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Introduction
In the aspects of clothing, comfort is a highly important feature. 

Comfort is expressed in many ways like it is our body’s temperature 
regulation and it is influenced by the physiological reaction of 
the wearing person. It is also the absence of unpleasantness or 
discomfort. By and large it is a state of enjoyable physical, non-
physical and harmony between the wearer and the environment 
etc. These three features are equally crucial, since wearer feel 
uncomfortable if even one of them is missing. To understand the 
characteristics of comfort of any specific clothing or fabric, it is 
needed to find out the different properties of fabric which effects 
the comfort property directly. Thermo-physiological character, 
sensorial / tactile character, physiological character and comfort on 
fitting are the four primary parts of comfortable clothing. Comfort on 
thermo-physiological says about the moisture and heat transmission 
aspects through clothing, i.e., heat transmission, air transmission, 
and moisture transmission (liquid and vapour). How a person feels 
next to skin when he / she try wearing a fabric or garment is said 
as comfort of sensorial / tactile i.e., mechanical contact of fabric or 
garment with skin. These feels are like fabric handle or feel, soft, 
prick, itch, full, warm touch, cool touch, generation of static charge 
etc. [1]. Also wear circumstances indicates the comfort, which  

 
involves both thermal and non-thermal elements written clearly by 
Bhat and Bhonde [2]. Combinations of attire, weather and physical 
activity depends on individual’s thermal comfort. Thermal comfort 
condition which expresses delight with the thermal surroundings 
said in ISO 7330. Majumdar, Mukhopadhyay and Yadav [3] reported 
that thermal comfort properties of fabrics are highly governed 
by fibres, yarn and fabric properties in it. There is a thickness 
increase in the material and air entrapment in fabric with a shoot 
up in water vapour resistance and heat, a statement by Havenith 
[4] showed it. Karunakaran Chinnasamy K and Chidambaram P 
[5] investigated the thermal comfort properties of the fabrics and 
said that it depends on content of the fibre and linear density of 
the component yarns. Jordeva, et al. [6] indicated after analysis 
that against the content of raw material, the comfort on thermo-
physiological property of jersey fabrics has major effect on 
structural characteristics. Work about the relationship between 
thermal comfort and textile properties were done by Bedek, et al. 
[7]. They suggested that fibre type affects the properties on related 
to comfort of fabrics, combined with the regain of moisture and 
characters of knitted structures. Bivaintye A, et al. [8] investigated 
the knitted fabrics air permeability and water vapour permeability, 
they found that structural characteristics of knits, i.e., loop length, 
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compactness on structure and type of structure, had an important 
effect on air permeability. The material composition of knitted 
fabrics has the most important impact on the water permeability. 
Now-a-days, any blends with cotton have become very viable 
for production and also people started liking the end products 
made out of these blends instead of 100% cotton and 100% of 

any other fibers. In many technicalities, 100% Bamboo is having 
little disadvantages over blended Bamboo. So, many knitted fabric 
manufacturers are attempting to make cotton bamboo blends 
instead of 100% Bamboo. Fibers for this study, bamboo (imported) 
and cotton (MCU7 variety) were procured from Indian agents with 
the technical parameters given in the below Tables 1 & 2.

Table 1: Fibre properties of bamboo and cotton fibre procured for this study.

Properties & Characteristics Bamboo Fibre CV (%) Cotton Fibre CV (%)

Length of the fibre (mm) 38 1.61 28 1.15
Length Deviation ratio of fibre (%) 6 1.1 18 1.16

Fineness of the fibre (dtex) 1.56 0.65 1.57 0.62
Tenacity (g/tex) 21.42 1.18 20.3 0.43

Specific density (g/cm2) 1.32 0.28 1.52 0.15
Elongation (%) 17 1.17 6.6 1.32

Moisture Regain (%) 11.5 0.38 7.6 0.32
Trash Content (%) NA NA 0.25 1.39
Maturity ratio (%) NA NA 81.5 1.52

Table 2: Details of 30s/1 Ne yarn – Bamboo & cotton blend.

Blend Proportion (Bamboo: Cotton) in % 80:20:00 70:30:00 65:35:00 50:50:00 35:65 30:70 0.888888889

Diameter (mm) 0.223 0.228 0.23 0.237 0.244 0.246 0.251

Unevenness (%) 8.34 8.23 8.18 8.02 7.88 7.84 7.75

Think portion/km (+50%) 9 9 8 7 6 6 6

Thin portion/km (-50%) 3 2 2 2 1 1 1

Hairiness (more than 3mm/km) 911 951 1015 1207 1422 1494 1549

Neps (per km) 15 14 14 12 11 11 10

Tenacity (cN/tex) 15.86 15.57 15.43 14.99 16.09 16.45 17.18

Elongation (%) 11.21 10.39 9.97 8.74 7.79 7.47 6.84

Cotton: Bamboo spun yarn with blend proportion of 80:20, 70:30, 
65:35, 50:50, 35:65, 30:70, 20:80 was made. RX300 high speed ring 
frame machines were used to spin Ne 30s/1 with same TM of 3.4 
for all different blends of yarn. Process route from Manual Opening 
-> Mixing -> Blow room -> Carding -> Draw frame -> Speed frame -> 
Ring Spinning was followed to produce the yarn.

Materials and Methods
Samples of knitted single jersey fabric was knitted on a plain 

single jersey knitting machine (Pai Lung) 28gg 34 Inch Diameter for 
finding the thermal comfort behaviour. Sample fabric were made with 
a knit loop length 3.0mm. After knitting process, the fabric sample 
was dyed in medium shade using soft flow machine, dried using 
relax dryer and compaction was done in open width compacting 
machine. Once fabric sample was in-house, it was relaxed for 48 
hours in a lab room. A standard atmospheric temperature of 21 °C 
and relative humidity of 65% were set in the lab room. Then the 

fabric was cut into 1.25-meter panel length and sent for cut panel 
wash to control shrinkage. In sample washing machine, the fabric 
samples were washed in water with 0.06 grams per liter of wetting 
agent, with temperature of water set at 40 °C and run for 25 mins. 
Then bits were hydro extracted to remove excess water and dried 
using tumble dryer at 70°C for 40 mins. After washing, the fabric 
samples were taken back to standard conditions again of 21 °C and 
relative humidity of 65% for 24 hours, to make it relax. GSM (mass 
per unit area) and fabric thickness were evaluated to understand 
the fabric structural and physical properties. GSM of the fabric was 
taken as per ASTM D3776-96 using precise commercial GSM cutter. 
5 GSM samples were cut in and the mean value was arrived. Using  
ASTM D1777-07, mean value of fabric thickness was arrived at 10 
different spots in each fabric sample. Sample fabric porosity was 
found using the formula given below [9]. Porosity P% = 100 x [1 – 
(M/L ρm)]  where M is GSM (grams per sq. metre), L is the thickness 
of the fabric and ρm is the density of the fibre. To find the air 

http://dx.doi.org/10.32474/LTTFD.2021.03.000172


                                                                                                                                                                              Volume 3 - Issue 5Trends in Textile & Fash Design.

Citation: Gopalakrishnan M, Satheesh Kumar D, Saravanan K. Bamboo/Cotton Knitted Fabric for Thermal Comfort. Trends in Textile & Fash 
Design 3(5)-2021. LTTFD.MS.ID.000172. DOI: 10.32474/LTTFD.2021.03.000172.

Copyrights @ Gopalakrishnan M, et al.

663

permeability of the fabric, TF164B Test ex air permeability tester 
was used complying ASTM D737 at 100 Pa pressure. SKZ175B (SKZ 
Industrial) Physiological thermal and water-vapour resistance 
Tester was used to measure both water vapour permeability and 
thermal conductivity & resistance complying ISO 11092 under 
standard atmospheric conditions of 21°C temperature and 65% 
RH as mentioned in ASTM D1776. Mean calculated with 10 sample 
readings taken for each of the sample jersey fabrics.

Results and Discussion
It can be noticed from Table 3 that when bamboo content is less 

and cotton content is more i.e., from 20/80, the fabric thickness is 
decreasing when bamboo content is increasing. It is because the 

bending rigidity of bamboo is lesser than cotton, so that in jersey 
structure the packing closely the knitting loops are possible, which 
ultimately reduces the fabric thickness. As analysed and reported 
by Kane et al. [10], the values resulted reflect that the fabric 
thickness is hang on properties like linear density of the yarn, 
structure of the fabric and loop length maintained to knit. Figure 
1 shows the relationship between different blend proportion and 
porosity %. When cotton content is more in the yarn, the porosity is 
also more due to more hairiness in cotton which doesn’t allow more 
compactness to the structure and thickness of the fabric is also 
high. Vive-versa when bamboo content in the yarn is increased, the 
porosity is also decreased due to less hairiness in yarn and more 
compact structure is achieved.

Figure 1: Porosity values of the tested fabric against various blend proportions.

Figure 2: Air Permeability values of the tested fabric against various blend proportions.
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Table 3: Bamboo / Cotton knitted fabric - geometrical & thermal comfort properties using 30s/1 Ne.

Blend proportion % - 
Bamboo / Cotton

Thickness 
(mm)

GSM 
(g/m2)

Porosity 
(%)

Air Permeability 
(cm3/cm2/s)

Water vapour 
permeability 

(%)

Thermal conductivity 
(W/mK x 10-3)

Thermal resistance 
(m2K/W x 10-3)

20/80 0.706 150 84.62 252 47.22 51.22 19.67

30/70 0.681 148 83.6 262 47.47 50.27 19.42

35/65 0.67 146 83.05 270 47.55 49.89 19.3

50/50 0.638 140 81.39 294 47.8 48.77 18.95

65/35 0.608 134 79.35 344 48.76 47.57 18.61

70/30 0.598 132 78.67 360 49.09 47.18 18.5

80/20 0.58 128 76.6 402 49.54 46.38 18.29

Air permeability
The relation between blend proportion and air permeability 

values of bamboo/cotton knitted jersey fabrics are shown in 
Figure 2. It shows very clearly that when cotton is more the air 
permeability value is less and when bamboo content is increasing 
the air permeability value is also increasing. Micro gaps in bamboo 

fibre structure gives more air to pass on knitted fabric. Study by 
Xu Y, et al. [11] states that cracks on bamboo fibre surface with 
many void spaces which can be seen in cross-section of the fibre 
enhances the air permeability values when proportion of bamboo 
is increased in the blend. Also, when fabric thickness increases due 
to higher cotton proportion, the air permeability value is decreased 
(Figure 3).

Figure 3: Thermal Conductivity values of the tested fabric against various blend proportions.

Thermal conductivity
When increase in the content of bamboo fibre, the tested 

results of knitted jersey fabrics shows that there is a decrease in the 
values of thermal conductivity. In another investigation by Pac MJ, 
et al. [12], it is stated that there may be an impact on heat transfer 
though the fabrics are made with same fibre type but if the varieties 
are different. As per the analysis by Chidambaram, et al. [13], the 
increase in the level of air spaces there will be increase in the values 
of thermal conductivity. Also, the test findings are showing that 
thermal conductivity decreases when fabric thickness and GSM is 
also decreased.

Thermal resistance
Like thermal conductivity even thermal resistance value 

decreased when bamboo content was increased in the tested knitted 
jersey fabrics. In Figure 4, we can understand very clearly from the 
test results that when bamboo proportion get increased, the yarn 
becomes finer, and thickness of the fabric is also reduced. This is an 
important factor which reduces the thermal resistance of the fabric. 
Hoge, et al. [14] stated that thickness of the fabric determines the 
thermal lagging of the fabric through their analysis. Generally, we 
have studied that there will be an inverse relationship between 
thermal conductivity and thermal resistance. But the tested results 
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in this study shows that both thermal conductivity and thermal 
resistance were decreasing when bamboo percentage is increased. 

Though same loop length to knit the fabric is considered, low 
thermal resistance is shown due to finer yarns.

Figure 4: Thermal Resistance values of the tested fabric against various blend proportions.

Water vapour permeability
Fabric thickness and GSM plays a major role in the water 

vapour permeability. From Figure 5, we can see that values of water 
vapour permeability gradually increases when the fabric thickness 
and mass per unit area is reduced. It is easy for the water vapour 
to penetrate through the less thick fabric. Also, when the content 
of bamboo is increased in the fabric samples it is noticed that the 
water vapour permeability is increased. Even moisture regain of 
both cotton and bamboo to be considered here. Bamboo has higher 
moisture regain than cotton, due to which the diffusion of water 
vapour through the higher bamboo content fabric may increase 
the water vapour permeability. When the value of higher bamboo 
content fabric is seen, air permeability is close to double than the 
water vapour permeability, which shows lower vapour transfer rate 
when there is more presence of cotton. Asta, et al. [8] concluded that 
values of air permeability and water vapour permeability cannot be 
directly correlated. The rate at which the value of air permeability 
increased were not seen in the rate of increase in water vapour 
permeability in our investigation also.

Conclusion
Knitted jersey fabrics made from higher content of bamboo has 

lesser fabric thickness and lower GSM for the same loop length. 
Air permeability value is lower if the presence of cotton is more 
in the yarn than bamboo. Value increase is due to micro gaps in 
the bamboo fibre structure. If is found that thermal conductivity is 
based bamboo fibre proportion in the blend of yarn. Tested values 
shows that knitted jersey fabrics made has decrease in thermal 
conductivity values when there is increase in content of bamboo. 
Likewise, it is observed that thermal resistance is also significantly 

affected by the fibre composition ratio. Thermal resistance is 
decreased when bamboo proportion is increased in yarn blend. 
Water vapour permeability increases when the fabric thickness 
and mass per unit area is reduced, basically by increase in the 
proportion of bamboo content in yarn blend.
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