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Study of the physical and mechano-chemical properties of pure, hetero and hairy fibres has indicated that the presence of
medullated fibres in different wool breeds is the main factor responsible for the higher average micron and linear density
values. The loss in strength on alkali and acid treatment is more in the case of hetero and hairy fibres than for pure fibres.

Most of the Indian wools are coarse! and contain true
as well as medullated fibres 2 • Some of the medullated

fibres are partially medullated, while others are
completely medullated. The partially medullated fibres
are commonly known as hetero fibres and they show
either a fragmental or discontinuous medullation3.
Completely medullated fibres, called hairy fibres,
possess a narrow or wide continuous medulla. The
physical and mechanical characteristics of the
medullated fibres differ from those of the true or pure
wool fibres.

Hetero and hairy fibres are generally harsh and
brittle compared to pure fibres. Tenacity or specific
stress is also lower in hetero and hairy fibres4• Due to
brittleness, medullated fibres break readily during
processingS, which ultimately increases the proportion
of wastes and makes the spinning process difficult.
Even uniform dyeing and finishing offabrics made out
of a mixture of pure, hetero and hairy fibres becomes
difficult because of the fact that the dye absorbing and
reflecting capacities of medullated fibres are
themselves ditTerent6•7 from those of non-medullated
fibres. Patel8, from one of his carbonization trials,
showed that the medullated fibres cause greater
strength loss compared to non-medullated fibres; this
supports the presumption that pure, hetero and hairy
fibres may not behave in. the same manner under
identical chemical conditions. Scouring, which is
necessary for the removal of dust, dirt, grease, etc.
from the wool by alkali treatment and carbonization
(removal of vegetable matter by acid treatment) is
commonly done in woollen and worsted processing. It
was considered of interest to investigate the manner
in which these three types of fibres, i.e. pure, hetero and
hairy, react to acid and alkali treatments. Since Indian
wools contain 30-70% medullated fibres (njw), their
influence on processes like spinning, scouring and
finishing is not negligible. The present paper presents
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results of a study on the physical and mechano­
chemical characteristics of pure, hetero and hairy
fibres.

Materials and Methods

Seven breeds and breed crosses, viz. Chokla, Nali,
Gaddi, Malpura, Sonadi, Rambouillet x Chokla and
Rambouillet x Malpura were taken for the study of
physical parameters. Fibre diameter was measured
under projection lanameter. Pure fibres showed no
black markings, whereas hetero and hairy fibres
showed discontinuous and continuous black markings
under projection lanameter. On the basis of this
observation, fibre diameters of pure, hetero and hairy
fibres were recorded separately. For each category of
fibres, 500 observations were recorded.

For linear density (tex) measurements, pure, hetero
and hairy fibres were separated from each of the wool
lot samples by the orrho-dichlorobenzene technique9•
The length and weight of three sub-samples of 50 fibres
each were taken and linear density was calculated for
each type of fibres for each individual breed.

To assess the mechano-chemical characteristics,
only Chokla wool was considered. Wool samples, after
mixing and cleaning (with petroleum ether) manually,
were again mixed thoroughly in Labormixer for
homogeneity. One hundred gram lots of such samples
were drawn and each of the samples was treated with
Na2C03 and H2S04 separately. Three standard
alkaline solutions (0.05 N, 0.01 Nand 0.005 N
Na2C03) and three standard acidic solutions (0.1 N,
0.02 Nand 0.01 N H2SOJ were taken. Keeping the
material-liquor (M:L) ratio as 1:40, the samples were
treated at 45°C for 30 min. After the chemical
treatment, the pure, hetero and hairy fibres were
separated out by the ortho-dichlorobenzene technique.
The pure, hetero and hairy fibres from the treated as
well as from one control sample were tested on Instron
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Fig.2-Percentage medullation of fibres of different ·bncds:and
breed-crossesof sheep
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fibres it is possible to minimize the wide variatiOt'l
among different Indian wools.

The average fibre diameter and medullation
percentage of different breeds and breed crosses are
given in Figs. I and 2. It is clear that the diameters of
fibres of pure breeds lie in the range 26-57 p. Among

C=CHOKLA, R- RAM.OUILLET X cttOlCLA
SaSONADI, M-MALflURA,tI.NALI,
0-MMeoU1LLET x MAU'UItA. S.M&IDI

.-/' 10

Source of DegreesSum ofMeanFvalue

variation

ofsquaressquares
freedom
Due to breed

6172.371328.72852.039

Due to type of fibres
22814.5596 1407.2798 99.910"

Due to error

12169.027214.0856
Total

203155.9581

*Significant at 1.0% level

Breed Pure fibresHeterofibresHairy fibres

Cbokla

27.01 ±0.37336.08 ±O.37951.81±0.422---cRsMN0G
(30.9S)-

(23.51)(18.24)Fig. I-Average diameters of fibres of different breeds and bRed-llxC
21.89±O.16837.24±0.25751.40±0.301 crosses of sheep(17.22)

(15.44)(13.11)
Sonadi

25.14±0.42534.50±0.29058.46±0.320·C. CHOteLA, .-1tAM8OUfL\.£T X CHOKLA, •• SOIIADI.(40.25)
(18.79)(12.24)

M.MALPURA, ••• JlALl,o-PAMaOUILL£T XMALPUU,
Malpura

26.56±0.34832.37 ±0.46861.14±0.286IG.IADDI
(29.36)

(31.88)(10.46)
Nali

23.48 ± 0.25030.58±0.37956.65 ±0.275
(24.02)

(27.73)(10.80)
RxM

21.96±0.25231.49±0.378 .40.34 ± 0.538
(25.68)

(26.83)(29.84)
Gaddi

22.12±0.27735.74±0.30744.34±0.334

(28.02)
(19.25)(16.85)

-Fibres in parantbeses represent CV%
R,llamboui1let; C, Chokla; M, Malpura

Table I-Average Fibre Diameter of Pure, Hetero and
Hairy Fibres

[Values are in p]

Table 2- Variance Analysis for Fibre Diameter

Results aad Discussion

Data on the average diameter of pure, hetero and
hairy fibres of different breeds and their variance
analysis are given in Tables I and 2. It is obvious that
pure fibres have the finest diameter and it increases
with inCrease in the extent of medullation. Variance

analysis shows that the differences among the
diameters of the three types of fibres are statistically
significant at 1% level. Among the breeds, no
significant differences have been observed for
diameter. This is due mainly to the consideration of
equal number of pure, hetero and hairy fibres in all the
breeds. In fact, the proportions of these three types of
fibres vary considerably from breed to breed, which
ultimately causes the average fibre diameter
differences among breeds. The diameter of pure fibre
does not vary significantly among the breeds,
indicating that the diameter of pure fibre is quite
uniform and by increasing the proportion of pure

tensile tester keeping the gauge length 2 em and
crosshead to chart ratio 1:10.
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··Significant at 1.0% level

Table 6-VarianceAnalysisfor ChemicalTreatments

Table 5- Tenacityof Alkali and Acid Treated Medullated
and Non-medullatedFibres

[Values are in g/tex]

that the strength loss due to chemical treatment is very
high in medullated hetero and hairy fibres as compared
to non-medullated pure fibres. This may be due to the
basic structural differences among these fibres.

PureHeteroHairy
fibres

fibresfibres

Control

14.3212.8812.07

(36.04)

(28.36)(18.37)
0.005 N

12.7910.509.63

(34.74)

(46.06)(22.78)
0.01 N

10.949.647.92

(46.44)

(47.65)(33.23)
0.05 N

10.729.006.02

(18.65)

(28.69)(32.16)
0.01 N

13.98II.3310.19

(23.04)

(36.41)(21.82)
0.02 N

. !2.7510.968.61

(33.33)

(28.08)(27.46)
0.01 N

11.9310.057.50

(32.82)

(35.13)31.94)

Source of DegreesSum ofMeanFvalue
variation

ofsquaressquare
freedom

Due to treatment

641.27646.879423.7466··

Due, to type of fibres
246.420123.210080. II 74··

Due t~ error

123.47680.2897
Total

2091.1733

Treatment

Acid

Alkali

Table 3-Linear Densityof Pure, Hetero and Hairy Fibres
of Different Breeds

the native breeds studied, Gaddi and Chokla are better
in respect of fineness; which is due mainly to the

presence of lower percentage of medullated fibres. It is
also evident from Figs. 1 and 2 that a positive
correlation exists between medullation percentage and

fibre diameter-the higher the medullation per­

centage, the coarser is the average fibre diameter.
Fibres of crossbreeds have the finest diameter among
the wool lots tested, as they also possess very low
percentage of medullated fibres. It is an established
fact that the fibre diameter is the most important single'
factor which affects the so-called handle or softness of
the fabric10• Finest wools give the softest fabrics. Thus,
it is possible to increase the fineness oflndian wools by
eliminating medullated fibres, which ultimately
enhances the quality of the end products.

Data on linear densities of pure, hetero and hairy
fibres of different breeds are given in Tables 3 and 4.

Like diameter, the linear density of hetero and hairy
fibres is much higher. Despite the lower density of
medullated fibres compared to non-medullated fibres,
the higher linear density of the latter is due mainly to
the high micron value of the former.

Data on the average tenacities of control and
chemically treated fibres are given in Table 5. Results
of variance analysis are given in Table 6. It is evident
that due to chemical treatment there is loss of fibre
tenacity. The change in fibre tenacity due to treatment
is statistically significant at 1% level. Among the three
types of fibres, the change in tenacities is also
significant at I% level. Average tenacity values show

Breed Pure fibresHetero fibresHairy fibres

Chokla

0.721.902.56
RxC

0.641.862.31

Sonadi
0.721.302.78

Malpura

0.821.503.21

Nali
0.601.052.29

RxM
0.731.972.51

Gaddi
0.561.462.32

R, Rambouillet; C, Chokla; M, Malpura

Table 4-Variance Analysisfor Linear Density of Fibres

Source of DegreesSum ofMeanFvalue
variance

ofsquaressquare
freedom

Due to breed

60.59680.09951.636

Due to type of fibres

212.5381... 6.2691103.110"

Due to error
120.72960.0608

Total
2013.8646

"SignifICant at 1.0% level

Conclusions

(1) Medullated fibres have higher diameter which
may be responsible for the higher average fibre
diameter of a particular breed of wool if these fibres are

. present in higher proportion.
(2) There is considerable scope for increasing the

fibre fineness by reducing the. medullated fibres with
selective breeding or cross-breeding.

(3) Like fibre diameter, the linear density of hetero
and hairy fibres is much higher than that of pure fibres.

(4) Medullated fibres show poor resistance to acidic
and alkaline attacks and they suffer higher strength
loss in comparison to pure fibres.

(5) Alkaline treatment causes greater loss in
strength of all types of fibres in comparison to acid
treatment.
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