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This paper reports a standardised method termed as Stain Degradation Assessment (SDA) method, developed for the 

quantitative evaluation of self-cleaning efficiency of the finished fabric. The method involves (i) a standardized staining 

procedure to apply a uniform stain on the fabric, (ii) instrumental evaluation of photodegradation of stain in terms of  

K/S using a template to reduce error, and (iii) analysis of K/S values to evaluate stain degradation in percentage and its 

comparison with visual assessment. This method has been found to give a reproducible and comparable assessment of stain 

degradation on the textile material with respect to UV exposure. 
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1 Introduction 

Nanocrystalline titanium dioxide or titania (TiO2) 

has emerged as the most interesting and promising 

photocatalytic material and its coatings have been 

used in various applications, viz. water purification, 

air purification, sterilization/disinfection and  

self-cleaning materials
1-10

. The photocatalytic activity 

of titania depends on its crystalline phase and particle 

size. Among the different crystalline phases of titania, 

anatase is recognized as the most active and shows the 

best photocatalytic activity, in comparison with other 

phases (rutile and brookite), because of its wide 

energy band gap (3.23 ev) corresponding to radiation 

in near UV range. The detailed mechanisms of the 

self-cleaning processes that occur on titania surfaces 

have been thoroughly investigated over the past 

decade 
11-13

. Briefly, in photocatalytic reaction, 

photogenerated electron and holes migrate to the 

semiconductor surface where they can induce 

reduction and oxidation of absorbed molecule, such as 

any pollutant or stain. 

The quantitative assessment of photocatalytic 

activity of titania is primarily carried out in the 

aqueous suspension/sol using a dye. Some of the dyes 

that are being used for the assessment are solophenyl 

green
14

, methylene blue
15

, rhodamine B
15

, basic red
16

 

and acid yellow
17

. In this method, a known amount of 

dye is added in the titania suspension and degradation 

of colour is assessed by UV-Vis spectrometry after 

various time intervals of UV exposure. In another 

method, the photocatalytic assessment of titania 

treated cotton fabric was studied by immersing the 

fabric in the dye solution followed by exposure to UV 

irradiation. The decomposition of colorant was then 

assessed spectrophotometrically by analyzing the 

decrease in concentration of the colorant in the 

solution
9
. These assessment methods of 

decomposition of dye are being used for the removal 

of dye from water and wastewater treatment. Though 

these methods can provide relative activity of the 

catalyst particles, they are unlikely to give correct 

assessment of self cleaning behaviour of a finished 

fabric in a real situation. This is because the kinetics 

of degradation of a dry stain on a dry fabric is likely 

to be different from the kinetics of degradation of dye 

in solution form with wet catalyst. In dry state, the 

interaction of the dye and catalyst may depend upon 

their relative position on and inside the fabric. 

The photocatalytic self-cleaning action of 

nanocrystalline titania on textile through degradation 

of various categories of stains such as coffee, wine, 

perspiration on textile surface has been studied by 

several researchers. Evaluation method of stain 
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degradation on textiles involves primarily visual 

assessment of stain, where a stain is applied as a spot 

and then its degradation is visually assessed before 

and after UV exposure
18, 19

. Such a method is 

subjective in nature that gives no information about 

the amount of stain and hence may lead to 

inaccuracies due to human error. The stains being 

used are common household stains and these may 

vary in their concentrations, colors and characteristics 

from one batch to the other. Consequently, they may 

have inconsistent degradation performance and 

therefore these stains may not be able to give 

repeatable or comparable results. Production of CO2 

with the degradation of stain
18, 19

 is another method 

for the assessment of photocatalytic efficacy. The 

mineralization of organic stains on textiles, activated 

by TiO2, leads to the production of CO2 that is 

detected through gas chromatography. The amount of 

CO2 produced is used to monitor the mineralization of 

stain during light irradiation. This method, however, 

is time consuming. Also, it does not provide 

information on actual fading of stain on the textile 

surface. 

There are international standards for the assessment 

of stain removal through visual and/or instrumental 

evaluation. AATCC test method 130 (ref. 20) involves 

the steps of staining the textile substrate with corn oil 

in the centre, laundering the stained fabric and then 

rating the residual stain on a scale from 5 to 1. 

Similarly, ASTM 4265-98 suggests a number of 

staining agents that are representative of stains 

commonly encountered in household laundry
21

. In this 

method stains are artificially applied as a spot, and 

after a prescribed time for setting (ageing), the test 

swatches are treated with the products or procedures 

being compared, and the relative degree of removal is 

assessed visually by rating (1-5) as well as 

instrumentally with a photoelectric colorimeter. The 

instrumental evaluation is carried out by calculating 

the Stain Removal Index (SRI) for each test specimen. 

This paper describes a new quantitative analytical 

method termed as ‘Stain Degradation Assessment’ 

(SDA) method that includes (i) a standardized 

staining procedure, i.e. selection, preparation, and 

application of stain on the fabric to obtain a uniform 

stain, (ii) instrumental evaluation of photodegradation 

of stain in terms of K/S using a template to reduce the 

error of K/S assessment, and (iii) calculation of 

percentage degradation of stain based on change in 

K/S. The procedure proposed in the SDA method has 

been compared to the conventional method, where 

stain is applied and evaluated as a spot. The paper 

discusses limitations observed in spot application and 

analysis of stain and the benefits of the new method in 

overcoming these limitations.  

 

2 Materials and Methods 

2.1 Materials 

Cotton 100%, plain weave fabric was scoured in a 

solution containing 1% (o.w.m.) non-ionic surfactant 

(Lissapol N) and 4% sodium hydroxide keeping the 

M:L ratio at 1:30. Direct dyes (Huntsman India 

International Pvt. Ltd, India) of varied light fastness 

were used for staining, namely Solophenyl Orange 

ARLE, CI Direct Orange 106 (light fastness 5/6); 

Solophenyl Green BLE, CI Direct Green 26 (light 

fastness 4); and Solophenyl Red 4GE, CI Direct Red 

277 (light fastness 2/3)
22

.
 
The dyes were used as 

obtained. 
 

2.2 Preparation of Samples with Titania Finish 

In this study cotton fabric was treated with  

0.18 molar titania sol by pad, dry and cure method, as 

reported earlier
 23, 24

. 
 

2.3 Stain Degradation Assessment (SDA) Method  

2.3.1 Preparation of Textile Swatches 

Untreated and treated fabrics were cut into 

swatches of 5 cm×5 cm. Two sets of test specimens 

were prepared. One set was for assessment after 

exposure to the UV light and the other set was for 

assessment without exposure and its comparison with 

the exposed specimen. 

The fabric swatches were ironed to obtain a flat 

and smooth surface. The specimen was sandwiched 

between two layers of non-absorbing paper while 

ironing to avoid direct contact with the hot iron 

surface. 
 

2.3.2 Stain Application 

Preparation of stain solution—Dilute solution of 

all the three dyes was prepared at concentration of 

0.03% (wt. %) in DI water. This concentration was 

selected as it gave stain with initial K/S value in the 

range of 0.6-1. If the initial K/S value of stain does not 

lie within the range 0.6 – 1, the concentration of dye 

solution can be modified accordingly.  

Application of stain—Uniform staining method 

was used following the procedure as given below: 

• Using a pipette, 5 mL dye solution was poured 

on a clear, smooth and flat surface (a glass 
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plate). The quantity of dye solution mentioned is 

suggestive for cotton fabric and was optimised 

in relation to the absorption and spreading time. 

Quantity can be modified, if required, to ensure 

uniform and complete staining of the sample. 

The glass slide should be adequately bigger than 

the test specimen. Glass plate of 12.5 cm ×  

12.5 cm size was used in this study. 

• The specimen to be stained was then placed in 

the centre of the glass plate over the dye solution 

in order to stain one side of the specimen 

uniformly. No external pressure was applied to 

accelerate the absorption rate of stain on the 

specimen. Samples were then dried on a  

non-absorbing surface with the stained side up. 

The procedure was repeated for staining of both 

sets of test specimens. 
 

2.3.3 Exposure of Stained Samples to UV Light 

Xenotest Alpha (Atlas Material Testing 

Technology, USA) was used as the simulated source 

of UV light for this study. Any other equivalent 

system may be used. The conditions of exposure were 

as per ISO 105-B02 and are given below:  

• The machine was used with 7 IR filters with 

SUPRAX cylinder system in non-turning mode. 

• Irradiation intensity  : 42 W/m
2
 

(300-400nm) 

• Relative humidity (RH)  : 40% 

• Chamber temperature  : 40
°
 ±3 

°
C 

Samples were irradiated with UV radiations for 4, 

8 and 12 h. 
 

2.3.4 Analysis of Stain Degradation  

K/S values of the stained specimens were 

determined at λmax using a UV/Vis spectrophotometer 

(Gretag Macbeth) before and after the UV exposure. 

For this, a template prepared using the following 

method was used: 
 
Template Preparation 

Pocket like template was prepared by using two 

layers of transparent polyester sheet. The dimensions 

of both the sheets were 6 cm × 6 cm. Both the sheets 

were kept over one another and sealed on the two 

sides of one corner (i.e. in shape L) to make a pocket. 

Five circular holes of 1 cm diameter each were cut 

at different positions, viz. (a) one near the centre and 

(b) four near the four corners, on both the sheets. Care 

was taken that all the holes are within 4.5 × 4.5 cm of 

template area. 

Measurement of K/S 

For K/S measurement two layers of fabric is 

recommended. Therefore, the specimen was backed 

up with a plain white fabric of the same dimension 

and then the two were slipped into the template from 

open sides (Fig. 1). The specimen was marked to 

ensure that the same side and orientation of the 

specimen is evaluated before and after the exposure to 

UV light. The K/S measurements of the specimen 

were then taken at each circular position. Two 

readings were taken at each position. The second 

reading was taken by turning the template with 

specimen at the same position by 45° angle. An 

average of these two readings was taken as one value 

for that position. Thus, five separate K/S readings 

were obtained for each specimen. 
 

2.3.5 Calculation of Stain Degradation  

The % decrease in K/S was then calculated at each 

of the five positions of the specimen by taking K/S 

before and after the exposure of specimen to UV light 

for specific time duration. 

The % decrease in K/S for each position was 

calculated using the following formula: 

 

% decrease in K/S = 
( ) ( )

( ) ( )
unexposed exposed

unexposed unstained

/ –  /  
100

/ –  /

K S K S

K S K S
×  

 

where  

(K/S)unexposed = K/S of stained specimen before 

exposure  

(K/S)exposed     =   K/S    of   stained   specimen   after 

     exposure to UV light 

(K/S)unstained = K/S of original unstained fabric 

specimen 

 

The five calculated values of ‘% decrease in K/S’ 

were averaged to express ‘Average % decrease in 

K/S’ or ‘Degree of self cleaning by 

photodegradation’. Degree of self cleaning by 

 
 
Fig. 1— Images of (a) Template with positions marked, 

(b) test specimen, and (c) template with specimen 
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photodegradation (or average % decrease in K/S) was 

measured after every cycle of exposure, i.e. after  

4, 8 and 12 h. 
 

2.4 Conventional Spot Staining and Assessment Method 

The SDA method was compared with the 

conventional spot staining method used in the 

literature
23, 24

. The details of the conventional spot 

staining method are as follows: 
 

Application of Stain 

0.03% dye solution was used, as in uniform 

staining method. Using a micropipette, 50µL of dye 

solution was placed at the centre of the test specimen. 

Fabric was allowed to dry completely (usually for 1h). 
 

Exposure of Stained Samples to UV Light  

The stained samples were exposed to UV light 

using the same procedure as described in Section 2.3.3. 
 

Analysis and Calculation of Stain Degradation 

The K/S values were determined by Gretag 

Macbeth spectrophotometer at λmax before and after 

the exposure to UV light at five different places of the 

stained area taken randomly. An average of these K/S 

values was taken to get the average K/S of the stain 

before and after the exposure. The % decrease in K/S 

was calculated using the following formula: 
 

% decrease in K/S=
( )unexposed exposed

unexposed

( / ) –  /
100

( / )

K S K S

K S
×  

 

where  

(K/S)unexposed = K/S of stained specimen before 

exposure  

(K/S)exposed  =   K/S    of   stained     specimen     after 

    exposure to UV light 

% decrease in K/S was measured after every cycle 

of exposure, i.e. after 4, 8 and 12 h. 
 

3 Results and Discussion  
The main features of the “Stain Degradation 

Assessment” (SDA) method are discussed below. 
 

3.1 Selection of Standard Stain and its Concentration 

Conventional stains that are most commonly used 

include agents such as tea, coffee, and wine. These 

staining agents may vary in their concentrations, 

colors and characteristics from one batch to the other. 

Consequently, they may have inconsistent 

degradation performance and therefore the results 

may not be always comparable. Further, color giving 

components of these household stains are natural dyes 

and their colour composition may change from one 

material to the other. Therefore, in order to simulate 

the colour characteristic of the stain on the textile 

surface, direct dyes as staining material were used. 

These dyes do not react with the fabric surface and 

their chemical structure and light fastness are known. 

To begin with, three dyes were selected, viz. C.I. 

Direct Orange 106 (light fastness 5-6), C.I. Direct 

Green 26 (light fastness 4), and C.I. Direct Red 277 

(light fastness 2-3). The photocatalytic degradation of 

these dyes was studied on cotton fabric. 

For the study, titania treated and untreated fabric 

specimens were stained with 0.03% dye solution. The 

degradation rate depends on stain concentration and 

photocatalyst concentration. Concentration of 0.03% 

dye solution was optimized so that the initial K/S value 

in the range 0.6-1 could be achieved. Initial K/S value 

lower than 0.6 was found to be too low for the 

assessment as it degraded quickly to a stable value and 

K/S value more than 1 was too high to be degraded 

efficiently in the reasonable time of experiment.  

The samples were stained using 0.03% of all the three 

dyes and then exposed to UV light for time intervals of 

4, 8 and 12 h. The % decrease in K/S values of these 

dyes after different exposure times is given in Table 1. 

It was observed that C.I. Direct Red 277 with light 

fastness rating of 2-3, faded to a large extent on the 

untreated (without TiO2 finish) fabric. Even though 

the fading was more on the TiO2 treated fabric, the 

self fading nature of the dye made it inappropriate to 

be used as a staining agent to study the 

photodegradation effect of TiO2 or other similar 

finishes. This is because the dyes of lower light 

fastness would fade considerably on untreated fabric 

and further increase in photodegradation due to the 

finish may not always be apparent. 

Both C.I. Direct Orange 106 and C.I. Direct Green 

26 showed significant fading on TiO2 treated fabric as 

compared to untreated fabric. It was thought to be 

important that the dye stain should degrade efficiently 

but consistently with time, so that the photocatalytic 

efficiency can be determined. C.I. Direct Green 26, 

with medium light fastness, showed better consistency 

in increase in fading on both untreated and treated 

specimens compared to C.I. Direct Orange 106, with 

high light fastness, with increase in time of UV 

exposure. Therefore, C.I. Direct Green 26 was 

selected as a standard staining dye. 
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3.2 Application of Stain 

Spot Staining Method 

As per the conventional spot staining method, stain 

was applied on specimens by dropping the dilute stain 

solution. The strength of stain was evaluated by 

measuring its K/S values at five random positions. As 

can be seen from Table 2, there is a considerable 

variation in K/S values from one place to the other, 

i.e. from 0.18 to 0.68 for the same sample (Sample 1). 

In Sample 2, variation from 0.3 to 0.8 in K/S values 

was observed. 

The variation observed in spot staining method is 

due to the interaction of staining material with the 

substrate. The stains with poor migration properties 

tend to concentrate in the center thus giving a darker 

center and lighter periphery. On the other hand, stains 

with very good migration properties tend to give 

darker periphery and lighter center. The spread of the 

stain may also vary from one sample to the other 

depending on the absorbency and capillary action of 

the substrate. All this leads to considerable non-

uniformity in the color strength of the stain within 

stained spot on a given sample.  
 
SDA Method 

In order to overcome the limitation of spot staining, 

in SDA method the uniform stain of the dye solution 

was applied on the complete fabric specimen, as 

detailed in experimental section, so that the 

unevenness in staining can be minimized. From Table 

2, it can be observed that the values of K/S for all the 

five positions of measurement vary within a narrow 

range of 0.6 - 0.8 for both the samples.  

In the case of spot staining method, high CV% 

values   of  49  and  27  were   obtained  and  also   the 

variation between the two samples was high. On the 

other hand, in SDA method CV% of 10 and 11, with 

negligible difference between the samples was 

obtained. Thus, homogeneous staining on specimens 

was obtained which ensures reproducibility of results. 
 

3.3 Calculation and Analysis of Stain Degradation 

Spot Staining Method 

In spot staining method, the extent of the stain 

degradation was evaluated by calculating the average 

value of K/S readings measured at five random 

positions on the stained samples before and after UV 

exposure. Therefore, the positions at which the K/S 

values were measured before and after exposure may 

not be the same. This can lead to a significant error in 

determining the actual % degradation because of large 

variation in K/S values across the stain. This could be 

seen from the results of the untreated and titania 

treated samples evaluated by spot staining method 

(Tables 3- 5). A large degree of variation can be seen 

in the photodegradation of the dye of 9% after 12 h 

(Table 4). However, in the case of Sample 2, the 

degradation of the stain increases from 24.3% after  

4 h to 48.7% after 8 h, but showed lower degradation 

of 43.9% after 12 h of exposure (Table 5). It was, 

therefore, felt that to study the photodegradation 

behavior it is very important to measure K/S values at 

the same positions of stain both before and after the 

exposure. 

 
SDA Method 

In the SDA method, a pocket like template was 

specially designed to measure the K/S values at five 

fixed positions (I, II, III, IV, and V) on the specimen. 

Since  the  concentration  of  dye  stain  (K/S)  may be 

Table 1— Change in K/S value of selected direct dyes on UV exposure 

Time of exposure, h % Decrease in K/S values 

 C.I. Direct Orange 106  C.I. Direct Green 26  C.I. Direct Red 277 

 Untreated Treated  Untreated Treated  Untreated Treated 

4 2.12 17.43  2.82 33.74  12.64 27.89 

8 2.97 23.87  4.75 44.49  20.93 28.35 

12 2.56 28.93  8.58 52.1  38.01 47.52 

Table 2— Variation in K/S values at five different positions of green dye stain by different methods of staining 

Sample Spot staining method  SDA method 

 I II III IV V CV%  I II III IV V CV% 

 

1 0.609 0.494 0.218 0.331 0.181 49.69  0.687 0.882 0.827 0.74 0.685 11.45 

2 0.809 0.725 0.502 0.399 0.702 27.13  0.687 0.741 0.793 0.861 0.66 10.83 
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slightly different from position to position, percentage 

degradation in K/S values was calculated for each 

position separately. In order to nullify the effect of 

variation on K/S, the final reading for each sample 

was taken as the average of the percentage 

degradation readings obtained at the five fixed 

positions. This method of measurement of K/S values 

at fixed positions of specimen is expected to give a 

more accurate assessment of the photodegradation of 

dye stain with higher reproducibility than the spot 

staining method. The % decrease in K/S values was 

negative after 4 and 8 h of exposure, but became 

positive after 12 h of exposure. Similarly, in the case of 

TiO2 treated Sample 1, the degradation of the stain 

increased slightly from 13.0 % after 4 h to 17. 9 % after 

8 h, but showed a large increase to 38% after 12h. 

In SDA method, the stain degradation was assessed 

by % decrease in K/S before and after UV exposure. 

For the calculation of % decrease in K/S, the initial 

K/S of unstained specimen was also taken into 

consideration so that variability in K/S because of the 

colour of the base fabric can be eliminated. This 

would yield the true percentage decrease in K/S of the 

stain irrespective of the base colour of the fabric. This 

value was not taken into account in the conventional 

assessment method. The assessment of 

photodegradation of dye stain on the untreated and 

TiO2 treated specimens with SDA method is 

discussed below. 

The degradation behaviour of the selected standard 

dye (C.I. Direct Green 26) was evaluated. As 

mentioned earlier, the degree of degradation of stain 

on untreated fabric was very low. After 4 h of UV 

exposure, average % decrease in K/S (average of five 

positions) was 2.9 which increased to 9.0% after 12 h 

Table 3— Percentage decrease in K/S values of C.I. Direct 

Green 26 on untreated cotton fabric after UV exposure  

(Spot staining method) 

[Average K/S value of unstained fabric 0.055] 
 

K/S values after UV exposure Random 

readings on 

specimen 

K/S values of 

stained fabric 

before exposure 

4 h 8 h 12 h 

I 0.500 0.483 0.434 0.389 

II 0.500 0.444 0.444 0.453 

III 0.250 0.407 0.405 0.392 

IV 0.430 0.527 0.520 0.379 

V 0.520 0.444 0.49 0.361 

     

Average of 

K/S values 

0.440 0.461 

 

0.458 

 

0.394 

 

     

Average % 

decrease in 

K/S values 

- -5.4 -4.6 11.9 

     

SD in K/S - 0.04 0.04 0.03 

     

CV% K/S 

values 

- 9.9 10.0 8.7 

Table 4 —% Decrease in K/S values of C.I. Direct Green  

26 dye on titania treated cotton fabric after UV exposure for 

Sample 1 (Spot staining method) 

[Average K/S value of unstained fabric 0.055] 

 
K/S values after UV exposure Random 

readings on 

specimen 

K/S values of 

stained fabric 

before exposure 

4 h 8 h 12h 

 

I 
 

0.499 
 

0.415 
 

0.375 
 

0.301 

II 0.492 0.511 0.468 0.333 

III 0.551 0.437 0.485 0.117 

IV 0.510 0.601 0.471 0.375 

V 0.679 0.450 0.493 0.501 
 

Average of 

K/S values 

 

0.546 
 

0.482 
 

0.458 

 

 

0.325 

     

Average % 

decrease in 

K/S values 

- 13.0 17.9 38.9 

     

SD in K/S - 0.07 0.04 0.10 

     

CV% K/S 

values 

- 15.5 10.4 30.6 

Table 5 % Decrease in K/S values of C.I. Direct Green  

26 dye on titania treated cotton fabric after UV exposure for 

Sample 2 ( Spot staining method) 

[Average K/S value of unstained fabric 0.055] 

 

K/S values after UV 

exposure 

Random 

readings on 

specimen 

K/S values of 

stained fabric 

before exposure 4 h 8 h 12 h 

 

I 
 

0.599 
 

0.513 
 

0.497 
 

0.512 

II 0.710 0.575 0.570 0.455 

III 0.584 0.612 0.450 0.409 

IV 0.833 0.517 0.210 0.502 

V 0.603 0.543 0.508 0.444 
 

Average of 

K/S values 

 

0.665 
 

0.552 

 

 

0.447 

 

 

0.464 

     

Average % 

decrease in 

K/S values 

- 24.3 48.7 43.9 

     

SD in K/S - 0.04 0.13 0.04 

     

CV% K/S 

values 

- 7.5 31.1 9.1 
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of UV exposure (Table 6). On the other hand, in the 

case of titania treated specimens, average % decrease 

in K/S values of stains increased from 43.9% in 4 h to 

57.7% in 8 h and further to 62.6% after 12 h  

(Table 7). The variation in the values measured at five 

different positions was also quite low as is evident 

from the low CV%. 

From the above results, the degree of fading was 

observed to be quite low on the untreated fabrics. The 

intensity of the stains decreased slightly with increase 

in the exposure time. On the other hand, TiO2 treated 

samples showed considerable degradation of the dye 

stain, thus clearly showing self cleaning through 

photocatalysis. 

In order to verify the reproducibility of the method, 

another sample of TiO2 treated fabric was tested for 

photodegradation using the same stain (Table 8). The 

decrease in K/S values after 4h was 43.3% which 

increased  to 59.4%  after  12 h of UV  light exposure. 

As can be seen, the readings of both the samples are 

quite comparable. Thus, the SDA method was found 

to give reproducible and reliable assessment of stain 

degradation. Hence, it can be used as a standard 

method for evaluation of stain degradation on textile 

substrates. 

 
3.4 Visual Assessment of Self Cleaning by Photodegradation 

In order to relate the quantitative results of average 

% decrease in K/S (degree of self cleaning) with that 

of actual appearance of the stained fabrics before and 

after UV exposure, cotton fabric was treated with two 

types of TiO2 finishes having different activity, 

namely titania sol and P25 suspension (Fig. 2). The 

treated samples were uniformly stained with the 

standard dye solution as well as coffee and analysed 

using SDA method. Figure 2 shows samples showing 

varied “degree of stain degradation” using SDA 

method.  After 12 h  of  UV exposure,  sample treated 

Table 6—Percentage decrease in K/S values of C.I. Direct Green 26 dye on untreated cotton fabric after UV exposure (SDA method) 

[Average K/S value of unstained fabric 0.055] 

 

Position of specimen % Decrease in K/S of stained fabric after UV exposure 

 

K/S values of stained 

fabric before exposure 4 h 8 h 12 h 

 

I 

 

0.930 

 

5.3 (0.883) 

 

7.3 (0.866) 

 

11.4 (0.830) 

II 0.970 2.4 (0.948) 4.5 (0.932) 8.8 (0.889 ) 

III 0.927 0.8 (0.920) 3.7 (0.894) 8.0 (0.857) 

IV 0.911 3.6 (0.880) 3.9 (0.877) 7.6 (0.846) 

V 0.890 2.4 (0.869) 5.7 (0.842) 9.3 (0.812) 
 

Average % decrease in K/S values 
 

- 
 

2.9 
 

5.0 
 

9.0 
     

SD of % decrease in K/S values - 1.6 1.4 1.4 
     

CV% of % decrease in K/S values - 57.5 29.7 16.4 
   

Values in parentheses indicate K/S value.   

Table 7—Percentage decrease in K/S values of C.I. Direct Green 26 on titania treated cotton fabric (Sample 1) after UV exposure 

(SDA method) 

[Average K/S value of unstained fabric 0.055] 

 

% Decrease in K/S of stained fabric after UV exposure Position of specimen K/S values of stained 

fabric before exposure 4 h 8 h 12h 
 

I 
 

0.687 
 

47.8 (0.385) 
 

62.1(0.294) 
 

67.4 (0.261) 

II 0.882 37.5 (0.572) 52.5 (0.447) 56.4 (0.415) 

III 0.827 44.6 (0.482) 58.5 (0.375) 63.1 (0.339) 

IV 0.740 44.7 (0.433) 55.7 (0.358) 61.1 (0.321) 

V 0.685 44.9 (0.402) 59.4 (0.310) 64.9 (0.276) 
 

Average % decrease in K/S values 
 

- 
 

43.9 
 

57.7 
 

62.6 
     

SD of % decrease in K/S values - 3.8 3.6 4.1 
     

CV% of % decrease in K/S values - 8.6 6.3 6.6 
   

Values in parentheses indicate K/S value.   
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with titania sol showed an average % decrease in K/S 

of 60% (Fig. 2a). At this degree of stain degradation, 

a slight tinge of stain was observed visually. On the 

other hand, samples treated with P25 showed 99% 

decrease in K/S after 12h and appeared to be almost 

white. The two fabric samples treated with titania sol 

and P 25, stained with coffee showed an average 

decrease in K/S of 57% and 72% after 12 h 

respectively (Fig. 2 b). Thus, the finished fabric 

showing higher degree of self cleaning using standard 

dye stain also showed higher activity with natural 

stain. Lower degree of photodegradation of coffee 

stain may be due to different chromophores present in 

a natural stain, of which a few may be highly stable to 

any form of degradation. This further supports the fact 

that a standard dye should be used instead of a natural 

stain to assess the self cleaning activity of a finished 

fabric. 

It can be seen that the numerical values of average 

% decrease in K/S can be compared well with the 

visual assessment of stain degradation. 
 

3.5 Applicability of SDA method 

The SDA method developed for the quantification 

of degree of self cleaning by photodegradation can 

also be extended to various studies related with 

quantitative assessment of colour on textile. 

Self-cleaning activity of sols prepared from other 

semiconductors and at varied concentrations can be 

determined by this method. In addition, durability of 

the finishes can easily be evaluated. In the SDA 

method, since the K/S value has been taken on the 

same position before and after exposure, uniformity 

of the finish can be easily assessed. Also, this method 

can be extended to evaluate photodegradation of other 

types of common stains like wine, grease, tomato 

ketchup, oil, nail enamel, etc. and colours on textile 

materials. However, possibility of error due to origin 

of stain source, as discussed earlier, should be kept in 

mind. For such an assessment we therefore propose 

that a sample stained with standard dye can also be 

used along with other natural stain, so that a true 

 
 

Fig. 2— Degree of self cleaning of titania treated samples, stained 

with (a) Solophenyl Green dye and (b) black coffee before and 

after UV exposure [Values in the bracket show the K/S values] 

Table 8— Percentage decrease in K/S values of C.I. Direct Green 26 on titania treated cotton fabric (Sample 2) after UV exposure 

(SDA method) 

[Average K/S value of unstained fabric 0.055] 
 

Position of specimen K/S values of stained 

fabric before exposure 

% Decrease in K/S of stained fabric after UV exposure 

  4 h 8 h 12 h 

 

I 

 

0.687 

 

46.5 (0.393) 

 

58.8 (0.315) 

 

62.9 (0.289) 

II 0.741 45.1 (0.431) 55.8 (0.358) 57.1 (0.349) 

III 0.793 44.0 (0.468 ) 54.7 (0.389) 61.1 (0.342) 

IV 0.861 41.9 (0.523) 56.8 (0.403) 56.5 (0.405) 

V 0.660 44.1 (0.393) 58.2 (0.308) 59.4 (0.300) 

 

Average % decrease in K/S values 

 

- 

 

43.3 

 

56.8 

 

59.4 
     

SD of % decrease in K/S values - 1.6 1.6 2.6 
     

CV% of % decrease in K/S values - 3.8 2.9 4.5 
     

Values in parentheses indicate K/S value.     
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indication of the degradation degree can be obtained. 

Further, quantitative study related to any kind of 

colour characteristics of fabrics, viz. whiteness index 

and yellowness index, can be carried out successfully 

using the template. Exhaustion of dye by textile 

material and other such properties can also be 

estimated with the aid of the template. 

 

4 Conclusion 
A quantitative ‘Stain Degradation Assessment 

(SDA) method’ has been developed and tested 

successfully. This method involves uniform stain 

application and measurement of stain degradation at 

pre-defined positions across the specimen. The K/S 

values at pre-determined five positions on the 

specimen were measured by spectrophotometer with 

the help of a specially designed template before and 

after UV exposure and % degradation of stain was 

calculated at each position. The average of % 

degradation of K/S at all the five positions indicates 

the actual stain degradation after UV exposure. SDA 

method was found to give higher accuracy in 

measurement and reproducibility of results. Further, 

the same method can also be extended for the colour 

and related characterization of textile substrates. 
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