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In this work, photodegradation of chloroform in water suspensions of montmorillonite KSF (KSF) under a
black light lamp (A =365 nm) was investigated. The results showed that KSF induced the photodegrada-
tion of chloroform by producing hydroxyl radical (*OH) that oxidized chloroform in the heterogeneous
clay-water systems. The photodegradation of chloroform in KSF suspensions was greatly influenced by
the concentration of KSF and the pH of KSF suspensions. The photodegradation of chloroform by KSF

followed the Langmuir-Hinshelwood Model. Furthermore, the removal efficiency of chloroform can be
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compounds.

enhanced by the presence of carboxylates (oxalate and citrate) and humic acid (HA). This work demon-
strates that KSF can be used as a new and efficient photocatalyst in oxidation and removal of organic

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Chloroform has been used in a wide range of industrial pro-
cesses and to produce industrial products, for example, lubricants,
cleaning solvents, paper bleaching, and intermediates for pharma-
ceuticals, herbicides and fungicides. Unfortunately, emissions of
this compound are harmful to the environment, and in particu-
lar it is an important contributor to the destruction of the ozone
layer [1]. It is important to find reliable methods to convert it to
less harmful compounds. One promising method of destroying a
wide spectrum of organic compounds is photocatalytic degrada-
tion. Heterogeneous photocatalysis process has gained significant
impetus over the last few years to treat different media containing
various types of pollutants [2,3].

Among heterogeneous photocatalytic systems, clay photochem-
ical systems have received particular attention recently. Research
of clay photochemical detoxification has mainly focused on two
types, namely the clay-photo-Fenton system (Fe-clay/H,0,/UV)
and clay photocatalytic system. Much attention has been paid to the
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clay-photo-Fenton reaction and the modified clay photocatalysis
due to their high photocatalytic activity as well as their prospec-
tive application to wastewater detoxification [4-7]. As far as we
know, there are few studies concerning raw clay photocatalysis
[8]. In any case, new clay photocatalysts are constantly in great
demand.

Montmorillonite, a representative natural clay mineral, pos-
sesses a layered structure: two silica tetrahedral sheets and an
alumina octahedral sheet. It has the capacity of adsorbing a mul-
titude of organic and inorganic compounds which is favorable for
the photocatalysis reaction [9,10]. Montmorillonite contains metal
impurities resulting from isomorphous substitution, for instance,
AIB* or Fe3* substitution for Si**, and Fe%*, Mg?* or Zn%* substitu-
tion for AI3*. It has been suggested that iron cations in the clay are
responsible for the generation of reactive oxygen radicals according
to the well-known Haber-Weiss cycle [11].

Montmorillonite KSF (KSF) has been widely used as a catalyst for
organic synthesis and as an ion-exchange material in the removal
of heavy metals from standard solutions [12,13]. In this paper, its
photocatalytic ability for chloroform degradation in a heteroge-
neous system was investigated using commercially available KSF.
The main influencing factors, such as suspension pH, the concentra-
tions of KSF and chloroform, presence of carboxylic acids (oxalate
and citrate), or humic acid (HA) were examined. This work implies
that KSFis a potential photocatalyst for removal of chloroform from
wastewater.


http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:fengwu@whu.edu.cn
mailto:gilles.mailhot@univ-bpclermont.fr
dx.doi.org/10.1016/j.jhazmat.2009.09.061

J. Li et al. / Journal of Hazardous Materials 174 (2010) 368-374 369

2501
KSF

200+ Fe,0,

(a-hematite)

1504

100+

50 4

26 (degree)

Fig. 1. Powder XRD pattern of the montmorillonite KSF.

2. Experimental
2.1. Chemicals

Chloroform was purchased from Fisher Scientific (Santa Clara,
CA). HA was obtained from Aldrich Chemical Company, Inc. (Mil-
waukee, WI, USA) and used without further purification. Sodium
oxalate and sodium citrate (Sigma-Aldrich) were used as carboxylic
acid. Hydrochloric acid (HCI) and sodium hydroxide (NaOH) were
used to adjust the pH values of the solutions. All the other reagents
were of analytical grade. Water was treated with an ultrapure water
system (Liyuan Electric Instrument Co., Beijing, PRC) and purified
water with 18 M2 cm resistivity was used throughout this work.

2.2. Minerals

Montmorillonite KSF was purchased from Alfa Aesar (A Johnson
Matthey Company, Ward Hill, MA, USA). The surface area of KSF was
46 m? g1 (N,-BET method). KSF is an acid-treated bentonite and
the acid treatment destroys the structure of raw montmorillonite.
The XRD pattern of KSF is shown in Fig. 1. The specific diffraction
peak at 20=35.6° is assigned to the Fe,O3 (a-hematite) crystal-
lite. The chemical compositions of KSF were determined by XRF
(Table 1).

2.3. Photochemical experiment
The experiments were conducted in 22 mL headspace vials with

screwtop cap and Teflon-faced septum. The light source was GHF
125 Black light high pressure mercury lamp (125 W, Xinghui Spe-

Table 1

Chemical compositions of KSF.
Component %
Na,O 0.0573
MgO 431
Al,03 16.3
SiO, 49.1
SO3 223
K,0 0.495
Cao 2.30
TiO, 0.210
MnO 0.0191
F6203 4.76
Ignition loss 0.149

cial Lamps Co., Changsha, China) with emission light at wavelength
of 365 nm (band width less than 10 nm). The intensity of irradia-
tion at 10 cm distance was about 1.5 mW/cm?2. The volume of each
suspension was 10 mL. All suspensions containing exact amounts
of chloroform and KSF were prepared and mixed completely. The
suspension pH was adjusted using dilute HCl or NaOH. After all the
chemicals were transferred to the vials, the vials were immediately
capped tightly with the Teflon-faced septum. The vials were placed
on a rotary shaker to maintain the uniformity of the suspensions,
and photolyzed under a black light lamp at a distance of 10 cm for
a period of 10 h. The temperature of the irradiated vials was main-
tained at 25 +1°C by an air-cooled temperature control system. At
different time intervals (2 h), one headspace vial was taken out for
sampling and analysis. Control experiments at different pH values
were carried out under identical conditions, but in the dark. Every
experiment was performed in triplicate and the obtained errors are
less than 5%.

2.4. Analysis

Solid-phase microextraction (SPME) with subsequent GC deter-
mination was used for the analysis of chloroform. SPME devices
were obtained from Supelco (Bellefonte, PA, USA) and equipped
with 100 wm polydimethylsiloxane (PDMS) coating fiber. A Shi-
madzu 14C GC equipped with FID detector using nitrogen as the
carrier gas, a split/splitless injector operating in split mode and
a capillary column (SPB-5, 30 m x 0.32 mm x 0.25 wm) were used.
Operating conditions were as follows: detector temperature 240 °C,
injector temperature 220 °C, column temperature 60 °C, split ratio
10:1, carrier gas flow-rate 1.5 mLmin~', air/H, ratio 10:1.

At different time intervals (2 h), the illuminated sample vials
were taken out and placed in a digital circulating water bath at
45 °Cfor 30 min. Then the fiber was introduced through the septum
and kept in the headspace of the vial for 5min at 45°C. Subse-
quently the fiber was withdrawn into the SPME syringe needle,
which was then pulled out of the sample vial and immediately
inserted into the GC injection port for desorption. Desorption was
conducted at 220 °C for 1.5 min. Finally the target compounds were
analyzed under the chromatographic conditions described above.
For detection of intermediates and final products, a GC-MS (Agi-
lent 6890 series, using a HP-5.5% phenyl methyl siloxane column
(30.0m x 0.32mm x 0.25 wm), and mass selective detector MSD
5973) was used and gaseous samples were manually injected into
the GC using a 100 mL gas-tight syringe.

After SPME-GC or GC-MS analysis, the aqueous phase in the
sampling vial was analyzed by ionic chromatography (IC) for chlo-
ride ions. The IC system was a Dionex Bio-LC system equipped with
a conductivity detector and a Dionex OmniPac PAX-500 column
(250 mm x 5mm x 8 wm). A mixture of 1 mM Na,CO3 and 0.1 mM
NaHCO5 solution was used as eluent at a flow-rate of 1 mLmin—'. A
sample (10 mL) of supernatant was filtered with a 0.22 wm mem-
brane filter, and injected into the column through a 10 wL sample
loop.

The concentrations of iron ions in the clay suspensions at
different initial pH values were determined by using ortho-
phenanthroline as a complexing agent of FeZ*. The measured
wavelength of 510nm used to determine the Fe?* concentration
was the maximum for the complex between ortho-phenanthroline
and Fe%* [14]. The KSF suspension supernatants were separated
by centrifugation and used for determination of Fe2*. Fe3* ions in
the supernatants were reduced to Fe** with excess ascorbic acid
and the total concentrations of iron ions were determined in terms
of Fe2*. Fe3* concentrations were calculated by subtracting Fe2*
concentrations from the total concentrations of iron ions.

The amount of *OH radicals produced in KSF suspensions was
determined according to the method reported by Liuetal.[15]. Ben-
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Fig. 2. Kinetics of chloroform degradation as a function of irradiation time in differ-
ent conditions. The experimental conditions were as follows: initial concentration of
chloroform 0.42 mM, KSF2.0g L, irradiation time 10 h, pH 3.8, initial concentration
of CH30H 433 mM.

zene was used as the probe. It was regarded that the *OH oxidation
of benzene forms phenol with 100% yield and the phenol concentra-
tion represented the concentration of hydroxyl radicals [15]. 7 mM
benzene was added to the KSF suspensions. Phenol concentration
was detected by HPLC. The detection wavelength was 280 nm and
the mobile phase was the mixture of methanol/water (70/30, v/v)
at a flow-rate of 1.0mLmin~!.

The X-ray diffraction (XRD) patterns were recorded on a Dmax-
rA diffractometer (Rigaku, Japan) using a Cu Ko as X-radiation
source, operated at 40 kV and 30 mA.

3. Results and discussion
3.1. Photoinduced degradation of chloroform in KSF suspensions

As shown in Fig. 2, in the absence of KSF the degradation of
chloroform under UV irradiation is negligible. This indicates that
chloroform cannot be degraded by direct photolysis under irradi-
ation at 365nm [16]. In the presence of KSF, the degradation of
chloroform in the dark control up to 10 h was negligible, while the
photodegradation efficiency of chloroform was 54% after 10h of
irradiation. Thus KSF induced the photodegradation of chloroform.
However, no photodegradation of chloroform was found in irradi-
ated solutions when 433 mM of methanol was added into the KSF
suspension. Since methanol at high concentrations played the role
of scavenger for *OH radical, it significantly inhibited the degrada-
tion of chloroform. This result indicated that *OH might be involved
in the degradation of chloroform in the KSF irradiation system.

The hydroxyl radical is a nonspecific oxidant that can effectively
degrade most organic pollutants. The formation of *OH under UV
irradiation was detected in the suspension containing 2 gL~! KSF
and 7 mM of benzene at pH 3.8. As shown in Fig. 3, the concentration
of *OH (phenol) increased with the irradiation time and more than
0.2 mM *OH (phenol) were produced after 5 h of irradiation.

Because of the low chloroform concentration and the fact that
most of the possible intermediaries have a short-life time as
reported [17], the distinguishable products were simply carbon
dioxide and chloride ion in this work. This was consistent with the
work of Kormann et al. [18] and Choi and Hoffmann [19], who stud-
ied chloroform photooxidation by *OH in aqueous TiO, suspensions
in the presence of dissolved oxygen. Itis supposed that firstly CHCl3
is degraded by *OH (Eq. (1)) via the H abstraction and then *CCls
further reacts with dissolved oxygen in the solution, *OH, HO,* and
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Fig. 3. Formation of phenol (hydroxyl radicals) in the KSF suspensions. Benzene was
used as a scavenger of *OH radicals. The experimental conditions were as follows:
KSF2gL-1, Benzene 7 mM, pH 3.8, irradiation time 5 h.

H, 0 to produce ClI~ and CO, (Eq. (2)).

CHCl3 +*OH — *CCl3+H,0 (1
~cc; 0. a4 co, 2)

The mechanism in the presence of oxygen can be detailed with
the following equations (Egs. (3)-(6)):

*CCl3 + 05 — *00CCl3 (3)
2°00CCl3 - 2°0CCl3 +0; (4)
*0CCl; — Cl,C=0 + CI* (5)
Cl,C=0 + Hy0 — COy +2H* +2C1~ (6)

3.2. Effect of clay concentration

The effect of clay (KSF) concentration on the photodegradation
of chloroform was studied in the range from 0 to 10.0gL~! at pH 3.8.
As shown in Fig. 4, the photodegradation efficiency of chloroform
increased when the concentration of clay in aqueous solutions was
increased in the range from 0 to 4.0 gL~1. At higher concentrations
such as 6.0 and 10.0g L1 of clays, the photodegradation efficiency
of the chloroform was strongly reduced. Thus an appropriate clay
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Fig. 4. Influence of clay concentration on the photodegradation of chloroform
in aqueous solutions containing KSF at different concentrations in the range of
0-0.0gL~'. The experimental conditions were as follows: chloroform 0.42 mM, irra-
diation time 10 h, pH 3.8.
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Fig. 5. Influence of pH on the photodegradation of chloroform in aqueous solutions
containing KSF at various pH values. The experimental conditions were as follows:
KSF2.0gL-1, chloroform 0.42 mM, irradiation time 10 h.

concentration facilitates the degradation of chloroform in clay sus-
pensions. However, when the clay concentration was raised to a
threshold value, the suspended clay particles considerably weak-
ened light penetration into the suspensions due to a shielding effect
[3,20]. Consequently the degradation rate of chloroform decreased.
In our experimental conditions, the optimal concentration of KSF
was around 4.0gL1.

3.3. Effect of initial pH

Montmorillonite KSF is acid-activated clay containing relatively
high amount of iron. Variation of the initial pH value of the clay sus-
pension changes the clay particle properties such as surface charge,
surface area and surface hydroxyl group [21] and the amount of
photoactive iron species dissolved from the clay into the solutions.
To observe the effect of pH on the photodegradation of chloroform,
five experiments were conducted with the same initial chloroform
concentration of 0.42 mM, KSF concentration of 2gL-! but at dif-
ferent pH values (2.2, 4.3, 5.1, 7.8, and 9.9). As shown in Fig. 5, the
results show that the chloroform degradation rate is strongly pH-
dependent. The chloroform degradation rate increased when the
pH of KSF suspensions was reduced within the range of 9.9-2.2,
increasing in particular by 1.5 times between pH 4.3 and 2.2, but
only slightly in the higher pH solutions, i.e. between 4.3 and 9.9.
KSF contains 4.76% of the iron component that is composed of free
iron oxides that distribute randomly on the clay surface, and struc-
tural iron in the octahedral lattice [22]. We detected the amount of
free iron ions, including Fe2* and Fe3*, dissolved in the suspensions
(Table 2) at different pH values. The total amount of free iron ions
was increased by acidifying the suspensions from pH 5.1 to 2.2. The
ferric ion species, especially Fe(OH)?*, are the most important pho-
tochemical sources of hydroxyl radical and are more abundant at
acid pH in the region of 3.0 [23], which could lead to the formation
of *OH via reaction Eq. (7). Therefore, the variation of degradation
efficiency of chloroform at acid pH values was mainly attributed
to the pH dependence of the amount of iron ions and their specia-

Table 2
Amount of iron ions dissolved in clay suspensions.

Concentration of iron ions (M)

pH 2.2 pH 4.3 pH 5.1
KSF suspension Fe3* Fe?* Fe3* Fe?* Fe3* FeZ*
(2gL1) 93.38 77.30 9.64 56.30 0.38 32.48
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Fig. 6. Influence of the initial concentration of chloroform on chloroform pho-
todegradation in the KSF suspensions. Inset: plots of 1/Ry versus 1/Cy. The
experimental conditions were as follows: initial concentration of chloroform: 0.11,
0.32,0.43,0.65, and 1.01 mM, KSF 2.0 gL', irradiation time 10 h, pH 3.8.

tion. But at higher pH than 5, there is almost no soluble iron in the
suspended solutions, so the chloroform photodegradation could be
attributed to the reactions at the clay surface. Anyway, the results
shows that this process is negligible compared to the *OH radical
reaction. The pH effect reflects that iron present in the clay is the
mostimportant photochemical source of *OH radicals which induce
the photodegradation of chloroform.

Fe(OH)2* " Fe2+ 4 *OH (7)

3.4. Effect of initial concentration of chloroforms

Under the conditions of 2gL~! KSF and at pH 3.8, the effect
on photodegradation of the initial chloroform concentration in
the range of 0.11-1.01mM was analyzed. Fig. 6 shows the
concentration profile variation of chloroform at different initial
concentrations in KSF suspended solutions. The initial rates of the
reaction were determined by extrapolating the tangent (based on
the linear fit of the first four points) of the concentration profile
back to initial conditions. The slopes calculated at the initial three
to five points were almost identical, indicating the accuracy of the
initial rates obtained in this study. It is proposed that the degra-
dation kinetics of chloroform could be described according to the
Langmuir-Hinshelwood rate law (L-H equation) as follows (Eq.

(8)):

dC  kKCo

o=~ = T+kG,

(8)
where (g is the initial concentration and k, K are rate constant
and the adsorption coefficient respectively. The linear form of L-H
equation (Eq. (9)) is

1 11 1

Ro “kKGo Tk ©)

Thus, a plot of 1/Ry versus 1/Cy should give a straight line. As
shown in the inset of Fig. 6, there was a good linear relationship
between 1/Ry and 1/Cy. Through the linear fit of the curve in the
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Fig. 7. Release of chloride ion during the photodegradation of chloroform. The
experimental conditions were as follows: initial concentration of chloroform: 0.20,
0.41,0.53,0.67, and 0.74 mM, KSF 2.0 gL', irradiation time 10 h, pH 3.8.

inset in Fig. 6, we obtained the equation (Eq. (10)):

1 o 1512x L 1624 (R = 0.9927) (10)
Ro Co

So the value of rate constant k and the adsorption coefficient K
was calculated tobe 0.16 mM h~! and 0.41 mM~! respectively. Thus
in the KSF suspension the kinetic equations of the photodegrada-
tion of chloroform can be expressed as (Eq. (11)):

_ 0.066G,
0T 150416

In order to observe the release of chloride ions in chloroform
photodegradation, experiments with another series of different ini-
tial concentrations of chloroform were conducted. Fig. 7 shows
stoichiometric release of chloride ions with chloroform loss at each
sampling time. The mass balance between the amount of the chlo-
ride ion produced and that of the decreased chloroform was in
good accordance with the experimental results. The stoichiometric
ratio of [Cl™ [,roduction/[CHCI3 ldegraded Was 2.10+0.11, which may
be due to the different ways of *CCl3 reaction giving rise not only
to ClI~ but also other chlorinated compounds. This is consistent
with the results of Calza et al. [24], who observed a similar ratio
of [CI™ [production/[CHCI3 Jdegraded in €xperiments using TiO; as pho-
tocatalyst in the presence of oxygen.

(11)

3.5. Effect of carboxylic anions

Carboxylic acids are widespread organic compounds in aquatic
environment and could form strong ligand-to-metal charge absorp-
tion bands with iron in the near-UV and visible region [23]. So
it is interesting to investigate the effect of carboxylic anions on
the degradation of chloroform in KSF suspensions. The degrada-
tion efficiency of chloroform in the irradiated system containing
different initial citrate or oxalate concentrations was tested. It was
found that the chloroform degradation rate could be enhanced in
a limitative range of carboxylic salt concentrations. As shown in
Fig. 8, the removal efficiency of chloroform increased in the pres-
ence of 60 wM citrate or 500 wM oxalate. It is known that both
citrate anions and oxalate anions form complexes with iron as
Fe(Ill)-citrate complex and Fe(Ill)-oxalate compleX, respectively,
which are more photoreactive for producing hydroxyl radicals
under irradiation with visible light [23]. Also, it has been reported
that iron oxide in clay minerals could dissolve more easily in the
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Fig. 8. Influence of carboxylic salts on the photodegradation of chloroform in aque-
ous solutions containing KSF. The experimental conditions were as follows: KSF
2.0gL"", chloroform 0.42 mM, [citrate] =60 wM and 1 mM, [oxalate] =500 wM, irra-
diation time 10 h, pH 3.8.

presence of carboxylates under irradiation [25,26]. So, the degrada-
tion efficiency of chloroform was enhanced when greater amounts
of photoactive iron ions were present in the KSF suspensions. The
mechanism of formation of eOH by Fe(Ill)-carboxylate complex
photolyzed and the structure iron dissolved were as followed (Egs.
(12)-(17)):

Fe3* — L™ Fe2+ 4 o (12)
L* + O, — 0, * + otherphotoproducts (13)
Fe’* +0,~* + Ht > Fe3* + H,0, (14)
Fe?t + H,0, — Fe3* +*0OH + OH~ (15)
> Fe(Ill) + L — > Fe(Ill)L (16)
> Fe(INL"% Fey + 1/ (17)

(Fe3*-L represents Fe(lll)-carboxylate complex, > represents
surface complex, L* and L’ represent carboxylate radical and its
oxidized product respectively).

Fig. 8 also showed that high concentrations of citrate (1 mM)
inhibited chloroform photodegradation. Based on the above dis-
cussion, more *OH was produced by adding carboxylic anions into
the system, which results in greater removal efficiency of chloro-
form. On the other hand, carboxylic anions also act as scavengers
of hydroxyl radicals and hence compete with chloroform for *OH
reactivity. So when the concentration of carboxylic anions is high
enough (of the order of 1 mM), the photodegradation rate of chlo-
roform is inhibited.

3.6. Effect of HA

Humic acids are natural organic polyelectrolytes that make up
the greatest proportion of naturally occurring dissolved organic
matter in aquatic environments and soils [27] and carry a huge
variety of functional groups, the majority of which are carboxylic
groups and phenolic hydroxy groups. They can either accelerate
[28] or inhibit [29] the photodegradation process of organic con-
taminants in aqueous solutions. HA is often closely associated with
clay minerals due to the strong complexation between surface met-
als and acidic organic ligands [30]. It is necessary, therefore, to
investigate the KSF photocatalytic efficiency of chloroform degra-
dation in the presence of HA.

As shown in Fig. 9, after 10h illumination, the loss of chloro-
form was 18%, 64% and 71% in the KSF suspensions in the present
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Fig. 9. Influence of HA on the photodegradation of chloroform in aqueous solu-
tions containing KSF. The experimental conditions were as follows: KSF 2.0gL"1,
chloroform 0.42 mM, irradiation time 10 h, pH 3.8.

of 2mgL-1 HA, 2gL-! KSF, and both 2mgL-! HA and 2gL-! KSF
respectively. This demonstrates that KSF with HA was better for
the removal of chloroform than the individual action of KSF or HA.
But when chloroform degradation rates with HA concentration of
0, 0.2 and 2 mgL-! respectively were compared in the presence of
KSF, the best chloroform degradation efficiency was achieved at an
HA concentration of 0.2 mg L~1. The HA and KSF system is complex.
HA may form very stable complexes with iron in the KSF suspen-
sions that could efficiently generate hydroxyl radicals through the
mechanism of the photo-Fenton and Haber-Weiss reactions [31].
Furthermore, it has been reported that HA could adsorb onto the
mineral by van der Waals’ forces, hydrogen bonding, and cation
exchange [32]. It is believed that the surface HA-clay complexation
reactions affect the transport and transformation of substances in
environmental systems [33]. However, in the case of HA and KSF
suspensions, KSF cooperating with the appropriate concentration
of HA could accelerate the degradation of chloroform. Neverthe-
less, further studies are needed to clarify to how HA affects the
photodegradation of chloroform by KSF.

4. Conclusions

Under a black light lamp (A =365nm), the photodegradation
of chloroform in aqueous solutions catalyzed by KSF takes place
via oxidation with *OH photogenerated mainly from the iron
species in KSF. The degradation kinetics of chloroform follows the
Langmuir-Hinshelwood rate law. The photodegradation rate of
chloroformincreased with increased concentrations of KSFin aque-
ous solutions in the range of 0-4.0 g L-1; at higher concentrations of
the order of 6.0 and 10.0 g L~ ! KSF, the chloroform degradation effi-
ciency decreased. The photodegradation of chloroform catalyzed
by KSF was strongly pH-dependent. An increase of pH was accom-
panied by a decrease of the chloroform degradation efficiency.
This pH effect is perfectly linked with the concentration of solu-
ble iron that increases at more acidic pH levels. In addition, the
removal efficiency of chloroform can be enhanced in the presence
of carboxylic acid, but the concentrations of carboxylates should
be controlled since excessive quantities of carboxylic salts com-
pete with chloroform for *OH reactivity. Furthermore, the addition
of low concentrations of HA in the KSF suspensions could enhance
the photodegradation of chloroform. Thus all these results show

that KSF could be considered as a new and efficient photocatalyst
and as an alternative way for wastewater treatment. Its concentra-
tion, solution pH and presence of iron complexing agents must be
taken into account as major parameters to improve the efficiency
of such a process.
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