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The impregnation of AV17, AB90, AR1 and DR80 dyes on wool and on cotton AV17 and DR80 was carried out at 
optimized conditions of shaking time and pH for the maximum uptake of the dyes by the fibers. The effects of the dyes 
impregnation on thermal oxidation of wool and cotton fibers were studied by employing thermogravimetric analysis. The 
results show that the weight loss of wool fiber was in a single step and the impregnation of AR1 on wool fiber results in a 
significant decrease in the decomposition temperature. The impregnation of AV17 and DR80 on wool fiber changes the 
nature of the thermogravimetric pattern and two steps weight losses were observed as compared to the single step 
weight loss observed in virgin wool fiber. The impregnation of AV17 and DR80 dyes on cotton fiber does not change the 
nature of the thermogravimetric behavior of the fiber and two stage weight loss were observed for both virgin and 
impregnated cotton fiber. It has been found out that impregnation only affects the weight loss in both the steps. These 
results are important in relation to the dyeing of wool and cotton fibers. 
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1. Introduction 
Azo dyes are the compounds containing azo 

group (-N=N-) which are linked to sp-hybridized 
carbon atom, and described as mono-, dis-, and 
tetrakis- according to the number of such groups 
attached to carbon atom. The azo groups are 
mainly bound to benzene or naphthalene rings, but 
in some cases they are also attached to aromatic 
heterocycle (e.g., pyrazole) or enolizable aliphatic 
groups (e.g., acetoacetic acid derivatives) [1]. Most 
of the azo dyes are synthetic and are mostly 
produced by azo coupling i.e., the reaction of an 
aromatic or hetroaromatic diazo compound with a 
coupling component [2]. Generally, the acute 
toxicity of azo dyes is low and may cause skin and 
eye irritation, weakness and dizziness [3]. Few 
dyes showed LD50 values below 250 mg/kg body 
weight, whereas majority showed LD50 values 
between 0.25 – 14 g/kg body weight [4-5].  

Azo dyes are often used to dye the textiles 
made of cotton and wool fibers. Dyeing capability 
of these fibers depends upon the nature of the 
fiber, dyes and dyeing medium, and may results in 
the modification of the structure and the chemical 

properties of the fibers [6]. This paper aims at 
elaborating the thermal properties of locally 
available wool and cotton fibers impregnated with 
some azo dyes. The effects of the impregnation of 
some azo dyes [Acid Violet 17 (AV17), Acid Blue 
90 (AB90), Acid Red 1 (AR1) and Direct Red 80 
(DR80) on wool and Acid Violet 17 (AV17) and 
Direct Red 80 (DR80) on cotton fiber] on the 
stability of the fibers have been studied by 
employing the thermogravimetric (TG) analysis.  

2. Experimental 
2.1. Material, chemical and reagent 

Wool and cotton fibers were collected in loose 
form from Soon Sakesar, Pind Dadan Khan, 
District Khushab of Punjab Province. The other 
chemicals and reagents used were; acid red 1 
(Fluka, Catalog No. 08720), acid violet 17 (Fluka, 
Catalog No. 27817), acid blue 90 (Fluka, Catalog 
No. 27815), direct red 80 (Fluka, Catalog No. 
43665), petroleum ether (BDH, Catalog No. 
26153), methanol (Merck, Catalog No. 106008). 
Double distilled water was used for making 
solutions.  
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Table 1.    Experimental conditions of impregnation of wool and cotton fibers [13-14]. 

ion Concentration Sorbent pH Shaking Time (min) Dye Impregnation (%) 

Wool 2.0 50  65.40 5 x 10-6 M 

Cotton 8.0 30  52.00 

Wool 2.0 60  69.80 5 x 10-6 M 

Cotton - - - 

Wool 1.5 50  90.00 1 x 10-5 M 

Cotton - - - 

Wool 2.5 50  68.36 5 x 10-6 M 

Cotton 8.5 50 24.85 
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AR1) and direct red 80 (DR80)] 
y batch technique at room 
 1 oC by shaking 0.15 g of 
cotton fibers in 25 ml of dye 
oncentration in 250 ml reagent 

peed of 120 strokes /min for a 

pre-optimized time and pH for maximum uptake of 
the dyes by wool and cotton fibers mentioned in 
Table 1. After the pre-determined time, solutions 
were then filtered through filter paper. The first 3-4 
ml portion of the filtrate was rejected because of 
the sorption of dyes on filter paper. Concentration 
of the dye in solutions was determined by means 
of UV-Visible spectrophotometer (Shimadzu UV-
120-02) and was corrected for losses due to 
sorption of dyes on the wall of glass bottles by 
running blank experiments (i.e., without wool or 
cotton added). The percentage of the dye 
impregnated on wool and cotton fibers were 
computed in usual way.  

2.5. Thermal studies 
TG analyses were carried out for the virgin and 

impregnated wool and cotton fibers samples from 
ambient to 750oC (where otherwise specified) on a 
Perkin Elmer Thermal Analyzer model TGA-7. 
Known amount of each sample were heated in air 
at a heating rate of 20oC/min. TGA data obtained 
for wool and cotton fibers are given in Table 2. All 
the reported results are the average of triplicate 
independent measurements. The determined 
relative standard deviation was found within ± 
5.0%. 

3. Results and Discussion 
TGA data for the virgin and dyes impregnated 

wool and cotton fibers are shown in Table 2. This 
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Table 2.   TGA data for the virgin and impregnated wool and cotton fibers. 

Weight Loss (%) 

Stage I Stage II 

Temperature 
Range (oC) Weight Loss (%) Temperature 

Range (oC) 
Weight Loss 

(%) 

Total Weight 
Loss (%) 

184 - 581 73.7 - - 73.7 

25 - 122 12.5 170 - 606 62 74.5 

32 - 122 10.5 178 - 608 51 61.5 

120 - 295 96 - - 96 

24 - 145 14 165 - 590 58 72 

22 - 110 6 184 - 600 80 86 

32 - 120 6 217 - 632 68 74 

26 - 98 7.5 170 - 590 70 77.5 
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 narrow temperature range 
in wool fiber. 

Impregnation of AV17 and AB90 on wool fiber 
shows different TG behavior as compared to the 
virgin wool fiber.  The weight losses occurred in 
two steps.  For AV17-wool system, the weight loss 
of 12.5 % was observed in the temperature range 
of 25 - 122oC and of 62 % in the second stage i.e., 
in the temperature range of 170 – 606 oC. There is 
a region of thermal stability in between the 
temperature range of 122 – 170 oC. The initial loss 
of 12.5% may be due to de-sorption of water 
molecules, dye ions/molecules, etc., which are 
weekly adsorbed on the surface of the wool fiber. 
The second weight loss of 62 % may be due the 
decomposition of the wool itself [11]. AB90 
impregnation on wool fiber shows the same type of 
behavior i.e., weight loss occurs in two steps. But 
the weight losses in both the steps are lesser than 
that of AV17. It may be due to the fact that the 
lesser number of water molecules to sorb in the 
fiber so the weight loss is lesser in case of AB90 
impregnation. TG behavior of wool fiber treated 
with DR80 also shows two steps of weight loss i.e., 
14 % from 24 – 145oC and 58 % from 165 – 
590oC. The first step of weight loss terminates at 
slightly higher temperature (145oC) as compared 
to that of AV17 and AB90. This could probably be 
due to the bulky molecule of the dye (DR80) 
containing maximum –SO3

- group per molecule, 
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which is more tightly bound and cover the wool 
surface by adsorption thus hindering the easy 
escape of water molecules from the sample. 

TGA data for virgin cotton fiber shows two 
steps of weight loss; the first step weight loss of 6 
% is due to loss of water molecule present on the 
surface of the cotton fiber. In the second step, a 
weight loss of 80 % was observed in the 
temperature range of 184oC to 600oC, which may 
be due to the decomposition of the fiber. It was 
also observed that the net weight loss in case of 
cotton fiber (mainly composed of cellulose or 
polysaccharide) is more as compared to wool fiber 
(mainly polyamide). This may be due to the facts 
that (i) thermal stability of polyamide is 
comparatively more than that of cellulose; (ii) 
larger number of –OH group are present in cotton 
(cellulose) which makes hydrogen bonding with 
the water molecules; hence larger amount of water 
is sorbed by the cotton fiber than the wool fiber 
and appears as more weight loss in TGA. TGA 
data of cotton fiber impregnated with DR80 also 
shows two steps weight loss; 7.5 % weight loss 
upto 98oC at the completion of first step whereas 
70 % weight loss is observed in the second step 
from 170oC to 590 oC. It is also interesting to note 
that second step of weight loss starts at rather 
higher temperature (170oC) and the weight loss is 
smaller than that of virgin cotton fiber. This may be 
due to the possibility that the dye molecules are 
preferentially attracted by the fiber than the water 
molecule and cover the fiber surface and thus 
restrict the water molecules to sorb on the fiber. 
The lesser weight loss in the second step is not 
only due to the presence of lesser number of water 
molecule present in the bulk of the fiber [12] but 
also due to the gain in stability of the fiber due to 
sorbed dye molecules. A similar trend was also 
observed for cotton impregnation with AV17. 

4. Conclusion 
It is concluded from the above discussion 

that the total weight loss of wool fiber occurred in 
single step and the impregnation of AR1 damages 
the wool fiber and rupture the polymeric chain of 
the fiber, as a result of which the weight loss 
occurred drastically in shorter temperature range 
(120 - 295oC) as compared to the virgin wool fiber 
(184 - 581oC). This is very important as it clearly 
indicates that dyeing with AR1 dye decrease the 
strength of wool fiber and the use of AR1 thus 
should be avoided. The impregnation of AV17 and 

AB90 changes the thermo-gravimetric behavior of 
the wool fiber i.e., the weight loss occurred in two 
steps against single step in virgin wool fiber. The 
impregnation of AV17 and DR80 dyes on cotton 
fiber does not change the thermo-gravimetric 
behavir and the total weight loss occurred in two 
steps. The order of the weight loss observed is: 
cotton virgin (86%) > cotton-DR80 (77.5%) > 
cotton-AV17 (74%).  
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