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Abstract— Textile materials have found a range of applications in the field of thermal insulation .This paper presents a 
study conducted on the thermal properties of hybrid and non-hybrid structures. The thermal properties of the fabrics i.e. 
thermal resistance, & thermal conductivity were studied vis-a-vis physiological behavior. The effect of structure and 
composition on the above-mentioned properties of these fabrics has been investigated as well. 
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I. INTRODUCTION 
 
Industrial fabrics are designed and engineered to be 
used in products, processes, or services where 
functional requirement trump the aesthetic form 
commonly considered the realm of textiles. They are 
used by non-apparel industry professionals for 
challenging and high-performance applications. 
Functionality is the most important feature as the 
fabric needs to meet the handling requisition of 
environmental factors and structural requirements as 
per application. Textile materials have found a range 
of applications in the field of thermal insulation. 
Different types of fabrics in combination with various 
coatings and treatments are being studied to 
understand and improve the effectiveness of thermal 
insulators. In recent times, a wide range of textile 
materials has been used for technical usages such as 
building insulation, automobiles, aircraft and 
industrial process equipment. 
Reduction of heat loss and acquisition via surface 
coating is one of the most efficient methods for 
reducing energy consumption in buildings. Since the 
heat loss and acquisition via surface coatings 
comprises over 40% of the building cooling and 
heating overload, its reduction could be effective in 
the aspect of energy reduction. Using materials with 
low thermal conductivity during the design and 
construction of buildings will ensure that the 
insulation of surface coatings is an effective method of 
reducing cooling and heating overload, as well as 
energy consumption [1-4]. In this regard, 
measurement of thermal properties of textile materials 
plays a widely important role. A textile structure is 
essentially a mixture of fibers, air and moisture, each 
having distinctly different thermal properties. Thus, 
thermal behavior of the system is the collective and 
interactive results of these three constituent. The heat 
energy can be transferred through the textile fabrics by 
conduction, convection and radiation, as well as easily 
explainable phenomena such as heat exchange in 
porous media. The textile fabrics have two thermal 
functions; they prevent air movement and provide a 
shield against radiant-heat losses. Dense arrangement 
of fibers within fabrics fulfills the two functions; it is 

evident within the period before the heat conducted by 
the fibers becomes predominant. Thermal insulation 
properties characterized by thermal resistance or 
thermal conductivity belong to the most important 
ones. Thermal conductivity λ is an indicator of the 
ability of any material to conduct heat. The reciprocal 
of thermal conductivity is thermal resistance. Thermal 
resistance is the opposition to flow of heat energy. 
Thermal resistance ‘R’ is defined as the difference of 
the temperature across a unit area of the material of 
unit thickness (h) when a unit of heat energy flows 
through it in a unit of time. 
Thermal properties are very important for the proper 
manufacture of the composites, but scarce data are 
found in the literature especially for hybrid woven 
structures. Each material has its own thermal 
behavior. The idea was to use these different 
polymeric fibers in the weft/warp along with basalt 
warp/weft so as to create hybrid woven structures. The 
set of Basalt hybrid and Non -hybrid woven fabrics 
with plain, matt and twill weave is used as 
experimental material. Air permeability is also 
measured to relate thermal conductivity and thermal 
resistance. Relationship between thermal properties 
and some physical features of produced fabrics   were 
presented. 
 
II. MATERIAL & METHODS 
 
A. Materials  
The polyester (PP) and jute yarn used in our study 
were available commercially. Polypropylene yarn 
was taken from Synthetic( Pakistan). The basalt yarn 
was used as received from company Kamenny Vek 
(KV) (Russia ) Basalt is new material. 
Basalt fiber was one type of high performance 
inorganic fibers which were made from natural basalt. 
Basalt fiber is known as green industrial material. 
Basalt fiber is colloquially known as the “21st-
century nonpolluting green material”. 
B. Method 
The research was focused on the thermo 
physiological properties of fabrics with Basalt(B) 
yarn in warp and Basalt, Polypropylene(PP), 
Polyester (PET) and Jute yarns(J) in weft and vice 
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versa. The raw materials to be tested were Plain 
weave(PW), Matt weave(MW) and 1/3 Twill  
weave(TW). Pure fabrics were made for the 
comparison with other fabrics. All fabrics were made 
on the CCI sample loom with the same density for all 
fabrics, 12 threads/cm in warp and 8 threads/cm in 
weft. All the fabric variants were measured in the 
range of the basic structural parameters: the real warp 
and weft density, mass per square meter, and fabric 
thickness, according to standardized procedures. The 
fabric thickness was obtained using UNI-Thickness 
Meter. All the samples were conditioned in standard 
atmospheric temperature of about 20° ± 2°C and 65 ± 
2% relative humidity for 24 h before subjecting to 
testing. The Air permeability of the samples were 
analyzed by using the air Permeability Tester,FX 
3300 according to standard ISO 9237(1995). The 
measurement was performed   at a constant drop of 
200 Pa(20 cm2 test area) in the standard 
atmosphere[5]. 
Thermal properties such as thermal conductivity and 
thermal resistances were performed with a Alambeta 
device according to  standard[6] .The tests of thermal 
properties were repeated five times and for air 
permeability was repeated 10 times. The means and 
SD of data were calculated for all tests.  
 

 
Fig.1. Air Permeability Tester 

 

 
Fig. 2.Alambeta 

 
III. RESULTS AND DISCUSSIONS 
 
In general, thermal properties of textiles including 
thermal conductivity and thermal resistance which are 
influenced by properties of textile materials such as 
fabric structure , density, material and properties of 
fibers, surface treatments, air permeability, 
temperature, and humidity. Air permeability is the one 
of the important factor on which thermal properties 

depend. Permeability is a feature, which represents the 
ease with which air/fluid moves through a porous 
medium. Many fabric functionalities like the 
performance of parachute and sailcloth, efficiency of 
filtration in industrial cloths, apparel comfort, 
flammability, thermal insulation efficiency, barrier 
fabric performance, and precision of the filter media 
depends on the resistance offered by the fabric to the 
passage of air and other fluids. Permeability is an 
important material property which knowledge is 
required in various flow simulations while processing 
composites. 
 
C. Air Permeability 
As shown in Fig. 3(a) non-hybrid structures B/B has 
highest value of air permeability, because of open 
structure resulting from smaller yarn diameter due to 
higher density of fibers. It is followed by J/J 
combination. J/J has lower permeability than B/B due 
to hairy structure of yarn which blocks the inter yarn 
spaces. Among all the non-hybrid structure, twill has 
highest porosity, followed by matt and plain 
respectively. In non- hybrid fabrics, the bigger 
differences observed between the air permeability 
values of the plain and twill fabrics are due to 
differences in their characteristic covering properties. 
For equivalent weaving parameters, twill fabric has a 
lower fabric density and thus higher porosity, resulting 
in a looser structure because of lower number of yarn 
intersections compared to the plain fabrics. Thus the 
twill fabrics are much more permeable to air than the 
plain fabrics. 
Among most hybrid woven structures, 1/3 twill woven 
fabrics show highest air permeability with the 
exception of B/J twill fabric due higher cohesiveness 
of yarns resulting from surface hairiness. Twill weave 
has lower number of cross over points  and longer 
yarn floats  as compared to other weaves. It is noted 
that most air flow takes place at the gaps between 
warps and wefts due to the nature of air , that air 
always finds its easiest way to flow. In all hybrid 
structures highest air permeability is observed in B/J 
structures, that is  because of higher yarn porosity in 
jute, while in other structures i.e B/PP, PP/B, B/PET 
and PET/B lower air permeability is observed because 
of compact yarn structure in filaments which leads to 
lower diameter of yarn 
 
D. Thermal Conductivity  
Thermal conductivity is a measure of the rate at 
which heat is transferred through unit area of the 
fabric across unit thickness under a specified 
temperature gradient. In short, thermal conductivity is 
an ability of any material to conduct heat. Higher 
value depict that heat will pass quickly whereas lower 
value tell us heat will pass slowly. Woven fabrics 
considered as a composition of fibers, in the air 
between them, and in the yarns, heat transfer takes 
place in the fibres. Air closed inside the fabric 
structure plays the role of thermal insulator. The  
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Fig.3.Air Permeability 

 
higher the amount of fibres in a volume unit of the 
fabric, the higher the heat transfer by conductivity. 
Thermal conductivity of fabric depends much on the 
air entrapped within it than on fiber, as thermal 
conductivity of air is much lower than that of fiber 
polymers. i.e 0.024 W/mK.  Air is good insulator of 
heat in the absence of convection. 
 
Among all structures, as shown in fig. 4, plain weave 
has highest thermal conductivity due to maximum 
interlacement and thus increase in fabric density. The 
fabric with a twill pattern has lower number of cross 
over points, higher yarn floats and, as a result, lower 
yarn crimps than the fabric with a plain pattern for the 
same warp and weft densities. This results in a looser 
and more open structure in twill fabrics. 
Consequently, as also mentioned in literature [7], the 
thermal conductivity values of the plain fabrics are 
higher than corresponding values of the twill fabrics. 
 

 

In non-hybrid structures, when it is geometrically 
considered, the total pore volume in yarns produced 
from non-circular fibers will be greater than that in 
yarns produced from circular cross-section fibers 
because of the greater outer dimension of the non-
circular fibers. This situation causes a thicker fabric 
structure when produced from these fibres. The 
thermal conductivity of the fabrics produced from 
non-circular fibres  
 
is lower because of increase not only in fabric 
thickness but also the pore volume within the yarns. 
Among all structures thermal conductivity of 100 % 
basalt fabric is highest followed by structures having 
PET and PP yarns. Although basalt fiber has low 
value of thermal conductivity but in case of fibrous 
structures e.g. yarns and woven fabrics, thermal 
properties are greatly influenced by the  
 
volume porosity which is around 65-85%. Basalt yarn 
has a compact structure and thus less porosity than 
PET and PP  
structures. Between PET and PP, the later has higher 
packing density and thus higher thermal conductivity 
Thermal conductivity of hybrid structures are 
increasing by adding basalt yarn due to the reason 
mentioned above 
 
E. Thermal Resistance 
Any textile material will offer some resistance against 
the transmission of heat because of the air traps within 
the individual fibers (intra fiber porosity) and also 
between fibers (inter fiber porosity).Higher the 
thermal resistance, lower will be the heat loss. 
Among all structures jute based fabrics has highest 
thermal resistance values because of intra fiber lumen, 
inter fiber micro pores and inter yarn macro porosity. 
Jute fiber has empty lumens in the cells, this hollow 
nature may increase intra fiber porosity.  Also these 
natural fibers have smaller diameter so by decreasing 
the diameter, the no. of fibers increases for same 
linear density of yarn and thus increases the total 
volume of air pockets within the yarn and fabric 
structure. Its specific heat value is high. Secondly, as 
because it is a staple yarn, it has more hairiness on the 
surface and thus increases content of air pores in the 
fabric. Physical clogging of air will lead to increase in 
thermal insulation. 
In all hybrid structures where basalt is used in warp 
(fig.5 (a) , twill weaves have highest resistance 
followed by Matt  and Plain respectively, although 
this effect is not significant in case of B/PP and 
B/PET. Twill weaves have a lower number of 
interlacing points and larger floats of threads, which 
tend to group together, there is lower yarn crimp, so 
more loser/bulky structure leading to clogging of 
higher volume of air. The overall thickness of fabric is 
also higher for twill fabric consequently giving higher  
thermal resistance. Matt weaves have two equal floats 
in both warp and weft direction of fabric  
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Fig.5 Thermal Resistance 

 
 
which help in yarn grouping resulting moderate size of 
pores. In matt due to floating of yarn in both 
directions, clogging of pores occurred. 
Among all weave structure plain has minimum 
thermal resistance because of structural compactness 
and only one types of macro-pores in their structure. 
Due to this reason they have less % of open area in 

their structure. Plain weave fabrics also have the most 
dense structure due to the highest number of 
interlacing points of warp and weft and that prevents 
yarns from grouping.  
 
CONCLUSION 
 
The results reveal that the hybridization of basalt with 
polypropylene, polyester and jute in different weaves 
leads to significant improvement in the thermal 
properties. Structure of weave and fibre type has 
strong influence on conductivity. Plain weave has 
highest thermal conductivity and lowest thermal 
resistance values in all structures.  Twill weave has 
high air permeability and thermal resistance values 
overall. Thermal conductivity of other structures can 
be improved by adding basalt   fibe. Thermal 
resistance of basalt structures can be improved by 
adding other fiber especially jute fiber. The 
hybridization with Jute and PET significantly 
increases the thermal resistance 
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