtered through 297 

the C-MIL-125-NH2-HM to evaluate the efficiency of the prepared hybrid membrane for the extraction 298 

of both pollutants in real samples, testing the potential matrix effect. The pH of the water sample was 299 

7.1. The results for sample analysis are shown in Table 1. In the case of BPA, there is no matrix effect 300 

and the membrane allows the complete extraction of the pollutant in both samples. Regarding 4-tBP (less 301 

polar compound than BPA), the extraction efficiency was slightly lower in the case of the well water 302 

with respect to the ultrapure water. This can be due to the presence of detected ions as nitrate (25.3 mg 303 

L-1) and chloride (70 mg L-1). The conductivity value of the sample was 883 µS cm-2. These ions not 304 

only impacted the ionic strength, aggrandizing the contact difficulty between the analytes and C-MIL-305 

125-NH2, but also could occupy the adsorption sites of adsorbent material.  306 

 307 

Table 1. Evaluation of the recoveries of BPA and 4-tBP in ultrapure and well water (n=3 replicates) 308 

Water BPA added 

(µg L-1) 

BPA 

measured 

after removal 

(µg L-1) 

BPA 

removal 

(%) 

4-tBP added 

(µg L-1) 

4-tBP 

measured 

after removal 

(µg L-1) 

4-tBP 

removal 

(%) 

Ultrapure 

water 

400 0 100 400 34.4±2.2 91.4 

Well water 400 0 100 400 81.8±3.6 79.5 
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4.  Conclusions 309 

 In this study, a porous carbon derived from MIL-125-NH2 MOF by a simple calcination process 310 

was prepared, characterized and tested as sorbent of emerging pollutants. The sorptive removal of 311 

bisphenol A and 4-tert-butylphenol by C-MIL-125-NH2 reached equilibrium within 25 min, indicating 312 

fast kinetics adsorption of both pollutants. By a simple method using a polymer binder (PVDF), a 313 

mechanically stable hybrid membrane of C-MIL-125-NH2 was prepared. The developed carbon 314 

membrane combines the stability and extraction capacity of the C-MIL-125-NH2 with the good flow-315 

through properties of the membranes, which facilitates its use for the simultaneous extraction and 316 

analysis of low levels of mixtures of environmental pollutants in real water samples. In addition, the low-317 

cost of the nylon support and the excellent recyclability of the prepared membrane make it a promising 318 

material for water purification. 319 

 320 
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