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THERMAL INVESTIGATIONS ON YELLOW WOOLS 

E. Vebjciechowska, M. Eder andA. Hqochowicz 

TEXTILE INSTrITYI'E, TECHNICAL UNIVERSITY OF LODZ, BRANCH IN 
BIELSKO-BIALA, FINDERA 32, POLAND 

Thermal  invest igations (TG, DTG)  were carried out on the wool of Polish Mountain,  
Polish Lowland, Polish Mer ino  and Polish Long-fleeced sheep in order  to find dependences 
between the yellowing of the wool fibres and thei r  structure. The thermal  investigations were 
made on a single lock, taking into account the upper  (yellow) and the lower (white) parts  of 
the staple. 

A relationship has been sought between the yellowing of wool fibres and 
their supermolecular structure in an attempt to characterize the fibres with 
regard to differences in discoloration between the upper (yellow) part and 
the lower (white) part of the same lock. The changes in structure were as- 
sessed by using thermal analysis. 

The investigations were carried out on a sample of a lock of hairs emerg- 
ing from the same hole in the sheep skin, separately for the fibres form the 
upper part (always yellow) and the lower part (white) of the same staple. 

Experimental 

The material under investigation was taken from the fleece of Polish 
Mountain, Polish Lowland, Polish Merino and Polish Long-fleeced sheep in 
experimental breeding stations. 
The samples were taken within one lock from the back of the sheep during 
the same clip. 
The samples were cleaned and divided into the upper (yellow) and the lower 
(white) part of the staples and then extracted with methylene chloride. 

The thermal investigations were carried out with a O-1500 D 
derivatograph in an atmosphere of static air at a linear heating rate of 
10 deg/min. 

Mass loss was recorded as a function of temperature. 

John Wiley & Sons, Limited, Chichester 
Aka~miai Kiad6, Budapest 
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Results and discussion 

The thermogravimetric curves (Fig. 1) show four DTG peaks, cor- 
responding with the temperature T1, 7"2, 7"3 and T4. The DTG peak occur- 
ring at 68-77 ~ (7"1) corresponds with the desorption of water physically 
bound to the fibre. The intensivity of this effect depends mainly on the sorp- 
tion ability and humidity of the wool fibres. 
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Fig. 1 TG and DTG curves of wool fibres 

The DTG peak 7"2 corresponds with transitions resulting from heating of the 
wool fibres between 160 ~ and 220 ~ . In this temperature range the following 
processes may occur [1-4]. In the amorphous and crystallographic regions of 
the wool fibres, supercontraction, disordering of the a-helical region of 
keratin, chemical and reactions between the -NH2 and -COOH groups take 
place, which cause crosslinking of the keratin amorphous region through 
imide bonds with the release of volatiles (H20,  NH3). 
At about 240 ~ , changes take place which lead to the decomposition of disul- 
phide bonds, principally in the matrix rich in these bonds [5]. Increase of the 
temperature above 250 ~ lead to degradation of the fibrillar region [6]. 
Tables 1-4 list results of the thermal investigation which correspond with 
these temperatures (T3 and T4), and with the temperature of loss of half the 
mass of the fibre (Ts), i.e. the temperature at which half the dry fibre mass is 
destroyed. 
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Computer programs according to the Freeman-Carrol methods [7] were 
used to calculate the overall kinetic parameters, i.e. the activation energy 
and order of reaction. 
The thermal decomposition of wool fibres is a two-stage process. The first 
stage involves the transitions occurring in the temperature range 160-400 ~ 
(peak temperatures 7"2 and 7"3 correspond to these transitions). 
The second stage involves the rapid reactions of destruction in the tempera- 
ture range 400-600 ~ (temperature T4 corresponds to these transitions). 
In comparison with the lower part of the staple, wool fibres from the upper 
part of the staple are characterized by lower temperatures of destruction 
(7"2, T4), which indicates the activation of S-S bonds. 
The activation energies for fibres from the upper part of the staple testify to 
the lower energy necessary for cleavage of the chemical bonds. 
The lowering of the temperature of half-destruction (7"5) is caused by the 
reduction in thermal resistance as a result of the looseness and damage to 
the structure of the fibres from the upper (yellow) part of the staple. 
Moreover, the results of thermogravimetric measurements showed a 
facilitated water desorptic~n from the upper part of the staple as compared 
with the lower part of the same staple. 
The upper (yellow) part of the staple is not too well preserved by lipids and 
is subjected to a more intensive penetration of alkali, sweat and an oxidizing 
environment. 
Oxidation of the fibre interior is possible and leads to looseness of the struc- 
ture of a-keratin as a result of cleavage of ester, thioester and disulphide 
bonds. Thermal investigation allows diagnostic possibilities as concerns the 
essential processes occurring in the yellow fibres. 
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Z u s a m m e n f a s s u n g  - -  Mit te ls  Thermoanalyse (TG, DTG)  wurden Untersuchungen an Fel- 
len yon Polnischen Berg-, Flachland-,  Merino-  und Langfellschafen durchgefiihrt,  um einen 
Zusammenhang  zwischen der  Gelbf/irbung der  Wollfasern und ihrer  Struktur festzustellen. 
Die thermischen Unte r suchungen  wurden un te r  Beriicksichtigung tier oberen (gelben) und 
unteren  (weiBen) Rohwollteile an einzelnen Faserbiischeln durchgefiihrt.  
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