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1. Introduction

Terry fabric is described as a textile
product made with a loop pile on
one or both sides, the pile genera-
lly covering the entire surface. There
are three groups of yarns in terry
fabrics, meaning these fabrics are
produced by three systems of yarns:
the ground warps, the wefts and the
pile warps. Terry fabrics are woven
as 2, 3,4 or more pick terry weaves.
The most common type is a 3-pick
terry weave. The pile can be formed
on one or both sides using the pile
warps. However, one-side pile terry
fabrics have low water absorbing
capacity, so they are not so popular.
Pile structure is one of the most
important aspects of the fabric,
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The paper presents the investigations and dependencies of air permeability re-
garding the parameters of finishing processes. Terry fabrics used in the experi-
mental work were woven using cotton and linen yarns. 28 different terry pure linen
and linen/cotton fabric constructions, with different structures and finishing treat-
ments, were investigated. Wetting phenomena has a significant effect on air per-
meability of the fabric as do the following finishing processes: washing with a
detergent and without one, washing with detergent and conditioner, softening,
calendering, and tumbling. It was observed that air permeability of the fabrics
not exposed to any finishing operation is highest, while tumbled fabrics exhibit
the lowest air permeability. Terry fabrics shrink in finishing processes, especial-
ly after washing. It was found that with the increase of washing time the air per-
meability of the fabrics investigated tends to decrease. Washing process for 2 hours
without detergents decreases air permeability by 2.0 times for the investigating
linen/cotton fabric with unbleached pile and by 2.4 times for the investigating
linen/cotton fabrics with bleached pile warps, if compared with the fabric that
has undergone no finishing. Washing process lasting for 1 hour, with a detergent
and conditioner, decreases fabric air permeability by up to 238.7-202.1 mm/s.
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tumbling process

since it has a significant effect on
the structure of the terry fabric and
on end-use properties as well. Raw
material to be used for weft, ground
warp, and pile warp yarns, as well
as the pile structure (height) are the
key parameters for design proper-
ties. Clearly, the classification of
some terry fabrics, like towels, can
be made according to the weight,
production, pile presence on fabric
surfaces, and finishing [1, 2, 3].

Properties that are required of the
yarns to be used in terry fabrics are
high absorbency, high wet strength,
good wash-ability, and soft handle.
When high quality is required, two
or more ply yarns are used. When
absorbency is increased, the fabric
gains resistance to pile stability. Use

of two-ply yarns also improves vi-
sual appearance. Pile loops genera-
lly consist of more highly twisted
yarns, which, while very absorbent,
are quite abrasive, thus actively
stimulating the skin when dry [1, 4,
5]. Pile yarns make the fabric thick-
er and give it a high level of heat
insulation. Air contained among the
fibres and within them provides
thermal insulation. Pile loops form
rough textured surface, thus giving
the fabric a dull appearance [5, 6].
Koc E. and Zervent B. have com-
pared the performance properties of
terry towels made from open-end
and ring-spun yarns. They proved
that there was no difference in wa-
ter absorption rate, while maximum
absorption was found at lower fab-
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ric density [7]. Flax and cotton are
most popular raw material to be
used in the production of terry fab-
rics. Flax has very good water ab-
sorption properties. Besides that, it
represents textiles of high usability
and ecological qualities such as
aseptic properties (bacteria) and
properties beneficial for human
physiology, protection against UV
radiation, and lack of allergenic af-
fects [8]. The structure of terry fab-
ric is also very important.

Air permeability is the ability of the
air to flow through the fabric. There
are different requirements on the air
permeability of various textile ma-
terials. Air permeability is an impor-
tant factor in the performance of
numerous textile products, such as
filters, clothing fabrics, hot air bal-
loons, and parachutes [9 - 11]. The
knowledge of permeability of cer-
tain textiles allows for the evalu-
ation and comparisons necessary
to determine the end-use perform-
ance in such products as rain coats,
tents, shirting, sail cloths, industri-
al filters, and pillow cases [9]. Air
permeability is related to the ther-
mal comfort of the garment as well.
In some products, such as sports-
wear, high air permeability is desir-
able. In the products such as tents,
sleeping bags and protective textile
products, low air permeability is
required to keep the wearer com-
fortable. However, when terry fab-
ric is produced for bathrobes, tow-
els, and slippers, air permeability
should be as high as possible, since
discomfort results if it too low.
Most of terry fabrics are produced
from cotton yarns, but at present
linen, bamboo, and hemp gain on
popularity, too. Cotton fibres are
hydrophilic, which allows the fab-
ric made of'it to absorb softener into
the fibres. However, the absorbed
rinse cycle softener within the fibres
could block the air space among
them or the yarns, which could re-
sult in decreased air permeability [5,
6].

According to [5], the most impor-
tant characteristics, which exhibit
the highest impact on air permeabi-

lity, are the number of warp and
weft yarns per decimetre, the den-
sity of the pile warp yarns and the
density of the ground warp and weft
yarns, together with the twist of
these yarns.

Guo J. [5] states that the ability of
the fabric to inhibit air, or allow it
to go through it freely, is mainly
dependent on the thickness, poros-
ity, construction and geometry of
the fabric. As porosity increases and
thickness decreases, air permeabil-
ity tends to increase as well. The
combined yarn elements and small
parts stifle the airflow within the
fabric. Yarn twist also has an effect
on air permeability. When it is in-
creased, the circularity and density
of the yarn rise; the yarn diameter
and cover factor are reduced, and air
permeability increases. If yarns are
permitted to extend more easily, the
extension will open up the fabric,
increasing the free area as well as
the air permeability of the fabric.
The results of some investigations
[5] show that a significant differ-
ence in air permeability exists
among different fabric softener
treatments and fabric types.

However, there are limited studies
that deal with air permeability of
terry fabrics, regarding wetting and
various finishing operations like
washing, softening, tumbling, cal-
endering, etc.

The aim of the research presented
here is to investigate air permeabil-
ity of various terry fabrics regard-
ing the finishing processes they
have been exposed to.

2. Materials and methods
2.1. Fabric structures

The experiments were carried out
with three kinds of terry fabric
structures. The terry fabrics used in
the research were woven using lin-
en and cotton yarns. The structure
and weave repeat can be seen in
Fig.1 and Fig.2. The investigations
were conducted with the fabrics that
have pile loops on both sides. As can
be seen in Fig. 1 and 2, the ground
warp G1 that was up at the begin-
ning went down and the G2, which
was down, went upward through the
two yarns. Back side pile (BP) warp
was always in opposition to the
front side pile (FP) warp. When the
BP warp made the first loop on one
side of the fabric, the second loop
was formed on the other side. The
FP warp behaved in the same man-
ner.

Three types of yarns were used in
the production of terry fabrics. The
nominal pile highness was 9 mm.
Fabric composition and linear den-
sity of the yarns are presented in
Tab. 1.

Fig.1 The structure of the terry fabric: FP- front side pile warp, BP- back side pile
warp, G1- first ground warp, G2 - second ground warp, W- weft
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Weft Direction
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Fig.2 The weave repeat of the terry fabric: G1 and G2 ground warps, FP - front
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side pile warp, BP- back side pile warp, - - ground warp is over the
wett, [ - front side pile warp is raised over the weft, [JBGJ- back
side pile warp is raised over the weft,:' - warp is lowered behind the

weft, - - pile warp is over the weft

Tab.1 The characteristics of terry fabrics

Yarn linear density, tex Yarn density, dm”
Fabric | Raw material ground pile and
variant content pile warp warp weft ground | weft
warp
linen 60% 68 25x2 50
Al1-A13 | cotton 40% |unbleached| cotton cotton 250 200
linen
linen 60% 50 25x2 50
B1-B13 | cotton 40% | bleached cotton cotton 250 200
linen
68 56 56
C1,C2 | linen 100% |unbleached |unbleached |unbleached| 250 180
linen linen linen

2.2. Finishing applied

Some samples of the investigated
terry fabrics were exposed to no fin-
ishing treatment, because some con-
sumers instead of soft and fluffy
woven terry products prefer fabrics
that are rough and not finished us-
ing chemical treatments. In addi-
tion, ecological finishing is attrac-
tive nowadays, since chemical treat-
ment is far from being friendly to
the nature and human environment.

The investigations were performed
with 28 samples of terry fabrics,
treated in different finishing opera-
tions. The finishing processes ap-
plied are presented in Tab. 2. As can
be seen in Tab. 2, there are 3 diffe-

Tab.2 Finishing process description

rent variants of fabrics without any
finishing applied. At the beginning,
the samples were made of the Al,
B1, and C1 fabrics, without any fi-
nishing applied. 7 samples of the A1
and 7 samples of the B1 variant te-
rry fabrics were manufactured in the
following phase. The first pair —the
A1 and the B1 variants of the terry
fabric samples without finishing
were tested. The second investiga-
tion was done with the A2 and the
B2 fabrics, wetted with water at
room temperature, because wetting
process changes fabric structure sig-
nificantly. After wetting, the sam-
ples were dried in the air. The next
3 pairs of the A1 and the B1 variant
samples were washed with water
only, without any detergent, for 10,
30, and 120 min respectively. They
were marked as A3, A4, A5 and B3,
B4, B5.

The other 2 pairs of the manufac-
tured terry fabric samples were
washed: the first one - with a deter-
gent only - A6, B6, and the second
one - with a detergent and a condi-
tioner - A7, B7. New chemical sof-
tener, conditioner, offered softly,
fluffy and nice handle surface to the
fabric. The detergent Felosan NOG
CHT R. Beitlich GmBH (Germany)
was used for washing. The samples
were washed at 60 °C for 60 mi-
nutes. After washing, the samples
were softened with the silicone con-

Fabric symbol Description of the finishing processes and its duration
Al,B1, Cl1 Without finishing
A2, B2 Wetting
A3, B3 Washing with water 10 min
without a detergent 30 min
A4, B4 120 min
A5,B5
A6, B6 Washing with a detergent (60 min.)
Washing with a detergent and a conditioner
A7,B7 (60 min + 60 min)
A8, B8 Calendering
A9, B9 30 min.
A10,B10 60 min.
All, Bl11 90 min.
Al2,B12 Tumbling 120 min.
Al13,BI13 150 min.
C2 120 min
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ditioner Tubingal SMF CHT R.
Beitlich GmbH (Germany), at the
temperature of 40 °C, for 60 min-
utes, with the aim to get soft hand.
After washing, the samples were
centrifuged and air-dried.

Calendering was the next finishing
process applied. The manufactured
samples were washed with the de-

Fig.3 Linen/cotton terry fabrics: a) B1
variant (without finishing), b) B8
variant (after calendering), c)
B10 variant (after tumbling for
60 min); microscopic graphs
were obtained by a stereomicro-
scope and photographed using a
digital camera

tergent and later calendered in a
calender machine - A8, BS.

For the tumbling process, 5 pairs of
the A1, the B1 fabric variants and
the C1 fabric were manufactured.
The samples were washed with a
detergent and a conditioner (60 min
+ 60 min). After washing, the sam-
ples were centrifuged and tumble-
dried in the tumble drier Aipress 15,
model Frofix (Germany), for 30
min (A9, B9), 60 min (A10, B10),
90 min (A11, B11), 120 min (A12,
B12,C2),and 150 min (A13, B13).

The fabric was turned, shaken and
dried with hot air masses in a tum-
ble drier. Dry treatment imparts full-
er volume and dimensional stabili-
ty, together with dryness. The terry
fabric was given a fluffy and soft
hand and some particles were re-
moved during the tumble process as
well.

The international standard 1SO
6330:2000 [12] for domestic wash-
ing and drying procedures, as well
as the Methodology of joint-stock
company “A Grupe” (in Jonava,
Lithuania), [13] for washing with
detergent, calendaring and tumbling
procedures were implemented.

The surface of the terry fabric not
subjected to any finishing treatment
is different than the ones treated in
various finishing operations. Fab-
rics samples without finishing - B1,
and after the finishing processes -
B8, B10 are shown in Fig. 3.

2.3. The experiments of air
permeability

The working principle of the Air
Permeability Tester is that the air is
drawn through a specified area of
the fabric, adjusted to suit specific
textiles being evaluated. The rate of
the airflow is adjusted until a speci-
fied pressure difference between
the two fabric surfaces (front and
back) is achieved. In the investiga-
tion described, the air permeability
tests of terry fabrics were conduct-
ed according to the EN ISO
9237:1997 [14]. The Air Permea-
bility Tester of Model Karl
SCHRODER K6 (Germany) was

used. The rate of airflow passing
perpendicularly through the know
area of the test specimen was adjust-
ed to get a pressure drop between
the two fabric surfaces. The test
head areas of 5 cm?*and 20 cm? were
used. The airflow rate was meas-
ured analysing 40 tests per a fabric
variant. The airflow rate deter-
mined the air permeability of the
test speciments, so after the tests the
values of air permeability were cal-
culated using the equation [14]:

qv
R=—167
: (1)

where: R is air permeability (mms™);
q, is mean of airflow yield
(dm?® min'); A is specified area
(cm?), 167 is factor for transform-
ing dm’min’'cm? in mms-'.

The test fabric specimens were pre-
conditioned and tested under stand-
ard atmosphere conditions.

3. Results and discussion

3.1. Investigations of the air
permeability of the fabrics
without any finishing

The loop pile in a terry fabric ex-
posed to no finishing is stiff, espe-
cially when using linen yarns in the
pile warp system. Additionally, the
loops are of a regular shape and
stand perpendicular to the fabric
base, so that the air flow does not
meet strong resistance in its way,
Fig.3 a).

It was found that the values of air
permeability of fabrics without fin-
ishing were 625.4 mm/s, 688.0 mm/
s, and 1079.7 mm/s for the A1, B1,
and C1 variants respectively. It
means that the terry fabric in which
the ground wefts and warps were
made from linen yarns and pile
warps from linen yarns too, had
highest air permeability, i.e. the air
permeability of the C1 fabric was by
72.6% higher then the air permea-
bility of the A1 fabric and by 56.9 %
higher compared to the B1 fabric.
Varying density of the weft yarn had
the strongest influence on these re-
sults. We can assume that the
bleaching of pile warp yarns and
their linear density caused that the
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air permeability of the A1 fabric
was by 9.1% lower than of the B1
fabric.

3.2. The investigation of the air
permeability of the fabrics
after water treatment,
washing and softening, as
well as after calendering

The changes of air permeability af-
ter wetting and the first finishing
operation — washing were analysed.
Consequently, the A1 and B1 fab-
rics were wetted or washed with no
washing agents, using water only, or
were washed with a detergent, while
the other samples were washed with
a conditioner as well. Such choice
was motivated by aim to investigate
the significance of the wetting proc-
ess or washing operation on the air
permeability, using different kinds
of chemical agents in the process.
The results of the air permeability
of linen/cotton terry fabrics after
different washing processes are pre-
sented in Fig.4.

The analysis of the results showed
that the air permeability of the fab-
rics decreased after wetting. It was
found that the air permeability of
the A2 and B2 fabrics decreased
from 625.4t0 569.5 mm/si.e. by 1.1
times and from 688.0 to 497.2 mm/
s i.e. by 1.4 times respectively, if
compared with the fabric with no
finishing.

It is important to note that the dura-
tion of washing without a detergent
and a conditioner had an important
influence on the investigated fab-
rics. The significant difference be-
tween the air permeability of the
wetted fabric and the fabric that was
washed without a detergent for 10
minutes period was found, i.e. air
permeability decreased up to 362.4
mm/s with the A3 variant fabric and
up to 318.2 mm/s with the B3 vari-
ant fabric, meaning by 1.6 times.

When the duration of washing with-
out a detergent was lengthened from
10 min to 2 hours, air permeability
decreased by 1.8 times with the A5
and B5 fabrics, compared with the
wetted ones. It was found that the air
permeability of the fabrics washed
with water only for three different
durations - A3, A4, AS variants, i.e.
for 10 min, 30 min, 2 hours respec-
tively, decreased accordingly by
1.7, 1.8, 2.0 times, while the air
permeability of the B3, B4, B5 var-
iants decreased by 2.2, 2.3, 2.4
times respectively, compared with
the fabrics with no finishing.

It was found that the air permeabil-
ity of the A6 and B6 fabrics, washed
with a detergent and without a
conditioner, decreased up to 260.1
mm/s i.e. by 2.4 times and up to
215.6 mm/s i.e. by 3.2 times, com-
pared with the fabrics with no fi-
nishing. The air permeability after

washing and softening operations
decreased as much as by 2.6 and by
3.4 times with the A7 and B7 fab-
rics respectively, compared with the
fabric with no finishing.

The structure of the terry fabric was
modified in calendaring, Fig.3 b).
The loops were bent and pressed to
the ground fabric. Loops touched
each other and sometimes covered
each other. Such a structure of ter-
ry fabric determines different prop-
erties of air permeability, compared
with the fabric with no finishing. It
was found that the air permeability
ofthe calendered A8 fabric dropped
to 292.9 mm/s, i.e. by 2.1 times,
compared with the fabric with no
finishing. The air permeability of
the calendered B8 variant fabric
decreased to 213.5 mm/s, i.e. by 3.2
times, compared with the fabric
with no finishing. Meanwhile, the
air permeability of the A8 and B8
variants decreased by 1.9 and 2.3
times respectively, compared with
the wetted samples. Obviously,
bending of the loops and the chang-
es of porosity had a significant ef-
fect on fabric air permeability.

3.3. The investigation of the air
permeability of the terry
fabrics, related to tumbling
time

Terry fabrics become soft and fluffy
when tumbled, some loops stand
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Fig.4 Air permeability of linen/cotton terry fabrics after
wetting and different washing processes: washing for
10 min; for 30 min, and for 2 hours, without a deter-

gent or a conditioner, washing for 1 hour with a de-
tergent; washing for 2 hours with a detergent and a

conditioner

Fig.5 Air permeability of the linen/cotton terry fabrics
washed for 2 hours with a detergent and a condition-
er, after tumbling lasting from 30 to 150 min
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vertical, others get stiffer structure,
and they can all be a bit droopy,
Fig.3 c). Sometimes the loops ob-
tain spiral structure after tumbling.
The results of measuring the air
permeability of the linen/cotton ter-
ry fabrics after tumbling are pre-
sented in Fig.5. After model experi-
ments, it was decided to choose
tumbling period of 30 minutes, be-
cause such interval changes the
structure of the fabric significantly.
The first test was made after 30
minutes and the last one after 2
hours and 30 minutes. During this
period, the air permeability of the
A9 - A13 and the B9 - B13 fabrics
decreased from 151.8 mm/s to
132.6 mm/s and from 165.3 mm/s
to 133.9 mm/s respectively. It was
obvious that with the increase of
tumbling time the air permeability
had a clear tendency to decrease.
The air permeability of the A13 and
B13 fabrics, which were tumbled
for the maximum duration, de-
creased by 4.7 and by 5.1 times re-
spectively, compared with the fab-
rics with no finishing. Additionally,
the air permeability of the pro-
longed tumbled (for 2 hours 30 min-
utes) fabrics deceased by 1.6 — 2.2
times, compared with the calend-
ered fabrics. The air permeability of
the pure linen fabric tumbled for 2
hours (the C2 variant) decreased
from 1079.7 mm/s to 392.5 mm/s,
i.e. by 2.8 times, compared with the
variant with no finishing (the C1
variant). Obviously, the pure linen
terry fabric after such a finishing
process exhibited higher air perme-
ability then the linen/cotton terry
fabrics.

4. Conclusions

After a series of experiments carried
out on air permeability of the pure
linen and the linen/cotton terry fab-
rics, with no finishing, after wetting
and after different finishing proc-
esses, the following conclusions
were drawn:

e the air permeability of the pure
linen terry fabric, produced from
unbleached linen pile warp and
unbleached linen ground warp
and weft, not exposed to any fin-
ishing is highest - 1079.7 mm/s.

The air permeability of the in-
vestigated linen/cotton fabric with
no finishing, produced using
unbleached linen pile warp is by
9.1% lower, compared with the
linen/cotton fabric, produced us-
ing bleached linen pile warp;

e wetting phenomenon and finish-
ing processes such as washing
without a detergent washing with
a detergent, washing with a deter-
gent and a conditioner and soften-
ing have a significant effect on air
permeability. The linen/cotton
terry fabric with unbleached pile
warp has, after wetting, air perme-
ability of 569.5 mm/s. The air per-
meability of the investigated lin-
en/cotton terry fabric with
unbleached pile warp and linen/
cotton terry fabric with bleached
pile warp decreased after wetting
by 1.1 times and by 1.4 times re-
spectively, compared with the
fabrics with no finishing. Washing
for 2 hours without a detergent
decreases air permeability by 2.0
- 2.4 times, while washing with a
detergent and softening decreas-
esitby 2.6 to 3.4 times, compared
with the fabrics with no finishing.
As the washing time increases, air
permeability has a clear tendency
to decrease;

e the air permeability of the washed
and calendered terry fabrics de-
creases by 2.1 - 3.2 times, com-
pared with the fabrics with no fin-
ishing;

e tumbling time has a significant
effect on the air permeability of
terry fabrics. After tumbling for
30 minutes, the air permeability of
the investigated fabrics decreases
to 151.8 mm/s and after prolonged
tumbling time (2 hours and 30
minutes) to 132.6 mm/s. The air
permeability of the prolonged
tumbled fabrics decreases by 1.6
- 2.2 times, compared with the
calendered ones.
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