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Abstract

This study presents radio frequency plasma (RF-plasma), microwave plasma (MW-plasma), and vacuum-UV light irradiation as pretreatment
of synthetic textile surfaces allowing the loading of iy wet chemical techniques in the form of transparent coatings constituted of nano-
particles of diverse sizes. These loaded textiles show a significant photo-oxidative activity under visible light in air under mild conditions,
which discolors and mineralizes persistent pigment stains contained in wine and coffee. The mineralization of stains on the textile loaded with
TiO, was monitored quantitatively to assess the appropriate surface pretreatment in conjunction with the most suitable deposition method of
TiO; colloids, powders, or combination of both. Their photocatalytic activity allowed, in kinetically acceptable times, the almost complete
discoloration of coffee and wine stains. The observed discoloration of colored stains seems to involve visible light sensitization of the stain
pigment on the Ti@-loaded textile. The size of the particles obtained from colloidal precursors gfvEifled between 5 and 25 nm.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the growth of TiQ crystallites was reported to produce pho-
toactive films at 100C on glass surfacg8—11]. In Japanese
This study aims to increase the bondability of 3iGn studies related to TiQcoated textile§6—8], emulsions were

wool-polyamide and polyester textiles by surface textile mod- prepared using acrylate, additives, fluidizers and,TiChe
ifications induced by RF-plasma, MW-plasma and UV irra- emulsion was then sprayed on the textile fabric. Then the
diation. These pretreatments at low-pressure in air leave thetextile was heated to around 100 for a few minutes to
bulk of the textile intact and only modify the upper surface produce the polymer on the textile containing the ZiOhi-
layers from 1 to 20 nnfil]. Surface pretreatments of fabrics nese studies also used this approach with some variations
and polymers have been carried out by etcHRig plasma [12].
[3], and corona dischardé]. Man made fabrics and textiles Our work uses a different approach. It consists in modify-
in Europe represent 72% of the total textile market and im- ing the structure of the textile surface by introducing a vari-
provements increasing their properties are sought for prod-able density of negative group<£COO~, —O—-O—, through
ucts having high added valyg]. The application of TiQ RF-plasma, MW-plasma or vacuum-UV irradiation. Then,
loading technology on textiles or flexible supports is in its the TiO, is attached to the modified textile surface by ex-
infancy compared with Ti@films intended to harvest so- change with the positively loaded “ti of TiO,. The sur-
lar energy and depollute water or air, where the Ji©de- plus charge is 3+, which is quite considerable in electrostatic
posited on glass, silica or ceramic supp¢&g]. Recently, terms. Deposition of TiQclusters on natural cotton textiles
has recently been reported, showing the formation of anatase
* Corresponding author. Tel.: +41 21 6933621; fax: +41 21 6933621.  Crystals of small dimensions stably grafted onto cotton fabrics
E-mail addressjohn.kiwi@epfl.ch (J. Kiwi). [12]. Also, in this study we intend to optimize the formula-
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tion of colloids to produce efficient discoloration of some
persistent stains on synthetic textiles.
2. Experimental section
2.1. Materials

Polyester (100% Trevira) and wool (90%)-polyamide
(10%) textiles were used throughout this work. Titanium

tetrachloride (TiC)), titanium tetra-isopropoxide (TTIP), ni-
tric acid (HNGs), and hydrochloric acid (HCI) were Fluka
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other 75% of the lamp output consisted of a 254 nm radia-
tion. Since the vacuum-UV activation proceeds with a lower
energy than the plasma activation, no cationic or anionic oxy-
gen species can be produced in the gas phase. Only atomic
and excited oxygen species are formed. This leads to a more
controlled and uniform modification of the textile surfaces
with an increased polarity, which is related to the variety
of oxygen functional groups formed by the reactions of free
radicals with Q inthe gas phase. The active upper textile lay-
ers are excited by the incoming UV radiation up4@0 nm
depth (or the equivalent of 50 atomic layers with an average
thickness of z&llayer). Therefore, the bulk of the textile is

p.a. reagents and used as received. Triply distilled water wasnot touched. At the pressures used for plasma or vacuum-UVv

used in all experiments.
2.2. Pretreatment of synthetic textiles fabrics

2.2.1. RF-plasma

The polyester and wool-polyamide fabrics were pre-
treated in a RF-plasma cavity (13.56 MHz, 100 W) instru-
ment from Harrick and Co., UK, using a vacuum of 0.8 Torr.
Avariety of functional groups €0, C=0,—-0—-C=0,—COH,
—COOH, were introduced on the fabric surface through the
reaction between the active O-species (sin@t, atomic
O, anion-radical O, and cation-radical &) induced by

the plasma activation of the gas phase on the carbon of the

textiles surfacg13]. Besides functional groups mentioned
above, synthetic textile fibers have been shown to form a
significant number of percarboxylate, epoxide, and peroxide
groups upon irradiation with RF-plasnfa4]. The overall
hydrophilicity of the textile surface was drastically increased

upon this pretreatment. These oxygen functions were located
in the top layers of the materials 10—40 nm depth and attained(3)

a higher concentration with longer treatment times (up to
~30min). This time has been chosen for RF-plasma treat-
ments performed in this study. Recently, the preparation of

diverse catalysts using plasma technology has been described

[15].

2.2.2. MW-plasma

The polyester and wool-polyamide fabrics were also pre-
treated in a MW-plasma cavity (Vacotec Corp., Neuchatel,
Switzerland) operated at 2450 MHz and 100-600 W under a
pressure of 0.8 Torr (oxygen atmosphere). The time of treat-

ment was varied between 5 and 45 s depending on the fabric
stability and on its resistance to the temperature reached in

the plasma chamber. A 12C temperature was not exceeded,
which would be higher than the flowing point of the synthetic
fabrics used.

2.2.3. Vacuum-Uv

The textile polymer surface was also pre-treated using the
185nm line of a 25W low-pressure mercury lamp (Ebara
Corp., lwasaki Electric Co., Shiba, Japan). The lamp wall
consisted of synthetic silica able to transmit the 184 nm light.
This wavelength comprises 25% of the total lamp output. The

pretreatment, the residual oxygen was sufficient to modify
the textile surfaces owing to the absorption cross section of
O for plasma radiation or ultraviolet ligti1 6].

2.3. Preparation of TiQ suspensions and colloids

Five different methods were used to preparezié@lloidal
solutions intended to load the cotton fabrics.

(1) A suspension of 5 g/l of Ti@was prepared through the
dilution of Degussa P-25 pigment in 500 ml of distilled
water. The suspension was sonicated during 30 min at
60°C before use.

An agueous solution of 1% in Tigl(M,y, 198.7) was
made by slowly dropping reagent grade Tj@ito ice-
cold distilled water (2C) previously acidified with HCI.
Cellulose membranes were used to eliminate by osmosis
CI~ ions, which interfere with the self-cleaning photo-
catalytic process, if present on the textile surface.
Titanium tetra-isopropoxide (20 ml) was added drop-
wise to 300 ml of 2-propanol acidified with 1 ml of con-
centrated HN@and cooled te~0°C. This solution was
stirred for~1 h to achieve the total dissolution of result-
ing polymeric chains and produce a transparent solution.
Colloidal TiO, (300 ml of an 8 wt% solution) was pre-
pared using method 3. The hydrothermal treatment of
this solution was then carried out by heating in an au-
toclave for 16 h at 100C to favor the growth of initial
TiO, particles. After autoclaving, the Ti(particles were
re-dispersed by stirring and sonication.

Colloidal TiO, (300 ml of a 12 wt% solution) was pre-
pared using method 4 and a hydrothermal treatment at
220°C.

A 4cmx 12 cm textile sample (sample 14 Table 1),
RF-plasma pre-treated (30 min), was immersedin @ TiO
colloidal solution prepared using method 4, then dried
at 60°C for 24 h and cured at 10€ for 15min after
what a second layer of Tiwas deposited by immersing
the textile in a suspension of TixMegussa P-25 (5 g/l).
After final drying in air at room temperature and then
at 100°C, the sample was washed with distilled water
under sonication to remove the unattached particles of
TiO>.

)

4)

(5)

(6)
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Table 1
Conditions used to load TiDon wool-polyamide and polyester textiles
Sample number Type of pretreatment Time of pretreatment 2 $dDrce Preparation number
1 RF-plasma 30min Degussa P-25 (water) 1
2 RF-plasma 30min TiGl(water) 2
3 RF-plasma 30min TTIP (water) 3
4 RF-plasma 30min TTIP (watér) 4
5 RF-plasma 30min TTIP (watér) 5
6 Vacuum-Uv 30min TiCJ (water) 2
7 Vacuum-UV 30min TTIP (water) 3
8 Vacuum-Uv 30min TTIP (watef) 4
9 Vacuum-Uv 30min TTIP (wate?) 5
10 MW-plasma X 10s TiCly (water) 2
11 MW-plasma X 10s TTIP (water) 3
12 MW-plasma 3*10s TTIP (wated 4
13 MW-plasma 3% 10s TTIP (wate) 5
14 RF-plasma 30 min TTIP (watér) Degussa P-25 4+1

@ Hydrothermal treatment (16 h at 100).
b Hydrothermal treatment (16 h at 220).

2.4. Preparation of TiQ coated textiles CO, GG-monitoring
A

Plasma or UV pre-treated textiles samples

i
i

(4cmx 12cm) (seeTable 1) were immersed in the se- /EB.\ E
lected TiQ suspension/colloidal solutions for 30 min. Cylindrical airtight M ——T— / '§
Then, the samples were dried in air at°22 (laboratory irradiation vessel =
temperature) for 24 h and then heated at 4@@or 15 min. \ Textile sample / g
=
)

the pretreatment using any of the three techniques mentioned
above. The reason for this is that the radicals formed at the
fabric surface react with humidity and oxygen of the air,
slowly deactivating the radicals induced on the pre-treated
fabrics. The textile samples were then washed with distilled
water under sonication to remove TiQarticles that did

not attach to the fabric surface. During this study, we found
that only pre-treated surfaces were able to fix Ji@m responding to the light intensity of the midday equatorial
colloidal solutions or suspensions or the combination of solar radiation). The radiant flux was monitored by a LSI
both. The attachment of TiOto the surface of the textile  Corporation power meter of Yellow Springs, CO, USA. The
fabric is electrostatic in nature since the semiconductop TiO CO, produced during irradiation was measured in a gas chro-
is positively charged and the textile surface was charged matograph (Carlo Erba, Milano) provided with a Poropak S
negatively during the pretreatment. The negative charge duecolumn.

to the —-COO~ and G-O~ groups induced on the textile

surface by the atomic and ionized @enerated in the cavity ~ 2.6. Elemental analysis and dust test

of the plasma or vacuum-UV during pretreatment.

The exchange operation was carried out immediately after ™ il “HWHh”HHH
1
1

i

Scheme 1.

!

Elemental analysis of the Tig&loaded on the textile fab-
2.5. Irradiation procedure and evaluation of the textile rics was carried out by atomic absorption spectrometry using
cleaning action a Perkin-Elmer 300 S unit. A flow of dust was applied on
the textiles and the dust adherence was estimated from color

The photochemical reactor consisted of 80 ml cylindrical changes of the textile surface in a relative scale of 1-5.
Pyrex flasks containing a strip of textile of 48 £positioned
immediately against the wall of the reactor (S&zheme L 2.7. High resolution transmission electron microscopy
Except when mentioned in the text, irradiation of the sam- (HRTEM)
ples was carried out in the cavity of a Suntest solar simula-
tor (Hanau, Germany) air-cooled at 45. The Suntest lamp A field emission TEM microscope (Philips CM 120) was
emitted 7% of the photons in the 290 and 400 nm spectral used to measure the particle size of titania clusters on the
range. The profile of the photons emitted between 400 andtextile surfaces. The electron microscopy (120kV, 0.35nm
800 nm followed the solar spectrum with a light intensity point resolution) was equipped with energy dispersive X-ray
of 50 mWi/cnt corresponding to 50% of AM1 (AM1 cor-  analysis (EDS) allowing the identification of Ti@lusters
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deposited on the textile fabrics. The textiles were coated with 20000+
an epoxy resin and the fabric was cut with a microtometoa  1sp00-
thin layer of 50 nm thickness for experimental observations 5,49
at a 90 angle. Probes having a 10 micron diameter were
. . . . . & 14000
examined to monitor the supported Bi€luster size and dis- @
tribution. After a dry cleaning cycle, transmission electron & 12000
microscopy was carried out to investigate whether or not the §_ 100007
TiO2 was present and resisted dry cleaning. ~. 800071 Ocoffee
8 — B red wine
2.8. Diffuse reflectance spectroscopy (DRS) and X-ray 4000
diffraction measurements (XRD) of Hidbaded textiles 20001 : _
ol B a 0l B B8 I Ii:il ‘
The diffuse reflectance of Tidloaded textiles was blank1 2 3 4 5 6 7 8 9 10 11 12 13 14
@) Sample n.

measured using a Cary 5 UV—-vis—NIR spectrophotometer
equipped with a specular reflectance attachment. Calibration
was performed using a MgO powder and measurements were 180001
achieved on 2.5 cm size samples. The crystallinity and phase 16000
of the titanium oxide loaded on the textile surface was studied = 14000+

20000 4

with a Siemens X-ray diffractometer using Cu Kadiation. £ 12000-
-
& 10000
5 Ccoffee il
. . ~ 8000
3. Results and discussion o) Bl wina .
© 6000 i
3.1. Production of C@with the degradation of wine and 4000 i
coffee stains on polyester and wool-polyamide textiles 2000 i
i =i SN N. M) SR Sm Mo | i ) B = F
. gl . . . : blanki1 2 3 4 5 6 7 8 9 10 11 12 13 14
The mineralization of organic stains on textiles, activated b) Sample n.

by TiO», leads to the production of GGand a small amount

of anions and cations. The amount of £@roduced in the Fig. 1. CQ produced during the photocatalytic degradation of stains of
reactor was used to monitor the mineralization of coffee and coffee and red wine on Tigloaded polyester (a) and wool-polyamide (b).
wine stains during light irradiatiorfig. 1(a) and (b) show Irradiati_on time: 24 h. During this study a Suntest sunlight simulator was
the amount of C@ produced after 24 h irradiation for the ~Used with a power of 50 mw/chn

loaded polyester and wool-polyamide, respectively. To ver-

ify that CO, was not generated by the textile but actually textile that had been previously pre-treated by RF-plasma.
due to the organics composing the stain, the amount gf CO We explored six different Ti@loading procedures on both
generated by photocatalytic decomposition of a non-loaded synthetic fibers throughout this study. The best one (no. 14)
textile sample was measured in a blank experiment. Ne CO has been studied in detail but the other procedures are also
was observed in the absence of 7i@nh polyester and wool-  described. The first five procedures mentioned in Se@i8n
polyamide textilesFig. 1(a) and (b) show that self-cleaning used either Ti@ powder (1st), colloidal TiQ (2rd, 3th and
was optimal for sample 14Téble 1), which consisted of a  4th), or hydrothermally grown colloidal TigX4th and 5th).
mixture of colloidal TiQ and Degussa P-25 deposited on a Butonly the 6th procedure combining the hydrotermal treated

Fig. 2. Discoloration of red wine stains on the sample 14. (a) Polyester fabrics, (b) wool-polyamide. Textile before irradiation (1) and aftete®4 h Sun
irradiation (2).
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colloidal TiO; as a basic layer with a second coating of 7iO  absorptions of the stained textiles in the visible spectral range,
Degussa P-25 having bigger crystallite size led to best discol-yielding the weaker reflectance illustratedHig. 3(a) and (b)
oring performance. This is presumably due to the smalbTiO before irradiation. After irradiation, the enhanced reflectance
colloidal particles deposited on the textile providing effective depicts adecrease inthe absorption related to wine and coffee.
anchoring sites for the bigger Degussa P-25;1d€ystallites.

Fig. 1(a) and (b) show that the self-cleaning action was o o
enhanced for wool-polyamide compared to the polyester tex- >-4- Reproducibility and light influence
tile. This is reflected by the higher Geak areas seen in ) o )
Fig. 1(b) compared t&ig. 1(a). The wine stains also seem to To verify the reprodu0|_b|I|ty oflour results, three d!ffergnt
mineralize more easily than coffee stains. samples of wool-polyamide textiles were loaded with JiO
using the procedure of sample 14. The FlDaded samples
were subsequently stained with red wine and irradiated dur-
ing 24 hwith a Suntest light. Results of Gé&volution showed
that the difference between the three samples lay within an

] ) ) experimental error of 10%. This shows the reproducibility of
Fig. 2(@) and (b) show the aspect of a wine stain on g gejf.cleaning action towards red wine stains.

polyester and wool-polyamide, respectively, before and after
24 h Suntest visible light irradiation. In both cases, a partial

discoloration induced by light can be observed. It means that, i, 5 lightintensity of 50 mW/cr (b) aneon room emitting

wine stains_are partially degraded on the FiOaded sur- _light in the range 350-560 nm with 2.2 mW/émand (c) a
faces and will be more pronetq the_actlon of detergents during mercury blue light emitting at = 366 nm with 3.5 mW/cra
household yvashmg. Longer time mte_rvals betwee_n CONVeN- ot the neon and mercury blue lights yielded a very poor
tional washings and the corresponding cost saving should s, otocatalytic discoloration of stains compared to the Suntest
thus ensue. simulator. Using the neon light, about 120 h irradiation were
necessary to achieve a discoloration equivalent to that ob-
3.3. Diffuse reflection of Ti@loaded textiles tained after 24 h with the Suntest simulator. No significant
discoloration was observed when the mercury lamp was em-
Fig. 3(a) and (b) show the specular reflectance of textiles ployed to remove wine or coffee stains. This suggests that
pre-treated by RF-plasma and loaded with Z{®mple 14, absorption by wine or coffee stains of the visible light emit-
Table 7). Specular reflectance spectra showrrig. 3 refer ted by the Suntest simulator is essential for the discoloration
to (a) a coffee stain on polyester fabric and (b) a red wine ofthese stains. The colored pigments of wine and coffee seem
stain on wool-polyamide fabric. When hot coffee is poured to sensitize this discoloration by the mechanism suggested in
on the polyester fabric, the textile color turns from white to Fig. 4(a) and (b). In this mechanism, the oxidation and de-
brown. When wine is poured, a dark red stain is observed oncomposition of the organic reactant would occurring either
the wool-polyamide fabric. These colorations resultin greater via the coffee or wine pigment cation, injecting an electron

3.2. Photo-induced discoloration on polyester and
wool-polyamide textiles

Three types of light sources were tested to irradiate the fab-
rics stained with wine or coffee: (a) a Suntest solar simulator

100 ~

80 (2)

Specuular Reflectance (%)

40 | o
= — sample before irradiation (1)
8 - — - sample after irradiation (1)
204 /
0 T T T
350 500 650 800

A (nm)

Fig. 3. Specular diffuse reflectance spectra on textile samples 14. (a) Coffee stain on polyester fabrics, (b) red wine stain on wool-polydesitefdexti
irradiation (1) and after 24 h Suntest irradiation (2).
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coffee, wine
v stain® ]‘
stain* &
! stain 0.4s> 0,
hvu > 400 nm
v
Decomposition gz—:“;{ ’_‘,‘;‘S'f' et
to CO, and H,0 RO, +RH-> ROOH +R
2RO0OH-> RO+H,0+R0,*
ROOH-> RO*+HO*
(a)
52
s‘|
T‘!
"'.E” SO
4 Tannins
vb. +2.7 eV
TiO —mmEE i S

2 the photoexcited tannin molecules
into the c.b. of TiO,
Tannin + hv = Tannin’

(b) Tannin +TiO,+0, —> Tannin*+0,"+TiO,

Fig. 4. (a) General mechanism for the production of oxidative radicals on
TiO with a stain absorbing light in the visible region, (b) suggested mecha-
nism for the discoloration of wine stains by Suntest solar simulated light in
air on the TiQ-loaded textiles.

into the conduction band of Tixhat would allow theforma-
tion of highly oxidizing @~ radicals
e + Op(ads) > O~ 1)

or by direct reaction of the excited pigment of the organic
compound (R*) with photo-induced holes‘jh

R« +hypt — R*T — degradation products

)
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for lycopend18,19] This pigmentis found in carotene and is
responsible for the pigment coloring of tomatoes and different
berries.

3.5. Elemental analysis and dust test

For the five most active Ti@loaded fabrics presented in
Fig. 1, elemental analysis was carried out to determine the
weight of TiO, per cn? of textile fabric. All samples ex-
hibited comparable amount of Ti@round 1.5-2.5% (w/w).
Thus, the amount of Ti@cannot explain differences in the
photocatalytic efficiency illustrated irig. 1

The results of the dust test are shown for both types of
textiles inFig. 5. It is readily seen irFig. 5a) and (b) that
textiles pre-treated by RF-plasma for 30 min and coated with
the procedure applied for sample 14 show a weaker dusting
than of the untreated textiles.

3.6. Transmission electron microscopy

We focused this study mainly on the wool-polyamide
loaded textiles since the self-cleaning activity was greater
and showed a more stable long term performance than in
the case of a polyester textile. The crystallite size was ob-
served to vary depending on the preparation of the colloidal
TiO,. The crystallite size was about 5—7 nm for pi@ar-
ticles prepared by methods 2 and 3. Autoclaving at°XD0
(method 4) and 220C (method 5) promoted the growth of
particles with a size of 10-12 and 20-25nm, respectively.
The TiO, (sample 14) was deposited via a combination of
method 4 and Degussa P-25 particles was the most active
as reflected by the CLevolution results reported iRig. 1
Sizes of 30—40 nm have been reported elsewhere for Degussa
P-25 particleg6,7,9]. In this case, the coating consists of a
100-300-nm thick layer, where the small colloidal 3i€us-
ters support the bigger TgP-25 particles.

As an example of this second process, it is known that 3.7. Resistance to dry-cleaning

holes can react directly with carboxylic acids generating CO

through a photo-Kolbe type reacti¢h?]
RCOO +hyy™ — R* + COp ®3)

Fig. 4a) shows how visible light induces an excited state

The wool-polyamide and polyester loaded with Fi€x-
hibiting the best self-cleaning activity (samples 14) were
submitted to dry-cleaningzig. 6 shows that the Ti@coat-
ing remains on the surface of (a) wool-polyamide and (b)

in the wine or coffee pigment. Then, this excited state (a) polyester fabrics after a dry-cleaning cycle. The discoloration
produces an unstable cation that further decomposes#p CO of wine and coffee stains was observed to decrease after
and (b) concomitantly injects an electron into the conduction dry-cleaning due to organic and chloride-ions residues in-
band of TiQ. This leads to the formation of ©~. Due to troduced by the perchloroethylene used to dry-clean. How-
the conduction band electron, the reaction withl€ads to ever, a significant amount of GQwas still produced dur-
the highly oxidative radicals HO~, OH*, RO* and RQ?*, ing visible light irradiation performed after dry-cleanings,
which are able to decompose the textile stains. showing that the Ti@ remains photoactive on the fabric
Fig. 4b) shows the mechanism of discoloration of the surface.
tannin pigments of red wine on Tiroated textiles under
visible light. The electron photo-injection from the photo-
excited tannin molecule into the conduction band of J[iO
and the ensuing reactions according to studies on the dye Fig. 7shows the XRD pattern of a wool-polyamide sam-
sensitization under visible light have been reported recently ple before and after loading with T{Ousing method 4.

3.8. X-ray diffraction of coated textiles
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TiO, treated . . not treated initial

TiO,treated  not freated

Fig. 5. Dusting tests on (a) wool-polyamide and (b) polyester fabrics.

&5 O5pm

Fig. 6. HRTEM of the TiQ coating after dry-cleaning for (a) a wool-
polaymide textile and (b) a polyester textile.

After loading, the peaks of rutile can be seétig( 7). At

the low temperatures worked to deposit 7iGn the wool-
polyamide sample (10CC) we expected the formation of
amorphous or anatase from TTIP. Because rutile formation
was observed, this implies that the wool-polyamide tex-
tile has a structure forming function on the Ti@olloid.

It is widely known that rutile is less photochemically ac-
tive than anatasgs,11]. This form of titania on the wool-
polyamide sample should, therefore, be less aggressive to-
wards the textile substrate upon light irradiation than the
anatase form.
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20

Fig. 7. X-ray diffractogram of wool-polyamide textile samples (a) base textile and (b) base textile withFGibther details see text.

4. Conclusions

Different pretreatment methods of synthetic textiles have
been studied that allow the TiQroatings to discolor wine
and coffee stains under visible light in reasonable time. Post-
treatment temperatures of 100 or less were shown to
be sufficient to attach Ti@to the synthetic textiles. The
nano-particles of Ti@ remain fairly stable on the textile
surface after the photochemical discoloring of stains. A
combination of TiQ powder and TTIP colloids deposited
on wool-polyamide or polyester textiles showed to be ki-
netically suitable for the self-cleaning of wine and coffee
stains using a solar simulated light with 50% AM1. Un-
der neon light the self-cleaning effect needed much longer
times.
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