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The physical and mechanical properties and the dyeing behaviour of milkweed fibres have been studi cd alld cOlllparcd 
with those of cotton , wool and rabbit hair fibres. Milkweed fibre has 14-19 g1tex tenacity and 32-36% e longatio n. It has 
more normalized KIS value than cotton fibre for all the dye concentrations, the difference being hi gher at low dyc 
concentration. 
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1 Introduction 

Milkweed (Asclepias syriaca L) belongs to the 
genus Asclepias of the family Asclepiadaceae and is 
also known as stubborn weed. In India, it is found as a 
wild plant in the states of Rajasthan, Karnataka and 
Tamil Nadu . Its use as a milkweed fibre was found in 
Europe during 18th century. Milkweed fibre is also 
used in paper industries. In recent years, the work 
mainly concentrated on new textile uses of milkweed 
fibre such as knitted fabric and milkweed comforter. 
In addition, it is also used as an in sulative filling 
material I., . As per its chemical constitution , the 
milkweed fibre contains approximate ly 60% cellulose 
and 0.33-0.4% extractable oil and waxes4

. 

In the present investigation , an attempt has been 
made to study the physical and mechanical properties 
and the dyeing behaviour of milkweed fibres and 
compare these with those of cotton fibre. The physical 
and mechanical properties have also been compared 
with those of short-staple wool and rabbit hair fibres . 

2 Materials and Methods 

2.1 Materials 

Milkweed fibres were collected from the nearby 
areas of district Tonk (Rajasthan). The fibres were 
categorized into three groups according to their pod 
shape and size, viz. small, medium and long, as 
shown in Fig. I . 

J-34 cotton was collected from CIRCOT, Mumbai , 
for comparing the physical and mechanical properties . 
Avivastra wool and rabbit hai r fibres were taken from 
CSWRI, A vikanagar. 

2.2 Methods 

2.2.1 Determination (If Fibre Properties 

Fibre diameter was determined with the hc lp of an 
overhead microscope as per the ASTM D 2 130-90. 
Staple length was determined manuall y with the help 
of a val vet pad and forceps as per the ASTM D 5 19. 
The tenacity and elongation were determined on 
stelometer as per the ASTM D 1445, keeping the 
gauge length at zero. 

2.2.2 Scouring 

The scouri ng of milkweed and cotton fihres wa~ 
carried out using 0.5 % non-i oni c detergc nt as per the 
standard procedure. 

2.2.3 Dyeing 

The dyeing of milkweed and cott on fibres was 
carried out with Procian Reacti ve Red M (C I 
Reactive Red II ) in an open bath (co ld dye ing 
process) at low temperature (20-30D C) in two stages , 
viz. exhausti on and fixation of co lour . For 
exhaustion of dye bath, the g lauber salt (2()-30 gi l ) 
was taken in dye bath and the time and tempe rature 
were mainta ined at 20-30 min a ll d 20-30°C 
respectively . For dye fixati on, the dyed samples 
were passed through the solution of sodium 
carbonate (15 gil) for 90 min at room te mperature 
(20-30°C), maintaining the pH at lO S Dyein g of 
these fibres was carried out for fi ve d iffe re nt dye 
concentrations, viz . 0 .5%, 1.09'c , I .S 9'r. 2 .W/c and 
2 .5%. The dyed samp les were washed w ith non-i oni c 
detergen t to remove dye mo lecul es from the surface 
of the fibres . 
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2.2.4 Whiteness Index 

The whiteness index (Hunter), KIS value and 
tri stimulus values were dete rmined on JA YPAK 
computer colour matching sys tem. The normalized 
KlS values o f dyed samples were worked out usmg 
the following formul a 5: 

Normalized K/S value 

__ KIS of dyed substrate - KIS of blank substrate 

% Dye concentrati on 

2.2.5 Dye Uptake and Exhaustion 

The dye uptake and dye bath ex haustion (%) were 

Fig. I- Photographs of mil kweed lih res 
[a--Iong pod, b--med iu lll pod. and (- small podl 

determined on UV spec tro photometer 
(Spectroco lorimeter 103, Systro ni cs) by measuring 
the optical density of dye bath before and afte r dye ing 
o f fibres. 

3 Results and Discussion 

3.1 Physical Properties 

Fig . 2 shows the fibre d iameters of mil kweed 
(small , medium and long pod), cotton, wool and 
rabbit ha ir fibres. The average fibre d iameter. · of 
small , medium and long pod m il kweed fi bres are 
23 .95 , 27 .23 and 2 1.1 6 I-lm res pecti ve ly. S imilar 
f ineness was observed by Drea n". T he long pod fib res 
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Fibre die meter, urn Staple lenglh , rnrn Colour WKH) 

Fig. 2---Physical properties of fibres [A - milkweed small pod, 
S - milkweed medium pod, C - milkweed long pod, D - cotton , 

E - wool, and F - rabbit hair] 
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Fig.3--Mechanical properties of libres [A - milkweed small pod , 
B - milkweed medium pod , C - cotton , D - wool, and 

E - rabbit hair] 

are finer than small and medium pod fibres. 
According to fibre fineness, the average fibre 
diameter of milkweed fibre is quite similar to that of 
wool fibres . The staple length s of small , medium and 
long pod fibres are 34 .25, 24.40 and 29.30 mm 
respectively. According to staple length , the 
milkweed fibres are compatibl e with J-34 cotton and 
rabbit hair fibres having 34 mm and 32.4 mm length 
respectively. 

Whiteness index (Hunter) values of different fibres 
(Fig. 2) indicate that the milkweed fibres are yellower 
than cotton and rabbit hair fibres but whiter than wool 
fibres. It is also observed that small pod milkweed 
fibre is more whiter than long and medium pod 
milkweed fi bres, which further indicates that the 
small pod milkweed fibres are more suitable for 
blending with cotton on the basis of colour whereas 
the long and medium pod fibres could be blended 
with wool fibres. 

3.2 Mechanical Properties 

The mechanical properties of milkweed, cotton , 
wool and rabbit hair fibres are shown in Fig. 3. The 
tenaci ty and elongat ion values of long and small pod 

Table I-Absorbency val ues of dyed fihrcs 

Dye cone. Absorbenc y. r;, 
% Cotton Milk weed 

Long pod i'vIed i 1I III pud 

0.5 73.9 1 5 I '()7 5-1-~q 

1.0 68.18 52.1X 57.1 -1-

1.5 64.52 56.67 5-1- . I () 

2.0 6 1.33 55.26 5J.33 

2.5 58.89 55.42 52(J-1-

milkweed fibres are 14.9 and 19.2 g/tex and 36.7 and 
32.7% respectively. The tenac ity of th ' milkweed 
fibres is moderate, which is higher than those of woo l 
and rabbit hai r fibres but lower than that of cotton 
fibre. The elongation at break of milkweed fibres IS 

higher than those of cotton and woo l while it is 
similar to that of rabbit hairs . 

3.3 Dyeing Behaviour 

3.3.1 Absorbency Value 
Absorbency va lues of va ri ous dyed fibres are 

shown in the Table I . It is observed that cott on fib re 
shows higher absorbency than long and ll1ed i Ulll pod 
milkweed fibres at a ll dye concentrati ons. The 
absorbency value for cotton fibre dec reases wi th the 
increase in dye concentrati on whereas for milk weed 
the trend is not regular and the va lue first increases 
then decreases at very hi gh dye concentrati on. 

3.3.2 Tristimulus Value 

Table 2 shows that the tri st imulus va lue Y. whi ch 
represents brightness6

, is lower for a ll milkweed dyed 
fibres compared to cotton for all the dye 
concentrations studied, indicating that milkweed fibre 
has low brightness than cotton. The ye ll owness (Y-Z 
value)6 is lower for cotton compared to milkweed 
fibre (Table 3). The difference between the tri st imul us 
values of cotton and dyed milkweed fibres is hi ghes t 
at low dye concentrati on but it decreases with the 
increase in dye concentrati on and is lowes t at 2.Y1t­
dye concentration. 

3.3.3 K/S Value 
The KIS values of med ium and long pod milkweed 

fibres and cotton fibres are shown in Table 4 . It is 
observed that the KIS va lues of different fib res 
increase with the increase in dye concentrati on, the 
increase being more for medi um pod mi lk weed fibre 
and less for coHon fibre. As a result, the difference in 
dye uptake at hi gh dye concentrati on is minimum. 

3.3.4 Normalized K/S Value 
Normalized KIS va lue) is a functi on of reflectance 
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Table 2-CIE tri stimulus values of dyed libres 

Dye conc. 
% 

CIE tri stimulus value 

0.5 

1.0 

1.5 

2.0 

2.5 

X 

42.9 

37.4 

35.4 

32.9 

30.7 

COllon 

Y 

32.4 

25.8 

23.5 

20.9 

19. 1 

Z 

X 

41.4 34.8 

35.5 32.1 

29.9 29.4 

26.3 25 .8 

23.7 25 .0 

Tab le 3--Yellowness ( Y-Z) val ues of dyed fibres 

Dye conc. Y (' ll owncss value 
% COllon Milkweed 

Long pod Medium pod 

0.5 - 9.01 0. 15 0. 16 

1.0 -0.97 -0.40 - 0.88 

1.5 - 6.44 - 1.31 - 1.5 1 

2.0 - 5.37 - 1.46 - 1.05 

2.5 -4.59 - 1.51 - 1.37 

Table 4--AclUal KIS values of dyed fibres 

Dye cone. KIS va lu e 
% COllon Milkweed 

Long pod Medium pod 

Substrate 0.128 0.949 0.617 

0.5 0.463 1.830 1.860 

1.0 0.684 2.099 2.238 

1.5 0.863 2.125 2.174 

2.0 1.1 21 2.63X 2.47X 

2.5 1.162 2.696 2.658 

due to dye absorpti on per unit concentrat ion of dye 
bath. Fig. 4 shows that the normalized KIS value is 
higher at low dye concentrati on for all fibres . It is 
inferred that the med ium pod milkweed fibre absorbs 
maximum dye from the dye bath while cotton absorbs 
mlntmum. It is further observed that during 
washing/scouring of dyed fibres, more bleeding of 
colour takes place in cotton as compared to mi lkweed 
fibres. 

3.3.5 Dye Uptake 

The dye uptake of milkweed and cotton fibres is 
shown in Fig. 5. It is observed that the dye uptake at 
0.5 % dye conc. is 0.3969, 0.258 and 0.2742 g/ I OOg of 
material for cotton, med ium pod and long pod fibres 
respectively and that it increases to 1.472, 1.3835 and 
1.3235 gil OOg of material respectively at 2.5 % dye 
concentrati on. Although the dye uptake of milkweed 
fibre is lower than that of cotton fibre at low dye 

Milkweed 

Long pod Medium pod 

Y Z X Y Z 

27.7 27.5 36.0 2X.7 2XJ, 

24. 1 25.2 320 24.2 25 .1 

20.9 22.2 29. 1 20.4 2 1.') 

17.3 18.8 27.2 IX. I 1'). 7 

16.6 18.1 26.3 17.4 I X.X 
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concentration (0.5 %), it is quite simil ar at hi gh dye 
concentrat ion (2.5%). Further, the dye uptake rrom 
dye bath is hi gher in case of cotton whil e the 
norma lized KIS value is low in case or cott on as 
compared to milkweed fibres. Th iS Illa y be due to 
more loss of colour bl eedin g after scourin g. It Illay he 
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inferred that cotton and milkweed fibres have similar 
dyeing properties and could be processed as blended 
product mix . 

3.3.6 Dye Bath Exhaustion 

Dye bath exhaustion for milkweed and cotton 
fibres is shown in Fig. 6. It is observed that milkweed 
fibres absorb less dye from dye bath as compared to 
cotton fibre at low dye concentration and that the 
absorption of dye gradu ally decreases with the 
]J1crease in dye concentration in case of milkweed 
fibres. 

4 Conclusions 

4.1 Milkweed fibre IS quite comparable with 
Avivas tra wool and rabbit hair fibres in terms of 
fibre di ameter and stapl e length. 

4.2 The tenaci ty and colour of milK weed fibre are 
moderate and fall between wool and cotton fibres. 

4.3 The dyeing behav iour of milkweed fib re is quite 
similar to that of cotton fibre. 

4.4 Milkweed fibre has hi gher normali zed KIS va lue 
than cotton fibre. 
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