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Abstract
Investigations of the influence of knitted fabric structure on garment flammability, i.e. the 
number of yarns in a loop and comparison of the results with those of a multilayer packet 
are presented in this paper. The investigations were carried out using knits from Nomex 
Delta TA 18 tex × 2 yarns. Single yarn as well as folded yarns from two, three and four 
single yarns were used in the investigations. The investigations show that using the number 
of yarns in the loop, it is possible to increase the burning time of the knit more than using 
the same number of knits in the packet. Such a kind of knit is proposed for garments which 
do not need low rigidity and/or high air permeability. 
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n Introduction
Fire-fighters’ protective clothing pro-
vides a limited amount of thermal and 
flame protection from the environmental 
exposures produced by fires. This level 
depends on the structure, raw material 
and fits of the protective garment. To 
overcome thermal and flame hazards, 
heat and flame resistant fibres are used 
to produce thermal protective clothing. 
The structures of the clothing used are 
very different. For the manufacturing of 
woven fabrics, usually plane and twill 
2/1 weaves are used, while for knitted 
fabrics, it is usually single jersey and 
rib patterns. Knitted fabrics are used in 
fire-fighter and Special Forces clothing, 
racers masks, gloves and socks as well as 
in other kinds of clothing manufacturing.

ing exposure and release it to the skin 
afterwards. The transmission of energy 
to the skin before and after exposure can 
cause skin burn injuries. Multilayer and 
thick fabric systems store more thermal 
heat than a single layer or thin fabric sys-
tem. More thermal energy can be stored 
in a system with air gaps in the fabric 
layers, which affect thermal resistance 
differently depending on the quantity of 
existing moisture and the level of expo-
sure [9, 10].

The thermal resistance of clothing as a 
set of textile materials depends mostly 
on the thickness and porosity of particu-
lar layers. Due to the fact that changes in 
the porosity of standard textile materials 
used in clothing are not large, the total 
thermal resistance of clothing is influ-
enced mainly by the material thickness. 
Irrespective of the thermal resistance of 
clothing material, a key role in heat ex-
change is played by the size of air lay-
ers closed between the human body and 
clothing surface, as well as between the 
particular layers of clothing. In the case 
of one-layer clothing, thermal comfort 
depends on the clothing cut and fitting to 
the figure of the clothing user [11]. The 
thermal insulation of multilayer clothing 
depends not only on the thermal insula-
tion of particular layers but also on their 
number and arrangement, as well as on the 
number and dimensions of air gaps [12].

Knitted fabrics provide outstanding com-
fort qualities and have long been pre-
ferred in many types of clothing. In ad-
dition to comfort imparted by the exten-
sible looped structure, knits also provide 
lightweight warmth, wrinkle resistance, 
and ease of care [13]. The prediction of 
the thermal conductivity of knitted struc-
tures with varying porosity and moisture 
is very important for designing cooling 
garments which can be worn under spe-

Thermal and flame protection properties 
also depend on the construction of cloth-
ing, i.e. on the number of textile layers 
in the garment [1, 2]. However, a gar-
ment packet also contains air interlayers 
between the fabric layers. Air interlayers 
appear because of the variability of join-
ing the particular layers and the surface 
unevenness of the garment layers, which 
are also caused by the properties of the 
fabrics from which the garment is made, 
their thickness, density, structure, surface 
particularities, material structure, thread 
density etc. It is known that even a very 
thin additional layer of textile increases 
the thermal and flame protection of a 
garment [3-5]. High thermal protection 
can be achieved by wearing multilayer 
or thick textile materials, but this pre-
vents good ventilation and thus causes 
high heat stress to the wearer, thereby 
reducing their work efficiency in battles 
against wild fires [6]. On the other hand, 
higher air permeability increases usage 
comfort [7], which is very important for 
users, and especially for head garments – 
masks. Not only excellent heat protection 
but also good moisture comfort is neces-
sary when fire-fighters wear protective 
clothing during fire-fighting; they cannot 
work efficiently if they feel uncomfort-
able [8].

In a thermally hazardous environment, 
thermal protective clothing is the only 
barrier between the human and a harsh 
environment, whose main function is 
to slow heat transfer from the environ-
ment to the human skin. Depending on 
the thermal intensity and structure of the 
fabric system, a large amount of thermal 
energy stored during exposure can be 
discharged to the skin afterwards and can 
contribute to burn injury [9, 10]. The fab-
ric system not only transmits heat from 
the source to the skin during exposure, 
but it can also store thermal energy dur-
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cial protective clothing. The moisture 
distribution and quantity, the structure of 
the fabric system and exposure intensity 
each affect the thermal protective per-
formance of clothing [14 - 17].

The performance requirements of all 
types of protective clothing often de-
mand the balance of the widely differ-
ent properties: drape, thermal resistance, 
liquid barrier, water vapour permeability, 
anti-static, stretch etc. The seemingly 
contradictory requirement of creating a 
barrier e.g., against heat, cold, chemicals 
and bacteria, as well as breathability in 
high functional clothing has placed chal-
lenging demands on new technologies 
for producing fibres, fabrics and clothing 
design.

The goal of our research was to inves-
tigate the possibility of manufactur-
ing a garment from knitted fabrics with 
lower flammability and higher comfort 
by changing only the construction of the 
knit, i.e. the number of yarns in a loop.

n Materials and methods
Knitted fabrics made from Nomex Delta 
TA 18 tex × 2 yarns, which are used for 
fire-fighter clothing manufacture, were 
used for the investigations. This kind of 
yarn was chosen due to its high popular-
ity for fire-fighter clothing manufactur-
ing. In the following text these yarns are 

n Results and discussions
During the investigations, the influence 
of the number of yarns in a loop of knits 
and the number of layers in a packet on 
the burning time was investigated. The 
results are presented in Figures 1 & 2.

As is seen from Figures 1 and 2, the 
number of yarns in the loop and the 
number of layers increased linearly the 
burning time of the materials. It is nec-
essary to note that the number of yarns 
in a loop influences flammability more 
than the number of layers. The usage of 
four yarns in a loop increases flammabil-
ity by 5.2 times (from 59.4 s for a knit 
made from single yarn to 310 s for a knit 
made from four folded single yarns), 
while the usage of a multilayer packet 
increases flammability by only 3.8 times 
(from 59.4 s for single knit to 226.8 s for 
a packet made from four knits of single 
yarns). 

In the next stage of the investigations, 
the correlation between flammability, 
fabric or packet surface density and air 
permeability was checked. These two 
characteristics of materials were chosen 
because they both influenced the comfort 
of clothing –clothing with a higher air 
permeability and lower surface density 
will be more comfortable during use. The 
surface density also has some economi-
cal aspects. Correlations between the 
properties investigated are presented in 
Figures 3 and 4. The white points in both 
figures show the results for single fabrics, 
and the black points – the results for a 
multilayered packet.

As is seen from Figures 3 and 4, the 
burning time has a medium correlation 
with air permeability and surface den-

named as “single yarns”. The knits were 
manufactured on a circular one bed 14E 
gauge machine, with the same kind of 
pattern (single jersey) and at the same 
setting of the knitting machine (loop 
length in all variants was 5.1 mm). Four 
variants of knits were manufactured: 
variant I - from single yarns, variant II - 
from two folded single yarns, variant III 
-from three folded single yarns and vari-
ant IV - from four folded single yarns. 
The parameters of the knits investigated 
are presented in Table 1.

4 combinations of packets from variant 
I (single fabric, two layers of single fab-
ric, three layers of single fabric and four 
layers of single fabrics), 2 combinations 
from variant II (single fabric and two 
layers of single fabric), a single layer of 
variant III and a single layer of variant IV 
were used in the investigations. A flam-
mability test was carried out according to 
DIN 50050-1:1989. The horizontal flam-
mability test was used, and the burning 
time from the start till fabric or upper 
layer of packet break-up was measured. 
The height of the flame was 4 cm, and the 
distance between the flame source and 
materials investigated was 2 cm. The air 
permeability was investigated according 
to Standard EN ISO 9237:1995 using a 
pressure of 200 Pa. Average values of all 
tests were calculated from five tests. The 
coefficients of variation for all the tests 
do not exceed 5 %.

Table 1. Parameters of knits

Variants Yarn linear 
density, tex

Course 
density Pv, 

cm-1

Wale 
density Ph,

cm-1

Loop 
length l, 

mm

Surface 
density,
M, g/m2

Tightness 
factor TF

I 18.5 × 2 9.5 8.25 5.1 147.89 11.93
II 18.5 × 2 × 2 10 8.25 5.1 311.36 16.87
III 18.5 × 2 × 3 11 8.00 5.1 498.17 20.66
IV 18.5 × 2 × 4 12 7.25 5.1 656.68 23.85
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Figure 1. Influence of the number of single yarns in a loop on the 
knit’s flammability.

Figure 2. Influence of the number of layers (knits of I variant) in a 
packet on the flammability.
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the loop. In such cases we will achieve a 
higher burning time even more, till 45%.
Of course, not always can we change a 
multilayer packet into a knit with several 
yarns in the loop, because the rigidity of 
such a knit is much higher than the rigid-
ity of the packet; however, in some cases 
it is possible to change and achieve bet-
ter properties with an economical effect 
also. On the other hand, the rigidity of 
the knit is easy to decrease by increasing 
the loop’s length, i.e. by decreasing the 
loop’s density. Investigations in this field 
will be the area of our further investiga-
tions.

n Conclusions
n A higher number of yarns in a loop as 

well as a higher number of knits in the 
multilayer packet linear increase the 
burning time of the garment.

n The usage of air permeability or sur-
face density for the prediction of knit 
flammability is not the right way – 
the same burning time is possible to 
achieve for knits which differ in their 
air permeability and/or surface den-
sity to a great degree.

n By using a different number of yarns 
in the loop it is possible to increase the 
burning time of the knit more than by 
using the same number of knits in the 
packet. On the other hand, such a knit 

sity. However, in both figures it is pos-
sible to find two areas where a similar 
burning time is possible to achieve with 
very different values of air permeability 
or surface density – the first area has a 
burning time of 165 ± 10 s and second 
area has a burning time of 240 ± 10 s, i.e. 
the burning time varies within the lim-
its of error. Here the same flammability 
properties are possible to achieve with a 
very high difference of air permeability 
and surface density values. The implica-
tion is that the prediction and designing 
of clothing flammability in accordance 
with air permeability or surface density 
is impossible, meaning that it is possible 
to increase the comfort of clothing and 
not decrease the burning time - to design 
clothing with higher air permeability or/
and lower surface density. The latter also 
has an economical effect.

At the last stage of our investigations we 
analysed all the results, concluding that 
it is possible to design clothing with the 
same or similar surface density using 
different numbers of folded yarns in the 
loop and the same number of knit layers 
from single yarns in the packet or chang-
ing both characteristics. Such a param-
eter can be characterised as a multiplica-
tion of the values of two parameters - the 
number of single yarns in a loop and the 
number of layers in the packet. The re-
sults are presented in Figure 5.

As is seen from Figure 5, a much higher 
burning time is possible to achieve using 
folded yarns than using the same number 
of layers in the packet, especially when 
more than two layers of knits or folded 
yarns are used. The burning time of a two 
layer packet knitted from single yarns is 
only 5.5% lower than the burning time of 
knit made from two folded single yarns, 
i.e. within the limits of error, while the 
same difference in burning times of three 
layers and four layers is 25 ÷ 30%, i.e. it 
is evident. Herewith, it is possible to note 
that the first air layer influences flam-
mability much more than the second and 
subsequent air layers. The burning time 
of a two layer packet is 2.6 times higher 
than for a single layer one, while that for 
a three layer and four layer packet is ap-
proximately only 12% higher than for 
one with two and three layers, respec-
tively. Also it is necessary to note that 
in the case of a two layer packet, similar 
flammability will be achieved using two 
yarns in the loop. It is evident that the 
manufacturing process of two knits will 
be twice more expensive than producing 
from one knit with two yarns in the loop. 
Hence, the usage of two yarns in the loop 
will be more cost-effective than using 
a packet with two layers. Moreover an 
analogous situation would be if we com-
pare packets with three or four layers of 
a single knit with three or four yarns in 
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Figure 3. Correlation between air permeability and burn-
ing time: ◊ - single fabric and ♦ - packets from variant I 
knits (2, 3 and 4 layers), n - single fabric and n - packet 
from variant II knits (2 layers), D - single fabric of variant 
III, ○ - single fabric of variant IV.

Figure 4. Correlation between surface density and burning 
time (marked as in Figure 3).

Figure 5. Influence of the number of layers of knits and 
number of yarns in the loop on the burning time.

Figure 3. Figure 4. 

Figure 5. 
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will have lower air permeability and 
higher rigidity.

n For garments where rigidity is not a 
very important property, it is better to 
use a higher number of yarns in the 
loop than in the multilayer packet. 
Such a way also has some economical 
aspects – the manufacture of one knit 
with a higher number of yarns in the 
loop is cheaper than the manufacture 
of a multilayer packet knitted from 
single yarns.

References
1.	 Baltušnikaitė	J.,	Kerpauskas	P.,	Milašius	

R.,	Sirvydas	P.	A.,	Stanys	S.	 Fibres	&	
Textiles	in	Eastern	Europe,	2008,	Vol.	16,	
No.	1,	p.	68-71.

2.	 Baltušnikaitė	 J.,	Milašius	R.	Materials	
Science	 (Medziagotyra),	 2008,	Vol.	 14,	
No.	3,	p.	254-257.

3.	 Nadzeikienė	 J.,	Milašius	R.,	Deikus	 J.,	
Eičinas	 J.,	Kerpauskas	P.	Fibres	&	Te-
xtiles	in	Eastern	Europe,	2006,	Vol.	14,	
No	1,	p.	52-55.

4.	 Sirvydas	P.	A.,	Nadzeikienė	J.,	Milašius	
R.,	Eičinas	 J.,	Kerpauskas	P.	Fibres	&	
Textiles	 in	Eastern	Europe,	 2006,	Vol.	
14,	No	2,	p.	55-58.

5.	 Ziegler	 S.,	 Kucharska-Kot	 J.	 Fibres	&	
Texti	les	in	Eastern	Europe,	2006,	Vol	14,	
No.	5,	p.	103-106.

6.	 G.	Sun,	 et.al.	 Textile	Reaerch	 Journal,	
2000,	No.	7,	p.	567-573.

7.	 Bivainytė	A,	Mikučionienė	D.	 Fibres	&	
Texti	les	in	Eastern	Europe	2011,	Vol	19,	
No	3,	p.	69-73

8.	 Cui	 Z.,	 Zhang	W.	 Fibres	&	 Texti	les	 in	
Eastern	Europe,	 2009,	Vol.	 17,	No.	 6,	
p.	80-83.

9.	 Song	G.	 Journal	 of	 Industrial	 Textiles,	
2007,	No.	3,	p.	193–205.

10.	Song	G.,	Barker	R.	L.,	Hamouda	H.,	Ku-
znetsov	A.	V.,	Chitrphiromsri	P.,	Grimes	
R.	V.	Textile	Resrarch	Journal,	2004,	No.	
12,	p.	1033–1040.

11.	Matusiak	M.	Fibres	&	Texti	les	in	Eastern	
Europe	2010,	Vol.	18,	No.	2,	p.	45-50.

12.	Gunesoglu	S.,	Meric	B.,	Gunesoglu	C.	
Fibres	 &	 Textiles	 in	 Eastern	 Europe,	
2005,	Vol.	13,	No.	2,	p.	46-50.

13.	Sybilska	W.,	Korycki	R.	Fibres	&	Texti	les	
in	Eastern	Europe,	2010,	Vol.	18,	No.	3,	
p.	65-69.

14.	Čiukas	R.,	Abramavičiūtė	J.,	Kerpauskas	
P.	Fibres	&	Texti	les	 in	Eastern	Europe,	
2010,	Vol.	18,	No.	3,	p.	89-93.

15.	Čiukas	R.,	Abramavičiūtė	J.,	Kerpauskas	
P.	 Fibres	&	Texti	les	 in	Eastern	Europe	
2011,	Vol.	19,	No.	3,	p.	64-68.

16.	Dias	T.,	Delkumburewatte	G.	B.	Measur-
ment	Science	and	Technology,	2007,	18,	
p.	1304–1314.

17.	Delkumburewatte	G.	B.,	Dias	T.	Fibers	
and	Polymers,	2009,	Vol.	10,	No.	2,	p.	
226-230.

Commodity Science

At the Technical University of Łódź a college of interfaculty 
studies  ‘Commodity Science’ was created under the management 
of Prof. Izabella Krucińska PhD, DSc, Eng. It is constituted of four 
faculties: 
n Organisation and Management, 
n Material Technologies and Textile Design, 
n Biotechnology and Food Sciences, and 
n Chemistry.

The creation of such studies was in response to marketdemand, 
as in Łódź no other university has a similar offer, and  specialists in the 
field of commodity science are sought more and more often. 

The surplus of commodities  present on the market should be properly 
checked and subject to censorious quality assessment so that  
consumers would have a chance to select a proper product from the 
many offers; one that is safe to use, fulfilling his/her needs completely. 

That is why the aim of the College is the preparation of the student  
in such a way  that his/her knowledge and abilities are adequate to  
the needs of  employers.  Thanks to the utilisation of the huge scientific 
potential of as many as four faculties of the Technical University of Łódź, 
it is possible to dedicate the last semester of studies to professional 
internships. 

One of many important forms of education are laboratories ensuring 
the undergraduate obtains unique professional qualifications.

The programme of studies prepared has an interdisciplinary dimension 
as it combines knowledge from a range of engineering-technical 
subjects, as well as from the economic, management and social 
sciences.

The intention of the creators of the programme is to prepare  
undergraduates so that  they would have the knowledge and abilities to 
assess  the quality of commodities from the point of view of human-
product interaction.

The innovativeness of the programme is based on offering such 
specialisations, which refer to products which directly influence 
the health of consumers: food, textiles, clothes, pharmaceutical 
& chemical products, as well as medical and hygienic products.

All these can have a negative influence on  human health or life, and 
that is why the  abilities of quality assessment gained in the aspect  
f the pro-health properties of products have  fundamental importance. 

In the offer of  commodity science studies there are four 
specialisations: 
1. Innovative biomedical products,
2. Innovative textile products,
3. Food commodity science,
4. Modern chemical and pharmaceutical products.

The complete offer of the ‘Commodity Science’ studies 
is presented on the following webpage: 

 www.towaroznawstwo.o.lodz.pl 


