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Photocatalytic degradation of natural organic matter:
Kinetic considerations and light intensity dependence
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Abstract. The current study was conducted to investigate the photocatalytic degradation kinetics of humic
acid at different light intensities using commercial TiO2 powders. The pseudo first order kinetic model and
Langmuir-Hinshelwood (L-H) rate equation in modified forms were used to compare the photocatalytic activ-
ities of TiO2 materials as a function of light intensity. Under constant irradiation conditions, the pseudo first
order reaction rates as well as L-H rates were found to be decreasing in the following trend; Degussa P-25,
Millennium PC-500 and Millennium PC-100. The pseudo first order rate constants showed the same decreas-
ing trend as the pseudo first order reaction rates while L-H rate constants exhibited a light intensity related
change in the ordering of the photocatalysts. At the lowest light intensity, L-H rate constants decreased as
follows: Millennium PC-500 > Millennium PC-100 > Degussa P-25. However, increasing the light intensity
changed the order to; Millennium PC-100 > Millennium PC-500 > Degussa P-25 revealing the significance
of the L-H adsorption constant. Under constant irradiation conditions, ionic strength dependent changes in
the structure of humic acid did not alter degradation efficiency trend of the photocatalyst specimens and
they were ordered such as; Degussa P-25 > Millennium PC-500 > Hombikat UV-100 > Millennium PC-100 >
Merck. The results presented in this research also confirmed the effectiveness of Degussa P-25 as a photo-
catalyst for the degradation of humic acid.

1. INTRODUCTION

Typical surface waters contain natural organic matter
(NOM) a large fraction of which is humic material being
negatively charged due to the dissociation of carboxylic
acid and hydroxy functional groups. Humic substances
also possess amphipathic character owing to the pres-
ence of both hydrophobic and hydrophilic moieties.
The acid insoluble fraction of humic material known
as humic acids are the most important sunlight ab-
sorbers in natural waters that can photosensitize the
oxidation of certain aquatic pollutants and biologically
important substances. They constitute the major pre-
cursors of carcinogenic disinfection by-products that
are produced during chlorination. Consequently, the re-
duction of the concentration of humic substances in
drinking water supplies has become an important task.

In pursuit of efficient water treatment procedures,
the study of light induced oxidation reactions catalyzed
by titanium dioxide has received increased attention
during the past decade. The main photochemical event
in the UV/TiO2 process is the formation of an elec-
tron hole pair through light absorption with an energy
equal or greater than the bandgap, Ebg, which is 3.2 eV
(390 nm) for anatase and 3.05 eV (420 nm) for rutile. En-
ergized electrons and holes can either recombine, dis-
sipating energy or be available for redox reactions with
electron donor or acceptor species adsorbed on the
semiconductor surface. A series of oxidation/reduction
processes involving species such as O2, H2O2, O2

•−

etc. may lead to complete degradation of organic com-
pound to CO2 and inorganic ions [1, 2].

Currently, photocatalysis has been studied for the
oxidative removal of the natural organic matter namely
humic acids. Previously published works cover the ef-
fects of the presence of common anions and divalent
cations, some transition metals such as Cu, Zn, Cr, Mn
and also the effect of the hypochlorite ion as well as
other chlorinated oxyanions acting as electron accep-
tors [3–7]. In a recent study, the photocatalytic efficien-
cies of two titania brands; Degussa P-25 and Hombikat
UV-100 were investigated for the decolorization of hu-
mic acid in aqueous solutions [8]. Despite the pres-
ence of other papers on the photocatalytic decompo-
sition of humic acids, much less is known about how
the photocatalytic degradation rate of humic acid at
TiO2/solution interface depends on the intensity of ir-
radiation [9–15].

It is widely documented that aqueous phase pho-
tocatalytic oxidation reactions exhibit low quantum
yields irrespective of irradiation conditions [1, 16–18].
When dealing with photocatalytic systems comprising
the light intensity effects, besides information concern-
ing the electrical power of the light source and the de-
tails of the geometry of the reactor, the importance of
the experimental parameters like pH, temperature, and
initial concentration of the substrate should also be em-
phasized [1]. Therefore, a simple alternative method for
comparing process efficiencies was introduced as rel-
ative photonic efficiency (ξr) by Serpone and Emeline
[19]. Assuming that the average molecular weight of hu-
mic acid is 50.000 g mol−1, the apparent quantum yield
of humic acid (10 mg L−1) was reported as 0.206–0.245
for TiO2 loadings in the range of 0.1–1.0 mg mL−1 [3].
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Table 1. Properties of TiO2 specimens.

Photocatalyst Composition Specific BET surface area ( m2 g−1) Primary particle size ( nm)

Degussa P-25 80% anatase+ 20% rutile 55 30

Millennium PC-500 ≥ 99% anatase > 250 5–10

Millennium PC-100 ≥ 99% anatase 80–100 15–25

Hombikat UV-100 100% anatase > 250 < 10

Merck 100% rutile 7.5 100–200

However, the determination of the actual quantum yield
of humic acid was not possible due to the complex and
undefined structural diversity of the substrate leading
to a wide range of molecular size and weights [19].
Therefore, in this study rather than focusing on rela-
tive photonic efficiencies, a comparative evaluation of
the efficiency of the system was based on relevant ki-
netic models.

The photocatalytic degradation characteristics of
humic acid at different light intensities were investi-
gated using various commercial TiO2 powders. The de-
pendence of the kinetic parameters on the incident light
intensity and the photocatalytic activities of TiO2 mate-
rials were compared in terms of pseudo first order and
Langmuir-Hinshelwood kinetic models.

2. MATERIALS AND METHODS

2.1. Materials. Humic acid was supplied from Roth
and a working solution of 10 mg L−1 was prepared by
dilution of the stock solution (1000 mg L−1) with dis-
tilled deionized water for photocatalytic degradation
experiments [20]. Humic acid solutions in the range of
5–20 mg L−1 were also prepared for Langmuir Hinshel-
wood kinetic studies.

Different types of commercial TiO2 powders
namely; Degussa P-25, Hombikat UV-100, Millennium
PC-500, Millennium PC-100 and Merck were used as the
photocatalyst specimens for the degradation of humic
acid. Specifications of the photocatalysts according to
the manufacturer’s data are given in Table 1.

2.2. Experimental. The detailed description of the
photocatalytic degradation experiments was presented
previously [8]. Centrifugation followed by filtration
through 0.45µm membrane filters was used for the re-
moval of TiO2. After each run, the absorption of the
supernatant was determined spectrophotometrically at
254 nm using Shimadzu UV160A double beam spec-
trophotometer since; the absorbance value measured at
254 nm (UV254) is widely accepted as a surrogate param-
eter to explain total organic carbon (TOC) of humic acid.
The initial UV254 absorbance value for 10 mg L−1 humic
acid was 35.2 m−1 whereas the specific UV absorbance
(SUVA) was calculated as 6.52 m−1 mg−1 L. The experi-
mental error related with the spectrophotometric anal-
ysis was approximately ±4%. The photocatalytic degra-

dation of humic acid was expressed in terms of UV254

throughout the study.
Potassium ferrioxalate actinometry was performed

to measure the light intensity in the reaction medium
as described in literature [21]. Photocatalytic degra-
dation of humic acid was carried out at three differ-
ent light intensities (Io) in the range of 0.89µE min−1–
3.44µE min−1 (1.48 × 10−2 µE s−1–5.74 × 10−2 µE s−1).
The initial pH of the solution was 6.50± 0.20.

3. RESULTS AND DISCUSSION

3.1. Kinetics of the degradation of humic acid.
The organic compounds (e.g., humic acid, HA) present
in the illuminated titania slurry undergo many chain
and consecutive reactions. In an ideal case, all interme-
diate compounds are fully mineralized to carbon diox-
ide and water (eq. (1)).

HA
hν/TiO2−−−−−−→ HAox −→−→ CO2+H2O+mineral acids (1)

Several kinetic models describing the mechanism of the
photocatalytic oxidation reaction have been proposed
starting with a simple pseudo first order reaction ki-
netic model leading to the application of the Langmuir-
Hinshelwood (L-H) law [22, 23]. The pseudo first order
reaction kinetics is expressed as follows;

Rate = R = −dC/dt = k C (2)

Where the terms represent the following meanings; R:
pseudo first order rate (m−1 min−1), C: concentration of
the substrate as expressed by UV254 (m−1), t: irradiation
time (min), k: pseudo first order reaction rate constant,
(min−1).

On the other hand, Langmuir-Hinshelwood rate ex-
pression considers the dependencies of the photocat-
alytic reaction rates on the concentration of the sub-
strates. Langmuir-Hinshelwood equation also covers
the key role of adsorption constant, KLH on kinetics
assuming that adsorption desorption kinetics is faster
than the photochemical reaction.

Rate = RLH = kLH KLH C/(1+ KLH C) (3)

In the equation presented above, RLH is the L-H rate
(m−1 min−1), kLH is the L-H rate constant that is
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Table 2. Pseudo first order kinetic model parameters for the photocatalytic degradation of humic acid (UV254) at three

different light intensities.

Io
µE min−1

Degussa P-25 Millennium PC-100 Millennium PC-500

k ×10−2 R k ×10−2 R k ×10−2 R

min−1 m−1 min−1 min−1 m−1 min−1 min−1 m−1 min−1

0.89 1.23 0.433 0.607 0.214 0.845 0.297

2.09 1.96 0.689 0.729 0.257 0.882 0.311

3.44 3.62 1.274 0.866 0.305 1.03 0.362

Table 3. Langmuir-Hinshelwood kinetic model parameters for the photocatalytic degradation of humic acid (UV254) at three

different light intensities, RLH values were calculated for 10 mg L−1 HA.

Io
µE min−1

Degussa P-25 Millennium PC-100 Millennium PC-500

kLH KLH RLH kLH KLH RLH kLH KLH RLH

m−1 min−1 m m−1 min−1 m−1 min−1 m m−1 min−1 m−1 min−1 m m−1 min−1

0.89 0.342 0.898 0.332 0.384 0.0241 0.176 0.523 0.0258 0.249

2.09 0.387 0.240 0.345 0.719 0.0135 0.232 0.577 0.0249 0.269

3.44 0.514 0.120 0.415 0.887 0.0131 0.280 0.696 0.0239 0.318

a surface rate constant covering the radiation ab-
sorption by the photocatalyst (m−1 min−1) and KLH

is the Langmuir constant reflecting the adsorp-
tion/desorption equilibrium between the substrate and
the surface of the photocatalyst (m).

The modified L-H equation incorporating the light
intensity can be rewritten as follows:

Rate = RmLH = kmLH Io KLH C/(1+ KLH C) (4)

Where, RmLH and kmLH denote the modified L-H
rate ( m−1 min−1) and the modified L-H rate constant
(m−1/µE), respectively. Io is the light intensity (µE
min−1) and kmLH equals to kLH/Io.

The detailed deductions of the modified L-H reac-
tion rate model covering the effects of light intensity
have been well explained in literature [23–25].

3.2. Evaluation of the kinetic models. Photocat-
alytic degradation kinetics of humic acid under dif-
ferent light intensity conditions in the presence of
Degussa P-25, Millennium PC-500 and Millennium PC-
100 were evaluated by pseudo first order (eq. (2))
and Langmuir-Hinshelwood kinetic models (eqs. (3)–
(4)). Due to the similar properties of Hombikat UV-100
and Millennium PC-500, and the low photocatalytic ac-
tivity of Merck TiO2 comprising the pure rutile crystal
structure, these specimens were not included in this
section. Comparative results were previously reported
on the photocatalytic decolorization of humic acids us-
ing Hombikat UV-100 and Degussa P-25 [8]. The rel-
evant pseudo first order kinetic parameters of humic
acid were calculated and presented in Table 2.

In general, for all the photocatalysts used, the
pseudo first order rate constants increased with light
intensity, suggesting that few oxidizing species were

lost through recombination processes. At the lowest
intensity value, the rate with P-25 was considerably
higher than that observed with Millennium specimens.
However, the difference between the rates related to
Degussa P-25 and Millennium photocatalysts got larger
with the increasing light intensity leading to remark-
able changes up to four fold when Io was 3.44µE min−1.
In the case of Millennium PC-500 the effect of light in-
tensity on the reaction rate parameters was found to
be the least significant with respect to the other TiO2

specimens. Simple pseudo first order removal rates of
humic acid at three different light intensities were the
most efficient in the presence of Degussa P-25 and
could be presented in the decreasing order as; Degussa
P-25 > Millennium PC-500 > Millennium PC-100. The
high photocatalytic activity of Degussa P-25 could be
explained by a synergistic interaction between rutile
and anatase phases [26]. On the other hand, the L-H ki-
netic model parameters calculated at the specified light
intensities for the TiO2 specimens were quite different
from each other (Table 3).

For all the TiO2 specimens both rate constants (kLH)
and the L-H rates (RLH) increased with intensifying light
intensity. It is noteworthy that, even a slight increase in
the intensity caused significant changes in the values of
the adsorption constants (KLH) of Degussa P-25 and Mil-
lennium PC-100. On the other hand, in the case of Mil-
lennium PC-500, only a slight decrease of KLH was ob-
served with the changing light intensity. The diverse na-
ture of the photocatalyst used; i.e., Degussa P-25 being
nonporous with its moderate surface area and mixed
crystalline structure and the rest being porous and pure
in crystalline structure may account for the differences
of the adsorption constants. However, irrespective of
the different properties of the photocatalysts used,
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Figure 1. The effect of light intensity on the L-H rate constant, kLH (1A) and the effect of light intensity on the modified L-H

rate constant, kmLH (1B). Light intensity I: 0.89µE min−1, Light intensity II: 2.09µE min−1, Light intensity III: 3.44µE min−1.

substrate specific adsorption efficiencies have also
been reported in literature [27].

The results in Table 3 show that for all the TiO2

specimens KLH values decrease with an increase in pho-
ton flux. A similar trend was reported by Emeline et al.
for the photocatalytic degradation of phenol stating
that KLH can not be considered as a Langmuir constant
which reflects only the adsorption/desorption equilib-
rium (KLH=Kads/Kdes) [28]. In the same manner, com-
paring the simple phenol structure to that of humic
acid, which is a complex polyfunctional macromolecule
comprising phenolic as well as carboxylic moieties, the
dependency of KLH on light intensity may be expected.
In this study, the most drastic change in KLH values
was attained with Degussa P-25. The change in the ad-
sorption constants with the effect of light intensity sug-
gests an alteration of the surface characteristics of TiO2

upon light irradiation depending on the mixed crys-
talline structure of Degussa P-25 (80% anatase and 20%
rutile) versus pure anatase form of Millennium speci-
mens (Table 1). Similar to the findings of others, the
evaluation of the data to the L-H kinetic model for dif-
ferent light intensities revealed the adsorption related
constant KLH as intensity dependent [25, 29].

In order to compare the L-H rates on a light intensity
independent basis, modified L-H rate constants (kmLH)
were calculated according to eq. (4) and the results were
presented in Figures 1A and 1B.

While the kLH constants increased linearly with
light intensity, the modified L-H rate constants (kmLH)
showed a decreasing trend. This may be expected con-
sidering the reported findings that the L-H rate constant
(kLH) is proportional to a power term of the light in-
tensity [23, 28, 30–32]. Ollis et al. stated that at low

light intensities the L-H rate would scale linearly with
light intensity while it would depend on the square
root of the light intensity at intensities greater than
7 × 10−5 E m−2 s−1 (1 UV sun) [30]. The dependencies
of the reaction rates on the light intensity have been at-
tributed to the increased rate of recombination of the
photogenerated electron-hole pairs [18]. However, the
experiments in this study were conducted at lower light
intensities, i.e., 0.89µE min−1–3.44µE min−1 compared
to that reported in literature [30]. Hence, the photocat-
alytic degradation rate of humic acid as expressed by
either pseudo first order or L-H kinetic models could be
evaluated as a linear function of the light intensity. In
the study of Palmer et al. a regional profile of light inten-
sity effect on photocatalytic rate was observed [11]. A
transition point of light intensity Io = 1.22× 10−5 E s−1

was set below which the rate of initial degradation in-
creased in proportion to light intensity. At higher light
intensities (Io > 1.22 × 10−5 E s−1) the initial photocat-
alytic rate of humic acid increased by a power of 0.12
where the effect of the rate of recombination became
more prominent. The reported range of light intensity
was (0.3–20) × 10−5 E s−1 in comparison to the pre-
sented range (1.48–5.74) × 10−2 µE s−1 which was in
the linear region well below the transition point.

The comparison of the presented data in Tables 2
and 3 revealed that the enhancement in the removal
rate of humic acid with increasing light intensity was
prominent both in terms of pseudo first order and L-
H kinetic models. The results illustrated Degussa P-25
as the most efficient photocatalyst while the lowest re-
moval efficiency was achieved with Millennium PC-100.
For the Millennium TiO2 samples, the photocatalytic
degradation rates showed an increasing trend with



Vol. 06 Photocatalytic degradation of natural organic matter . . . 77

First order I.A. I First order I.A. II First order I.A. III L-H I.A. I L-H I.A. II L-H I.A. III

2.00

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

(m
−1

m
in
−1

m
−2

)

I.
A

.

(m
−1

m
in
−1

m
−2

)

L-
H

I.
A

.

2A 2B
P-25 PC-100 PC-500

TiO2 specimens

P-25 PC-100 PC-500

TiO2 specimens

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

Figure 2. Pseudo first order intrinsic photocatalytic activities (I.A.) of TiO2 specimens (2A) and L-H intrinsic photocatalytic

activities (L-H I.A.) of TiO2 specimens (2B) at different light intensities I: 0.89µE min−1, II: 2.09µE min−1, III: 3.44µE min−1.

respect to the specific surface area of the photocata-
lysts (Table 1). However, similar as well as contradictory
results were also reported by other research groups re-
vealing no clear relationship between BET surface of
the photocatalyst and the photocatalytic degradation
rates achieved under the specified conditions [27, 33].
It was emphasized that the relative photonic efficiency
of a photocatalyst should depend mainly on the char-
acteristics of the substrate used rather than the surface
area. In order to eliminate the BET surface area factor
and make the photocatalytic activity comparisons on a
relative basis, the areal rates namely, the intrinsic pho-
tocatalytic activities (I.A.) were calculated by normaliz-
ing the corresponding rates with respect to the catalyst
surface area (Figures 2A and 2B). The intrinsic photo-
catalytic activities calculated from pseudo first order
and the L-H rates showed similarities for Millennium
specimens. At the lowest light intensity conditions, I.A.
values differed by 18% for Millennium PC-100. This dif-
ference was in the range of 16–12% for Millennium PC-
500. However, the ones determined for Degussa P-25
significantly varied from each other by 23–67%.

It could be emphasized as a general trend that in-
creasing the light intensity enhanced both pseudo first
order and L-H intrinsic activities for the photocatalysts
employed. In accordance with the results of pseudo
first order and L-H kinetic models, the intrinsic photo-
catalytic activities presented in Figures 2A and 2B also
confirmed Degussa P-25 as the most efficient photo-
catalyst. The high surface area of Millennium PC-500
did not lead to higher degradation rates. The results
showed that the actual photocatalytic rate did not nec-
essarily require the dependency on the BET catalyst

surface area as expressed previously for Hombikat UV-
100 specimen [8]. Humic acids contain a variety of aro-
matic moieties and functional groups with different ad-
sorption affinities. Electrostatic and/or chemical het-
erogeneities between these functional groups on a hu-
mic acid molecule lead to a non ideal adsorption behav-
ior because of size incongruity and steric incompatibil-
ity. Humic acids can adsorb in loops or tails depend-
ing on the solution chemistry and thus may change
the surface morphology of the oxide surface. On the
other hand, the photoadsorption and photodegrada-
tion mechanisms are also known to be influenced by the
structural characters in humic acids, which may sub-
stantially change as a result of the solution matrix. In
the following section, the effect of ionic strength in re-
lation to the photocatalytic degradation rate of humic
acid is discussed.

3.3. Effect of ionic strength on photocatalyst type
and reaction efficiency. Humic acids occur as long
linear chains at high pH and low ionic strength due to
the charge repulsion of deprotonated functional groups
and transform into coiled spherical molecules at low
pH and high ionic strength. Because of these structural
changes, the effect of ionic strength on the photocat-
alytic degradation of humic acid was investigated using
different types of commercial TiO2 powders namely;
Degussa P-25, Hombikat UV-100, Millennium PC-500,
Millennium PC-100 and Merck at constant light inten-
sity. The experiments were conducted under different
conditions; low ionic strength (I.S. = 0.01 M) and high
ionic strength (I.S. = 0.1 M). To compare the photo-
catalytic removal efficiencies of different TiO2 types,
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Figure 3. Ionic strength dependence of photocatalytic

degradation rate of humic acid in the presence of dif-

ferent TiO2 specimens (TiO2 loading: 0.25 mg mL−1, Io =
0.89µE min−1).

the pseudo first order rate constants were displayed in
Figure 3. At constant irradiation (Io = 0.89µE min−1)
in the presence of 0.01 M ionic strength the pseudo
first order reaction rate constants for humic acid re-
moval were found to be decreasing in the follow-
ing order: Degussa P-25 > Millennium PC-500 ≈
Hombikat UV-100 > Millennium PC-100 > Merck. Re-
garding the similarities in both physical characteristics
and adsorptive properties, PC-500 and UV-100 speci-
mens exhibited proximate efficiency in photocatalytic
degradation of humic acid.

Increasing the ionic strength to 0.1 M did not
change that order. The photodegradation rates ob-
tained in the experiments at two different electrolyte
concentrations were similar (same order of magnitude)
with slightly lower rates for 0.1 M ionic strength. For
Degussa P-25, in the presence of 0.01 M ionic strength,
38% decrease was observed in the rate constant of hu-
mic acid compared to the one with no ionic strength. 10
fold increase in the background electrolyte concentra-
tion decreased the rate constant by an additional 14%.

Comparison of the results in Figure 3 showed that
the photocatalytic degradation of humic acid in the
presence of Merck was more affected by ionic strength
(almost 40% decrease with 10 fold increase in ionic
strength) than the other TiO2 specimens. The distinct
properties of Merck with its single-crystalline, 100% ru-
tile surface, relatively small surface area and high par-
ticle size might account for this difference. It was re-
ported that the smaller the particle size of the TiO2

catalyst, the higher was the expected photocatalytic re-
moval efficiency [34]. On the other hand, solute-surface
interaction would be limited due to the lower surface
area of Merck TiO2 and ionic strength dependent struc-

ture of humic acid. It was also worth noting that the re-
action rate of photodegradation depended on the con-
centration of surface hydroxyl groups. The concentra-
tion of OH-groups present on the rutile surface was
much less than that for anatase. Hence, the formation
of OH radicals was limited as reflected in the calculated
reaction rates.

The structure of dissolved humic acid is postu-
lated to be a random coil with an electric charge that
stems primarily from the ionization of carboxyl groups
[35]. The humic acid molecules undergo conforma-
tional modifications when they are exposed to changes
in either pH or ionic strength. Increasing the ionic
strength increases the screening of charges and leads
to molecular shrinkage. This is mainly the result of
a combined effect of electrostatic repulsion between
negatively charged groups that tends to expand the
molecule, screening of electrical charges by support-
ing electrolyte ions that decreases the repulsion, and
flexibility of the molecules to respond to expansion-
contraction processes. Besides the structural effects,
similar to our findings, the photocatalytic degradation
of humic acid was reported to be slower in high salin-
ity water than in low salinity water [13]. In the presence
of high ionic strength the background concentration of
inorganic salts compete for OH radicals and active sites
of the photocatalyst thereby reducing the removal effi-
ciency of humic acid.

Recent investigations revealed that photocatalyst
activity was influenced by many factors such as crys-
tal structure, particle size, BET surface area, adsorp-
tion capacity, the speed of charge transfer as well as
the life span of e−/h+ pairs [19, 34, 36, 37]. Consider-
ing the presented consequences, these findings might
address some explanations about the different photo-
catalytic activities of the different types of titania spec-
imens used. In a previous study, Degussa P-25 with its
mixed crystalline structure (80 : 20, anatase:rutile) and
moderate surface area was shown to be a successful
adsorbent and photocatalyst for humic acid decoloriza-
tion [8]. Martin et al. showed that the high photoreac-
tivity of P-25 was due to a slow electron/hole recom-
bination rate [38]. Assuming that the rate of adsorp-
tion/desorption of substrate molecules and reaction in-
termediates was relatively slow in comparison to the
formation rate of electron/hole pairs, one would expect
higher degradation rates in the presence of Degussa
P-25, which guaranteed longer lifetimes of the photo-
generated electron/hole pairs. On the other hand, the
rutile form of titania was reported to be the least effi-
cient in the degradation of humic acid [14]. The results
presented in this research also confirmed the effective-
ness of Degussa P-25 as a successful photocatalyst for
the degradation of humic acid. Merck TiO2 with its very
low BET surface area and rutile form was found to have
the lowest photocatalytic activity.
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4. CONCLUSION

Photocatalytic oxidation of natural organic matter,
namely humic acids was carried out in UV-illuminated
slurries of TiO2 under various conditions. The depen-
dence of the kinetic parameters on the incident light
intensity and the photocatalytic activities of TiO2 ma-
terials were compared in terms of pseudo first order
and L-H kinetics. Both pseudo first order and L-H rates
agreed well with each other in the ordering of the pho-
tocatalysts and were found to be decreasing as: De-
gussa P-25 > Millennium PC-500 > Millennium PC-100.
However, depending on the light intensity L-H rate con-
stants and their ordering showed dissimilarity when
compared to that of pseudo first order.

Under constant irradiation conditions, ionic
strength dependent changes in structure of humic acid
did not alter the degradation efficiency trend of the
photocatalyst specimens. The photodegradation rates
obtained at two different electrolyte concentrations
were similar (same order of magnitude) with slightly
lower rates for 0.1 M ionic strength. At constant irra-
diation in the presence of 0.01 M ionic strength the
rate constants for humic acid removal were found
to be decreasing in the following order: Degussa
P-25 > Millennium PC-500 > Hombikat UV-100 >
Millennium PC-100 > Merck. Increasing the ionic
strength to 0.1 M did not change that order.

The results confirm the effectiveness of Degussa P-
25 as a photocatalyst for the degradation of humic acid.
Merck with its very low BET surface area and rutile form
was found to have the lowest photocatalytic activity.

Although pseudo first order reaction model is
widely used for comparative purposes, it does not pos-
sess a detailed explanation of the reaction kinetics due
to the fact that it does not cover adsorption properties.
Depending on the presented results covering the eval-
uation of different kinetic models, a better understand-
ing of the interconnection between intrinsic properties
of photocatalysts and the light intensity requires fur-
ther investigation.
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