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Abstract

Photocatalysis with TiO2 particles immobilised either on a glass slide or on a non-woven glass fiber fabric has been applied to pure reactive
dyes’ (azo€ıc and metal phthalocyanines) solutions as well as textile wastewater containing the same dyes under UV and solar irradiation. De-
colourization of textile wastewater was in the range 21e74% under solar irradiation, with COD removal rate between 0.2 and 0.9 g COD/h/m2.
These values are, however, strongly dependent upon the fine chemical structure of the dyes and the global composition of the wastewater. Per-
formance prediction is therefore difficult but the results are encouraging for textile wastewater remediation. The increase of biodegradability is
an additional positive factor, as it would improve the efficiency of a biological downstream treatment. No pH adjustment is necessary and waste-
water at high pH can be treated directly after suspended solids removal.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Industrial wastewater is becoming more complex with the
increasing diversity of manufactured products. It often con-
tains bio-recalcitrant pollutants whose concentration and
type vary to a great extent as a function of the consumer de-
mands. This applies in particular to dyehouse wastewater.
Dyes and especially the reactive ones are extensively used in
textile industry. During the dyeing of fibers, such as cellulosic
ones, substantial amounts of dyes are not fixed on the fabric:
dyehouse wastewater usually contains about 10e50 mg/l of
dyes in solution. Such concentrations are high enough to in-
duce a remarkable colouring of the receiving water bodies
where they are discharged.
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Conventional biological methods have not proven to be par-
ticularly effective for coloured effluents. In most cases dyes
are absorbed onto biomass without being really degraded
[1]. Such pollution transfer is no more acceptable, as the
sludge should be discarded in a sustainable manner.

Recently, there has been considerable interest in the utiliza-
tion of advanced oxidation processes (AOPs) to destroy or-
ganic compounds. AOPs are based on the production of
hydroxyl radicals as oxidizing agents to mineralize organic
chemicals. Besides ozonation [2] and Fenton reaction [3],
many efforts have been directed at the photodegradation of or-
ganic dyes by different UV irradiation systems, such as combi-
nations with H2O2 [4e6], Fenton [3,5] or with a photocatalyst.
The photocatalytic degradation of azo€ıc dyes in a TiO2 suspen-
sion has been investigated by several research groups [7e10]
all over the world. Hachem et al. [11] investigated the photo-
catalytic degradation of various dyes over TiO2 deposited on
glass slides and discussed its improvement by addition of
hydrogen peroxide.
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Although results have been reported using ZnO [12], the
most used photocatalyst is certainly titanium dioxide (TiO2)
which presents good features of stability, non-toxicity and in-
solubility. However, its energy band gap is around 3.2 eV,
which implies an excitation at wavelengths less than 400 nm
that represent 5% of the solar spectrum. The advantage of us-
ing TiO2 as photocatalyst lies in its capability to degrade toxic
organic compounds [13], to reduce metallic ions [14], to im-
prove the biodegradability of cellulosic effluents [15] and to
decolourize a large variety of dyes in solution [16,17] or in
solid mixtures [18]. Its basic efficiency can be enhanced by
doping [19].

When TiO2 suspensions are irradiated, electrons are excited
from the valence band to the conduction one, generating pos-
itive holes and electrons:

TiO2 þ hnð< 400 nmÞ/ TiO2ðe� þ hþÞ ð1Þ

Electrons and holes can recombine (Eq. (2)) or react with
other molecules, such as oxygen, generating reactive superox-
ide anions (Eq. (3)).

TiO2ðe� þ hþÞ/ TiO2 þ heat ð2Þ

TiO2ðe�Þ þ O2 / TiO2 þ O
��
2 ð3Þ

The positive holes can react with electron donors in the so-
lution to produce hydroxyl radicals (Eqs. (4) and (5)) or di-
rectly oxidise organic matter (OM) at the semi-conductor
surface (Eq. (6)).

TiO2ðhþÞ þ H2OðadsÞ/ TiO2 þ Hþ þ OHðadsÞ� ð4Þ

TiO2ðhþÞ þ OH� / TiO2 þ OHðadsÞ� ð5Þ

TiO2ðhþÞ þOM degradation intermediates / TiO2 þOM
�þ

The hydroxyl radicals generated in the process are strong
oxidants and react quickly with the organic matter adsorbed
onto the catalyst (Eq. (7)), forming oxidised intermediates. If
the treatment time is adequate, complete mineralization can
be achieved.

OMþHOðadsÞ� / degradation intermediates

/ CO2 þ H2O þ salts ð7Þ

Simultaneously sulfur heteroatoms can be converted into
sulfates and azo group nitrogen atoms into gaseous nitrogen
[20].

When TiO2 particles are used in suspension, they should be
later removed from the effluent wastewater, but their small
size (a few tens of nm) does not facilitate their recovery.
TiO2 can be immobilised on various supports such as carbon

(6)
[21], glass [11,22], steel [23,24], cellulose fibers [25] and var-
ious adsorbents [26]. Our purpose has been to compare the
photocatalytic efficiency of two glass-based supports (a rigid
support made out of glass slides and a flexible one made of
non-woven glass fiber fabric) for the degradation of individual
reactive dyes (mostly azo€ıc dyes or phthalocyanines) or their
mixture (real and synthetic textile wastewater) under solar
and UV irradiation.

2. Materials and methods

2.1. Wastewater samples

Solutions of commercial reactive dyes (Drimarene (DR)
from Clariant, Switzerland, and Procion from Dystar,
Frankfurt, Germany) were prepared using de-ionised water
at a concentration of 50 mg/l. Each dye is characterized by
its wavelength corresponding to the maximum of UVevis ab-
sorption. When possible, the CAS or ELINCS numbers are
given: Yellow DR KR (CAS 75199-00-7) (C1) (azo€ıc) (lmax¼
437 nm), Orange DR KGL CDG (C2) (lmax¼ 398 nm)
(azo€ıc), Crimson Procion hexl (C3) (lmax¼ 547 nm), Violet
DR K2RL CDG (C4) (azo€ıc with Cu complex)
(lmax¼ 549 nm), Orange DR K3R CDG (CAS 83763-57-9)
(C5) (lmax¼ 488 nm) (azo€ıc), Red DR BT KBL CDG (C6)
(lmax¼ 515 nm), Yellow OR DR K2R CDG (CAS 68155-
62-4) (C7) (lmax¼ 390 nm) (azo€ıc), Green DR K5BL (CAS
71243-96-4) (C8) (lmax¼ 658 nm) (Ni-phthalocyanine), Blue
DR K2RL CDG (C9) (lmax¼ 614 nm) (azo€ıc with Cu com-
plex), Yellow DR K4G (C10) (ELINCS 412-530-3)
(lmax¼ 422 nm) (azo€ıc), Blue Procion herd (C11)
(lmax¼ 616 nm), Red DR K8B CDG (CAS 83400-12-8)
(C12) (lmax¼ 546 nm) (azo€ıc), Yellow Procion hexl (C13)
(lmax¼ 419 nm), Red DR K4BL CDG (C14) (lmax¼ 542 nm)
(azo€ıc), Blue DR KBL CDG (C15) (lmax¼ 591 nm), Black
DR (C16) (lmax¼ 599 nm) (azo€ıc), Green DR K4GN (C17)
(lmax¼ 661 nm) (Ni-phthalocyanine). The range of initial
pH of the 50 mg/l solution lies between 5.14 for C2 and
6.02 (for C8 and C12).

Different textile wastewater samples (WW1eWW12), col-
lected in a cotton knit fabric dyehouse that uses the dyes pre-
viously listed, were tested. A synthetic textile wastewater
(WW13) was prepared in the laboratory by mixing hydrolysed
reactive dyes (Drimarene K2LR CDG Blue (2.78 mg/l); Dri-
marene KG Orange (3 mg/l); Drimarene K8B CDG Red
(24.3 mg/l)), hydrolysed starch (2.78 mg/l), (NH4)2SO4

(5.56 mg/l) and Na2HPO4 (5.56 mg/l) in de-ionised water. Hy-
drolysis was performed by heating the solutions at 80 �C for
1.5 h after adjustment at pH 12.

2.2. Photoreactor

The experimental set-up is based on a photocatalytic reac-
tor of workable area 30� 30 cm2, made out of aluminium or
stainless steel (Fig. 1). The wastewater to be treated is falling
as a thin film from the top of the chamber onto titanium dioxide
immobilised either on a non-woven fabric made of glass fibers
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or on glass slides. The angle of slant was set at 37 � to achieve
a homogeneous distribution of the liquid. A transparent glass
sheet covers the reacting chamber and permits to avoid the
evaporation of the solution. The sample to be treated
(250 ml of dye solution or 500 ml of textile wastewater) was
stored in a reservoir and was continuously circulated in the
system by a peristaltic pump at a constant flowrate of 2 ml/s
that permits an optimal distribution of the liquid on the cata-
lytic support. PTFE tubings were used. The reservoir was
open to air to insure sufficient oxygenation. In case of solar
irradiation, the average light flux during the experiment was
measured by pyranometry (Pyranometer Skye, Campbell Sci-
entific, Edmonton, Canada). Artificial irradiation was provided
by two UV lamps (F15T8, BLB 15W, Duke, Essen, Germany)
emitting around 365 nm, positioned parallel to the reactor.
Light was turned on at the beginning of each experiment.
The reactor was washed after every test by circulating de-ion-
ised water with a few drops of hydrogen peroxide (30%) under
UV or solar irradiation.

2.3. TiO2 catalyst

Support A is a non-woven fabric made of glass fibers on
which TiO2 has been deposited and fixed by compression
(Ahlstrom, Pont-Evêque, France) (Fig. 2a). According to the
manufacturer the TiO2 concentration on support A is about
20 g/m2. Its specific area is 250 m2/g. Two batches were
used, denominated A1 and A2.

Support B is made of three glass slides (10� 30 cm2 each)
on which TiO2 particles (30 nm Degussa P25 particles made of
80% anatase and 20% rutile) have been deposited by a solegel
method (Fig. 2b) [22]. The support was dip-coated in the solu-
tion, dried at 100 �C for 1 h and then calcinated at 450 �C.
During heating, OH groups from the catalyst surface and the
support can react and lose a molecule of water creating an
oxygen bridge thus increasing the adherence of the catalyst
to the support. Before deposition, the glass surface was treated
with dilute HF solution and rinsed with NaOH in order to in-
crease the number of OH groups. The suspension concentration

Reaction chamber

Inlet

Outet

Lamps

Lamps

Peristaltic pump Reservoir

Glass covers

Front view Side view

Fig. 1. Experimental set-up.
(4 g/l) was chosen so as to get thin deposits. This deposition
process was carried out four times in succession in order to in-
crease the total thickness. The slides had a final TiO2 concen-
tration of 2.8 g/m2 with a specific area of about 50 m2/g.

Analysis of both the supports by scanning electron micros-
copy (Jeol TSM 330 equipped with an X-ray probe) shows the
presence of Ti, Si and Ca sites. Silicium and calcium originate
from the glass (slide, fiber).

2.4. Analytical procedures

The reactions were monitored by UVevis spectrophotome-
try using a SECOMAM (Domont, France) Anthelie Light de-
vice in the range 200e800 nm. Dissolved organic carbon
(DOC) measurements were carried out on Apollo 9000 TOC
analyser (Tekmar-Dohrmann, Mason, Ohio), after filtration
(pore diameter 10 mm). Chemical oxygen demand (COD)
was measured on a Hach 2400 (Loveland, Colorado, USA)

Fig. 2. Electron micrographs of TiO2 deposited on fiber glass paper (support

A) (a) and on glass (support B) (b), with the corresponding X-ray analysis

spectra. On (b) TiO2 particles are visible on fibers as well as the additive

used to bind the glass fibers.
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(Method 8000). Biological oxygen demand after 5 days was
determined according to the standard Winkler method. pH
and conductivity were measured using, respectively, a PHM
220 pH meter and a CDM 210 conductimeter (Radiometer An-
alytical SAS, Villeurbanne, France). With this method, the
biodegradability is evaluated by the ratio F¼ BOD5/COD.

To compare the efficiency of photocatalysis with respect to
wastewater biodegradability, two methods are used: the first
one is based on the calculation of the ratio BOD5/COD after
and before treatment, and the second one utilizes short-term
respirometry batch tests [27]. Activated sludge (1.6 l) from
a local domestic wastewater treatment plant was placed into
a 2-l respirometer, equipped with an air-sparger and a mechan-
ical stirrer. The dissolved oxygen concentration was monitored
with an Orbisphere (Marin, Switzerland) probe connected to
a PC for data logging. After measurement of the sludge endo-
geneous oxygen uptake rate and of oxygen mass transfer coef-
ficient, the reference activity of the sludge is assessed by
spiking the reactor with sodium acetate solution. The wastewa-
ter sample to be tested is then added. The short-term biological
oxygen demand, BODst, was calculated as the volume of oxy-
gen consumed for 20 min after the injection of the wastewater
sample and was obtained by integration of exogenous oxygen
uptake rate with respect to time. In this case, the biodegrad-
ability is evaluated by the ratio Fst¼BODst/COD.

3. Results

3.1. Solar photocatalytic degradation of textile
wastewater

Under solar irradiation on support A1 decolourization yields
between 21% and 74% were achieved. Yield was calculated
from the average of absorbance values measured at 436, 525
and 620 nm [2]. COD removal is in the range 23e55% depend-
ing upon the wastewater composition and it increases with ex-
posure time (Table 1). The lowest efficiency was observed for
WW5 with a high initial COD of 1.94 g/l. In terms of global
COD removal rate, it varies between 0.2 g COD/h/m2 of sup-
port for WW7 and 0.9 g COD/h/m2 for WW3. These rates
are somewhat lower than those indicated by Freudenhammer
et al. [28] for biologically pre-treated textile wastewater. The
decolourization yield for a pure solution of the yellow dye
was of the same order of magnitude as for the industrial
samples.

During treatment, temperature increased and pH changed
slightly. It is difficult to clearly assess the effect of incident
light flux on degradation. Highest COD abatement (55%)
and a good decolourization are obtained for WW4 under the
lowest average solar intensity. There could be two reasons
for the absence of relationship in our case: the formation of
water droplets during the experiment on the upper glass sur-
face, even in case of relatively low temperature and the vary-
ing nature of the industrial wastewater samples. The complex
mixture of dyes and other chemical substances is an important
characteristic of real textile wastewater samples. Several stud-
ies report the negative impact of many additives (ionic species,
organic solvents, humic substances, etc.) which are strong
photodegradation inhibitors [29] as they compete with hy-
droxyl radicals and for the adsorption sites on the catalyst sur-
face. These substances as well as the pH of textile wastewater
influence or delay the photodegradation process. However, in
spite of the wastewater variability, a decrease in the pollution
in terms of COD and colour was observed under solar irradi-
ation whatever be the sample. The alkaline pH favours the dye
degradation, as noticed by Prieto et al. [7] and no pH adjust-
ment is necessary.

Wastewater is considered to be difficult to treat biologically
when F¼ BOD5/COD is lower than 0.3. Most of the samples
under consideration present a poor initial biodegradability
(Table 1), which increases significantly after treatment, except
for two samples (WW3 and WW5).

3.2. UV photocatalytic degradation of textile wastewater

To compare the efficiency of the treatment under reproduc-
ible irradiation conditions, experiments were then conducted
under artificial UV light.

The colour removal of the individual reactive dye solutions
was first investigated for 1 or 2 h of irradiation, using both the
TiO2 supports and both the reactor materials. Table 2 summa-
rizes the results. The decolourization yields obtained with
Table 1

Solar photocatalytic efficiency and biodegradability of wastewater samples before and after photocatalysis by solar irradiation

Reaction

time (h)

Initial

pH

Initial COD

(mg O2/l)

F0 Initial average

absorbancea
%COD

removal

%Decolourization Ff Fb¼ Ff/F0 Final temperature

( �C)

Average

incident

light flux

(W/m2)

WW 1A1_a 2 9.7 1166 0.22 0.38 30.6 25.6a 0.32 1.4 30.9 610.92

WW 2A1_a 2 9.6 1275 0.20 0.55 31 38.5a 0.32 1.56 27.5 620.38

WW 3A1_a 2 9.6 2083 0.17 0.69 32 51a 0.19 1.07 14.4 678.90

WW 4A1_a 3 8.5 1560 0.24 0.31 55 58a 0.41 1.70 33.1 204.25

WW 5A1_a 3 7.4 1940 0.21 0.29 23 21a 0.20 0.97 22.2 351.04

WW 6A1_a 5 7.2 1000 0.28 0.29 50 74a 0.48 1.71 26 n.d.

WW 7A1_a 5 8.5 800 0.35 0.19 50 48a 0.45 1.29 29.2 n.d.

Yellow dye (C7)B_i 2 5.22 n.d. 0.3 42 (at 390 nm) n.d.

A1: support A1, B: support B, _i: stainless steel reactor, _a: aluminium reactor; n.d.¼ not determined.
a Average absorbance value at wavelengths 436, 525 and 620 nm.
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support A in the aluminium reactor for an irradiation time of
1 h are all very high. Obviously, decolourization is easier
than organic matter removal, although it depends upon the
dye chemical structure. Ni-phthalocyanines (C8 and C17) as
well as azoic dyes are degraded, probably by the destruction
of the phthalocyanine ring [30]. A slight increase in pH and
temperature was observed during the treatment. In spite of
the increase in irradiation time, the decolourization yields ob-
tained with support B were much lower than with support A1.
Theoretically, the number of active sites on support A should
be roughly proportional to the specific area (250 m2/g) and the

Table 2

Decolourization and mineralization yields of investigated dyes under UV

irradiation

Dye

solution

Reaction

time (h)

Initial

pH

Final

pH

%DOC

removal

%Decolourization %COD

removal

C1A1_a 1 5.63 7.12 79.7 100

C2A1_a 1 5.14 6.7 73.5 100

C3A1_a 1 6 6.97 84.1 99.2

C4A1_a 1 5.37 6.85 62.5 99.9

C5A1_a 1 5.45 7.01 49.6 99.1

C6A1_a 1 5.77 6.85 55.4 96.6

C7A1_a 1 5.22 6.74 54.1 99.7

C8A1_a 1 6.02 6.68 56.7 99.7

C9A1_a 1 5.9 6.81 67 87.0

C10A1_a 1 5.66 6.8 65.1 100

C11A1_a 1 5.92 6.86 59.3 70.5

C12A1_a 1 6.02 7.01 69.4 89.3

C13A1_a 1 5.63 7.19 78 88.8

C14A1_a 1 5.64 6.86 69.4 97.8

C15A1_a 1 5.63 6.84 68.7 88.7

C2B_a 2 63 95

C7B_a 2 89 49

C8B_a 2 25.3 76

C9B_a 2 44.5 38.2

C13B_a 2 5.6 7.21 35.7

C16B_a 2 94 60

C17B_a 2 40 58.8

C8A2_a 1 60

C9A2_a 1 46.4

C13A2_a 1 4.9 6.2 75.7

C9A2_i 2 6.2 33.8

C16B_i 2 5.2 67
load (20 g/m2), both of which are much higher than for support
B (50 m2/g and 2.8 g/m2, respectively). However, the ratio of
the decolourization yields is not in the order of magnitude
of the theoretical ratio of active sites (i.e. 36). Not all the sites
of support A are probably active. It could be also observed that
the quality of support A varies depending upon the manufac-
tured batch: the results obtained for dyes C8, C9 and C13
with support A2 were not as good as with support A1.

The reactor material has an effect on the treatment effi-
ciency. Experiments were run on one hand with dye C9 and
support A1 and on the other with dye C16 and support B. In
both the cases better yields were obtained with the aluminium
reactor. There is a probable reaction of aluminium with the liq-
uid solution, with a partial dissolution of the metal and precip-
itation on the support. This can be visualized by the
appearance of deposits on support A after use (Fig. 3). These
deposits represent compounds generated by the incomplete
mineralization of the organic pollution adsorbed initially
onto the catalyst. They can reduce the activity of the TiO2 cat-
alyst by competition for the adsorption sites with hydroxyl
radicals, and therefore decreases the treatment efficiency
[31]. Aluminium could be detected by X-ray analysis. It can-
not be excluded that a fraction of the dye is adsorbed on the
reactor aluminium surface but aluminium may also enhance
the photocatalytic activity of TiO2 [32] especially at the
slightly acidic pH of the pure dye solutions. Sulfates produced
as sulfur can be found in some deposits.

The effect of hydrolysis and initial pH was investigated
with three dyes (C8, C9 and C16) with the stainless steel reac-
tor. The results are shown in Fig. 4.

In real textile wastewater, dyes are hydrolysed during the
dyeing stage. Hydrolysis occurs between the chemical compo-
nent RX and water with the exchange of X (for example a car-
bon chain) and OH groups: RXþHOH / ROHþHX. No
effect was observed for the black dye C16, while the decolou-
rization was improved for the blue dye C9, showing here also
the importance of the chemical structure.

As the isoelectric pH of TiO2 is equal to 6.3, a pH effect
was expected. It was not observed and it could be due to the
interference of the glass silica, whose isoelectric pH is around
2 and that is present in much higher proportion in both the
Fig. 3. Electron micrographs of support A after use in the aluminium reactor with the X-ray analysis spectra of a deposit and of a glass fiber.
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Fig. 4. Effect of pH and hydrolysis on decolourization kinetics of some reac-

tive dyes (a) C8 (at 658) (>) pH 6.0 on support B, (D) pH 6 on support A,

(B) pH 10 on support A, (,) pH 10 on support B; (b) C16 (at 599 nm) on

support A, (>) pH 5.2, non-hydrolysed, (,) pH 10, non-hydrolysed, (D) after

hydrolysis; (c) C9 (at 614 nm) on support A, (>) pH 6.2, non-hydrolysed,

(,) pH 10, non-hydrolysed, (D) after hydrolysis.
supports than TiO2. Silica bound to TiO2 has been recently
recognized to enhance the degradation of some aqueous
pollutants [33].

The degradation of real textile wastewater under UV irradi-
ation was then investigated (Table 3). Better decolourization
was achieved with support A than for support B for WW11
and WW12, but the inverse trend was observed for WW13,
which is a synthetic textile wastewater with a low COD con-
centration. As with solar irradiation pH decreases during the
reaction. The order of magnitude of the yields, both in terms
of decolourization and organic matter removal, is similar for
support A under solar and UV irradiation, even with a reaction
time of 5 h. They are much lower than those observed under
UV irradiation for the dye solutions and the support A1. Sun-
light does not contain a large proportion of UV radiation
(about 5%) and better yields could have been expected with
full UV irradiation. Other phenomena, such as photosensitiz-
ing oxidation and reduction, can occur with sunlight [34],
which might compensate for the lower abundance of UV radi-
ation. No drastic effect of the reactor material was noticed: at
least it cannot be differentiated from an effect due to the chem-
ical composition of the sample.

Biodegradability after treatment was assessed by short-term
respirometry. The biodegradability change is quantified by the
ratio of Fstb¼ Fstf/Fst0: it increases significantly for three of
the five tested cases (WW11 with support A, WW12 with sup-
ports A and B) and decreases for WW11 with support B. Due
to the low COD load of WW13, it is possible that limited ac-
curacy can be expected in this case and no conclusion can be
drawn for its biodegradability.

At the end of the series of photocatalysis tests with the
stainless steel reactor, microphotographs of support A were
taken. Some deposits could be seen on the glass fibers after
the use of the aluminium reactor. Their chemical nature could
not be elucidated by X-ray analysis.

4. Conclusion

Supported photocatalysis has been applied to pure reactive
dyes’ solutions as well as real textile wastewater. Pollution
Table 3

Efficiency of photocatalysis and biodegradability change under UV irradiation for wastewater samples

Reaction

time (h)

Initial pH Initial COD

(mg O2/l)

Fst0 Initial average

absorbancea
%COD

removal

%Decolourization Fstf Fstb¼ Fstf/Fst0 Final pH

WW8A_i 5 11.10 363 n.d. 0.11 50.47 72.6a n.d. n.d. n.d.

WW9A_i 5 10.44 2121 n.d. 0.33 n.d. 41.4a n.d. n.d. n.d.

WW10A_i 5 10.20 590 n.d. 0.23 30.99 48a n.d. n.d. n.d.

WW11A_a 5 11.9 461 0.029 0.20 41.6 45a 0.045 1.55 9.75

WW 11B_a 5 11.7 461 0.030 0.20 20 32a 0.024 0.80 10.7

WW 12A_a 5 11.56 440 0.012 0.25 44 78a 0.021 1.67 10.05

WW 12B_a 5 11.45 440 0.013 0.25 46.24 12.5a 0.020 1.54 10.10

WW 13A_a 5 7.72 70 n.d. 0.13 n.d. 41 n.d. n.d. 9.22

WW 13A_a 7 7.72 70 n.d. 0.13 32 81 n.d. n.d. 8.92

WW 13B_a 5 7.72 70 0.057 0.13 n.d. 73.3 0.063 1.10 7.42

WW 13B_a 7 7.72 70 n.d. 0.13 n.d. 74 n.d. n.d. 8.69

A: support A, B: support B, _i: stainless steel reactor, _a: aluminium reactor; n.d.¼ not determined.
a Average absorbance value at wavelengths 436, 525 and 620 nm.
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abatement as well as decolourization were observed with
promising yields. They are, however, strongly dependent
upon the chemical structure of the dyes and probably also of
the other additives (salts, detergents, biocides.) present in the
textile industry wastewater: performance prediction is there-
fore difficult. If colour removal was the basic goal of this
work, the increase of biodegradability is an additional positive
factor, as it would improve the efficiency of a biological down-
stream treatment. No pH adjustment is necessary and waste-
water at high pH can be treated directly after suspended
solids removal. Due to its structure the non-woven glass fiber
fabric seems very promising for an environment-friendly pre-
treatment using solar irradiation. Further work includes tests
for extended periods of time to investigate the ageing of the
material, limit the deposition of photocatalysis residues, and
improve construction of catalyst in order to have a good fixing
of TiO2 on glass silica.
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