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ABSTRACT

This paper reports on the fabrication, characterization and testing of iron oxide nanoparticles — powdered
activated carbon (PAC) composites for water treatment and PAC regeneration by Fenton reactions.
Different wet impregnation procedures and iron loadings were assessed in terms of organic
micropollutant adsorption, by using the pharmaceutical diclofenac (DCF) as model compound. The
preparation of a ferrihydrite-impregnated PAC with low iron content (~40.7 mgee/gpac) and high BET
surface area (1037 m2g?) was found to be the optimum, exhibiting excellent DCF adsorption capacity,
similar to that of the original PAC (203 mgpncr/gpacsre), With the adsorption isotherm satisfactorily fitted by
both the Freundlich and Langmuir models. The regeneration of the ferrihydrite-PAC (Fe/PAC) indicated
that the presence of iron-oxide nanoparticles is important for achieving a high regeneration efficiency by
hydrogen peroxide, even at neutral pH. However, the solution pH had a significant effect on DCF uptake,
being greater at acidic pH after the regeneration of the composite. Ongoing R&D is aimed at material
optimization and testing in a novel hybrid process scheme developed in authors’ laboratory, involving a
continuous Fe/PAC — Fenton process in conjunction with a low pressure membrane separation process.

Keywords: powdered activated carbon adsorption, iron oxide, Fenton regeneration, diclofenac, water
purification

1. Introduction

Advanced Oxidation Processes (AOP) have emerged as a promising technology for the in-situ regeneration
of activated carbons saturated with non-polar (or very low polarity) organic compounds, owing to their
potency to degrade these species on site, through the generation of very reactive and non-selective free
hydroxyl radicals (*OH) at ambient conditions (Zanella et al., 2014; Salvador et al., 2015). The remarkable
advantage of AOP over all chemical and biological processes is that they are environment-friendly, as they
neither transfer pollutants from one phase to another (as in chemical precipitation and volatilization) nor
produce hazardous side-streams (Oller et al., 2011). A common feature of all AOP studied so far for spent
AC regeneration is the external addition of H,0, as a source of *OH (Bach and Semiat, 2011; Anfruns et
al., 2013). Other techniques involve the combination of H,0, with other radical promoters, such as O;, UV
and iron salts (Fenton reaction) (Horng and Tseng, 2008; Banuelos et al., 2013). However, their
commercial use in full-scale treatment plants is limited due to specific drawbacks, including high energy
consumption, separation problems of applied suspended catalysts and difficulties of scaling-up (Zanella
et al., 2014; Salvador et al., 2015). To address these issues, several research groups have turned their
attention to electrochemically based AOP (EAOP) that take advantage of the conductive nature of carbon
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(Weng and Hsu, 2008; Wang and Balasubramanian, 2009; Banuelos et al., 2013). Specifically, EAOP based
on the Fenton reaction chemistry have recently been developed in which H,0, (a weak oxidant) can be
successfully electro-generated in situ by means of special electrodes and process conditions, which in the
presence of transition-metal catalysts, such as iron ions, reacts to form the very powerful “OH oxidants
(electro-Fenton/EF) (Brillas et al., 2009). In contrast to other AOP studied in the literature for the
regeneration of AC, EF has the remarkable advantage of regenerating carbons at near ambient conditions
and with no external addition of H,0, as a *OH oxidant source with obvious advantages related to H,0;
cost and safety/handling. Complementary to the electrochemical synthesis of H,0,, iron-loaded activated
carbons can be utilized to promote the presence of the Fenton mixture in solution (Fe?*/H,0,, Fe3*/H,0,),
thus avoiding the use of dissolved Fe salts and increasing the catalytic activity of bare AC for advanced
oxidation reactions (Kan and Huling, 2009; Do et al., 2011).

EF studies have mostly focused on the regeneration of granular activated carbons (GAC; in form of fixed
bed processes), considering that there is no need for carbon recovery and reuse as in the case of
powdered activated carbon (PAC), to allow continuous water treatment. A promising approach for
separation and reuse of PAC is the utilization of low pressure membrane processes (ultrafiltration-UF,
microfiltration-MF) for carbon separation from treated water (Stoquart et al., 2012). This concept is not
new. A number of full-scale PAC/UF plants operate worldwide, while in Europe most are located in France.
For example, the I’ Apier Saint-Cassien and Vigneaux-sur-Seine plants use the PAC/UF process given the
reliability, the performance and increasingly stringent treatment objectives in terms of dissolved organic
carbon (DOC) and disinfection byproducts (DBPs) reduction (Clark et al., 1996). In PAC/UF business, the
Aguasource system is, today, the only one possessing significant operating experience. In the Natural
Resources and Renewable Energies (NRRE) Laboratory at CPERI/CERTH, the concept of catalyst separation
has been largely investigated in photocatalytic reactors (Photocatalytic Membrane Reactor-PMR)
(Sarasidis et al., 2014) and bioactive solids separation in membrane bioreactor (MBR) wastewater
treatment (Patsios and Karabelas, 2011). Moreover, a novel electro-Fenton (EF) device/‘filter’ was
recently developed at the author’s laboratory (Plakas et al., 2013; Sklari et al., 2015), in which *OH are
produced in situ as a result of Fenton reactions, involving electro-generated H,0, and iron-loaded carbon
electrodes to promote the presence of the Fenton mixture in solution, thus avoiding the use of dissolved
iron salts.

By taking advantage of the above expertise, alternative approaches are developed in the authors
laboratory which involve EAOP in conjunction (or not) with low pressure membrane processes.
NRRE/CERTH is currently working on the development of a novel hybrid (photo)electro-Fenton/PAC/UF
process, combining the advantages of the two AOP, with applications in water treatment/purification and
regeneration of PAC saturated/ exhausted by organic pollutants. In this paper, preliminary results are
presented of the experimental work performed on the fabrication of composite iron-PAC materials, that
enable the heterogeneous Fenton oxidation reactions in the presence of H,0,. Specifically, batch
adsorption/regeneration experiments were carried out with commercial PAC and diclofenac (DCF) as
model organic compound; the latter is a widely used non-steroidal anti-inflammatory drug and one of the
most frequently detected pharmaceutically active compounds in drinking water sources (groundwater,
rivers, lakes) (Loos et al., 2009; Lapworth et al., 2012). The regeneration efficiency was assessed by
performing both heterogeneous (Fe-loaded PAC solutions) and homogeneous (dissolved iron salts in PAC
solutions) Fenton treatment experiments, with external addition of H,0,.

2. Experimental work

2.1. Materials and methods

A commercial powdered activated carbon (DARCO® G60, Sigma-Aldrich) was selected for the scope of this
study, exhibiting BET surface area of 1052.9 + 3.34 m? g}, total pore volume 0.93 cm?® g and average pore
width 3.0 nm. Diclofenac sodium salt (DCF) was of analytical grade (Sigma-Aldrich) and used as received.
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Extra pure H,0 of 30% (w/w) (Panreac Quimica S.A.U) was used as oxidant. Iron (ll) chloride tetrahydrate
(FeCl,.4H,0, Panreac Quimica S.A.U), iron (lll) chloride hexahydrate (FeCls.6H,0, Panreac Quimica S.A.U),
iron (lll) nitrate nonahydrate (Fe(NOs);9H,0, Merck) and ethanol absolute (CHsCH,OH, Scharlab SL),
reagent grade, were used in the preparation of the PAC/Fe composites. FeSO,7H,0 was used for the
preparation of the iron solutions used in the homogeneous Fenton oxidation experiments. Table mineral
water (Vikos water, pH 7.3, conductivity ~480 uS cm™, hardness 259 mg I CaCOs) was used in all
experiments, simulating drinking water with stable anion/cation content. The textural properties of the
PAC and of the PAC/Fe composites were measured by N, adsorption-desorption (BET analysis) performed
at -196 °C with a Micromeritics TriStar porosimeter in the relative pressure P/Po range of 0.01 to 0.30.
Their structural properties were determined by X-ray diffraction using a D-500 diffractometer from Bruker
equipped with a Cu Ka radiation (A = 1.5418 A) source. Phase identification was made through comparison
with the JCPDS database. The morphology of the composite materials was examined by SEM, using a JEOL
JSM6300 microscope operating at 20 kV (equipped with an X-ray Microanalysis — EDS). The point of zero
charge (pHp«) of the carbon materials was measured by employing the batch equilibrium method
described elsewhere (Sklari et al.,2015). The variation of DCF concentration was followed by HPLC/DAD
according to the method described elsewhere (Sklari et al., 2015). The concentration of H,0, consumed
during the experiments was determined photometrically by the iodide method.

Table 1. Preparation procedures of iron-oxide-impregnated PAC adsorbents.

PAC/Fe Fe capacity

Procedure ;
composite  (mgre/gpac)?

PHpz®

PAC pretreatment
None
Fe loading
= Addition of PAC (1.0 g) in Erlenmayer flask containing 100 mL
Fe(NO3)39H,0 0.01 M [PAC/Fe(1)] or 0.1 M [PAC/Fe(2)]. PAC/Fe(1) 40.7 7.56
A = Stirring for 120 min at 200 rpm, 25°C (water cooling system).
= Dropwise addition of 1.0 M NaOH until the solution pH reaches 7.0-8.0.  PAC/Fe(2) 776.0 7.80
= PAC/Fe separation through Millipore 0.45 um and washing with deionized
water to remove the salts.
= Qvernight drying in the oven (~100 °C) and storing of the PAC/Fe
adsorbent in a desiccator for further use.
PAC pretreatment
= Cleaning of the PAC with absolute ethanol to remove the impurities from
its surface and then drying at room temperature for 24 h [only for
PAC/Fe(3)].
Fe loading
= N; passing through 150 mL ethanol absolute for about 1.5 h at room
temperature in order to remove the dissolved oxygen.
Subsequently, FeCls6H,0 and FeCl,4H,0 are added in a molar ratio of 2:1,
under continuous stirring and N2 atmosphere. PAC/Fe(3) 511.0 8.45
B = Addition of the PAC (1.0 g) in the iron solution, which is slowly stirred for
1.5h. PAC/Fe(4) 434.0 8.10
Drop-wise addition of 6.8 mL ammonia (25%), so that the solution turns
gradually dark. Stirring for 10 min, treatment in an ultrasonic bath for
another 10 min, and again stirring overnight under ambient conditions.
Washing of the PAC/Fe adsorbent with deionized water and treatment
with ethanol in an ultrasonic bath, thus, removing the weakly absorbed
iron species.
Drying of the PAC/Fe adsorbent at room temperature for 48 h and storing
in a desiccator for further use.

a Calculation through iron mass balances (the difference between the iron in the loading solution and the iron removed during
the washing step) (photometric measurements at 510nm according to APHA3500-FeB); b The point of zero charge determines
the solution pH for which the electrical charge density on a surface is zero. In case of the bare PAC the pHp,c value was measured
7.38.
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2.2. Preparation of iron-oxide-impregnated PAC adsorbents

Four iron-impregnated PAC adsorbents where prepared, with varied iron loading, according to two
different fabrication procedures (Table 1).

Procedure A is similar to that described by Park et al. (2015), with which ferrihydrite (hydrated iron oxide)
nanoparticles can be effectively loaded on PAC. Procedure B was adopted from our previous work (Sklari
et al., 2015), in which carbon felt samples were successfully impregnated with mixed valence iron oxides
(v—Fe203/F304).

2.3. Experimental procedures

Batch adsorption tests were carried out by adding PAC or PAC/Fe adsorbents to DCF solutions (20 mg I
adsorbent: 5 mg It DCF) in 1l Erlenmayer flasks. The solutions were stirred at a constant rate (300 rpm),
allowing sufficient time for adsorption equilibrium. For adsorption isotherm experiments, PAC or
PAC/Fe(1) (presenting the best DCF adsorption capacity among the PAC/Fe composites prepared) was
dissolved in 250 ml Erlenmayer flasks containing different initial concentrations of DCF. The solutions were
stirred at 300 rpm for 240 min and then filtered through Millipore 0.45 um filters. DCF adsorbed was
calculated on the basis of mass balances.

Considering the high capacity of PAC and PAC/Fe(1) for DCF adsorption, the experimental protocol for
assessing the Fenton regeneration efficiency consisted of three distinct operations: a) initially, adsorbents
were saturated with DCF (a ratio 5 mg | adsorbent : 1 mg I DCF was selected for this step, based on the
preceding adsorption tests); b) in continuation, homogeneous Fenton regeneration of saturated PAC at
pH 3 (addition of FeSO47H,0 and H,0, at different molar ratios) or heterogeneous Fenton regeneration
of PAC/Fe(1) (addition of H,0,) took place by stirring the solutions at 300 rpm for ~24 h; c) finally, the
residual H,0, was removed by adding a small quantity of sodium metabisulfite (Na,S,0s), afterwards the
solution pH was adjusted to ~7.3, and a new quantity of DCF was stirred again at 300 rpm for 3-4 h. All
experiments were performed at 25 °C with flasks placed in a water bath with magnetic stirrers. The flasks
were plugged and kept closed to avoid the fluctuation of pH due to the exchange of gases during the
experiments. Samples of the reactant mixtures were withdrawn at different reaction times and filtered
through Millipore 0.45 um cartridges before their subsequent HPLC/DAD analysis. Experiments were
carried out in duplicate and the average values are reported in this study.

3. Results & discussion

3.1. PAC/Fe adsorbents characterization

N, adsorption—-desorption measurements showed that the surface area was significantly reduced upon
impregnation with iron oxides; although the pore sizes remained almost the same as those of bare PAC
(Fig.1a). However, the reduction was not necessarily related to the iron content (Table 1), since PAC/Fe(2)
with the higher iron content, presented a larger pore size and a slightly larger surface area than that of
PAC/Fe(4). Obviously, the textural properties of PAC can be altered to a different extent, depending on
the iron-impregnation procedure applied. This is also true for procedure B, since the pretreatment of PAC
with absolute ethanol [PAC/Fe(3)], resulted in a greater iron loading (Table 1) and a greater surface area
(Fig. 1a, inset) in comparison to the non-pretreated one [PAC/Fe(4)].

The XRD patterns show the presence of carbon, silica oxide and iron oxide in the structure of the
composite adsorbents (Fig. 1b). Silica oxide is impurity of the initial PAC, whereas the presence of iron
oxides confirms the impregnation of iron species (Fe,03, Fes04) on the surface of PAC particles. The iron
oxides were not easily observed from SEM analysis (Fig. 2a), since the visualized surfaces did not exhibit
any distinct differences from that of the bare PAC, suggesting that most of the iron oxide was impregnated
in the PAC-particle inner pores, as evidenced by the EDS peaks (Fig. 2b) and the elemental SEM mapping
of the samples (not shown here). A similar observation was also made by previous researchers (Do et al.,
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2011; Park et al., 2015), according to whom impregnation of iron oxide (FesO4 or ferrihydrite-impregnated
PAC) may not block the mouth and channel of the carbon pores significantly. The pHp. values reported in
Table 1 are indicative of an increased dissociation (release of proton, H*) of the functional groups due to
the impregnation of iron species on the carbon surface, with an increased acid character at lower pH
values, such as phenol ("OH) and carboxyl ("COOH).
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Figure 1. (a) Nitrogen adsorption-desorption isotherms, and (b) XRD patterns, of bare PAC and iron-
oxide-impregnated PAC adsorbents

Figure 2. SEM images and EDS peaks of bare PAC (a1, b1), PAC/Fe(1) (a2, b2) and PAC/Fe(3) (a3, bs)

3.2. Adsorption of DCF onto PAC/Fe adsorbents

The adsorption rates of DCF onto bare PAC, and onto the four PAC/Fe adsorbents prepared, are shown in
Fig. 3a. It was found that the adsorption of DCF on the adsorbents reached pseudo-equilibrium after
approximately 120 min. After the equilibrium period, the amount of adsorbed DCF did not significantly
change with time (with an exception of PAC/Fe(2) adsorbent). The rate of DCF adsorption was decreased
significantly in the case of composite adsorbents with high iron loading; however, the rate was higher in
the case of PAC/Fe(1) with the adsorption being much more substantial than that on bare PAC.
Considering the hydrophobic character of DCF (logK,w=4.51) and its rather negative charge (pKa<pH), the
adsorption of DCF is probably governed by m-mn dispersive interactions with the two aromatic rings
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approaching the carbon surface and electrostatic attractive forces with the PAC/Fe composites (as
evidenced by the higher pH,.c values). However, other possible mechanisms of adsorption may play arole,
including hydrogen bonding, or even chemisorption interactions with the impregnated iron oxides
(ferrihydrites). A preferential sorption of DCF onto the ferrihydrites is also possible (Park et al., 2015),
although this effect is not supported by the results with PAC impregnated with excessive amounts of iron
oxides [PAC/Fe(2)].
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Figure 3. (a) Kinetics of DCF adsorption onto the adsorbents (inset: in brackets the amount (ug) of DCF
adsorbed per mg of adsorbent), (b) non-linear fitting of Freundlich, Langmuir and BET isotherm models
for PAC and PAC/Fe(1) adsorbents

The adsorption isotherms obtained by fitting the adsorbed amounts of DCF on the carbon surface (in units
of pgpcr/mgpac) and the equilibrium concentration (Cocre) in aqueous solutions were interpreted using
typical adsorption models for hydrophobic compounds; i.e., the Freundlich isotherm, which is an empirical
relationship and is applied to non-ideal adsorption and the Langmuir isotherm which describes the
concept of monolayer adsorption on energetically homogeneous surface (Fig. 3b). In the case of PAC, the
BET isotherm developed by Ebadi et al. (2009) for liquid phase adsorption was also fitted to the
experimental results. Table 2 shows the values of corresponding isotherm parameters and their
correlation coefficients (R%). BET isotherm seems to fit better the results of DCF adsorption on PAC,
implying that a multilayer adsorption takes place onto bare PAC. On the other hand, the adsorption
feature in the case of PAC/Fe(1) is caused by the monolayer adsorption of DCF, as evidenced by the better
correlation with Langmuir model. Interestingly, the 1/n values of the Freundlich model increased upon
iron oxide impregnation. This indicates that sorption by PAC/Fe(1) is relatively sensitive to the DCF
concentration.

Table 2. Langmuir, Freundlich and BET isotherm parameters obtained by nonlinear fitting for the PAC and
PAC/Fe(1) adsorbents.

Adsorbent Langmuir Freundlich BET
K. Om R? Ke 1/n R? Ks K¢ Om R?
PAC 0.0055 370.37 0.984 94.45 0.145 0.832 0.0232 0.00012 232.12 0.993

PAC/Fe(1) 0.0021 357.14 0.982 8.36 0.494 0.957 - - - -

3.3. Homogeneous Fenton regeneration of PAC

Fig. 4a shows the H,0, concentration decay in saturated with DCF PAC dispersions for different iron salt
(FeSO47H,0) to H,0, molar ratios. A complete H,0, consumption is observed within 24 h due to Fenton
reactions (Fe?* + H,0, > Fe* + 'OH + OH’), with the destruction kinetics being faster for higher H,0,
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concentrations. The implementation of Fenton oxidation reactions is justified by the UV/Vis spectra (190
to 410 nm) of samples collected during the experiments, which presented significant fluctuations in UV
absorbance throughout the wavelength range with treatment time (Fig. 4b). Specifically, a widening and
shifting of the two peaks at 210 nm and 276 nm to higher wavelengths were reported. It is noted that the
fluctuations observed at 276 nm (characteristic wavelength of DCF) is not related to the presence of DCF
in the solution (possibly due to DCF desorption from the PAC matrix) but rather to other organics
(probably oxidation byproducts of the adsorbed DCF), as evidenced by the respective HPLC/DAD
measurements (data not shown here).
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Figure 4. (a) Temporal variation of H,0, concentration during the homogeneous Fenton treatment of
saturated PAC (PAC:FeSO47H,0:H,0; in mg I':: mM:mM), (b) UV spectra of samples collected at different
electrolysis times (experimental conditions: PAC 5 mg I}, FeSO47H,0 0.1 mM, H,0,0.5 mM, pH 3.0)

The adsorption of DCF before and after the regeneration of PAC is shown in Fig. 5. The values reported
correspond to the equilibrium reached after approximately 180 min. The regeneration of saturated PAC
with the single addition of H,0, (PACreg4) was followed by a decreased DCF readsorption, implying that
the specific PAC does not favour the catalytic decomposition of H,0, into *OH. In the case of the
homogeneous Fenton regeneration, the best results were obtained for low concentrations of dissolved
iron catalyst and H,0; in the PAC solution (PACreg 1), with the respective loss in DCF adsorption capacity
reaching ~60%.

3.4. Heterogeneous Fenton regeneration of PAC/Fe(1)

Fig. 6a shows the H,0, concentration decay in saturated with DCF PAC/Fe(1) solutions for two different
H,0, concentrations (2.0 and 3.5 mM). It is clear that the decomposition of the dissolved H,0; on the
surface of the PAC/Fe(1) presents low rates. This is not surprising considering that the heterogeneous
Fenton reactions take place at neutral pH, while the available iron to catalyze the decomposition of H,0>
(0.203 mg Fe in form of iron oxides) is rather minimum, in comparison to the homogeneous Fenton
experiments (55.845 mg Fe in form of ferrous ions). However, oxidation reactions appear to have taken
place within the 24 h stirring of the PAC/Fe(1) solution, as evidenced by the UV spectra depicted in Fig 6b,
as well as the increased DCF adsorption efficiency on the regenerated adsorbent (Fig. 5). According to Fig.
5, the presence of iron catalysts on the PAC surface is beneficial for achieving a higher regeneration
efficiency by heterogeneous Fenton reactions, even at neutral pH. Moreover, an enhanced efficiency was
observed when lower H,0, concentrations were used for the regeneration of the composite material
(PAC/Fereg2), wWith the respective loss in DCF adsorption capacity being decreased to ~25%. This is probably
due to the significant oxidation of the composite material at harsher environments (higher H,0,
concentrations), as in the case of the homogeneous Fenton experiments. It is noted that an excellent
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stability of PAC/Fe(1) was observed during the regeneration, as evidenced by the negligible leaching of
iron (data not shown here).
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Figure 6. (a) Temporal variation of H,0, concentration during the heterogeneous Fenton treatment of
saturated PAC/Fe(1) (PAC/Fe(1):H,0, in mg I':: mM), (b) UV spectra of samples collected at different
electrolysis times (experimental conditions: PAC/Fe(1) 5 mg I, H,0, 2.0 mM, pH 7.45)

3.5. Effect of pH on DCF adsorption

Considering that Fenton oxidation may significantly alter the surface properties of the adsorbents, a set
of batch adsorption experiments were performed by varying the solution pH, before and after the
regeneration operation. According to Table 3, the adsorption capacity of both PAC and PAC/Fe(1)
adsorbents is strongly affected by the pH, being greater at rather acidic environments. Specifically, at pH
4, the adsorption capacity of the regenerated PAC was almost completely recovered, while the
heterogeneous Fenton regeneration of PAC/Fe(1) resulted to an even larger DCF sorption efficiency in
comparison to the first adsorption step. As pH decreases toward the pKa value of the DCF (4.15), H* ions
as well as organic anions are adsorbed on the surface of the carbon materials. Since the concentration of
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H* rapidly exceeds that of the DCF anions, the former adsorb on the carbon surface far in excess of the
anions and subsequently enhance anion adsorption. However, because the concentration of DCF anions
decreases as pH increases, a point of diminishing returns is eventually reached and a maximum in
adsorption uptake is observed. This phenomenon may be strongly affected by the surface charge of the
two adsorbents, which in turn can be altered as a consequence of their Fenton oxidation. Considering the
harsher oxidation environment during the homogeneous Fenton oxidation of the PAC, it is expected that
a significant decrease of its pH,.c value may have taken place, thus decreasing its positive surface charge,
and therefore, the electrostatic attractions with the negatively charged DCF molecules. In turn, a marginal
decrease of the pHy, value of PAC/Fe(1) is assumed to have taken place.

Table 3. Effect of pH on DCF adsorption on PAC and PAC/Fe(1) adsorbents (in mg DCF per g adsorbent)
before and after their Fenton regeneration.

Adsorbent Before After

pH7.3 pH 6 pH4 pH7.3 pH 6 pH4
PAC?® 311.9 398.7 761.2 374 199.3 727.4
PAC/Fe(1)® 330.0 379.9 738.3 254.1 341.9 804.7

3Experimental conditions: PAC 20 mg I"t, DCF 20 mg I, Fe;S047H,0 1 mM, H,0, 5 mM; ® Experimental
conditions: PAC 20 mg I'Y, DCF 20 mg I}, H,0, 5 mM.

4. Conclusions

This study demonstrates the attributes of the Fenton oxidation process for the efficient regeneration of
powdered activated carbon employed for the removal of hydrophobic organic micropollutants from
drinking water. Batch experiments with the pharmaceutical diclofenac revealed the benefits of the
heterogeneous over the homogeneous Fenton treatment of saturated PAC. The regeneration efficiency
was found to be the outcome of a complicated interplay between the modification of both textural and
chemical surface properties of the activated carbons, the feed solution properties (H.0,, pH) and the
quantity and the nature of the iron species impregnated on the PAC (depending on the iron-impregnation
procedure applied). The preparation of a ferrihydrite-PAC with low iron loading proved to be a promising
adsorbent—catalyst material for the removal of organic compounds from water. Research is ongoing in
this laboratory along two lines: i.e. material optimization and testing in a novel hybrid process scheme
developed by the authors, involving a continuous Fe/PAC — Fenton process in conjunction with a low
pressure membrane separation process.
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