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A RESEARCH ON THE AIR PERMEABILITY OF NEEDLE-
PUNCHED NONWOVENS MADE FROM SHEEP WOOL FIBERS

Abstract. Air permeability is one of the important properties affecting the quality of
insulation materials. This property is related to the passage of air through the fabric. This
article presents the method of measuring airflow resistance according to Frazier. And also
the dependence of air permeability index on such parameters as: density and thickness is
given. Insulating mats made by needle-punching method from coarse and semi-coarse wool
of Kazakhstani sheep breeds were used in the work. The main parameters of mats were
determined: thickness, density, air permeability. It is established that 4-layer mats with
density of 600 rpm have the lowest value of air permeability.
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Introduction. Wool is an environmentally friendly, renewable material
suitable for many applications. Today, wool is also used in the construction
industry, as it has properties that provide good thermal and acoustic insulation.
Wool insulation materials with the addition of various blends can be produced as
mats, batts, or panels and used to insulate roofs, walls, and ceilings [1-4]. Such
materials can be produced by different technologies, with different compositions
and characteristics.

The fundamental parameters of thermal insulation materials are the
characteristics determined by their physical, mechanical and chemical properties.
And the key characteristic in choosing the type of thermal insulation is thermal
conductivity, the value of which for thermal insulation materials should be less
than 0.065 W/mK [5]. In turn, when assessing the quality of insulation materials,
measurements of properties such as: density, thermal conductivity, air
permeability, water absorption, moisture, sorption moisture, compressibility,
strength are carried out.
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Air permeability is the property of a material to allow air to pass through.
This parameter is measured using the Frazier test method in accordance with
standard test methods such as ASTM D737 and DIN 53887 [6], GOST ISO 9237-
2013 [7]. It is determined by the airflow passed through the unit air area of the
sample per unit time at a specified differential pressure, usually about 200 Pa, and
is characterised by the air permeability coefficient. The air permeability parameter
for insulation materials should correspond to low values. Tang et al [8] presented
different airflow measurement methods: direct airflow method, alternating airflow
method and acoustical method. It was established that these methods are based on
parameters such as density, fibre diameter, porosity and thickness. Thus, the air
permeability of nonwovens depends mainly on the density of the nonwoven
material.

Mendrek et al [9] studied basic parameters of materials from Polish sheep
wool. Two felts with different thicknesses — 9.9 and 19.5 mm — were obtained for
the experiment. The surface density of the 19.5 mm felt was higher and the air
permeability was twice lower. Thus, the following relationship was established: the
increase in fabric thickness and surface density led to a decrease in air
permeability, this in turn affects the increase in the path length of the sound wave
passing through the material.

Kicinska-Jakubowska A. et al. [10] determined the main parameters of mats:
thickness, surface density and air permeability. Insulating materials with different
content of wool and linen made by needle-punching method were used. The air
permeability of the mats was tested at a pressure of 200 kPa. The air permeability
values of the tested samples increased as the wool content increased, and reached
2539 mm/s. Thus it was found that mats with higher bast fibre content have a
greater ability to absorb sound, while mats with higher wool content have better
thermal insulation properties.

Thus, the literature review shows that air permeability is one of the indices
necessary in the study of insulating properties of nonwovens.

This paper presents a comparative characterisation of 6 samples of
nonwoven materials and the dependence of air permeability on density. The studied
samples were made of 100% coarse and semi-coarse wool of Kazakhstan sheep
breeds by needle-punching method.

Materials and methods. Six samples of sheep wool nonwoven fabric
obtained by needle-punching were analysed (Fig. 1.). The samples differed in the
number of layers, thickness and density. The materials were obtained from 100%
coarse and semi-coarse wool of fat-tailed and “Bayys” (Kazakh fat-tailed semi-
woolly breed) sheep breeds, provided by IP “Miras”.

Fig. 1. Samples of nonwoven materials
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Sample 1. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light. Number of layers 1. Frequency of punching 600 rpm . Needle punching depth
12-13 mm.

Sample 2. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light and coarse wool of fat-tailed sheep breed, dark. Number of layers 3.
Frequency of punching 600 rpm . Needle punching depth 12-13 mm.

Sample 3. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light and coarse wool of fat-tailed sheep breed, dark. Number of layers 4.
Frequency of punching 600 rpm . Needle punching depth 12-13 mm.

Sample 4. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light. Number of layers 2. Frequency of punching 500 rpm . Needle punching depth
12-13 mm.

Sample 5. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light and coarse wool of fat-tailed sheep breed, dark. Number of layers 3.
Frequency of punching 500 rpm . Needle punching depth 12-13 mm.

Sample 6. Fibre composition: semi-coarse wool of “Bayys” sheep breed,
light and coarse wool of fat-tailed sheep breed, dark. Number of layers 4.
Frequency of punching 500 rpm . Needle punching depth 12-13 mm.

The following parameters were determined to calculate the density: length,
width and thickness of samples.

The formula is used to determine the density (g/cm?®) of wool nonwovens:

j = (1)

where: mp — sample mass, g; V — sample volume, cm®.
The volume of the sample (cm?) is calculated according to the formula:

V=1-b-a )

where: | — length, cm; b — width, cm; a — thickness, cm.

Air permeability was carried out in accordance with GOST ISO 9237-2013
“Textile materials. Method for determination of air permeability”. The tests were
carried out using the Air Permeability Tester MT 160 by “Metrotex” (Fig. 2).

Fig. 2. Air permeability tester MT 160
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Research results and discussion. The air permeability values of the
samples were analysed as a function of density and number of layers (Table 1).

Table 1
Air permeability index of the samples
Number of the Density, g/cm? Number of Air permeability,
sample layers dm?/(m®s)
1 0.11 1 2854.61
2 0.14 3 1241.98
3 0.15 4 554.66
4 0.11 2 2130.96
5 0.12 3 1114.39
6 0.13 4 963.66

The thickness of the tested samples was in the range of 3-10 mm. Sample 1
consisting of 1 layer was the thinnest. The density of the mats was in the range of
0.11-0.15 g/cm®. The lowest density was characterised by samples 1, 4. The air
permeability values of the evaporated mats were in the range of 554.66-2854.61
dm’/m?s. The lowest air permeability was shown by sample 3. As the number of
layers and punching density increased, the air permeability decreased.

The relationship between air permeability and material density for the
analysed samples is shown in Figure 3. This relationship shows that the denser the
nonwoven material, the lower the air permeability value (Fig. 3.). This is due to the
fact that a dense structure prevents the passage of air.
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Fig. 3. Analysis of air permeability characteristics of sheep wool insulation
materials depending on density

Figure 4 shows the relationship between the air permeability index and the
number of layers of the tested specimens. The air permeability index for the
samples with more layers and higher punching density is low. This is due to the
fact that these materials were denser than samples with a punching density of 500

rpm.
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Fig. 4. Analysis of air permeability characteristics of sheep wool insulation
materials depending on the number of layers

The air permeability of samples 2, 3 and 6 is the lowest, which is optimal for
thermal insulation. According to literature [11], material thickness and air
permeability also affect the sound absorption coefficient.

Comparing the obtained test results, it can be concluded that the air
permeability of the materials will depend on the material density, the value of
which is influenced by such parameters as: number of layers (indirectly), punching
density.

Conclusion. In this study, nonwoven mats made of sheep wool from
Kazakhstani coarse wool and semi-coarse wool breeds of sheep obtained by
needle-punching method without the use of binders. Coarse wool is often
considered as a by-product of animal husbandry. However, based on other studies
and on the results of this work, it can be concluded that coarse wool can act as a
valuable raw material in the production of insulation materials.

By analysing the properties of all six samples, it was shown that the mats
with the highest density and number of layers, as well as with a higher punching
density, have better insulation properties, i.e. they have low air permeability.

The average density of a material mainly depends on its porosity, at the same
time porosity is the main factor on which the thermal conductivity of the material
depends, so indirectly, by the value of the average density, it is possible to judge
the effectiveness of the thermal insulation properties of the material. The lower the
average density of the material, the more pores there are in it and the lower its
thermal conductivity.
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.K. Bopkynakosal, M.LU. Wapaap6ek!, M.Y. Unxamosa?,
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IM.X. Aynamu ameiHdarel Tapas exipnik yHusepcumemi, Tapas K., KasakcmaHx
2TawKeHmM MOKbIMA ¥IHE HeHin 6HepKacin UHcmumymel, TawKeHm K., ©36eKcmaH

KOW YHIHEH }ACANFAH UHETECIMAI BENMATA MATEPUANOAPADIH,
AYA OTKISTIWTIK KABINIETIH 3EPTTEY

AHpaTna. Aya eTKI3riWTiK — OKLWaynafbilW maTepuangapablH canacbiHa acep eTeTiH
MaHbI3abl KacueTTepaiH, bipi. Byn KacueT ayaHblH, maTa apKblibl eTyiHe 6alinaHbICTbI.
Makanaga Ppasep 601MblIHLLIA aya afbliHbIHbIH, KeaepriciH enwey agici kenTipinreH. CoHaain-
aK, aya OTKI3riWTiK KepCeTKiWiHiH, Tbifbl34blK MeH KanblHAbIK CUAKTbI NapameTpsepre
Toyenainiri kentipinreH. HymbicTa KasaKCTaHAbIK KOM TYKbIMAAPbIHbIH ©PECKen aHe
KapTblNail epecken MYHIHEH MHeMeH Tecy JAiCiMeH XacanfaH Kby OKLaynafbill
matepuangap nanganadoingpl. Kinemwenepgid, Herisri napameTtpnepi aHbIKTan4bl:
KaNblHAbIFbl, TbIfbI3AbIFbl, aya OTKI3riWTiK KabineTi. MHeHiH, Tbifbi3apiFbl 600 anH/MuH
6onatbiH 4 KabaTTbl mMaTepuangap aya OTKI3TiWTIKTIH eH, TOMeHri MaHiHe Me eKeHiri
aHbIKTaNAbl.

TipeK ce3gep: 6elimaTta, aya OTKI3riwTiK, *KYH, UHETeciMAi maTepuan, TbiFbi3AblK,
KanablkTap, OUOKLLIayiafbill maTepuan.
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.K. Bopkynakosa?, M.LU. Wapgap6ek!, M.Y. Unxamosa?,
B.K. MaxkuxaHosa?!, P.T. Kaybimbaes?

ITapasckuli pecuoHansHbil yHusepcumem um. M.X. yaamu, 2. Tapas, Kazaxcmax
2TawkeHmMcKuli UHCMUMym mexKcmusnbHol U ne2Koli MpoMblWAeHHOCMU,
2. TawKkeHm, Y36ekucmaH

MCCNEAOBAHUE BO3AYXOMNPOHULAEMOCTU UTNOMNPOBUBHbIX HETKAHBIX
MATEPUA/IOB U3 BOJIOKOH OBEYbEWN LLUEPCTU

AHHOTaumA. Bo3gyxonpoHuL@emocTb - OAHO M3 Ba*KHbIX CBOMCTB, BAMAIOWMX HA
KauyecTBO M30NALMOHHbIX MaTePManoB. ITO CBOMCTBO CBA3AHO C MPOXOXAEHUEM BO34yXa
yepe3 TKaHb. B pJaHHOM cTaTbe npeacTaBAeH MeETOA WM3MeEpPeHUA COMPOTUBEHUSA
BO34YyWHOMY NOTOKY no ®pasepy. A TaKXKe nNpuBeAeHa 3aBUCMMOCTb MOKasaTens
BO3YXOMPOHMLLAEMOCTM OT TaKMX NAPaMETPOB, KaK MJIOTHOCTb M TOAWMHA. B paboTe
MCMNO/1Ib30Ba/IMCb TENION30NALMOHHbBIE MATbl, U3rOTOBAEHHbIE UIIONPO6MBHBIM cCocobom
n3 rpyboi M nonyrpyboi WwepcTn KasaxcTaHCKMX nopog osel. OnpeaeneHbl OCHOBHblE
napameTpbl MaTOB: TOJILMHA, NAOTHOCTb, BO3AYXOMPOHWULAEMOCTb. YCTAaHOB/IEHO, 4TO
HaUMEHbLUMM 3HaYeHMeM BO34YyXOMNMPOHMLAEMOCTM 061aaatoT 4-cnoiHble MmaTbl €
NNOTHOCTbIO UrNONPOKanbiBaHNA 600 06/MuUH.

KnioueBble cnoBa: HeTKaHblI MaTepuan, BO3L4YXONPOHULLAEMOCTb, LIEPCTb,
nrnonpobmBHOM MaTepunan, NAOTHOCTb, OTXOAbl, BUON30NALMOHHBIN MaTepuan.

359



