
1.  Introduction

Sustainable approaches are being talked about and tried to be 
executed in the textile industry to reutilize the waste 
generated. These approaches tend to utilize the fibers for 
manufacturing composites, regenerated fibers and as 
reinforcements in bioplastics. Blending has been a 
traditional method of physically mixing the fibers to obtain a 
uniform yarn structure. The blending of fibers has also 
emerged as an economical alternative for conjugating the 
desired attributes of two or more fibers of different origins 
with the least chemical exposure [1]. Blending is done to 
improve the quality and performance of fiber, get desired 
properties for the required end uses, and reduce the cost but 
the result of the final yarns depends upon many blending 
parameters. 

A prominent legume crop, soyabean is a rich source of 
protein and is used as a dairy substitute. The protein of 
soyabean is being utilized to manufacture textile fiber. The 

amino acid composition of soy protein makes it suitable to be 
spun into a fiber. Soy protein fiber (SPF) is the only plant 
protein fiber [2]. SPF is commercialized as soy silk as it 
exhibits the luster and softness similar to silk. Shiny luster, 
fine count, low density, high tensile strength, and anti-
microbial properties are some of the salient features of SPF. 
Soy protein fiber is extensively used in medical and wound 
healing applications [3]. The cost of extracted protein is only 
one-third of silk and one-fifteenth of cashmere. Hence, 
soyabean protein fiber is cheaper than both pure silk and 
cashmere [4]. SPF is presently being used for shirting, 
blankets, infant clothes, etc. [5]. Ludhiana, a hub of the 
woollen and hosiery industry in North India houses a large 
number of fiber processing and knitting units. Along with a 
good production of woollen and hosiery goods, this industry 
generates a large amount of waste, which is mainly called 
wool waste. Presently, this wool waste is used to 
manufacture low-grade woollen products and for filling 
purposes which have got limited uses and is less marketable.
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The present study is an attempt to suggest an environment-
friendly approach to utilize wool waste and study the effect 
of blending parameters on physical and mechanical 
properties of yarns produced from blending SPF and wool 
waste. The study also suggests the optimum blending 
parameters for blending SPF and wool waste for suitability in 
producing knitted fabric.

2.  Material and Methods

About 10 kilograms of soy protein fiber (SPF) was imported 
from China as it was not available in fiber form in India and 
simultaneously 20 kilograms of wool waste (WW) in the 
form of tops was procured from the local spinning units of 
Ludhiana (2018). SPF and wool waste were blended in ratios 
20:80, 30:70, and 50:50 using the ring-spinning method and 
labeled as sample WS1, WS2 and WS3 respectively. A fiber 
mix of 10 kg was prepared for each blend ratio.

Table 1: Blend ratios of Waste Wool and SPF

The blending was carried out in following phases:

i. Mixing: The fibers were fed into the blowing room in the 
pre-decided proportions for thorough cleaning and 
mixing with each other.

ii. Carding: In the carding machine, the fibers were put in a 
parallel form and a uniform sliver was obtained. From 
the carding machine, the slivers were collected in large 
cylindrical drums.

iii. Combing: The carded slivers were combed. In this 
process, the slivers were further arranged in a highly 
parallel orientation and aimed at removing any residual 
entangled fibers and also eliminating the neps. 

iv. Doubling and drawing: These were done to impart 
strength as well as obtain a fine yarn. 

v. Spinning: Roving was obtained for each blend ratio 
which was then spun into a yarn. 

The rovings were spun in different systems by changing the 
blending parameters. The parameters were altered as per the 
suggestions of knitting experts keeping in mind the quality of 
roving obtained. The sample WS1 (blend ratio 20:80) and 
sample WS2 (blend ratio 30:70) were taken for worsted 
spinning whereas the sample WS3 (blend ratio 50:50) was 
spun in the woolen system. More details about blending 
parameters have been presented in table 1.Sample WS1 was 
a double-ply yarn of 18 Nm twisted in 'S' direction while 

sample WS2 was spun into single-ply yarn of count 10 Nm 
and 'Z' twist. Yarn sample C was spun with a coarser count 
and was a single-ply yarn. Physical and mechanical 
parameters were studied for the developed blended yarns. 
The yarn sample WS3 came out to be very coarse and had the 
presence of slubs throughout its length hence, it was 
eliminated from yarn testing as it was not considered fit for 
making knitted fabric. It was however evaluated for 
production feasibility to be taken up for end uses like carpets 
as suggested by the technical experts. 

WS1 and WS2 were tested for physical properties like yarn 
evenness and hairiness and mechanical properties like single 
yarn strength and elongation and yarn testing was carried out 
according to the standards specified by the American Society 
for Testing Materials (ASTM). 

Table 2: Physical properties of blended yarns

                        WS1 (20:80)

WS2 (30:70)                       

WS3 (50:50)

Figure 1: Blended yarns

Samples 
Blend 
ratio  

Spinning 
system  

Yarn 
count 
(Nm)  

Ply  Twist  

WS1 20:80  Worsted  18  Double  S  

WS2 30:70  Worsted  10  Single  Z  

WS3 50:50  Woolen  0.50  Single  Z  

 

Samples 
Blend 

ratio 
Fiber mix (kg) 

WS1 20:80 2 kg SPF + 8 kg WW 

WS2 30:70 3kg SPF +7kg WW 

WS3 50:50 5kg SPF+5kg WW 

 



3. Results and Discussions

The yarn samples WS1 and WS2 were tested for various 
physical and mechanical properties and the results have been 
summarized in table 3 and statistical analysis have been 
presented in table 4 and 5 respectively.

Table 3: Physical and mechanical properties of developed 
blended yarns

Yarn sample WS1 had an S twist and 6.2 twist per inch. Yarn 
samples WS1 and WS2 had similar yarn evenness (U%). 
However, the yarn hairiness of yarn sample WS1 was higher 
than that of yarn sample WS2. Both of these properties could 
be attributed to high twist and higher yarn count. This 
explained that the higher count of yarn sample WS1 gave it 
an even appearance. On the other hand, the number of fibers 
protruding from the yarn of sample WS2 was higher; hence, 
the hairiness index of sample WS2 was lesser than sample 
WS1.The yarns developed from the blend of SPF and wool 
waste exhibited excellent tensile strength as well as sound 
physical properties. The nature of the yarn and its count 
directly affected the tensile strength of the yarns. Yarn 
sample WS1 was a double-ply yarn with a higher count while 
sample WS2 was a single-ply yarn, hence, lesser elongation 
and single yarn strength.

Table 4: Statistical analysis of mechanical properties of 
blended yarns

Table 4 revealed that there is a significant difference in the 
mean yarn twist of the blended yarns. Although there is quite 
a difference between the calculated values of single yarn 
strength of the blended yarns WS1 and WS2, there is no 
statistically significant difference between the two. This gap 
is evident because the sample size is lesser and there is very 
little difference in the calculated values.

As far as yarn elongation is concerned, there is no significant 
difference between blended yarns WS1 and WS2. However, 

both single yarn strength and elongation of yarn sample WS3 
is significantly different than the blended yarns A and B. 

Table 5: Statistical analysis of physical properties of 
blended yarns

Table 5 explains that there is no significant difference 
between the yarn evenness and hairiness index of yarn 
sample WS1 and WS2. However, the difference between lea 
strength and count strength product of the blended yarns 
WS1 and WS2 is significant at 5%.

4. Analysis of production feasibility of blended yarns for 
developing a knitted fabric

The developed blended yarns were evaluated for production 
feasibility and commercial viability. Feedback was collected 
from ten respondents which comprised of five Production 
Heads and five Design Supervisors of randomly selected 
knitting units at Ludhiana. The analysis included recording 
the response of the experts on parameters like ease of 
production, waste generation, cost of production, aesthetic 
appeal, and texture for blended yarns. The feedback was 
evaluated on a 3-point scale.

Table 6 reveals that the majority of respondents preferred 
moderate ease of production for blended yarn samples WS1 
and WS3 but 50 percent of the respondents preferred the ease 
of production to be higher for sample WS2. Eighty percent of 
the respondents reported that wastage while production was 
low for samples WS1 and WS2 whereas a similar percentage 
of respondents were of the view that there was a higher waste 
generation in the production of yarn sample WS3.

Properties 
WS1 

(20:80) 
WS2 

(30:70) 

Twist per inch (tpi) 6.2 9.8 

U% (imperfections/km) 15.16 15.18 

H(hairiness index) 10.42 10.25 

Single yarn strength (gf) 1071.9 811.79 

Elongation (%) 12.78 11.90 

 

Properties 
WS1 WS2 Critical 

Difference Mean S.D. Mean S.D. 

Yarn twist 6.20 0.45 9.80 1.10 1.037888 

Single yarn 
strength 

1071.9 109.93 811.79 78.95 1610.304 

Elongation 12.78 2.10 11.90 0.95 4.702534 

Yarn 
properties 

WS1 WS2  

t 
value  

p 
value  

Mean S.D 
Std. 

Error 
Mean 

Mean  S.D  
Std. 

Error 
Mean  

U% 
(imperfections 
/ km) 

15.16 1.41 0.63 15.18  1.65  0.74  -0.02  0.98  

Thin 
(-50%/km) 

42.00 48.04 21.48 40.00  36.91  16.51  0.07  0.94  

Thick 
(+50%/km)

 
34.00 7.42 3.32 61.00  31.90  14.27  -1.84  0.10  

Neps (200%)
 

18.00
 

5.70
 

2.55
 

35.00
 
23.45

 
10.49

 
-1.58

 
0.15

 

Hairiness 
index

 

10.42
 

0.34
 

0.15
 

10.25
 

0.38
 
0.17

 
0.76

 
0.47

 

Significant 
hairiness

 

2.34
 

0.12
 

0.06
 

2.64
 

0.13
 
0.06

 
-3.78

 
0.01

 

Lea strength

 
301.33

 
11.41

 
5.10

 
261.40

 
27.23

 
12.18

 
3.02

 
0.02

 
Count 
strength 
product

 

1606.40

 

51.69

 

23.12

 

1464.23

 

76.34

 

34.14

 

3.45

 

0.01

 



Cost of production was found appropriate for the yarn 
samples WS1 and WS2 by 80 and 70 percent of the 
respondents respectively. However, for yarn sample WS3, 
the cost of production was reported to be high and moderate 
by an equal percentage of the respondents. The aesthetic 
appeal of yarn samples WS1 and WS2 was rated as very good 
by 70 and 80 percent of the respondents respectively whereas 
the appeal of yarn sample WS3 was considered to be fair by 
the majori ty of the respondents. The texture of blended yarns 
WS1 and WS2 was reported to be harsh by a majority of the 

respondents. However, yarn sample WS2 was less harsh as 
compared to yarn sample WS1. This was due to more SPF 
content in it. 

5. Optimization of blending parameters for SPF and wool 
waste

Amongst the developed blended yarns, yarn sample WS2 
with a blend ratio of 30:70, count 10 Nm and 'Z' twist blended 
in worsted system showed balanced physical and mechanical 
properties required to be taken up for making a knitted fabric. 
Production feasibility of blended yarns was also found to be 
moderate to high for yarn sample WS2. Hence, it can be 
concluded that the blending parameters of yarn sample WS2 
were most appropriate to be utilized for making knitted 
fabric for apparel purposes.

6.  Conclusion

It can be concluded based on the physical appearance of 
yarns and test results that SPF and wool waste can be 
successfully blended in different ratios and counts. However, 
sample WS2 with a blend ratio of 30:70, count 10 Nm and 'Z' 
twist blended in worsted system were suggested as the 
optimum blend parameters for producing a good yarn for 
knitting purpose. Higher twist, finer count, and good tensile 
strength are a few of the properties which make this 
particular blend ratio suitable for apparel as well as 
upholstery applications. A blended yarn of SPF and wool 
waste, when used to construct fabric, will incorporate a soft 
handle with warmth. The presence of small fibers on the yarn 
surface will impart a fuzzy look to the fabric constructed 
from it. 

This study has suggested a novel approach for utilization of 
waste wool, which can lead to production of good quality of 
fabric and give a good profit to the hosiery industry. The 
fabric constructed from the suggested optimum yarn of 
soyabean and waste wool can be taken up for commercial 
production in knitwear industries for sustainable production. 

Table 6: Analysis of production feasibility of blended 
yarns                                                                  
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Parameters Rating 
WS1 WS2 WS3 

f % f % f % 

Ease of 
production 

High 3 30 5 50 - - 

Moderate 7 70 3 30 6 60 

Low - - 2 20 4 40 

Waste 
generation 

High - - - - 8 80 

Moderate 2 20 2 20 1 10 

Low 8 80 8 80 1 10 

Cost of 
production 

High 2 20 3 30 5 50 

Appropriate 8 80 7 70 5 50 

Low - - - - - - 

Aesthetic 
appeal 

Very good 7 70 8 80 2 20 

Good 3 30 2 20 3 30 

Fair - - - - 5 50 

Texture 

Harsh 8 80 9 90 3 30 

Soft 2 20 1 10 5 50 

Fuzzy - - - - 2 20 

 

n=10


