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Abstract
In this research, bamboo charcoal/spandex (BC/S) complex yarn was fabricated using 
spandex as the core yarn, which was then wrapped with bamboo charcoal nylon textured 
yarn. The core yarn was first expanded and then wrapped with the wrapping yarn on a ro-
tor twister machine at speeds of 4000, 6000, 8000, 10000, and 12000 r.p.m. The wrapping 
amount of the BC/S complex yarns were 2, 3, and 4 turns/cm. In order to evaluate the physical 
properties of the BC/S complex yarn, the maximum breaking strength, elongation, and elas-
tic recovery rate were tested.  We fabricated BC/S fabrics using circular knitting based on 
optimal manufacturing parameters. The BC/S complex yarn had an optimum elastic recov-
ery rate of 98.89% when the rotor speed was 10000 r.p.m and the wrap number  4 turns/cm.  
The optimum tenacity of the yarn containing 44.0 dtex spandex was 4.22 cN/dtex when 
the rotor speed was 4000 r.p.m. and the wrap number 2 turns/cm. The anion density of the 
BC/S fabric increased with the wrap number; in particular, the fabric containing 76.9 dtex 
spandex displayed an optimum anion density of 54 anions/cc. 

Key words: strength, strain, evaluation, elastic, functional, characterization, design, de-
velopment.

staple fibres on a ring spinning machine. 
What is more, not many studies use 
filaments as the wrapping yarn [7 - 11]. 
Thus, in this research we fabricated BC/S 
complex yarn with bamboo charcoal ny-
lon textured yarn and spandex using a 
novel rotor twister machine. The elastic 
recovery rate of the yarn was tested, and 
then BC/S complex knitted fabrics were 
fabricated, after which their far infrared 
emissivity, anion density, and air perme-
ability characteristics were measured.

n Experimental
Materials
The 76.9 dtex/48f bamboo charcoal 
polyamide textured yarn, which was 
composed of 3.0 wt% bamboo charcoal 
powder and 97.0 wt% polyamide fibres, 
used as the wrapping yarn, was provided 
by Hua Mao Nano-Tech Co., Ltd. The 
core yarn, 44.0 dtex and 76.9 dtex  poly-
urethane fibres were obtained from Hao-
jey Co., Ltd. 

Preparation of the BC/S complex yarn 
and knitted fabrics
Figure 1 (see page 48) gives the configu-
ration of the rotor twister. Spandex (A) 
is expanded on a multi-sectional draw-
ing frame (B), then threaded through the 
eye (C) and fed into the rotor twister (E); 
the rotary speed of the winding roller (I) 
determines the feeding speed. The tan-
gent belt (F) connects to the motor (G) 
and rotates the rotor twister (D). The 
bamboo charcoal polyester textured yarn 
(blue) is spun around a hollow plastic 
cylinder, which is then set onto the rotor 
twister. When the rotor twister rotates, 
the bamboo charcoal polyester textured 

n Introduction
Bamboo charcoal fibres are a new form 
of bamboo fibre created by transforming 
bamboo into carbides during a high-tech 
heat treatment process. The carbides are 
then ground into ultra-fine particles and 
mixed into a viscose polymer/polyester 
solution. The final stage of the process 
spins the solution into bamboo charcoal 
fibres. By taking advantage of this ad-
vanced technology, manufactures can 
exploit bamboo’s natural characteristics, 
such as deodorisation and heat preserva-
tion abilities, and apply them to the pro-
duction of textiles, thus enhancing the 
quality of fabric and, in turn, our lives as 
well. Therefore bamboo charcoal fibres 
are rapidly becoming the material with 
the most potential in the twenty-first cen-
tury [1 - 4]. 

Bamboo charcoal emits far infrared rays 
of 4 to 14 μm, and therefore its fibres 
also have far infrared ray absorption 
and emission properties. Far infrared 
rays are closely related to the growth of 
all life on earth, thus bearing the name 
vital light or life light. The human body 
easily absorbs these rays, which pre-
serve body heat, increase peripheral 
blood circulation, and support overall 
health. Many scholars worldwide have 
conducted relevant research on bamboo 
charcoal fibres and spandex, making 
considerable progress on the analysis 
of their attributes and the improve-
ment of their manufacturing [5 - 6].

However, in previous studies we found 
that most yarn fabricated with spandex 
is made by wrapping the spandex with 
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yarn wraps the spandex to form the BC/S 
complex yarn (H), which is then wound 
into a spool by the winding roller (I).

BC/S complex yarn was made under the 
following three manufacturing param-

ing a needle-density of 20 gauges/inch 
(Greeng Tyan Enterprise Co., Ltd). The 
yarn was comparatively better when the 
wrap numbers were 2, 3, and 4 turns/cm, 
the expansion multiple - 3, and the rotor 
speed - 4000 r.p.m. Figures 2.a and 2.b  
show the configurations of the BC/S yarn 
and BC/S fabric, respectively. 

Testing methods
Single end strength and elongation test-
ing was performed as specified in CNS-
11263 using a single end strength and 
elongation tester (Textechno, Germany). 
The elastic recovery rate was measured 
using an elastic recovery tester, assem-
bled in our laboratory and based on the 
NO 600-05 (Elastic Recovery Determi-
nation by Haojey Co., Ltd). First, the 
yarn was coiled 8 times by a reeling ma-
chine. It was then hung on a measurement 
rack, and a 50 g pendant was attached for 
one minute; the length of the yarn was 
recorded as L0. Next, the 50 g weight 
was substituted with a 500 g weight for 
another minute. For the final minute, 
the 500 g weight was replaced with the 
50 g weight, and the yarn’s length was 
L1. Thus, the elastic recovery rate can be 
given as: 

ERR(%)={[(L0 - L1)/L0)] + 1}×100% (1)

Measurement of the far infrared emis-
sions was performed with a far infrared 
emissivity tester (HOTECH EMS 302M), 
and an anion density measurement was 
obtained with an air ion counter (ITC-
201A, Japan). The air permeability was 
measured with an air permeability tester, 
as specified in ASTM D737. Each speci-
men was tested twenty times and the av-
erage value  recorded.

n Results and discussion 
Influence of the rotor speed and 
wrap number on the tenacity and 
elongation of the BC/S complex yarns
Tables 1.a and 1.b illustrate the influence 
of the rotor speed and  wrap number on 
the tenacity and elongation of the BC/S 
complex yarn. In Table 1.a, the core yarn 
is 44.0 dtex spandex, while in Table 1.b 
it is 76.9 dtex spandex. The tenacity of 
the complex yarn increased with a re-
duction in the wrap number. This may 
be attributed to the axial directions of the 
wrap yarn and  core yarn, which were al-
most parallel. Changing the rotor speed 
when producing the 44.0 dtex span-
dex yarn did not influence its tenacity 

eters: the wrap numbers were 2, 3, and 4 
turns/cm, the rotor speeds - 4000, 6000, 
8000, 10000, and 12000 r.p.m., and the 
expansion multiple of the spandex was 
3. We selected high quality yarn, and 
with circular knitting created fabric us-

Table 1. Influence of the wrap number and rotor speed on the tenacity of the BC/S complex 
yarn containing (a) 44.0 dtex and (b) 76.9 dtex spandex.

Count Speed of rotor 
twister, r.p.m.

Wrapped number, turns/cm
2 3 4

a) 44.0 dtex

  4000 4.22 ± 0.48 3.73 ± 0.29 3.39 ± 0.62
  6000 4.20 ± 0.25 3.59 ± 0.49 3.28 ± 0.53
  8000 3.82 ± 0.52 3.84 ± 0.45 3.01 ± 0.51
10000 4.13 ± 0.54 4.12 ± 0.60 3.47 ± 0.54
12000 3.99 ± 0.41 3.82 ± 0.52 2.88 ± 0.66

b) 76.9 dtex

  4000 3.75 ± 0.52 3.17 ± 0.40 2.26 ± 0.43
  6000 3.79 ± 0.51 3.59 ± 0.65 2.77 ± 0.69
  8000 3.78 ± 0.57 3.64 ± 0.36 3.31 ± 0.44
10000 3.87 ± 0.22 3.43 ± 0.52 3.42 ± 0.49
12000 3.52 ± 0.71 3.20 ± 0.53 2.84 ± 0.51

Table 2. Influence of the wrap number and rotor speed on the elongation of the BC/S com-
plex yarn containing (a) 44.0 dtex and (b) 76.9 dtex spandex.

Count Speed of rotor 
twister, r.p.m.

Wrapped number, turns/cm
2 3 4

a) 44.0 dtex

  4000 30.12 ± 0.66 31.75 ± 0.48 33.05 ± 0.35
  6000 30.38 ± 0.35 30.57 ± 0.46 29.67 ± 0.58
  8000 28.85 ± 0.62 30.77 ± 0.25 30.11 ± 0.46
10000 29.29 ± 0.59 28.96 ± 0.57 30.95 ± 0.51
12000 31.13 ± 0.49 29.52 ± 0.71 30.20 ± 0.68

b) 76.9 dtex

  4000 30.85 ± 0.63 31.78 ± 0.66 35.77 ± 0.72
  6000 29.73 ± 0.47 30.47 ± 0.69 30.10 ± 0.69
  8000 30.41 ± 0.74 30.12 ± 0.47 33.24 ± 0.46
10000 29.13 ± 0.32 31.29 ± 0.96 35.13 ± 0.52
12000 28.15 ± 0.67 33.84 ± 0.64 32.00 ± 0.80

Figure 2. (a) BC/S complex yarns. The wrapped number of the BC/S complex yarns is 
3 turns/cm, the expanded multiple of the 44.0 dtex spandex - 3, and the rotor speed is 
4000 r.p.m., (b) BC/S complex knitted fabric.

a) b)

Figure 1. The configurations of a rotor twister [12]; A) spandex, B) multi-sectional draw-
ing frame, C) eye, D and E) rotor twister, F) tangent belt, G) motor, H) complex yarn, I) 
winding roller.
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much. However, if the wrap number was 
4 turns/cm, the tenacity of the yarn de-
clined, which is due to the fact that when 
the wrap angle of the yarn was enlarged, 
stress was not imposed on the yarn in an 
axial direction, and the yarn consequent-
ly had worse morphological stability.

We therefore surmised that high-speed 
manufacturing caused the instability 
and affected the tenacity of the yarn. In 
particular, when the wrap number was 
2 turns/cm and the rotor speed 4000 
or 10000 r.p.m, the yarn containing 
76.9 dtex spandex displayed higher te-
nacity. The spandex was evenly wrapped  
at a lower rotor speed; thus, when the 
yarn received stress, it evenly dispersed 
it, enhancing the tenacity.

Tables 2.a and 2.b demonstrate that the 
elongation of the complex yarn increases 
with the wrap number. In Table 2.a, the 
core yarn is 44.0 dtex spandex, and in 
Table 2.b it is 70 dtex spandex. When 
the rotor speed was 4000 r.p.m, the 
elongation of the 44.0 dtex  spandex 
yarn decreased with a reduction in the 
wrap number. When the wrap number 
decreased, the angle between the wrap 
yarn and core yarn shrank. When a force 
was imposed on the yarn, the wrap yarn 
took the stress directly and broke earlier. 
When the rotor speed was 4000 r.p.m 
and the wrap number 3 or 4 turns/cm, the 
rotor speed did not have a distinct influ-
ence on the yarn’s elongation. If the rotor 
speed exceeded 6000 r.p.m., the centrif-
ugal force increased, and the wrapping 
yarn wrapped the spandex more tightly, 

limiting its expansion. An increase in 
the wrap number enhanced the cohesion 
force; therefore, the stress was dispersed 
effectively, and the wrapping yarn or 
core yarn did not have to bear the stress 
alone.

Influence of the rotor speed and wrap 
number on the elastic recovery rate  
of the BC/S complex yarn
Figures 3.a and 3.b give the elastic re-
covery of the BC/S complex yarn. In Fig-
ure 4, the core yarn is 44.0 dtex spandex, 
and in Figure 5 it is 76.9 dtex spandex. 
Figure 4 illustrates that when the rotor 
speed is 8000 or 10000 r.p.m., the elas-
tic recovery rate of the 44.0 dtex spandex 
yarn increases slightly to 99%, following 
a rise in the wrap number. Due to the in-
crease in the wrap number, the spandex 

Figure 3. Elastic recovery rate of BC/S complex yarns whose core yarn is (a) 44.0 dtex and (b)76.9 dtex spandex.

Figure 4. Far infrared emissivity of the BC/S complex knitted fab-
rics.

Figure 5. Anion density of the BC/S complex knitted fabrics.
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was wrapped more tightly by the bamboo 
charcoal yarn, preventing the BC/S yarn 
from warping under stress.

Figure 3.b shows, however, that the 
elastic recovery rate of the BC/S yarn is 
unaffected by the rotor speed. During the 
fabrication process, the rotor speed did 
not affect the spandex much. Figure 3.b 
also reveals that the yarn’s elastic recov-
ery rate does not change much with the 
wrap number. Because 76.9 dtex spandex 
is thick, it can be exposed to a higher 
amount of stress and will not stretch out 
of shape.

Influence of the wrap number and 
conformation of the BC/S complex 
fabrics on the far infrared emissivity
Figure 4 (see page 49) reveals that BC/S 
complex fabrics display a stable trend 
of far infrared emissivity when the fab-
rics contain spandex with different fine-
nesses. This was probably because the 
spandex was not a mineral material and 
hence not capable of heightening the far 
infrared emissivity. In addition, the far 
infrared emissivity of the BC/S fabrics 
rose slightly  with an increase in the wrap 
number. A possible explanation was that 
when the wrap number increased, the 
content of bamboo charcoal nylon tex-
tured yarn also rose. As the bamboo char-
coal texture yarn was capable of emitting 
far infrared rays, it heightened the far 
infrared emissivity of the knitted fabrics 
accordingly.  If the far infrared emissivity 
of an object is over 0.8 (i.e., ε > 0.8), the 
object is capable of emitting far infrared 
rays. Thus the knitted fabrics reached an 
optimum far infrared emissivity of 0.92.

Influence of the wrap number  
and  conformation of the BC/S fabrics 
on the anion density
Figure 5 (see page 49) illustrates that the 
knitted fabrics had a higher anion density 
when the wrap number increased, due to 
the fact that when the wrap number rose, 
there was more yarn, therefore increasing 
the fabric’s bamboo charcoal content and, 
thus, its anion density. Bamboo charcoal 
could release far infrared rays with a cer-
tain wavelength, making the gas in the air  
negatively ionised .

The BC/S fabric containing 76.9 dtex 
spandex had a higher anion density than 
that containing 44.0 dtex spandex. Be-
cause 76.9 dtex spandex is thicker than 
44.0 dtex spandex, it can be wrapped 
with more bamboo charcoal nylon tex- Received 13.07.2011         Reviewed 14.11.2011

tured yarn, and therefore it has more ani-
ons to release. Due to the higher contrac-
tility of 76.9 dtex spandex, the resulting 
knitted fabrics contained a higher amount 
of bamboo charcoal than that of 44.0 dtex 
spandex within the same area.

n Conclusions
In this research, we successfully manu-
factured BC/S complex yarn and knit-
ted fabric using a novel rotor twister 
machine. The BC/S yarn displayed an 
optimum elastic recovery rate of 98.89% 
when the rotor speed was 10 000 r.p.m. 
and the wrap number  4 turns/cm. The 
wrap number and spandex type had sta-
bility with respect to far infrared emissiv-
ity. The BC/S fabric reached an optimum 
far infrared emissivity of 0.92 under two 
conditions: 1) the wrap number was 2 or 
3 turns/cm and the spandex  44.0 dtex, or 
2) the wrap number was 4 turns/cm and 
the spandex  76.9 dtex. It also had a far 
infrared emissivity of over 0.80 (i.e., ε > 
0.8), and thus was proved to be able to 
emit far infrared rays.

The anion density of the BC/S complex 
knitted fabrics increased with the wrap 
number of the yarn. When the wrap 
number was 4 turns/ cm and the core yarn  
76.9 dtex spandex, the fabric displayed an 
optimum anion density of 54 anions/cc,  
which is 15% higher than when the wrap 
number was 2 turns/cm. Nevertheless, 
the BC/S fabrics possess superior elastic 
recovery rates and far infrared emissions,  
thus they are ideal materials to be used 
for diverse textile products like sports-
wear, lace, stockings and corsets.
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