Hossein Hasani,
*(Ozan Avinc,
Akbar Khoddami

Department of Textile Engineering,
Isfahan University of Technology,
Isfahan, 84156-8311 Iran

*Department of Textile Engineering,
Engineering Faculty,

Pamukkale University,

20070, Denizli, Turkey

E-mail: oavinc@pau.edu.tr

2 Introduction

The feel or handle of a textile product is
very important in determining its quality
and acceptability for its intended end-
use from customers’ and users’ points of
view. Wet processing and softening treat-
ments can generally modify the handle
significantly. Improving the handle of
a garment at the ‘point of sale’ is very
effective as a marketing tool [1], there-
fore softeners have an important place in
textile finishing, and almost no piece of
textile substrate leaves the production fa-
cilities without being treated with a sof-
tener to impart a soft hand, smoothness,
increased flexibility, and better drape to
the textile substrates [2 — 4].

Commercial softeners are available in a
wide range of formulations: while some
act to enhance the hydrophilic nature of
the substrate, others do not, and some can
even render the hydrophobic properties.
The type and effect of the softener poly-
mer film on the surface of the substrate,
and the orientation, attraction, distribu-
tion, and uniformity of distribution of the
softener on the substrate are usually the
main factors leading to observed altera-
tions in the low-stress mechanical and
surface properties of treated fabrics [5].

Fabric objective measurement (FOM),
such as the Kawabata Evaluation System
for Fabric (KES-FB), through measuring
the low-stress mechanical and surface
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properties of fabrics [6], is an efficient
and reliable way of defining the handle,
tailorability, and quality of fabric which
avoids the inconsistencies and subjectiv-
ity of evaluators. Fabric properties meas-
ured with instruments are necessary for
quantifying changes in fabric tailorabil-
ity, quality, and garment performance [7].
FOM also provides scientific data to con-
trol the fabric performance and quality
and to define the performance features of
different finishing auxiliaries on fabrics.

Polyester fibres, mainly polyethylene
terephthalate (PET), are a very widely
used fossil fuel resource dependent syn-
thetic fibre and account for the biggest
share of world textile fibre consumption.
However, poly(lactic acid) (PLA), the
first melt-processable natural-based syn-
thetic fibre produced from annually re-
newable resources, combines ecological
advantages with excellent performance
in textiles. It is an aliphatic polyester
which can be derived from 100% re-
newable resources such as corn [8 — 10].
Poly(lactic acid) is a relatively stiff poly-
mer at room temperature [11, 12], with
a surface cohesion that gives the fibres
a property known as scroop [9]. The
scroop of fibres causes a sound or feel-
ing of ‘crunchiness’ when the fibres are
rubbed against one another, most likely
caused by a stick-slip action as fibres
slide past each other. This feature of PLA
fabrics may influence the resilience and
thus cause problems in some applications
by resisting recovery after deformation.
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Scroopiness might be overcome by ap-
plying a suitable fabric finish [9, 13].
Avinc et al. [14] studied the effects of
softeners and repeated laundering on the
handle and scroopiness of knitted fabrics
constructed from PLA. They found a
moderate correlation between the subjec-
tive scroopiness and softness evaluations
and objective measurements of bending
stiffness (B), bending hysteresis (2HB),
shear stiffness (G), shear hysteresis at
0.3° (2HG), and geometrical roughness
(SMD). They reported that both objective
and subjective evaluations suggest that
the distinction between the effects of the
various softening agents diminishes dur-
ing repeated laundering, presumably due
to the progressive removal of or damage
to the softener. However, the handle of all
the softened fabrics continued to surpass
that of the untreated fabrics even after 15
washes [14].

However, no study has been reported
in literature about a comparison of the
handle and low stress mechanical prop-
erties of softened PLA and PET fabrics.
In the current paper, we examined and
compared the low stress mechanical
properties such as tensile, shear, bend-
ing, compression and surface proper-
ties, measured by the KES-FB system,
of identically constructed PET and PLA
fabrics before and after softening with
commercial softeners which differed in
their ionicity, emulsion type, hydropho-
bicity, and formulation chemistry.
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Experimental

Materials and methods

This study employed two sets of iden-
tically constructed ‘piqué’ type knit-
ted fabrics provided by NatureWorks
LLC, USA. These piqué type knitted
fabrics were derived from 100% PLA
(Ingeo™ fibre, 247 g/m2) and 100%
PET (209 g/m2) filament yarns, re-
spectively, having the same yarn count
(150/144 dtex/filament). These kinds of
fabrics are generally used for sport, ac-
tive, and fashion wear. “Ingeo™ fibre”
is the trademark of NatureWorks LLC’s
poly(lactic acid) polymer produced from
corn starch.

PLA and PET knitting mill fabric (greige)
fabrics were pre-scoured in a bath con-
taining 1 g/ of “Kieralon Jet B” (a non-
ionic surfactant produced by BASF) and
1 g/l of sodium carbonate at 60 °C for
15 minutes. After scouring, the fab-
rics were rinsed with cold water for
10 minutes and dried at room temperature.
PLA and PET fabrics were dyed using a
laboratory-scale Mathis Labomat infra-
red dyeing machine (Werner Mathis, Zu-
rich, Switzerland) with a liquor ratio of
10:1 and at temperatures of 110 °C and
130 °C, respectively [15]. Then the PLA
and PET fabrics were treated with 2 g/l
of sodium carbonate and 2 g/l of sodium
dithionite for 15 minutes at 60 °C [16].
Both fabrics were then rinsed in warm
and then cold water until neutral and air-
dried at room temperature.

Nine commercially available softeners
(Table 1) were selected for the study,
differing with respect to their ionicity,
emulsion type, formulation chemistry,
and hydrophobicity. They were provided,
respectively by Rudolf, Ciba, BASF, and
LJ Specialities.

Table 1. Details of softeners used.

Softener Softener chemistry

(PDMS = polydimethylsiloxane)

OH-functional PDMS with hydrophilic
polyester resin

Reactive fatty acid amide

Quarternary-functional PDMS
micro-emulsion

Softener 1
Softener 2
Softener 3

Softener 4
Softener 5
Softener 6

Fatty acid condensation product
Fatty ester

Aminofunctional PDMS micro-emulsion

Softener 7
Softener 8
Softener 9
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Aminofunctional PDMS micro-emulsion
Aminofunctional PDMS micro-emulsion
Fatty acid amide and polyethylene wax

All softeners (Table 1) were applied by
padding to the air-dried fabrics at a con-
centration of 30 g/l and pH 5.0 — 5.5 (ad-
justed where necessary using acetic acid)
with a pick-up of 90%. The softened
fabrics were dried on a Werner Mathis
AG DHE-18874 stenter at 110 °C for
30 seconds and then heat-set under typi-
cal industrial conditions: 30 seconds at
130 °C for PLA, and 30 seconds at 180 °C
for PET. The heat-set temperature for
PLA fibre is relatively low in comparison
with that generally used for conventional
polyesters, which was necessary because
PLA melts at approximately 170 °C.

Samples were coded to make the pres-
entation easier. Sample codes DSHI1 —
DSH9 represent the fabrics which were
padded with Softeners 1 — 9, respective-
ly, and then dried and heat-set under the
aforementioned conditions. Two control
fabrics were added to the study. The first
control fabric was a knitting mill (greige)
fabric, coded as D. DDH, whichrepresents
the second control fabric, was dyed and
padded with water only at pH=5.0-5.5,
followed by the same drying and heat-
treatment as the softened fabrics.

After finishing, the basic mechanical
properties such as the tensile, bending,
shearing, compression, and surface prop-
erties of the fabric samples were meas-
ured by KES-FB using the standard sen-
sitivity of knits set-up [6]. A list of meas-
ured parameters provided by KES-FB is
presented in Table 2. For each sample,
each measurement was made twice on
three separate samples cut from the cen-
tre of the knitted fabric, and the six result-
ing values were averaged. Standard size
samples of 20 cm x 20 cm were tested in
the wale and course directions. Because
anisotropy is a consideration in knitted
fabrics, the mechanical and surface prop-

lonicity
+ = cationic . Emulsion
—_ = anionic Hydrophobicity type
0 = nonionic
0 Hydrophilic
macro
+ .
Hydrophobic .
micro
0/+
0 .
Hydrophilic macro
+ (slight) Hydrophobic .
0 micro
. Hydrophilic
+ (slight) macro

Table 2. KES-FB parameters.

Property Description

Extension at the load of
500 gficm, %

WT Energy to extend fabric to
500 gf/cm, gf.cm/cm2

Recovery from tensile deformation,
%

LT Linearity of load-extension curve
G Shear rigidity, gf/lcm.deg

Shear hysteresis at 0.3° of shear
angle, gf/cm

Shear hysteresis at 3° of shear
angle, gf/cm

EM

RT

2HG

2HG3

B Bending rigidity, gf.cm2/cm
2HB
SMD Surface geometry variation, pm
MIU Coefficient of friction
MMD

we Energy to compress fabric under
50 gficm2, gf.cm/cm2

Hysteresis in bending, gf.cm/cm

Mean deviation in the frictional force

RC Recovery from compression
deformation, %
LC Linearity of compression curve

erties (tensile, bending, shear and surface
properties) were measured in both the
course and wale directions, and averages
calculated for further analysis. Speci-
men preparation, pre-conditioning and
testing were carried out under standard
atmospheric conditions of 20 + 2 °C tem-
perature and 65 + 2% relative humidity.

Results and discussion

Bending properties

The results of the bending properties,
bending stiffness (B) and bending hys-
teresis (2HB) of PLA and PET fabrics
before and after finishing with different
softeners are shown in Figures 1.a and
1.b. The bending properties of a fabric
are influenced mainly by inter-fibre and
inter-yarn forces. High values of bend-
ing rigidity indicate greater resistance/
stiffness to bending. Bending hysteresis
(2HB) is a measurement of energy loss
occurring during bending deformation.
Higher 2HB values indicate greater fab-
ric inelasticity and lower elastic recovery.

Knitting mill (greige) PLA fabric ex-
hibited higher bending rigidity (B) and
bending hysteresis (2HB) than knitting
mill PET fabric. There is a remarkable in-
crease in bending values after the dyeing
and heat setting of PLA and PET fabrics
(DDH) in comparison with knitting mill
fabrics (D), which can be due to fabric
shrinkage and, consequently, the limita-
tion of fibre and yarn movement within
the fabric structure after these processes.
After dyeing, drying, and heat-setting,
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Figure 1. Changes in bending: a) rigidity (B) and b) hysteresis (2HB) of PLA and PET fabrics before and after finishing.

the bending values of PET fabric catch
up with those of PLA fabrics, and the
bending rigidity of PET was even slight-
ly higher than that of PLA fabrics after
these processes, which could be due to
the more aggressive applied conditions
of dyeing (130 °C versus 110 °C) and
heat-setting (180 °C versus 130 °C) for
PET fibre in comparison to PLA fibre.

A reduction in bending hysteresis is ob-
served for both PLA and PET fabrics
after softening compared with dyed and
heat set fabrics (DDH), which shows in-
creased yarn and fibre mobility within
the structure. Generally softened PLA
fabrics exhibited lower bending rigidity
than softened PET fabrics. The results re-
veal that the application of Softener 2, a
‘reactive fatty acid amide’, resulted in a
remarkable increase in the bending prop-
erties of PLA and PET fabrics (DSH2)
in comparison to DDH. In contrast, with
the exception of Softener 1 (DSH1), the
fabrics treated with silicone softeners
(DSH3, DSH4, DSH7 & DSHS) exhib-
ited lower B and 2HB values than all
other softened fabrics (DSH2, DSHS,
DSH6 & DSH9) and controls (D &
DDH). Softener 1 is based on OH-func-
tional PDMS with a hydrophilic polyes-
ter resin. DSHI1, treated with Softener 1,
exhibited higher bending properties than
the other fabrics treated with silicone sof-
teners (Figures 1.a and 1.b), which could
be due to the OH groups, since the intro-
duction of OH groups into silicone sof-
tening agents usually results in improved
hydrophilicity but reduced softness. Pure
aminofunctional (DSH4, DSH7, DSHS)
and quaternary functional (DSH3) sili-
cones exhibited the best performance
with the lowest bending rigidity (B) and
bending hysteresis (2HB). It is known
[1, 17] that aminofunctional PDMS type
softeners typically give the softest handle
and also produce good lubricity, hence
reducing inter-fibre friction. Frictional
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resistance (due to inter-fibre and inter-
yarn movements at the cross-over points)
is reduced by good softeners, leading to
better fabric recovery from deformation
and finally a decrease in hysteresis.

The remaining softeners studied, which
were based on fatty acid products alone
as well as with mixtures and fatty ester,
led to higher values of B and 2HB than
the pure amino and quaternary functional
PDMS types. For example, DSH9, sof-
tened with Softener 9, which is based
on a cationic fatty acid amide with poly-
thene wax, resulted in very high bending
values which were similar to or higher
than those of DDH. Avinc et al. [14] also
reported a reduction in bending stiffness
and hysteresis with silicone softened
fabrics, while Kut et al. [19] found that
softeners with polysiloxane micro-emul-
sions imparted better bending and drape
than those employing fatty acids. The re-
sults of our study are in line with these
observations.

Some cationic softeners (DSH3, DSH7)
improved the bending properties and
some (DSH2, DSH9) did not. Similarly
nonionic softeners behaved differently
with respect to bending properties. It ap-
pears that the effect of the ionicity of the
softener on bending properties is insig-
nificant.

The four best-performing softeners with
the lowest bending rigidity (B) and bend-
ing hysteresis (2HB) are micro-emulsion
softeners. It is claimed that normal (mac-
ro) emulsion softeners impart a ‘soft to
greasy’ handle, while micro-emulsion
ones give a very soft, non-greasy handle
[2]. Micro-emulsions impart internal lu-
brication, excellent softness, and surface
smoothness without greasiness because
of their very small average particle size
of below 40 nm. The particle size of the
active softening agent affects the dis-

tribution of the silicone on the fabric.
Micro-emulsion silicone softener prod-
ucts with very small drops penetrate the
closely packed yarn structure and the
space between single fibres, while mac-
ro-emulsified softeners deposit the sili-
cone on the surface of the yarns in larger
drops of around 150 — 300 nm [1, 20, 22].
It has been stated that micro-emulsions
of amino-modified silicone impart a very
soft handle [23,14], which is in line with
the results of the current study.

On the one hand, three of the four hydro-
phobic softeners (DSH3, DSH4, DSH7)
exhibited very low bending properties.
Only one hydrophobic softener, Softener
2 (DSH2), resulted in very high bending
properties. On the other hand, hydro-
philic softeners (DSH1, DSHS, DSH6,
DSH9) resulted in higher bending prop-
erties, with the exception of Softener 8
(DSHS), compared to the hydrophobic
softeners. However, hydrophilic Soften-
er 8 (DSH8) showed very low bending
properties which were similar to the per-
formance of hydrophobic Softeners 3, 4
& 7 (DSH3, DSH4, DSH7). As observed
for the ionicity of the softener, the effect
of the softener’s hydrophilicity on bend-
ing properties appears to be insignificant.

The bending properties of the fabrics
were influenced by the chemical nature
of the softening agents and the emulsion
type used in the softener. In contrast, the
actual ionicity of the softener and the
level of hydrophobicity of the treated
fabric appeared to have little or no effect.
This finding is in agreement with that of
Kut et al. [19], who reported that the in-
fluence of softeners on the bending rigid-
ity of PET fabric depended more on their
chemical structure than on their ionicity.

Overall, Softener 7 (DSH7), a hydropho-
bic, slightly cationic aminofunctional
PDMS micro-emulsion, resulted in the
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highest improvement in both fabrics’
bending properties, giving the lowest
bending rigidity and bending hysteresis
values compared to the other softeners.

Shear properties

The results of shear properties, shear
stiffness (G), shear hysteresis at 0.3°
(2HG), and shear hysteresis at 3° (2HG3)
of PLA and PET fabrics before and af-
ter finishing with different softeners are
shown in Figures 2.a - 2.c. Lower val-
ues of shear rigidity and shear hysteresis
indicate less resistance to the shearing
movement, corresponding to a softer ma-
terial of better drape. The more easily the
yarns glide over each other, the smaller
the fabric hysteresis [20].

Knitting mill (greige) PLA fabric exhib-
ited higher shear stiffness (G) and shear
hysteresis (2HG, 2HG3) than knitting
mill PET fabric. As observed for the
bending properties, there is an important
increase in shear values after dyeing and
heat setting (DDH), which could be due

O Dimethyl siloxane group
Aminoethyliminopropyl group (partly protonated)
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to the limitation of fibre and yarn move-
ment in the fabric as a result of fabric
shrinkage during such processes. Al-
though the differences in shear values be-
tween PLA and PET fabrics diminish af-
ter dyeing, drying and heat-setting, most
probably due to the more aggressive ap-
plication conditions, the shear properties
of PLA fabrics were still slightly higher
than those of PET fabrics. This trend gen-
erally continues, with PLA fabrics having
slightly higher G, 2HG, and 2HG3 values
than PET fabrics after softener finishing,
with few exceptions.

Almost all softeners improved the shear
properties of both fabrics compared to
DDH, which is due to the fact that the
softener finishing substantially reduces
inter-fibre and inter-yarn friction, lead-
ing to increased yarn and fibre mobil-
ity within the structure. As observed for
the bending properties, micro-emulsion
aminofunctional (DSH4, DSH7, DSHS)
and quaternary functional (DSH3) sili-
cones exhibited the best performance,

Figure 3. Possible
orientation of an
aminofunctional
silicone on the sur-
face of polyester
fibre [22].
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Figure 2. Changes in shear: a) stiffness (G), b) hysteresis
(2HG) and c) hysteresis (2HG3) of PLA and PET fabrics be-
fore and after finishing.

having the lowest shear stiffness (G) and
shear hysteresis (2HG) values. As men-
tioned earlier, it is known [1, 14, 17] that
aminofunctional PDMS type softeners
typically give the softest handle and also
produce good lubricity, hence reducing
inter-fibre friction. The remaining soften-
ers studied, which were based on fatty
acid products alone and with mixtures
and fatty ester, led to higher values of G,
2HG and 2HG3 than the amino and qua-
ternary functional PDMS types.

As observed for the bending proper-
ties, Softener 7 (DSH7), a hydrophobic
slightly cationic aminofunctional PDMS
micro-emulsion, resulted in the highest
improvement in shear properties of both
fabrics, giving the lowest shear stiffness
(G) and shear hysteresis (2HG, 2HG3)
values of all the softeners.

The organisation and orientation of sof-
tener molecules on the surface of synthet-
ic fibres have been the focus of attention
of many researchers. They would appear
to depend on the electronic charge inter-
action between the fibre and softener mol-
ecules, the hydrophobicity of the soften-
er, and the relative hydrophobicity of the
fibre surface [2, 3]. Wahle and Falkowski
[3] stated that the deposition of softener
onto the fibre surface is due to hydropho-
bic ejection from water. Textile softeners
have a hydrophilic group attached to a
hydrophobic tail. The hydrophobic parts
of the silicone softener chains cooperate
robustly with the hydrophobic and rela-
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tively non-polar fibre surface (in the case
of PET) [2]. For example, a theoretical
softening mechanism for a positively
charged amino-side hydrophilic group at-
tached to polydimethylsiloxane (PDMS)
hydrophobic group softeners was consid-
ered by Habereder et al. [21] (Figure 3).

The PDMS hydrophobic backbone im-
parts substantivity to hydrophobic fibres
such as polyester or aliphatic polyester
PLA. It is suggested that amino side-
chains in the polymer on the polyester
surface exhibit random distribution [21].
The distribution and orientation of the
silicone softeners on the PET fibre sur-
face are directed by hydrophobic fibre-
PDMS polymer interaction, leading to
an increase in the mobility of the silicone
chain segments and enhanced flexibility
of the silicone chain loops because of
electrostatic repulsion between adjacent
cationic amino side groups which are
partly protonated [17, 21]. This is the rea-
son for the super-soft handle of relatively
non-polar hydrophobic fibre softened
with aminofunctional silicone [2, 17, 21],
which could be the explanation for the
superior performance of aminofunctional
PDMS micro-emulsion softener on both
PLA and PET fabrics.

As observed for bending properties, the
shear properties of the fabrics were influ-
enced by the chemical nature of the sof-
tening agents and the emulsion type used

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 3(99)

in the softener. In contrast, the actual
ionicity of the softener and the level of
hydrophobicity of the treated fabric ap-
peared to have little or no effect.

Tensile properties

The results for the tensile properties, ten-
sile linearity (LT), tensile energy (WT),
tensile resilience (RT) and elongation
(EMT) of PLA and PET fabrics before
and after finishing with different soften-
ers are shown in Figures 4.a — 4.d. Ten-
sile linearity reflects the elasticity of the
fabric: the higher the LT value, the stiffer
the material. Tensile energy is the work
done during the extension of the fabric,
and a greater WT value corresponds to a
higher tensile strength of the fabric. Ten-
sile resilience reflects the recovery ability
of a fabric after being extended [20].

Knitting mill (greige) PLA fabric exhib-
ited higher extensibility (EM) and tensile
energy (WT) than knitting mill PET fab-
ric. There are substantial decreases in EM
and WT after dyeing, drying and heat set-
ting for both fabrics (DDH), which again
could be due to the limitation of fibre and
yarn movement in the fabric as a result of
fabric shrinkage during such processes.
This decrease observed was greater for
PET fabric, most probably because of the
higher dyeing and heat-setting tempera-
ture conditions. Similarly PET exhibits
higher RT and LT values than PLA after

dyeing, drying and heat-setting, leading
to a stiffer handle.

Higher tensile energy (WT), higher ex-
tensibility (EM), lower tensile linearity
(LT), and lower tensile resilience (RT)
were generally observed after softening
for both fabrics, with few exceptions.
These changes show that the friction be-
tween fibres was reduced during the sof-
tening process. It seems that the soften-
ing agent facilities the movement of fibre
and yarn in the fabric structure by reduc-
ing inter-fibre and inter-yarn friction. As
a result of this, both fabrics became more
extensible and less stiff with better elastic
recovery and higher tensile strength.

Although there is no clear trend indicat-
ing that the tensile properties of both fab-
rics were influenced by any of the follow-
ing softener properties: their chemical
nature, emulsion type, ionicity and hy-
drophobicity, as observed for the bending
and shear properties, the micro-emulsion
aminofunctional (DSH4, DSH7, DSHS)
and quaternary functional (DSH3) sili-
cones exhibited high tensile energy (WT)
and high extension (EM) values. As ob-
served for the bending and shear proper-
ties, Softener 7 (DSH7), a hydrophobic,
slightly cationic aminofunctional PDMS
micro-emulsion, caused more improve-
ment in tensile properties, giving the
highest tensile energy (WT) and exten-
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sion (EM) of both fabrics among all the
softeners studied.

Surface properties

The results for the surface properties, ge-
ometrical roughness (SMD), mean devi-
ation of friction (MMD), and friction co-
efficient (MIU) of PLA and PET fabrics
before and after finishing with different
softeners are shown in Figures 5.a — 5.c.
SMD is a measure of a fabric’s surface
‘profile’. The surface roughness depends
on the yarn spacing irregularity and fab-
ric geometrical factors. Higher SMD
values indicate a geometrically rougher
surface.

Knitting mill (greige) PLA fabric exhib-
ited lower geometrical roughness (SMD)
and mean deviation of friction (MMD)
than knitting mill PET fabric. The results
show a remarkable change during the
wet processing which is applied to PLA
and PET fabrics in comparison to knit-
ting mill fabrics. There is a substantial
decrease in SMD and MMD after dyeing,
drying, heat setting, and softening for
both fabrics, leading to smoother fabric
surfaces. Relaxation shrinkage during
wet processing decreases the rough-
ness (SMD) and mean deviation of fric-
tion (MMD) of both fabrics, which may
be due to the tighter and more compact
structure of the fabrics after shrinkage,
making gaps in the fabrics and the sur-
face variation smaller.
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The softened specimens had lower SMD
and MMD values than the controls,
leading to smoother fabrics because the
yarns became softer with fewer spaces
left between them after softening. In ad-
dition, softeners mask the irregularity
of the knitted fabrics. In this way, the
smoother surface of the fabric has more
contact with the probe tip and this gives a
very slight rise in the friction coefficient
(MIU). Fabrics softened with silicone
softeners (DSH1, DSH3, DSH4, DSH7,
DSHS) exhibited the lowest SMD val-
ues and were thus the smoothest fabrics
among the softened specimens in the as-
sessment. As observed for the bending,
shear and tensile properties, Softener 7
(DSH7), a hydrophobic, slightly cationic
aminofunctional PDMS micro-emulsion,
caused more improvement in the surface
roughness (SMD) of both fabrics than
the other softeners studied. There is no
clear trend showing that the MMD and
MIU properties of either fabric were in-
fluenced by any of the following softener
properties: their chemical nature, emul-
sion type, ionicity, or hydrophobicity.

All PET fabrics treated exhibited lower
SMD, lower MMD and lower MIU val-
ues than treated PLA fabrics, leading to
smoother fabric surfaces.

Compression properties

The results for the compression proper-
ties, compression energy (WC), compres-
sion resilience (RC) and compression
linearity (LC) of PLA and PET fabrics

DSH2

DSH3 DSH4 DSHS DSHE DSH7

Finishing stage

DSH8 DSH9

Figure 5. Changes in surface: a) geometrical roughness
H (SMD), b) deviation of friction (MMD) and c) friction coef-
ficient (MIU) of PLA and PET fabrics before and after fin-

before and after finishing with different
softeners are shown in Figures 6.a — 6.c.
The compression energy (WC) reflects
the fluffy feeling of the fabric. The larger
the RC values, the better the retention
ability of the fullness of the fabric after
compression. Compression linearity re-
flects the elasticity of fabric after the re-
moval of the compression load [20].

Knitting mill (greige) PLA fabric exhib-
ited higher compression energy (WC)
than knitting mill PET fabric, leading
to a fuller hand. After dyeing, drying
and heat-setting, both fabrics exhibited
lower compression energy (WC), lower
compression linearity (LC) and higher
compression resilience (RC), leading to
a fabric hand which was less fluffy but
smoother, which is in line with the sur-
face properties.

Higher WC values were generally ob-
served after softening. Although there
is no clear trend showing that all of the
compression properties of the two fabrics
were influenced by any of the following
softener properties: the chemical nature,
emulsion type, ionicity and hydropho-
bicity of the softeners, as observed for
the bending, shear, tensile and surface
properties, the micro-emulsion amino-
functional (DSH4, DSH7, DSHS) and
quaternary functional (DSH3) silicones
exhibited the highest change in com-
pression energy (WC). Fabrics softened
with these silicone softeners exhibited
the highest WC values, leading to fuller
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and fluffier fabrics among the softened
specimens in the assessment. Moreover
the application of Softener 7, the hydro-
phobic, slightly cationic aminofunctional
PDMS micro-emulsion, on both PLA
and PET fabrics (DSH7) gave the highest
compression energy (WC) and compres-
sion resilience (RC) values, leading to a
fuller, fluffier and smoother fabric hand.
This observation is also in line with the
bending, shear, tensile and shear proper-
ties. There is no clear trend showing that
the LC property of either fabric was in-
fluenced by any of the following softener
properties: their chemical nature, emul-
sion type, ionicity, or hydrophobicity.

Overall, all PLA fabrics exhibited higher
WC and lower RC values than PET fab-
rics, leading to a fluffier, fuller, and less
smooth fabric hand, which is also in line
with the surface properties.

@ Conclusions

Knitting mill (greige) PLA fabric exhib-
ited higher bending rigidity (B), bending
hysteresis (2HB), shear stiffness (G),
shear hysteresis (2HG, 2HG3), exten-
sibility (EM), tensile energy (WT) and
compression energy (WC) as well as
lower geometrical roughness (SMD) and
mean deviation of friction (MMD) values
than knitting mill PET fabric.

After dyeing, drying and heat-setting,
both PLA and PET fabrics showed higher
bending rigidity (B), bending hysteresis
(2HB), shear stiffness (G), shear hyster-
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DSH6  DSH?7  DSH8  DSH9
Finishing stage

esis (2HG, 2HG3), tensile resilience (RT)
and compression resilience (RC) as well
as lower tensile energy (WT), extensi-
bility (EM), compression energy (WC),
compression linearity (LC) and geomet-
rical roughness (SMD) values, leading
to a stiffer and less fluffy but smoother
fabric handle.

Softened PLA and PET fabrics gener-
ally exhibited lower bending rigidity (B),
bending hysteresis (2HB), shear stiff-
ness (G), shear hysteresis (2HG), tensile
resilience (RT), geometrical roughness
(SMD) and mean deviation of friction
(MMD) as well as higher tensile energy
(WT), extensibility (EM) and compres-
sion energy (WC) values than dyed, dried
and heat-set fabrics, leading to a softer,
smoother, fluffier and fuller fabric hand.

The bending (B, 2HB) and shear (G,
2HG) properties of both fabrics were
influenced by the chemical nature of the
softening agents and the type of emulsion
used in the softener. In contrast, the io-
nicity and hydrophobicity of the softener
appeared to have little or no effect on the
bending and shear properties of either
fabric. There is no clear trend showing
that the LT, RT, MMD, MIU, LC and RC
values of either fabric were influenced by
any of the following softener properties:
their chemical nature, emulsion type, io-
nicity, or hydrophobicity.

Aminofunctional and quaternary-func-
tional silicone micro-emulsions exhib-
ited the best performance, giving the
lowest bending rigidity (B), bending

DsH2 DSH3 DSH4 DSHS DSHé DSH7 DSH8 DSH9

Finishing stage

H Figure 6. Changes in compression: a) energy (WC), b) lin-
earity (LC) and c) resilience (RC) of PLA and PET fabrics
before and after finishing.

hysteresis (2HB), shear stiffness (G),
shear hysteresis (2HG) and geometrical
roughness (SMD)as well as the highest
compression energy (WC), high tensile
energy (WT) and extension (EM) values
by reducing inter-fibre friction, leading to
the softest, fluffiest, and smoothest fab-
rics among the softened specimens in the
assessment. Fatty ester softener and fatty
acid based softeners were less effective
than aminofunctional and quaternary-
functional silicone micro-emulsions.

Overall, the best softener for both fab-
rics was a hydrophobic, slightly cationic,
aminofunctional polydimethylsiloxane
micro-emulsion softener, which gave
the lowest bending rigidity (B), bending
hysteresis (2HB), shear stiffness (G),and
shear hysteresis (2HG, 2HG3), the high-
est tensile energy (WT), extension (EM),
compression energy (WC) and compres-
sion resilience (RC), as well as very low
geometrical roughness (SMD) values,
leading to the softest, fullest, fluffiest,
and smoothest fabric handle in this study.

Overall, all the softened PLA fabrics ex-
hibited lower bending rigidity (B), tensile
linearity (LT), and tensile resilience (RT)
as well as higher tensile energy (WT),
extensibility (EM), geometrical rough-
ness (SMD), mean deviation of friction
(MMD) and compression energy (WC)
values than all softened PET fabrics,
leading to a softer, fuller and fluffier but
rougher fabric handle.

87



Acknowledgements

Financial support of the Isfahan University of
Technology is gratefully appreciated. We are
also greatly indebted to NatureWorks LLC
for providing the materials used in this study
and for their valuable advice.

References

1

2.

88

. Heywood D. Textile Finishing. Society of

Dyers and Colourists, Bradford, 2003.
Schindler WD, Hauser PJ. Chemical
Finishing of Textiles. Woodhead Pub-
lishing in Textiles, 2004.

. Wahle B, Falkowski J. Softeners in tex-

tile processing. Part 1: An overview. Re-
view of Progress in Coloration 2002; 32:
118-124.

. Hong J, Jayaraman S. Friction in tex-

tiles. Textile Progress 2003; 34 (1/2).

. Dockery A. American Textiles Interna-

tional 1988; 17(12): 40.

. Kawabata S. The Standardization and

Analysis of Hand Evaluation. 2nd edi-
tion. The Hand Evaluation and Stand-
ardization Committee, the Textile Ma-
chinery Society of Japan, July 1980.

. Postle R, Kawabata S, Niwa M, Mahar

TJ. Textile Machinery: Investing for the
Future. Textile Institute, Manchester, 8.
1982.

Organisers:

10.

1.

12.

13.

14.

15.

16.

. Drumright RE, Gruber PR, Henton DE.

Polylactic acid technology. Advanced
Materials 2000; 12(23): 1841-1846.

. Dugan JS. Novel Properties of PLA Fib-

ers. Research Fiber Innovation Technol-
ogy, Inc., INTC 2000, Texas, USA, 2000.
Available at: http://www.fitfibers.com/
publications.htm.

Sawyer DJ. PLA technology and appli-
cations. Nonwovens World 2001; 10(2):
49-53.

Jacobsen S, Degée P, Fritz HG. Polylac-
tide (PLA) — a new way of production.
Polymer Engineering and Science 1999;
39(7): 1311-1319.

Blackburn RS. Biodegradable and Sus-
tainable Fibres. Woodhead Publishing
Limited, 2005.

Slade PE. Handbook of Fiber Finish
Technology. Marcel Dekker Inc., 1998.
Avinc O, Wilding M, Gong H, Farrington
D. Effects of softeners and laundering
on the handle of knitted PLA filament
fabrics. Fibers and Polymers 2010;
11(6): 924-931.

DyStar Plc, Ingeo™ Fiber Coloration
Pack. DyStar Textilfarben GmbH & Co.
Deutschland KG, 2004. Available at:
www.natureworkslic.com, accessed No-
vember 2010.

Avinc O, Bone J, Owens H, Phillips D,
Wilding M. Preferred alkaline reduction-

4-7 June, Miedzyzdroje, Poland

m [nstitut of Polymers, Faculty of Chemical Technology and Engineering
B West Pomerania University of Technology in Szczecin, Poland

17.

18.

19.

20.

21.

22.

23.

clearing conditions for use with dyed
Ingeo poly(lactic acid) fibres. Coloration
Technology 2006; 122: 157—-161.

Shore J. Colorants and Auxiliaries, Or-
ganic Chemistry and Application Proper-
ties. 2nd edition. Volume 2: Auxiliaries.
Society of Dyers and Colourists, 2002.
Bereck A, Riegel D, Matzat A, Habered-
er P, Lautenschlager H. Silicones on fi-
brous substrates: Their mode of action.
AATCC Review 2001; January: 45-49.
Kut D, Gunesoglu C, Orhan M. Deter-
mining suitable softener type for 100%
PET woven fabric. AATCC Review
2005; 5: 16-19.

Hasani H. Effect of the different process-
ing stages on mechanical and surface
properties of cotton-knitted fabrics. In-
dian Journal of Fiber & Textile Research
2010; 35: 139-144.

Habereder P, Bereck A. Softeners in
textile processing. Part 2: Silicone sof-
teners. Review of Progress in Coloration
and Related Topics 2002; 32: 125-137.
Habereder P. In: 28th Aachen Textile
Conference 2001; 2002: 94—104.
Schindler W, Hauser P. Chemical fin-
ishing of textiles: soft-handle finish. /TB
International Textile Bulletin 2003; 4:
72-79.

Received 11.07.2012 Reviewed 03.09.2012

The Scientific Committee of the Conference is represented by 45 outstanding researchers

Chairman of the Organisinc Committee
Prof. Tadeusz Spychalski Ph.D., D.Sc., Eng.

Scope of the Conference

B Polymer composites and compositions
= Polymer composites and nanocomposites
= New polimer materials (thermoplastic, elastomeric, chemo-and thermoreactive)
= Coating materials and glues
= Modificators and auxiliary agents
B Polymers and the environment
= Biodegradable polymers

Invited Lectures (selected)

For more information please contact:

Polymeric biomaterials
Polymers and resins in water systems
Recycling of polymer materials

Katarzyna Wilpiszewska, Ph.D., Eng.
Phone: +48 91 449-41-78

e-mail: kwilpi@zut.edu.pl

www.pomeraniaplast.zut.edu.pl

Andrzej K. Bledzki ‘Cellulose fibres substitude of glassfibres in biocomposites’
Danuta Ciechanska ‘Biomass as a source of functional polymeric materials’

Zbigniew Florianczyk ' Polimeric materials on the basis of unorganic-organic polymers’
Andrzej Gafeski ‘Composites and nanocomposites on the basis of polilactide’
Marek Kowalczuk ‘Synthesis and properties of biodegradable poli(ester-urethanes) and their application

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 3(%9)



