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A photocatalyst comprising nano-sized TiO, particles on granular activated carbon (GAC) was prepared by
a sol-dipping-gel process. The TiO,/GAC composite was characterized by scanning electron microscopy
(SEM), X-ray diffractiometry (XRD) and nitrogen sorptometry, and its photocatalytic activity was studied
through the degradation of humic acid (HA) in a quartz glass reactor. The factors influencing photocataly-
sis were investigated and the GAC was found to be an ideal substrate for nano-sized TiO, immobilization.
A 99.5% removal efficiency for HA from solution was achieved at an initial concentration of 15 mg/L in

{,(EJ; ‘Qg);d;lyst a period of 3 h. It was found that degradation of HA on the TiO,/GAC composite was facilitated by the
Tio, synergistic relationship between surface adsorption characteristics and photocatalytic potential. The fit-
Granular activated carbon ting of experimental results with the Langmuir-Hinshelwood (L-H) model showed that the reaction rate
Humic acid constant and the adsorption constant values were 0.1124 mg/(Lmin) and 0.3402 L/mg. The latter is 1.7
Adsorption times of the calculated value by fitting the adsorption equilibrium data into the Langmuir equation.

Synergy © 2010 Elsevier B.V. All rights reserved.

1. Introduction

Humic acids (HAs) consist of a skeleton of alkyl/aromatic units
cross-linked by a variety of functional groups such as carboxylic,
phenolic and alcoholic hydroxyls, ketone and quinone groups [1,2].
The existence of carboxyl and phenolic groups causes humic acid to
have negative charges in aqueous solutions. The solubility of humic
acid in aqueous media also depends on the number of ~-COOH and
—-OH groups. Humic acids show spontaneous changes in their con-
formation and aggregation state as a function of solution conditions
such as concentration, pH and ionic strength [2-4].

Humic acids are depicted as model compounds of natural
organic matter (NOM) and are main precursors of disinfection by-
products in potable water production, as humic acids can react
with chlorine during water treatment producing carcinogenic sub-
stances, for example, trihalomethanes. Thus, the elimination of
humic acids is required before the chlorination of drinking water,
and the heterogeneous photocatalytic degradation has shown great
potential for NOM removal [5-7].

Nano-sized TiO, is one of the most efficient semiconductors
currently available for the photocatalytic degradation of environ-
mental pollutants [8]. Upon exposure to UV radiation, pre-adsorbed
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0, and H,0 molecules react on electron-hole pairs (e-CB/h*VB)
that can migrate to the surface to form oxidizing species (e.g., HO,*,
0,*~ and OH* radicals). These radical species possess the potential
to oxidize various organic molecules.

Nano-sized TiO, photocatalysts have been used in a variety
of reactor configurations including fluidized beds, immobilized
films, circulating columns and membrane reactors [9-12], but their
fineness prevents removed by sedimentation. An alternative, inves-
tigated here, is to immobilize nano-TiO, particles onto a suitable
coarse solid substrate to facilitate the practical application of the
photocatalytic process.

Nano-sized TiO, particles can be immobilized on ceramic, glass,
plastic, and polyvinyl chloride-coated fabrics using many differ-
ent techniques [13-17], but the efficient oxidation of organics
requires adsorption onto the surface of TiO, because the photo-
catalytic process is surface orientated [18]. As granular activated
carbon (GAC) possesses a high surface area, high adsorption
capacity and suitable pore structure, and nano-sized TiO, facili-
tates photocatalysis, TiO,/GAC composite substrates are receiving
increasing attention through the degradation of humic and phe-
nolic compounds, pesticides, chlorinated compounds and dyes
[19-30]. The decomposition of these contaminants with respect
to the removal efficiency, reaction rate, and the formation of inter-
mediates have also been investigated [31-33]. However, there is
little experimental information available concerning the synergis-
tic effects of adsorption and photocatalytic activity, and a thorough
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understanding of this relationship is important for the design and
application of efficient TiO,/GAC systems.

In the present work, nano-sized TiO, was immobilized on gran-
ular activated carbon (GAC) by a sol-dipping-gel process. The
synergistic relationship between surface adsorption characteris-
tics and photocatalytic potential was examined by the comparisons
of typical reaction systems during the degradation of humic acid
solutions.

2. Experimental
2.1. Preparation of the composite photocatalyst

The nano-sized TiO, coated granular activated carbon com-
posite (TiO/GAC) was prepared by a sol-dipping-gel route, using
tetra-n-butyl titanate as the precursor. During the preparation,
68.7mL Ti (OC4Hg)4 (C.P., SCRC, China) was dissolved in 117 mL
ethanol, and was stirred for 2h (100 rpm) with a magnetic stir-
rer. Whilst still stirring, at an ambient laboratory temperature of
20°C, a solution containing 3.33 mL HCI (35%) and 0.36 mL de-
ionized water was added drop by drop over 1h. Following this,
6.20 mL of acetyl acetone was slowly added to stabilize the sol.
After aging for 24 h at the room temperature, the sol was mixed
with activated carbon granules of 70-100 mesh (Shanghai Shen-
shui Water Treatment Equipment Plant) derived from nut kernels,
that was washed with boiled de-ionized water prior to use. The
sol-coated activated carbon was dried for 30 min at 105°C in an
oven and then calcined at temperature of 300°C for 2 h in a nitro-
gen atmosphere. The dipping and calcining procedure was repeated
up to 5 times, prior to the last cycle where the temperature, was
held at 500°C. Simultaneously, the aging gel was also calcined
at 500°C for 2 h to synthesize pure nano-sized TiO, powders for
comparison.

2.2. Characterization of the composite photocatalyst

The profile of the TiO, /GAC photocatalyst was observed by scan-
ning electron microscopy (Hitachi X650, Japan) at an accelerating
voltage of 10kV.

X-ray diffraction (XRD) can provide valuable information about
crystalline nature of the nano-sized TiO,. In this work, diffrac-
tograms were obtained at room temperature with a D/Max-2550
PC diffractometer (Rigaku, Japan) with copper Ka radiation and the
average crystal size of the TiO, powders was estimated by using
Scherrer’s formula:

0.89A
D= B20) cost W
where A is the wavelength of the X-ray radiation (A =0.15418 nm),
0 is X-ray diffraction angle and g is the full-width at half maxi-
mum (FWHM) of the (10 1) plane of TiO, (in radians), corrected for
instrumental broadening (B =0.00122 rad) prior to calculation of
the particle size broadening.

Nitrogen adsorption-desorption isotherms were used to deter-
mine BET surface area and pore size distribution (Micromeritics
BELSORP-mini, Japan, BEL) at 77 K. Specific surface area was cal-
culated from the BET isotherms and the pore size distribution was
determined by the density functional theory (DFT) method [34].

The TiO,/GAC composite was ignited at 900°C and the TiO,
loading amount was calculated by ash weight.

2.3. Feed water and chemicals

A filtered (0.45 p.m Millipore membrane) feed solution con-
tained HA (Biochemical reagent, Shanghai Jufeng Chemicals)
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Fig. 1. SEM image of the TiO,/GAC composite photocatalyst.

dissolved in de-ionized water. It should be noted that HA is sol-
uble in de-ionized water at pH 4-11, in concentrations of less than
100 mg/L.

The TOC was measured using a TOC analyzer (model 820, Siev-
ers, USA), and the absorbance of solutions was determined using
aTU-1810 UV/Vis Spectrophotometer (Beijing Puxi Instrument Co.
Ltd.), calibrated at 254 nm.

2.4. The photocatalytic reactor

Experiments were carried out using a cylindrical batch reactor
(8 cm in diameter and 12 cm in height) fitted with a 5 cm diameter
water-cooled quartz jacket (XPA-II, Xujiang Mechanical Electron-
ics, Nanjing), which maintained the temperature at 38 +1°C.

2.5. Experimental procedure

The experimental procedure involved placing 500 mL of filtered
solution (15 mg/L of HA, corresponding to a TOC of 5.04 mg/L) in
the photocatalytic reactor. Dispersion was maintained by gentle
continuous stirring (100rpm) with a magnetic stirrer, whilst a
high-pressure 500 W mercury lamp (major emission at 365 nm,
12.5mW/cm?) provided the intense light source. Air was bubbled
through the reaction solution to ensure a constant dissolved oxygen
concentration. Thereafter, 20 mL samples were collected at 30 min
intervals and filtered (pre-washed 0.45 pm cellulose acetate mem-
brane). The degradation of HA, UV;,54 was measured in a 10 mm
quartz cell in the TU-1810 spectrophotometer, as the concentration
of HA in solution changes as degradation proceeded.

The dosage of TiO,/GAC was 2 g/L and the initial pH values of HA
solution were in the range of 7.2-7.5, unless otherwise specified.
A HA control solution containing nano-sized TiO,, maintained at
0.4 ¢g/L, was also tested in triplicate and the results are reported as
mean values, with an error of less than 5%.

3. Results and discussion
3.1. Pore structure of TiO»/GAC

The TiO,/GAC photocatalyst was gold-covered and examined
with scanning electron microscopy. Fig. 1 illustrates the electron
micrograph of the TiO,/GAC composite photocatalyst. It is obvious
that TiO, particles were well dispersed on the surface of GAC, and
the particle size was in the range of nanometer scale. This was due
to the high surface area of GAC matrix, which favored a high degree
of dispersion of TiO, particles. Note that the TiO, particles as shown
in the SEM picture were the agglomerates of many TiO, crystallites.
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Fig. 2. Nitrogen adsorption isotherms for GAC, TiO, and TiO,/GAC.

As expected, TiO, particles not only deposited on the surface, but
also in the mesopores and macrospores of GAC. TiO, on the external
surface will have more chances toreceive light and exhibited higher
catalytic activity.

The nitrogen adsorption isotherms for the TiO,/GAC composite
and TiO, powders and GAC (see Fig. 2) provided the pore character-
istics summarized in Table 1. The BET surface area of TiO, powder,
GAC and TiO,/GAC was 52.16 m2/g, 771.07 m2/g and 536.82 m?/g,
respectively. The total pore and micro-pore volume of TiO5/GAC
were lower than those of GAC, indicating that some pores were cov-
ered or blocked by the TiO, film. The pore size distributions (Fig. 3)
show a sharp peak at 0.6 nm and although the total surface area
decreased after TiO, loading, most TiO, particles agglomerated on
the outer surface of GAC, as two curves were very similar.

The adsorptive efficiency of TiO,/GAC to HA was controlled by
the pore diameter within the GAC, and molecular size of humic
acid. The results from dynamic light scattering and voltamme-
try show that humic matter present in solution is aggregated
in relatively large particles (>30nm) and some irreversible dis-
aggregation (120 nm diameter) is promoted by pH increase up to
10 [35-39]. The aggregates present in solution seem to be of a
dynamic nature being influenced by changes of concentration, pH
and/or ionic strength, although not always in the same way for
samples of different origins and/or with different preparation pro-
cedures [2-4]. Humic matter, formed by polymer coils expanded
at low ionic strength due to charge repulsion, tends to be coil-
like if enough supporting electrolyte is added, which is reflected
in the decrease of the hydrodynamic diameter of HAs when the
ionic strength increases. If the pore diameter matches molecular
size e.g. at ratio of 1.7, adsorption can occur on the internal sur-
face of GAC [1]. It is likely that the HA molecules were adsorbed
on the outer surface of the TiO,/GAC composite and not into the
micro-pores within TiO, /GAC, which ranged from 0.5 nm to 1.0 nm
(see Fig. 3). Powell and Town [37] observed in dialysis experi-
ments that HA aggregates larger than the molar mass cut-off of the

Table 1
Pore characteristics of GAC, TiO, and TiO,/GAC.

Sample BET specific  Total pore Micro-pore Average pore
surface volume volume size (nm)
area(m?/g) (cm?/g) (cm?/g)

GAC 771.07 0.3351 0.3288 1.7362

TiO2/GAC 536.82 0.2571 0.2272 1.9155

TiO, powders 52.16 - - -
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Fig. 3. Pore distribution for GAC and TiO,/GAC ((a) BJH plot of pores and (b) MP plot
of pores).

membrane were found in the dialysed solution. This suggest that
a humic aggregate could partially disaggregate, crossing the mem-
brane and re-aggregate on the other side. If such a phenomenon
is real then a few small humic acid molecules may enter to micro-
pores of TiO, /GAC photocatalyst used.

The amount of TiO, immobilized and the specific surface area of
TiO,/GAC (Fig. 4) showed that as the amount increased, the specific
surface area decreased, as some surface pores became occluded, by
the TiO, particles.
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Fig. 4. The influence of loading cycles on the TiO, immobilized amount and the
specific surface area of TiO, /GAC.
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Fig. 5. The influence of cyclic TiO, loading on the photocatalytic activity.

The relationship between TiO, loading-cycle on photocatalytic
activity is shown in Fig. 5. The removal of HA from the 1, 2, 3,
4, 5, and 6 loading cycles were 78%, 95%, 99%, 98%, 86% and 90%,
respectively, showing that photocatalytic activity of the substrate
declined slightly above 4 cycles despite increasing TiO, loading (see
Fig. 4). The existence of an optimal loading indicated that loading
and BET surface area are two mutually constrained factors influ-
encing photocatalytic efficiency.

3.2. Influence of calcination temperature

At a TiO,/GAC dose of 2 g/L, the temperature of the final cycle
of photocatalyst calcination on HA degradation was important (see
Fig. 6). The 99.5% removal of HA coincided with a final calcination
temperature of 500 °C. According to the literature (e.g., [8]), higher
temperatures will result in greater rutile formation and increase
TiO, particle size and agglomeration; and a coincident reduction
in photocatalytic activity. The mass loss of activated carbon was
also important as at 500°C it was 8%, whereas at 600 °C this loss
increased dramatically to 54.7%.

Examination by XRD showed that anatase was formed at a
temperature of 500°C (see Fig. 7 and Table 2). A comparison of
the TiO,/GAC composite photocatalyst and TiO, powders, showed
differences in TiO, crystallinity and particle size, with the latter
calculated using Scherrer’s formula for the main peak (25°26) as
11.7 nm and 12.3 nm, respectively.
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Fig. 6. Effects of photocatalyst calcination temperature on HA degradation.
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Fig. 7. Diffractograms obtained from (a) TiO2/GAC and (b) TiO5.

3.3. Influence of pH

HA is soluble in alkaline solution to weakly acidic solutions,
but deposits at or below pH 2.0. The photocatalytic degradation
of HA increased as pH decreased (Fig. 8). Usually, TiO, shows
a higher photocatalytic activity under acidic conditions. That is
because the positively charged catalyst surface is conducive to the
transferring process of photogenerated electrons to the surface
of catalyst, which contributes to the generation of active radi-
cals such as 0,°~ and OH* in the presence of oxygen in aqueous
medium, and meanwhile avoids the recombination of photogener-
ated electrons and holes. This phenomenon can also be attributed
to the reduction of HA adsorption on the surface of TiO,/GAC. As
is well known, macromolecules of humic acid contain conjugated
olefinic, aromatic, phenolic-semiquinone-quinone structures of a
wide spectrum with functional groups (-CO, -COOH, -OH, -NH-,
-NH,, -N-), whereas GAC possesses a well-developed pore struc-
ture with large surface area and large numbers of active adsorption
sites. However, at high pH’s humic acid cannot adsorb onto the
negatively charged TiO,/GAC surface. This lowered the photocat-
alytic degradation of HA at high pH, as adsorption of reacting
substances onto the surface of the catalyst is an important step
in the photocatalytic process. According to the literature [37-39],
HAs, initially set to pH 10 and then adjusted to pH between 3
and 5, present somehow different characteristics from samples
directly set to the required pH. The differences observed may also
be associated with the possibility that humic acids may aggre-
gate to the extent of forming micelle-like structures [36,37]. The
results in Fig. 8 may suggest that photocatalytical degradation
of humic acids is relative to their conformation and aggregation
state.
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Table 2
Comparison of X-ray diffraction peaks (26/°).
Peaks
1 2 3 4 5 6 7 8
TiO2/GAC 25.16 37.62 47.78 53.84 54.90 62.66 68.72 70.22
TiO, powders 25.18 37.80 48.00 53.84 54.98 62.64 68.72 70.24
Anatase (PDF 21-1272) 25.28(101) 37.80(004) 48.05(200) 53.89(105) 55.06(211) 62.69 (204) 68.76 (116) 70.31(220)
Table 3
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Fig. 8. The influence of pH on HA degradation at TiO,/GAC dosage of 2 g/L.

3.4. Synergy between adsorption and photocatalytic degradation

The adsorption of humic acid onto TiO,/GAC is dependent upon
the surface charge, hydrophobicity, and pore structure of the sub-
strate and solution conditions. The amount of HA adsorbed at its
equilibrium concentration without UV light over 30 min (see Fig. 9)
was measured and fitted to the Langmuir and Freudlich equations.
The Langmuir isotherm constants were obtained from the plot of
1/qe against 1/Ce:

1 1 1
=+ 2
Ge  qmax  GmaxbCe (2)

where qmax (mg/g) is adsorption capacity and b is a constant related
to the affinity of the binding sites (L/mg); ge (mg/g) and Ce (mg/L) are
the amount of HA adsorbed per unit mass of TiO,/GAC, and the un-
adsorbed HA concentration in solution at equilibrium, respectively.
The Freundlich constants were be obtained from the plot of 1g g,

e (mg/g)

0 2 4 6 8 10 12 14 16 18 20
c, (mg/L)

Fig. 9. Adsorption isotherms for humic acid on the surface of TiO, /GAC.

ranging between 0 and 1 is a measure of surface heterogeneity,
with the surface becoming more heterogeneous as its value gets
closer to zero.

Thelinear fitted curves obtained from the HA sorption isotherms
are given in Table 3, and the constant related to the affinity of the
binding sites (b) is a 0.1992 L/mg and adsorption intensity (1/n) is
0.5104, implying that the distribution of TiO, on the surface of GAC
is even.

The kinetics of HA adsorption on TiO,/GAC (Fig. 10) can be fitted
into the pseudo second-order Lagergren equation:

dq

2
at - K>(qe — q) (4)
or:
t 1 1
L (5)
q  Kyq: Qe

where ¢, is the amount of HA adsorbed per unit mass of adsorbent
(mg/g); q is the amount of HA adsorbed per unit mass of adsor-
bent at different time (mg/g); and K> is the adsorption constant
(g/mg min).

The fitted parameters to the pseudo second-order Lagergren
equation are presented in Table 4. The very high R? values of

104 ——C,=13.0mgL —<—C =194 mgL
i —*—C,=64mg/lL —w—C =99mgL
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Fig. 10. Kinetics of HA adsorption on the surface of TiO,/GAC.
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Table 4
The fitted parameters of adsorption kinetics using the pseudo second-order Lager-
gren equation.

HA initial concentration (mg/L)

1.7 33 6.4 9.9 13.0
R? 0.9992 0.9972 0.9984 0.9976 0.9948
K> 0.8076 0.3636 0.2777 0.1571 0.1092

0.9992-0.9948 shows that it is appropriate to consider that the
adsorption of HA was controlled by the adsorption mechanism and
not controlled by diffusion or mass transfer inside the substrate
particles. This is in agreement with the inference above base on the
pore size.

In the aqueous TiO,/GAC-HA suspension, the contribution from
adsorption, photo-degradation and photocatalytic degradation was
important, as shown in Fig. 11, where “photo-degradation” means
photolysis of HA under the UV light only, without TiO,/GAC in the
solution, whilst “photocatalytic degradation” means degradation
of HA under the UV light using TiO,/GAC as a photocatalyst in the
solution.

Under UV illumination, TiO, particles on GAC surface or porous
structure interact with UV light to generate electron (e~) and hole
(h*). The holes are trapped by H,0 or O, on the surface of TiO, par-
ticle to yield H* and HO® radicals, which is an effective oxidation
agent in destroying HAs. Generally, HO*® attacks the HA molecule
through hydroxyl addition or hydrogen extraction effect, and HA is
conversed to CO, and H,0 through the different paths, for example,
phenols-quinones—acids-CO, [1]. According to Fukushima [40],
the addition of HO* to aromatic sites in HA yields hydroxycyclo-
hexadienyl radicals (HCHD*), and further oxidation of HCHD* could
result in the formation of ring opened products. In addition, HCHD®
radicals can add to unsaturated groups in HA, such as aromatic
and vinyl groups, and the resulting dialkyl peroxide is then autode-
graded to RO* and epoxide. The generation of CO, and the formation
of ring-opened products may contribute to a decrease in molecular
size. We may speculate that the reaction of *OH radicals increased
the portion of HAs with less hydrophobic and less aromatic charac-
ters. The reactions of HA with 0,°*~, HO,* or HO® species to generate
intermediates that ultimately lead to CO, are depicted in the fol-
lowing equations. However, the molecular and structural changes
during the process need further studies.

TiO; + hv — h™(VB) + e (CB) (6)
h*(VB) + OH™ — HO* (7)
100 —— Photocatalysis

—@— Photo-degradation

i -A— Adsorption /l
80

o e
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0 20 40 60 80 100 120 140 160 180 200
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Fig. 11. Adsorption, photo- and photocatalytic degradation for HA removal.
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Fig. 12. Comparison of the TiO,/GAC composite with suspended TiO, and sus-
pended TiO, plus GAC.

e (CB) + 0 — 0y°~ (8)
0,*" +e(CB) + H" — H,0, (9)
H,0, +e~(CB) — HO® + OH~ (10)
0,*” +H"— HO, (11)
HO,* + H"+e (CB) — HO®* + OH™ (12)
HA + HO®* — H,0 + CO + otherdegradationproducts (13)
HA + 0° — H,0 + CO; + otherdegradationproducts (14)
HA + HO,* — H,0 + CO, + otherdegradationproducts (15)

The adsorptive equilibrium was reached within 30 min, and
accounted 14% of the removal of HA, whereas direct photolysis and
adsorption of HA on TiO,/GAC accounted for 40% of the amount
removed.

A comparison of the degradation of HA by TiO,/GAC, TiO, pow-
ders and TiO, plus GAC under UV radiation, is shown in Fig. 12.
The weight of TiO, powers used in the latter two solutions was
equal to that of TiO, in the TiO,/GAC composite, i.e. 0.4g/L. It
can be seen that the TiO,/GAC was the most effective and this is
attributed to the synergistic effects of adsorptive properties of the
GAC and photocatalytic activity of the TiO, in the composite. The
surface adsorption of HA on the substrate enriches HA, causing a
concentration effect in chemical reactions, followed by degrada-
tion intermediates on the site of the TiO,, enhancing photocatalytic
degradative activity. On the other hand, the photocatalytic reac-
tions degrade HA and enhance HA adsorption on the surface of
TiO,/GAC. Wang et al. [29,30] also observed that the TiO,/GAC
composite exhibited a better photocatalytic performance than the
mixture of TiO,-GAC.

For the different initial concentrations of humic acid examined,
the kinetics of HA degradation are presented in Fig. 13. The exper-
imental data were fitted to the Langmuir-Hinshelwood equation,
which describes the kinetics of heterogeneous catalytic chemical
reactivity:

dc _ KiyK * C

Tdt T 1+K=xC (16)

where C, Ky, K* are the HA concentration, Langmuir-Hinshelwood
reaction rate constant and apparent adsorption constant, respec-
tively. Based on the initial degradation rate, linearization and
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Fig. 13. The kinetics of photocatalytic degradation of humic acid at different initial

concentrations.

rearrangement provides an alternate form:

i_1
Vo _KLH

—_

KigK*Co (17)

By fitting the initial degradation rates (over the first 30 min)
given in Fig. 13 into Eq. (17), we obtained the fitted parame-
ters: R2=0.9813,K;=0.1124 mg/(Lmin), and K*=0.3402L/mg. It
is noted that K*/b=1.7, where b is the adsorption constant from
the dark adsorption isotherms of the TiO,/GAC photocatalyst (see
Table 3). This is in agreement with the results reported by Xu and
Langford (photocatalytic degradation of acetophenone over TiO, of
Degussa P25 in aqueous medium) [41] and Minero and Vione (pho-
tocatalytic degradation of phenol over TiO, slurries) [42]. Xu and
Langford reported that K* decreases when the irradiation is per-
formed at higher light intensity, whilst Ky increases expectedly
[41].

It should be pointed out that some photocatalysed reactions,
adsorption/desorption reaction equilibria are not established dur-
ing the reactions, because the substantial reactivity of an adsorbed
active species (e.g., hole (h*), radical (OH®), etc.) causes a continued
displacement from equilibrium of the adsorbed reactant concen-
tration. Ollis confirmed that a pseudo-steady state analysis based
upon the stationary state hypothesis for reaction intermediates
is consistent with the reported intensity dependence of apparent
adsorption (and de-sorption) binding constants, as well as the cat-
alytic rate constant [43].

It should also be noted that the initial time interval selected for
the initial rate calculation is of critical importance in determining
these final constants. This work confirmed the synergetic rela-
tionship between adsorption upon GAC and degradation involving
TiO, in the composite material under incident UV light. Detailed
kinetic models have to confront also with the complexity of
charge carrier generation and migration to the catalyst surface,
and interfacial electron transfer, which depends on the surface
configuration.

4. Conclusions

The TiO,/GAC composite was prepared by the sol-dipping-gel
procedure and the size of TiO, particles supported by the GAC was
calculated using Scherrer’s formula to be 11.7 nm. The photocalytic
activity of the TiO,/GAC substrate was demonstrated on aqueous
HA solutions, irradiated by high-intensity light with a wavelength
of 365 nm. The factors influencing degradation, including TiO, load-
ing and the temperature at which the composite was calcined,
were investigated. The optimized TiO,/GAC composite exhibited

a high photocatalytic activity and humic acid could be rapidly
removed from water. This work has highlighted the synergetic rela-
tionship between adsorption upon GAC and degradation involving
TiO, (in the composite material) under incident UV light. Adsorp-
tion was key parameter controlling the kinetic constant of humic
acid degradation, and as the surface adsorption of HA on the sub-
strate increased, there was a consequent increase in the efficiency
of degradation of HA.
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