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Studies have been made on the structure of wool fibres treated with trichloroethylene 
(TRt) and tetrachloroethylene (PER) by means of differential thermal analysis (DTA), 
differential scanning calorimetry (DSC) and X-ray diffractometry. 

The samples were treated with TRI at temperatures ranging from 40 ~ to 87 ~ and with 
PER at temperatures from 40 ~ to 121 ~ . TRI and PER treatment caused changes in the 
wool samples which were detected on the DTA curves. Changes in the degree of order 
brought about by TRI and PER, calculated from the DSC scans, were in accord with those 
determined from the X-ray data. The wool samples treated with TRI showed an increase, 
and those treated with PER a decrease, in the content of the ordered phase as the treatment 
time was increased. 

In addi t ion to other techniques, di f ferent ia l  thermal analysis has recently been 

gaining ground in text i le  research and technology. The f i rst  DTA study concerning 
protein fibres was that of Schwenker and Dusenbury [1]. 

These and subsequent investigations [ I - 9 ]  have resulted assignments of  observed 
characteristics to structural features of  the examined woo l  fibres. The specific thermal-  

ly-induced transit ions in the observed features have been discussed in relat ion to the 

thermal or chemical modi f icat ion of  the wool .  The present study is concerned w i th  

DTA, DSC and X-ray d i f f ract ion examinat ions of  wool  samples treated w i th  t r ich loro-  
ethylene (TRI) and tetrachloroethylene (PER), Our aim has been to extend the scope 

of conclusions on structural changes w i th in  woo l  f ibre due to organic solvent 
appl icat ion. The knowledge of these changes is of  assistance in establishing the opt i -  
mum process-engineering condit ions for anhydrous t reatment  of  woo l ,  ensuring that  
the wool  fibres preserve their  high u t i l i t y  values. 

Experimental 

Investigations were carried out on Austral ian Merino greasy wool  staple. The 

average f ibre length and diameter were 65 mm and 1 8 - 2 0 / ) m ,  respectively. Fibres, 

when cleaned f rom trash and mechanical impuri t ies by Soxhlet extract ion w i t h  d ie thy l  
ether for 12 hours, were treated w i th  TRI  and PER. The woos f ibre t reatment  condi- 
t ions were as listed in Table 1. 
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Table 1 Heat of  fusion, crystall inity index and relative degree of order of  wool fol lowing treatment 
with tr ichloroethylene and tetrachloroethylene 

Wool treatment condffions 

DSC X-ray 

Heat of  Relative Crvstall in- Relative 
fusion, degree ity index x degree of 
J/g of order Wk, % order 

Trichloroet hylene, 40 ~ 
0.5 min 

1 min 
30 min 

12 .1 •  0.69 20 0.72 
14 .6 •  0.83 25 0.88 
2 0 . 9 •  1.2 29 1.03 

Trichloroet hylene, 65 ~ 
0.5 rain 9.6 + 0.4 0.56 22 0.79 

1 rain 11.3 • 0.4 0.64 24 0.83 
30 rain 12.1 -+0.4 0.69 25 0.87 

Trichloroethylene, 87 ~ 
0.5 min 12.1 •  0.69 23 0.80 

1 min 16.3 •  0.92 24 0.84 
30 min 17.1 -+0.8 0.99 26 0.93 
60 min 17.1 •  0.98 26 0.91 

180 min 17.5 • 0.8 0.99 27 0.95 

Tet rachloroethylene, 40 ~ 
0,5 min 

1 min 
30 min 

Tet rachloroet hylene, 80 ~ 
0.5 min 

1 min 
30 min 

Tetrachloroethylene, 121 ~ 
0.5 min 

1 min 
30 min 
60 min 

180 min 

Reference wool sample 

18 .8 •  1.1 25 0,88 
18 .4 •  1.04 24 0.85 
17 .5 •  1.0 24 0.83 

14.2 • 0.4 0.8 24 0.84 
10.4 -+ 0.4 0.59 23 0.81 
9.6 •  0.54 23 0.81 

17 .5 •  1.0 27 0.94 
11 .3 •  0.63 22 0.77 
8 . 8 •  0.51 21 0.75 
8 . 8 •  0.50 21 0.73 
9 . 2 •  0.51 21 0.75 

17 .5 •  1.0 28 1.0 

XThe error of  the method was equal to 3% 
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To attain isotropic samples the wool samples were cut into 30 pm sections on a 
Hardy microtome. The wool samples were then conditioned at 20 ~ and 65% R.H. for 
48 hours. The DTA curves were obtained with the use of a Du Pont 990 thermal 
analyzer with a standard DTA cell. 8 mg of the powder substance was packed to a 
depth of 3 mm in a 4 mm diameter glass tube. Chromel-alumel thermocouples were 
inserted into the wool sample and reference balanced glass beads in a glass tube with 
the use of ceramic centering sleeves. The preparation was placed in a silver heating 
block and heated in an air atmosphere at a rate of 20 deg/min, from 20 ~ up to 350 ~ 

The amplified analogue voltage reflecting the temperature difference (AT) between 
sample and reference was plotted as a funct ion of sample temperature. The AT signals 
were recorded at a scaling of 0.5 deg/inch up to 170 ~ and at 0.2 deg/inch from 170 ~ 
up to 350 ~ sample temperature. 

To obtain the DSC scans, 8 mg of cut wool in an open aluminium pan was placed 
in the Du Pont DSC cell and heated at a rate of 20 deg/min from 20 ~ to 350 ~ An 
empty aluminium pan was used as a reference. 

The analogue voltage, which reflects the differential heat input (dq /d t )  into the 
sample compared with the reference, was recorded as a function of time (1 rain/inch) 

at a scaling of 0.1 mcal sec -1 inch -= . 
The heats of fusion were catcutated from the areas measured between DSC curves 

and the baseline, which was the continuation of the straight lines observed before and 
after completion of the transition. The DSC cell calibration coefficient at the 
temperature of interest was found from separate measurements made on t in wi th heat 
of fusion 14.14 cal/g (256.1 J/g) and melting point 231.9 ~ In view of the lack of a 
100% crystalline standard, no absolute values for the degree of order could be deter- 
mined. Only relative degrees of order were found, from the formula: 

AH. 
! 

e : - -  (1) 
~UL/ex t 

where: is the relative degree of order of the given sample, 
~d-/i is the heat of fusion of the given wool sample, and 
AHex t is the heat of fusion of a reference wool sample extracted with ethyl 

ether only. 

The apparatus used for X-ray analyses was a Rigaku-Denki diffractometer. The 
wool samples were presented in the diffractometer on a glass carrier 0.5 mm deep and 
15 x 20 mm in area. The X-ray diffractograms were made by the focusing technique 
under the fol lowing conditions: radiation: CuKe, accelerating voltage: 35 kV, anode 
current: 25 mA, angular velocity of scintil lation counter: 2 deg/min. 

The crystall inity index W k was found according to the method proposed by 
Wakelin et al. [10]. The X-ray curve obtained for the 100% amorphous sodium 
caseinate standard was subtracted from the experimental curves / - - f (28) fo r  the given 
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samples. The degrees of order were calculated from the areas of the (100) and (001) 
lattice plane series. 

Results and discussion 

In the case of wool samples extracted with diethyl ether only, the DTA curves (Fig. 
1A) correspond in character to those obtained by other authors [ 1-6] .  The DTA curve 
shows a major endotherm spanning a wide range of temperature, with its peak at 
123 ~ which is attributed to the loss of sorbed water [ 1,3,5]. No separate endothermic 
peak for loss of the tightly-bound water was found at 160 ~ A second endothermic 
shoulder was observed by Schwenker and Dusenbury [1] and ascribed to loss of the 
strongly-bonded water ascertained to be present in wool by Watt et a L [  11]. 

There was also no indi(;ation of a thermal effect at 180 ~ assigned to the formation 
of isopeptide crosslinks of the involvement of asparagine [5,6]. 

The observed endothermic doublet with maxima at 230.5 ~ and 240 ~ has been 
assigned to the disordering of the e-keratin [5]. From his sudies of the torsional 
properties of Lincoln wool fibres, Menefee [12] concluded that a helix-to-amorphous 
transition occurs in this temperature region. The two stages of the transition can be 
associated with the two different thermal stability zones proposed by Feughelman 
and Haly [2]. Menefee [13] and Crighton et al. [6] explained the endothermic doublet 
by the disordering of e-keratin present in two distinct environments (i.e. fibril lar and 
matrix). 

Since the major loss of cystine accompanied by elimination of hydrogen sulphide 
has been reported [5,6] to occur in this region, the process taking place in the first part 
of the melting endotherm is attributed partly to this process. 

The thermal effects observed at higher temperatures (279 ~ , 290 ~ and 326 ~ ) appear 
to be the result of overlapping degradation processes, The wool destruction is the 
resultant effect of the destructive processes; hydrolytic, oxidation and thermal [15]. 
The share and importance of each of these processes depend on the initial condition of 
the given fibre. 

TRI and PER treatments result in a reproducible shift of the water desorption 
endotherm towards lower temperature (Figs 1 B,C,D and 2 A,B,C). The maximum 
shift was found for wool treated with TRI at the boiling temperature (Fig. 1 D). No 
TRI or PER residues were traced in the examined samples by either DTA or gas 
chromatography [ 14]. The DTA traces for TR I and PE R-treated wool samples indicate 
distinct shifts of the endothermic peaks of melting and degradation relative to the 
reference wool sample (Figs 1 and 2). Moreover, new bands appear, with the previous 
ones decaying. Wool samples treated with TRI at 40 ~ yield split melting endotherms. 
Hence, one could infer a greater number of regions in the wool material. TRI treat- 
ment at 65 ~ causes a considerable drop in cystine bonds. This process is proved by the 
decay of the first part of the melting endotherms (Fig. 1 C) and by the infrared 
spectroscopy data [14]. Since the first maximum of the melting endotherm shifts by 
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Fig, 1 DTA curves of wool extracted with diethyl ether (A),; treated with trichloroethylene for 30 
rain at 40 ~ (B); for 0.5 rain at 65 ~ (C); for 30 min at boiling point (D) 

4.5 ~ towards lower temperature (Fig. 1 D), TRI causes changes wi th in  the keratin 
matr ix at the boil ing temperature on prolonged treatment. The DTA curves of  PER- 
treated wool  at 40 ~ (Fig. 2 A) demonstrate a split o f  the melting endotherm. Three 
bands are visible, at 230 ~ , 236 ~ and 243 ~ . In the case of samples treated wi th  PER at 
its boil ing point it was found that the second maximum of  the melting endotherm 
tends to shift towards higher temperature (Fig. 2 C). Table 1 lists the heats o f  fusion 
obtained from DSC measurements on the investigated wool  samples. Depending on the 
treatment conditions, the heat of fusion varies between 2.14 and 5.02 cal/g. Since the 
degradation of  wool  occurs in the analysed temperature region, the estimated heat o f  
fusion values are approximate. The changes in heat of fusion and degree of order are in 
accord wi th the results of X-ray analyses (Table 1). The changes in the degree of order 
determined from both kinds o f  measurement fo l low a similar course. A f te r  TRI treat- 
ment the fraction of  order in the product f ibre was larger than that in the untreated 
wool. The maximum rise in crystal l ini ty was observed on 30 min treatment at 40 ~ 

J. Thermal Anal 26, 1983 



230 W~_OCHOWI CZ, E DE R: EFFECTS OF TR ICH LOROETHYLE NE 

o 
LU 

T 
AT 

1 
o 

100 200 300 
Temperoture, oC 

Fig. 2 DTA curves of wool treated with tetrachloroethylene for 30 min at 40 ~ (A); for 1 rain at 
80 ~ (B); for 30 rain at boiling point (C) 

The case is dif ferent wi th  the PER-treated samples: with increasing treatment t ime the 
degree of order decreases..According to the obtained results, thermal processing of 

wool fibres involves essential persistent changes in their supramolecular structure. The 
effect of these changes depends pr imari ly on the duration of  thermal treatment and the 
solvent type. The changes observed appear to be connected wi th the shifting and re- 
grouping of macromolecular fragments, due to disruption of the weakest inter- 
molecular bonds as well as recrystall ization and reorientation of the wool  material in 

the heating process. 
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Z u s a m m e n f a s s u n g  - Die Struktur von mit Trichlor~thylen (TR I) und Tetrachlor~thylen (PER) 
behandelten Woltfasern wurde dlfferentialthermoanalytisch (DTA), differentialscanningkalorime- 
trisch (DSC) und rOntgendjffraktometrisch untersucht. Die Proben wurden rnit THI im Temperatur- 
bereich von 4 0 - 8 7  ~ und mlt PER bei Temperaturen von 40--121 ~ behandelt. Die Behandlung mit 
TRI und PER f~hrte zu Ver,~nderungen der Wollproben, die sich in den DTA-Kurvenzu erkennen 
geben. TRI- und PER-Behandlung haben Ver~nderungen des aus R6ntgendaten berechneten 
Ordungsgrades zur Folge. Die mit TRI behandelten Wollproben zeigten eine Vergr6sserung, die mit 
PER behandelten dagegen eine Verminderung des Gehalts an geordneter Phase mit steigender Be- 
handlungszeit. 

PecmMe -- C nOMOU~bVO ~,TA, ~,CK 14 peHTreHOBCKO~ ~H~paKTOMeTpHI4 6blnO npoBeAeHo 
Hay~eHHe cTpyKTypbl uJepCT~HbIX BONOKOH, O6pa6OTeHHblX TDHXl]Op3T~/leHOM H TeTpaxJ1op- 
3TM.qeHOM. OSpa~TKa TpHxxnop 3TH.qeHOM npoBoA~necb e o6naCT~ TeMnepaTyp 40--87 o, a 
TeTpaxnopaTHneHoM -- e o6nacTH 40--121 ~ I-]poBeAeHHaR o6pa6oTKa o6pa3LlOB Bbl3blBaeT 
143MeHeHI4R, O6Hapy~eHHble Ha ~TA-KpHBblX. Ha OCHOBe peHTreHorpacl0H~leCKHX /:laHHblX 6birth 
BbtHHerleHbl H3MeHeHHR cTeneHH ynopR~o~leHHR, BblaBaHHbie o6pa6OTKO~ Tp~l- ~ TeTpaxnop- 

- 3TI431eHOM. 8onoKHa, O6pa~OTaHHble TpHxTIOpaTHJaeHOM, noKa3anH yBeJIH4eH~e co/),ep~<aHHR 
ynopR~oqeHHol~ ~a3bl, a o6pa6OTKa TeTpax~op3THneHOM -- yMeHbWeHHe no MepeyBenHqeHHR 
epeMeHH o6pa6OTK~l. 
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