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Introduction

The Industrial Revolution brought about a vehement 
enhancement of production, which caused a tremendous 
increase of solid, liquid and gaseous waste materials, re-
sulting in increased contamination of the environment.

surfactants belonging to those compounds, which 
have a great impact on water pollution, are commonly 
used in domestic households and many branches of indus-
try. In recent years a considerable increase in surfactant 
usage and significant enhancement of surfactant concen-
tration in sewage water have been observed in chemistry, 
pharmacology, textile and metallurgy branches, reaching 
even several hundreds of mg per liter. Surfactants be-
ing the common contamination of sewage belong to the 

chemical compounds which are hardly removable during 
classical, physical-chemical and biological methods. oxi-
dation combined with the usage of photo-catalysts is one 
of the most efficient processes. The preliminarily cleaned 
wastewater can be deeply purified by fast, efficient and 
economically accepted biological process.

Car washing installations producing detergent-rich 
sewage are usually located together with petrol stations. 
Some of them are placed far away from urban area and 
are facing serious problems of sewage utilization. A char-
acteristic feature of sewage production is its periodic 
character and the fact that an entire amount of wastewa-
ter is produced usually during summer days. Thus, the 
TiO2-assisted photochemical oxidation process seems 
to be a desirable solution for sewage purification. This 
approach belongs to the modern chemical technology 
methods of sewage and water purification known as Aop 
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Abstract

Advanced oxidation process (Aop) has been shown to be effective in water and air decontamination. 
ultraviolet-oxidation has been evaluated for most contaminants. In this work uV/Tio2/o2 version of Aop 
method was used to decompose surfactants and, applied in car washing installations, commercial products. 
The influence of such parameters like the amount of Tio2 catalyst’s dose, the acidity of aqueous solution 
and the type of applied uV lamp were examined. Additionally, in order to evaluate the effects associated 
with photocatalysis, studies of the contributions like adsorption of surfactants on catalysts and photooxida-
tion were undertaken. photocatalytic oxidation of Cleentex aqueous solution was investigated, using Tio2 
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pH = 8.9 with Tio2 catalyst dose about 1.5 g dm-3. The photo-efficiency of UV lamps should be verified in 
order to avoid the excessive losses of light power. All detergents showed a high affinity for photocatalytic 
decomposition and final degree of CoD reduction was in the range 35-60 %, depending on detergent com-
position. The degree of ToC reduction was slightly lower.
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– advanced oxidation processes [1-3]. Their common fea-
ture is an engagement of strong oxidation radicals Ho˙ 
evolved in different ways. Historically, the first applica-
tion of TiO2-assisted UV photo-catalysis was combined 
with water decomposition on titania electrodes and was 
reported in 1972 by Fujishima and Honda [4]. Tio2 as-
sisted decomposition of biphenyl and chlorine-biphenyl 
in sewage was reported in 1976 by Carey [5]. Now the 
ultraviolet photo-catalytic oxidation process is applied 
frequently in the effective decomposition of many toxic 
compounds present in sewage [6-8].

During exposure of the Tio2 surface with radiation 
of minimum energy 3.2 eV photon (hv) can transfer an 
electron (ecb

-) from the valence band of crystal into the 
conduction band, leaving an electron hole (hvb

+). This en-
ergy is equivalent to photons with wavelength 388 nm. 
The activation of TiO2 takes place in the range of radiation 
300-388 nm. Both the whole valence bands and electrons 
of the conduction band can recombine in a crystal net-
work, resulting in fluorescence and heat evolution effects 
and they can migrate on catalyst surface, where they can 
be involved in redox reactions with adsorbed water mol-
ecules, hydroxyl groups, oxygen atoms and molecules of 
organic compounds. The hydroxyl groups are produced as 
a result of oxidation between hole (hvb

-) and H2O molecule 
or •oH- group.

hvb
+ + H2O → H+ + Ho• (1)

hvb
+ + oH- → Ho• (2)

Electron can react with adsorbed O2(aq) generating 
O2

-, which additionally can give H2O2 and Ho•:

O2 + 2 (ecb
-) + 2H+ → H2O2 (3)

H2O2 + (ecb
-) → Ho • + oH- (4)

In lower pH range hydrogen atoms and molecules can 
arise [9-11].

The adsorption of compounds on metal oxide surface 
(TiO2, sio2) is strongly influenced by charge generation 
during dissociation of surface chemical groups or interac-
tion with H+ and oH- ions from the solution. For TiO2 the 
mechanism is as follows:

H+ + TioH <=> TioH2
+ at low pH (5)

TioH <=> Tio- + H+ at high pH (6)

The surface of TiO2 catalyst is charged positively at 
low pH as a result of protonation, whereas the catalyst 
surface acquires negative charges at high pH in the course 
of deprotonation reaction.

The properties of catalysts and mechanism of photo-
oxidation were deeply investigated in many review papers 
and monographs [12-19]. In this work titania was verified 
as photo-catalyst in the process of oxidation of different 

surfactants in aqueous solution. This process is treated as 
a model system, which can be applied in car-washing de-
vices.

Experimental Procedure

Objects

The applied objects were aqueous solutions of com-
mercial detergents made by Organica (Poland) and used 
in domestic car washing procedures. The applied concen-
trations of solution were prepared according to the pro-
ducer’s indications required in the course of car washing 
procedure:

surfactants such as Cleentex, car shampoo and car 
shampoo with wax are commercial products, whereas 
sulforokanol l – 327 and sulfapol 35 are compounds 
used in production of the above-mentioned commercial 
products:
 1. Cleentex – (organica Car sA, łódź) contains ethoxyl 

alcohols C 9-11, quaternary ammonium salt, alkyl 
glycols, EDTA disodium salt, sodium metasilicate and 
other components according to the producent specifi-
cation (density 1.085 g·cm-3) [20]. An aqueous solu-
tion with detergent concentration of about 12.5 g·dm-3 
was used.

 2. sulforokanol l-327 – (Rokita – Brzeg Dolny) contains 
sulfated ethoxyl fat alcohols [21]. Detergent concen-
tration was about 10 g·dm-3.

 3. sulfapol 35 – (organica Car sA, łódź) contains so-
dium alkilobenzenosulfonic salt (density 1.01 – 1.05 
g cm-3) [20]. Detergent concentration about was 
10 g·dm-3.

 4. Car washing shampoo – (organica Car- łódź) con-
tains nonionic and anionic surfactants,- ethoxyl fat 
alcohols, sulfarokanol, diethyl coconut acid amid, 
derivative of betaine, EDTA disodium salt and other 
components according to the producent specification 
(density 1.001 – 1.006 g cm-3) [20]. Detergent con-
centrations of about 12.5 g·dm-3and 25 g·dm-3 were 
used.

 5. Car washing shampoo with wax – (organica Car sA, 
łódź) contains oksyethylen(3)sulfatedalcohol sodium 
salt C12 – C14, ethers of polyethoxyl fat alcohols. De-
tergent concentration was about 12.5 g·dm-3.

 6. Mixture of Cleentex (12.5 g·dm-3) and car washing 
shampoo (12.5 g·dm-3).

 7. Mixture of Car washing shampoo (12.5 g·dm-3) and 
car washing shampoo with wax (12.5 g·dm-3).
The above products were tested by the polish Agency 

of Hygiene and basic data referring to product constituents 
and physical and chemical properties were delivered.

Surface area measurements were carried out using 
BET (liquid N2) method. TiO2 catalysts were based on 
TiO2 p25 produced by Degussa wich phase composi-
tion, anataz 20% and rutile 80%. silica support was 
obtained by sol-gel method used as a starting material 
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– tertetoxysilicon(IV). Titania supported on silica – 10% 
TiO2/sio2 catalyst was prepared by TiO2 deposition on 
silica, suspended in hexane solution of titanium isopro-
panol, as a result of hydrolysis in argon atmosphere and 
left for 48 hours at room temperature. Then solvent was 
removed in a vacuum and the catalyst was dried at 120°C 
(4 h) and finally calcinated at 400°C (3h) in oxygen 
stream. silica (0.1 – 0.2 mm fraction) with surface area 
430 m2·g-1, manufactured by Machery Nagle Co., was ap-
plied.

Apparatus and procedure

photo-oxidation and photo-catalytic processes were 
run in a photo-reactor (Heraus) consisting of a glass ves-
sel – volume of 1000 cm3 equipped in uV lamp 150 w 
(type TQ 150 Heraus) or 8 w (CoBR polam – warsaw) 
placed in a Quartz lining and magnetic rotor. oxygen was 
delivered to the solution via a special tube and constant 
volume rate was kept 10 dm3 h-1. Temperature of reac-
tion was usually about 20°C. The amount of catalyst was 
added to the solution before the experiment (only in case 
of photo – catalytic experiments). Time of reaction was 
5-8 h. Adsorption processes were run in the same reactor 
covered by aluminum foil to avoid unwanted photolitic 
effects (without UV lamp).

In order to estimate the efficiency of photons produced 
by applied lamps, the procedure of chemical actinometer 
was performed. The emission spectra were obtained by 
using a Hewlett packard model Hp 8542 spectrophotom-
eter. The chemical ferric-oxalic actinometer was applied 
and resultant Fe2+ ions formed color complex with 1.10 
fenantrolin, whose concentration was measured at wave-
length 510 nm [22,23]. In this way the intensity of pho-
tons emitted per unit time was evaluated for both 8 and 
150 w lamps. For lamp 8 w emitting light in the range 
254-578 nm (about 45% of light in uV range, about 
38.9% light emission at 254 nm) the amount of absorbed 
light by aqueous solvent was estimated as 1.249·1020 pho-
tons min-1dm-3, which corresponds to energy consumption 

equal to 4.532⋅1020 eV min-1dm-3 or 72.5 J min-1dm-3. For 
lamp 150 w emitting light in the range 254-578 nm (about 
21% in uV range, 2.3% light emission at 256 nm) the in-
tensity of light absorption was 1.91⋅1021 photon min-1dm-3 

which is equivalent to energy uptake 5.81⋅1021 eV min-

1dm-3 or 931 J min-1dm-3. In the range 250-350 nm the ef-
ficiency of photon emission were 5.73·1019 and 50.5·1019 
photons min-1·dm-3 for 8 i 150 w lamps, respectively. The 
yields at 254 nm are similar 4.85·1019 and 5.62·1019 photon  
min-1·dm-3, respectively. The ratio of electric power for 
both lamps, reflecting the ratio of emitted photons was 
18.75 in the entire range of light radiation but about 9 in 
ultraviolet range.

Analytical Methods

The oxidation of surfactants was carried out in the sys-
tem with photo-catalyst as a suspension. The reaction run 
was monitored by spectrophotometeric, polarographic, 
measurements of total organic carbon ToC (5000 shi-
madzu), chemical and biochemical oxygen demand (CoD 
and BoD) methods. process optimization was performed 
taking into account the following parameters: concentra-
tion and type of surfactant, the amount of surfactant, the 
mass of photo-catalyst, pH of solution, radiation intensity, 
time of reaction and the possibility of re-usage of cata-
lyst, co-operate action of o3. H2O2 and uV. All analyti-
cal procedures were made according to polish legislative 
Norms.

Results

Three steps of TiO2-assisted photo-catalytical pro-
cesses can be anticipated: the adsorption of chemical 
compound on catalyst surface, the oxidation of adsorbed 
compound on catalyst surface and simultaneously the oxi-
dation of compounds in aqueous solution. usually the last 
process of oxidation can be treated as photo-oxidation be-
cause additionally the solution is strongly saturated with 

Table 1. Initial data for aqueous solutions of detergents and their mixtures.

Detergent Concentration CoD BoD5 pH ToC BoD5/CoD

Units g dm-3 mgO2 dm-3 mgO2 dm-3 mg dm-3

Cleentex 12. 5 345 160 10.9 111 0.464

sulforokanol l-327 10 550 150 7.2 165 0.273

sulfapol 35 10 685 208 7.2 224 0.304

Car shampoo 25 928 420 7.1 244 0.453

Car shampoo with wax 12.5 542 226 7.7 248 0.417

Cleentex + Car shampoo (1:1) 12.5 + 12.5 665 380 10.1 219 0.572

Car shamp. + Car shamp. with wax (1:1) 12.5 + 12.5 543 180 7.8 258 0.331
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oxygen gas. In order to get deeper insight into the mecha-
nism of compound decomposition in aqueous solution the 
adsorption of surfactants and their photodecomposition 
on titania surface should be estimated.

Adsorption process

The adsorption of surfactants on catalyst surface was 
performed in a dark environment during 8 h in room 
temperature using suspension of TiO2 1.5 g dm-3 without 
oxygen saturation. CoD measurements were made every 
one-hour and the results are presented in Figure 1 for sul-
fanol 35, sulforokanol l-327 and car shampoo with wax 
solutions. Rather surprisingly unexpected curves were 
found during adsorption on titania for aqueous solution 
of car shampoo and car shampoo with wax, depicted in 
Fig. 2.

The adsorption process was also carried out on silica 
surface. The applied SiO2 consisted of powder grains in 
the range 100-200 mesh and surface area was 420 m2 g-1. 
The typical examples of CoD changes during the ad-
sorption of sulforokanol l-327 and Cleentex on silica 
are illustrated in Figure 3. silica was used as a reference 
system because TiO2/sio2 (titania supported on silica) 
photo-catalyst was also used.

photo-oxidation process

ultraviolet photo-oxidation process (without Tio2 as a 
catalyst) was used for aqueous solution of different deter-
gents and their mixtures. Two uV lamps were applied: the 
low pressure 8 w and the medium pressure 150 w. The fol-
lowing degrees of CoD and ToC values reduction were ob-
tained after a 5-hour photo-oxidation process: for sulfaro-

Fig.1. CoD changes of aqueous solutions of sulfapol 35, sul-
forokanol l-327 and Car shampoo with wax during adsorption 
(8 h) on titania (1.5 g dm-3) in a dark environment.

Fig.2. CoD changes of solutions: car shampoo and mixture of 
car shampoo with wax taking place during adsorption (8 h) on 
titania (1.5 g dm-3) in a dark environment.

Fig.3. CoD changes of solutions: sulforokanol l-327 and 
Cleentex taking place during adsorption (8 h) on silica (1.5 g 
dm-3) in a dark environment.

Fig. 4. The final changes of CoD, ToC obtained during photo-
oxidation (lamp 8 w) of sulforokanol l – 327 in water solution 
in 5 h.
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kanol l-327 above 30% CoD and 32% ToC, sulfapol 35 
– 25% CoD and 5% ToC and for mixture of Cleentex and 
car washing shampoo above 30% CoD and 18% ToC. The 
above values were found for UV lamp 8 W (Fig. 4).

photo-Catalytic oxidation on Tio2

The optimalization of measurements referring to the 
influence of TiO2 dose and pH on the efficiency of uV 
photodecomposition process of Cleentex solution (12.5 g 
dm-3) is presented in Figs. 5 and 6, respectively.

The Influence of TiO2 Dose

Four different TiO2 suspensions were applied 0.5; 1.0; 
1.5 and 2.0 gram per 1 dm3 of 12.5 g dm-3 Cleentex aque-
ous solution. The use of higher TiO2 content was rather 
undesirable taking into account the efficiency of uV pho-
to-catalyst and the economical point of view. The influ-
ence of TiO2 dose on the main parameters of the 5 hours 
uV photo-oxidation of Cleentex solution: CoD, BoD 
and ToC values is presented in Fig. 5. Rather small ef-

fects are observed, especially for higher loading of Tio2 
(1.5 and 2.0)

The Influence of pH

The influence of pH on the efficiency of uV photode-
composition process of Cleentex solution (12.5 g dm-3) is pre-
sented in Fig. 6. In all cases a 5-hour run was performed. 
The measurements were carried out applying light radia-
tion originating from the medium pressure uV lamp 150 
w. The values CoD and ToC were modified by subtrac-
tion of the estimated values obtained during UV photo-
catalytic oxidation of solution with applied pH buffer. The 
initial pH value of Cleentex solution was 9.86. The desir-
able pH values were obtained in the following way:

pH = 2.51 – addition of 45 cm3 0,1 mol dm-3 HCl
pH = 5.20 – applying NaCH3Coo+CH3CooH buffer
pH = 8.90 – applying glicyne – NaoH buffer
pH = 12.05 – addition of 20 cm3 0,1 mol dm-3 NaoH
photo-catalytic oxidation of applied buffers glicyne – 

NaoH and NaCH3Coo+CH3CooH (without surfactants) 
were examined in the same conditions. The changes of 
measured parameters are in Table 2.

Fig. 5. The final changes of CoD, ToC and BoD5 obtained dur-
ing photo-oxidation of Cleentex water solution for different ap-
plied doses of TiO2 (lamp 150 w, pH = 10.9, 5 h).

Fig. 6. The influence of pH on final changes of CoD and ToC 
obtained during TiO2 assisted photo-oxidation of Cleentex water 
solution (lamp 150 w, 5 h).

Table 2. The changes of parameters measured after 5 h photo – catalytic oxidation of buffers.

parameters [units] glicyne – NaoH buffer NaCH3Coo+CH3CooH buffer

CoD0 [ mg O2 dm-3 ] 1840 11410

CoD5 [ mg O2 dm-3 ] 970 11290

ToC0 [ mg dm-3 ] 1064 5027

ToC5 [ mg dm-3 ] 968 4747

pH0 8.95 5.20

pH5 8.15 5.24
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The main problem of these measurements results from 
the interaction between different compounds present in 
aqueous solutions. The independence of decomposition 
for given compound is disputable. Thus, the lack of pro-
motion and inhibition effects was assumed.

The Influence of UV Radiation Intensity

The influence of UV radiation intensity on the effi-
ciency of TiO2 assisted photodecomposition of the ex-
ample solution – mixture of Cleentex and car shampoo 
is illustrated in Fig. 7. The comparison of photolysis effi-
ciency was made by applying two uV lamps 8 and 150 w. 
Three parameters were recorded: CoD, BoD5 and ToC 
after 5 h reaction time. About 19% and 47% decrease of 
CoD value were found for 8 and 150 w lamps, respec-
tively. The diminishments of ToC values were smaller by 

about 12 and 18%, respectively. The decrease of BoD5 
values was about 80% in both cases.

photo-Catalytic oxidation of Detergents

Titania assisted (1.5 g Tio2 dm-3) photo-catalytic oxi-
dation of detergents (sulforokanol l-327, sulfapol-35, 
car shampoo, car shampoo with wax and their mixture) 
is illustrated in Fig. 8 as CoD, BoD5, BoD5/CoD and 
ToC values obtained after 5 hours of reaction time. BoD 
values were estimated,  obtained after 5 hours of reaction 
time. BoD values were estimated, both at the beginning 
(BoDinit.) and after 5 h (BoD5) and the ratio BoD5/BoDinit. 
was calculated what can be used as a measure of biologi-
cal affinity for decomposition of surfactant.

The influence of catalyst types (TiO2, 10%Tio2/sio2, 
SiO2) on final changes of CoD and ToC values estimated 
after 5 h photo-oxidation of Cleentex water solution is 
presented in Fig. 9. The load of photo catalyst was 1.5 g 
dm –3 and applied 150 w ultraviolet lamp. The obtained 
results both for 10% Tio2/sio2 catalyst (320 m2g-1) and 
TiO2 alone (49 m2g-1) were 22 and 18%, respectively. 
Time-dependent CoD curve for silica (420m2/g) shows a 
minimum after 2 h of about 21% and further increase to 
about 10% after 5 h.

Discussion

The measurements of surfactant adsorption on titania 
surface described above play an important role in TiO2 
assisted photo-catalytic oxidation of these detergents. The 
adsorption process is strongly dependent on the type of 
surfactant compounds. The commercial detergents like 
sulfapol 35, sulforokanol l-327 and car shampoo with 
wax adsorb on catalyst surface in a classical manner and 
the adsorption equilibrium was established after 5-6 hours. 
When the amount of TiO2 was 1.5 g·dm-3 the highest ad-

Fig. 7. The influence of lamp radiation power (8, 150 w) on 
final changes of CoD, ToC and BoD5 values obtained during 
TiO2-assisted photo-oxidation of Cleentex and car shampoo wa-
ter solution (pH = 10.1; time of reaction 8 h).

Fig. 8. The final decrease of CoD, ToC and BoD5 values and 
their ratios CoD, ToC and BoD5/CoDinit. obtained during TiO2 
photo-oxidation of surfactant-water solution (pH not modificat-
ed, time of reaction 5 h).

Fig. 9. The influence of kind catalyst (Tio2, 10%Tio2/sio2, sio2) 
on final changes of CoD and ToC obtained during photo-oxidation 
of Cleentex water solution (lamp 150 w, time of reaction 5 h).
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sorption was found for the solutions of sufapol-35 and car 
shampoo with wax and corresponding decrease of CoD 
value was about 50%. Adsorption of sulforokanol l-327 
was considerably smaller and CoD decrease was about 
20%. The profound deviations of time-dependent adsorp-
tion curves were found for car washing shampoo. Because 
this commercial product is a mixture of many different 
chemical compounds, their affinity toward titania sur-
face differs considerably and at the beginning CoD value 
significantly drops down to about 30% of initial value 
reaching a minimum of 0.5 h. The longer adsorption time 
considerably restores CoD value of solution that seem to 
indicate the replacement process on TiO2 surface. Prob-
ably the adsorbed long molecules are replaced by much 
shorter ones, which would explain the experimental find-
ings. This co-adsorption and replacement phenomena on 
silica is similar to that observed for titania. The final effect 
observed after 5 h for surfarokanol was 11% and Cleentex 
about 12% and the minimum occurred after 2h. The com-
parison of adsorption effects for solutions of Cleentex and 
sulforokanol l-327 detergents is presented in Fig. 10.

The above experiments show that photo-oxidation of 
detergents occurs with good efficiency. The analogical 
conclusion was drawn earlier from the investigations car-
ried out with nonionic detergent Triton X-114 dissolved 
in water [24]. similar behavior was observed during pho-
todecomposition of surfactants present in dye and wash-
ing sewage [25]. Rather small decreases of CoD values 
of model solutions and sewage confirmed the fast first 
stage of detergent decomposition but the total degrees 
of oxidation were much smaller than 100%, indicating 
only partial decomposition of organic compounds. For 
sulfarokanol and Cleentex solutions the decrease of 
CoD values was in the range 20-30% after 5 h decom-
position of solution exposed for light radiation of 8 w 
lamp. Such results confirm the affinity of these commer-
cial detergents for photo-oxidation. The degree of solu-
tion mineralization expressed as CoD parameter change 
in the range of a few tens of percent, which confirms the 
stability of the compounds being the end products of de-

tergent photodecomposition. Those organic compounds 
can result from reactions between the intermediate com-
plexes and several additives present in commercial deter-
gent composition.

In the course of photo-catalyst experiments efficiency, 
the optimum 1.5 g dm–3 loading of TiO2 in aqueous sus-
pension of catalyst powder and detergent solution was 
established. The CoD and ToC parameters are not influ-
enced very much by titania content in a photo-catalytic 
system but too large load of catalyst leads to the decrease 
of suspension transparency, which determines the concen-
tration of radicals in decomposed solution.

The solution acidity strongly affects photo-catalyti-
cal efficiency. In the case of Cleenex solution the best re-
sults were obtained for pH value in a weakly basic range 
and for pH=8.9, CoD value reduction was about 97%, 
whereas ToC value only diminished about 26%. The larg-
est decrease of ToC value (about 41%) was measured for 
weakly acidic solution, pH=5.2. For starting aqueous so-
lution of Cleenex with pH=9.86 the change of both CoD 
and ToC values was about 20% and strongly depends on 
acidity. The considerable changes of solution acidity can 
strongly affect the mutual interaction between buffer ad-
ditives and the ingredients of commercial detergents. Ad-
ditionally, the considerable change of hydrogen ions con-
centration may influence the accuracy of measurements, 
especially when the CoD and ToC values do not change 
very much.

The final results of TiO2-assisted photodecomposition 
of aqueous solution of detergent appeared different after 
a 5 h process. The reduction of CoD values was in the 
range 30-61% depending on the kind of commercial de-
tergent and the process conditions. In general the reduc-
tion of ToC parameter was in the same range from 25 
up to 58%. Not very useful was the reduction of BoD5 
parameters being in the range of 64 up to 84% because 
such a considerable decrease indicates rather low affinity 
of biological degradation.

Fig. 10. The comparison of CoD values after 5 h adsorption in 
dark environment for Cleentex and sulforokanol l – 327 solu-
tions on TiO2, 10%Tio2/sio2 and SiO2 catalysts (1.5 g dm-3).

Fig. 11. The comparison of adsorption, uV photo-oxidation 
(without TiO2) and uV photo-catalytic oxidation on Tio2 (1.5 
g dm-3), expressed as CoD values obtained after 5 h process for 
water solution of sulfarokanol and mixture of car shampoo and 
car shampoo with wax (lamp 8 w, time of reaction 5 h).
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The evaluation of percentage contribution of adsorp-
tion, photo-oxidation and Tio2-assisted photo-oxida-
tion into the total decomposition process is presented in 
Fig. 10 for sulfarokanol and the mixture of two sham-
poos with and without wax. The comparison is illustrated 
by adequate changes of CoD values. Rather clear differ-
ences can emerge from these results. The final decom-
position is similar for both detergent solvents, although 
the contribution of adsorption and CoD change in Tio2 
photo-catalytic process for sulfarokanol l-327 are lower. 
The presented CoD results can be ambiguously repre-
sentative describing the complicated process of TiO2-as-
sisted photodecomposition of commercial detergents. 
photo-oxidation does not take place in exactly the same 
conditions as during catalytic photo-oxidation. Although 
the amount of absorbed radiation can be slightly different 
but most light radiation is dispersed on titania grains in 
TiO2-uV oxidation. And the adsorbed molecules of de-
tergent undergo oxidation on catalyst surface or they can 
desorb into liquid phase. Despite this obvious limitation 
the photo-catalytical process is dominant in detergent de-
contamination.

The considerable increase of UV lamp light radiation 
power from 8 to 150 w does not reflect desirable in-
crease of photo-catalytic yield of oxidation process. on 
the bases of actinometrical measurements the calculated 
increase of electric power about 19 times leads only to 
about 13 times higher efficiency of light emission. The 
increase of photo-oxidation yield is even about 2.5 times 
lower referring to CoD values and 2 times lower for 
ToC values. The powerful uV lamp loses considerable 
part of light emission energy in a rather a unprofitable 
way.

The attempt to use TiO2 deposited on silica as photo-
catalyst support gave promising results of detergent ox-
idation. The use of a photo-catalyst consisting of 10% 
TiO2/sio2 resulted in about 22% decrease of CoD value 
whereas TiO2 alone was about 16%. For comparison, the 
use of silica alone resulted in the reduction of CoD val-
ue about 7% and this effect is attributed only to adsorp-
tion and uV oxidation (without Tio2). The diminish-
ment of ToC values was in the same range (18-21%) as 
CoD values. Titania supported on silica photo-catalyst 
10% Tio2/sio2 has much higher surface area 320 m2·g-

1 in comparison with TiO2 alone 49 m2·g-1. Thus, it is 
possible to obtain high surface efficient photo-catalyst 
using only 10% of Tio2. The removal of solid suspen-
sion is much easier in the case of silica-supported TiO2 
in comparison with TiO2 requiring spin-drying. Much 
simpler technical solution would be needed in future 
practical application.

Conclusions

Titania assisted uV photo-catalytical oxidation is 
one of the alternative ways of detergent decomposition. 
At this stage of knowledge it is not possible to make the 

objective economical analysis and the optimal version of 
chemical treatment of sewage produced by a car washing 
procedure. The main advantage of UV catalytic process is 
the lack of necessity in using strong oxidants like ozone or 
hydrogen peroxide and the possibility of catalyst activa-
tion by sun radiation. In this way the problem of reaction 
activation by expensive uV radiation would be solved. 
The construction of suitable photo reactor combined with 
sun batteries would make possible sewage decontamina-
tion with the use of sun radiation. The scale of installation 
and its efficiency would be proportional with the amount 
of produced sewage, usually during summer days.

The lack of hydroxyl group selectivity allows for the 
conclusion that effectiveness of the proposed method 
would not be limited by the kind of applied detergents. 
The changes of decomposition yield would be re-compen-
sated by the time of process. The decontamination end pa-
rameters would make it possible to combine this process 
with household sewage and the final purifying in local, 
unmanned sewage purification set.

Acknowledgements

This work was supported by kBN grant 7T09B10321

References

 1. GRZECHowIAk J., wEREsZCZAko – ZIElIńskA I., 
Catalysis in Environment protection. przem. Chem., 79, 
263, 2000 (in Polish).

 2. ZARZyCkI R., The Advanced oxidation Technics in Envi-
ronment protection. polish Academy of science, łódź 2002 
(in Polish).

 3. lEGRINI o., olIVERos E., BRAuN A.M., photochemi-
cal process for water Treatment. Chem. Rev. 93, 671, 1993.

 4. FuJIsHIMA A., HoNDA k., Electrochemical photolysis of 
water at a semiconductor electrode. Nature 238, 37, 1972.

 5. CAREy J.H., lAwRENCE J., TosINE H.M., photodeg-
radation of pCB’s in the presence of Titanium Dioxide in 
Aqueous suspension. Bull. Environ. Toxicol. 16 (6), 697, 
1976.

 6. DJEGHRI N., FoRMENTI M., JuIllET F., TEICHNER 
s.J., photointeraction on the surface of titanium dioxide be-
tween oxygen and alkanes. Faraday. Discuss. Chem. soc. 
58, 185, 1974.

 7. HoFFMANN M.R., MARTIN s.T., CHoI w., BAHNE-
MANN D.w., Environmental Applications of semiconduc-
tor photocatalysis. Chemical Review 95 (1), 69, 1995.

 8. ZAlEwskA A., HupkA J., wIERGowskI M., BIZIuk 
M., photocatalytic degradation of lindane, p,p’ – DDT and 
methoxychlor in aqueous environment. Journal of pho-
tochemistry and photobiology A: Chemistry 135, 213, 
2000.

 9. HIDAkA H., ZHAo J., photodegradation of surfactants 
catalyzed by a Tio2 semiconductor. Colloids and surfaces 
67, 165, 1992.



Decomposition of Detergents... 465

10. HoRIkosHI s., wATANABE N., oNIHI H., HIDAkA H., 
sERpoNE N., photodecomposition of nonylphenol polye-
thoxylate surfactant in a cylindrical photoreactor with Tio2 
immobilized fiberglass cloth. Applied Catalysis B: Environ-
mental 37, 117, 2002.

11. CAlZA p., MINERo C., pElIZZETTI E., photocatalytic 
transformation of chlorinated methanes in the presence of 
electron and hole scavengers. J.Chem.soc., Faraday Trans. 
93 (21), 3765, 1997.

12. sABIN F., TÜRk T., VoGlER A., photo-oxidation of or-
ganic compounds in the presence of titanium dioxide: deter-
mination of effficiency. J. photochem. photobiol. A: Chem. 
63, 99, 1992.

13. RoDRIGuEZ s.M., RICHTER C., GAlVEZ J.B., VIN-
CENT M., photocatalytic degradation of industrial residual 
waters. Solar Energy 56 (5), 401, 1996.

14. sHENG H. lIN, CHI M. lIN, HoRNG G. lEu, operat-
ing characteristics and kinetic studies of surfactant waste-
water treatment by Fenton oxidation. war. Res. 33, 1735, 
1999.

15. lEA J., ADEsINA A.A., The photo – oxidative degradation 
of sodium dodecyl sulphate in aerated aqueous Tio2 suspen-
sion. Journal of photochemistry and photobiology A: Chem-
istry 118, 111, 1998.

16. HIDAkA H., ZHAo J., sAToH y., NoHARA k., pElIZ-
ZETTI E., sERpoNE N., photodegradation of surfactants. 
part XII: photocatalyzed mineralization of phosphorus 
– containing surfactants at Tio2/H2O interfaces. Jurnal of 
Molecular Catalysis 88, 239, 1994.

17. HIDAkA H., ZHAo J., pElIZZETTI E., sERpoNE N., pho-
todegradation of surfactants 8: Comprarasion of photocatalytic 
processes between Anionic sodium Dodecylbenzenesulfonate 
and Cationic Benzyldodecyldimethylammonium Chloride on the 
TiO2 surface. The Journal of physical Chemistry 96, 2226, 1992.

18. HIDAkA H., ZHAo J., kITAMuRA k., NoHARA k., 
sERpoNE N., pElIZZETTI E., photodegradation of sur-
factants IX: The photocatalysed oxidation of polyoxyeth-
ylene alkyl ether homologues at Tio2 – water interfaces. J. 
photochem. photobiol. A: Chem. 64, 103, 1992.

19. suZukI y., wARsITo, ARAkAwA H., MAEZAwA A., 
uCHIDA s., ultrasonic enhancement of photo-catalytic oxidation 
of surfactant. Intrnational Journal of Photoenergy 1 (1), 61, 1999.

20. http://80.55.241.186./ejdrob characteristic cards; cleentex 
– no.214, sulfapol – no.217, car shampoo with wax – no. 
093, car washing shampoo – no. 138.

21. www.rokita.pl
22. HATCHARD C.G., pARkER C.A., A new sensitive acti-

nometer. II. potassium ferrioxalate as a standard chemical 
actinometer, proc. R. soc. 235A, 518, 1956.

23. MuRoV s., CARMICHAEl I., HuG G.l., Handbook of 
photochemistry, 2-nd edition, Marcel Dekker, 1993.

24. lEDAkowICZ s., olEJNIk D., pERkowskI J., 
ŻEGoTA H., The use of advanced oxidation processes 
(Aop) for the decomposition of Triton X – 114 nonionic 
detergent. przem. Chem., 80, 10,  453, 2001. (in Polish)

25. pERkowskI J., kos l., lEDAkowICZ s., Advanced 
oxidation of textile wastewaters. ozone science and Engi-
neering 22, (5),.535, 2000.


