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B Introduction

Silk-like finishing, which is used to make
100% PES fabrics similar to natural silk
in drape and hand, has been a common
industrial treatment for a long time [1].
Essentially the process involves treat-
ing polyester fabrics with an aqueous
solution of caustic soda under variable
conditions of concentration, temperature
and exposure time. As a result, polyester
fibres undergo nucleophilic substitution
and hydrolysis by reaction with alkali
metal hydroxides, hydroxyl ions in the
hydroxides attacking the electron-defi-
cient carbon atoms of carbonyl groups
in the polyester. to form an intermediate
anion. This is followed by chain scission
and leads to the formation of terminal hy-
droxyl and carboxyl groups [2].

Hot soda solutions hydrolyse polyester
fibre surfaces, thereby gradually reduc-
ing their thickness and weight. The hy-
drolysis rate depends on the alkali con-
centration and temperature used. Some
studies have revealed a linear relation-
ship between the treatment time and
square root of the residual fibre weight
[2, 3], while others have found a non-lin-
car relationship between fibre weight loss
and alkali concentration and temperature
at each treatment time [1]. Industrial and
research evidence suggests that the tem-
perature has an even stronger effect than
alkali concentration on the reaction rate,
the latter variable in turn being more in-
fluential than the treatment time [2].

An appropriate combination of alkali
concentration and temperature can be
used to obtain very interesting finishing
effects. In fact, removing the outer layer
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Abstract

A 100% PES woven fabric was subjected to a silk-like finishing treatment using a two-factor
(soda concentration and vaporisation time), three-level experimental design on a pilot plant
in order to examine the influence of process variables on fabric drape and hand, and also
to relate weight loss to the properties of the finished fabric. Weight loss in the fabric was
significantly related to the process variables studied. By contrast, the vaporisation time af-
fected no drape indicator, even though it interacted significantly with the soda concentration,
which influenced three of the five indicators examined. Also the vaporisation time affected no
FAST property, but its interaction with the soda concentration had a significant effect on all
drape-related FAST parameters. Regression equations accurately predicting drape indicators
and physico-mechanical properties of the fabric studied from its weight loss are proposed.
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of fibres leaves a slightly grainy, wavy
surface that confers a softer touch and
increased drape to fabrics.

Some authors have investigated the hy-
drolysis of polyester fibre with various
bases in non-aqueous media as well as in
aqueous sodium hydroxide [4, 5]. Fabric
weight loss resulting from the silk-like
finishing process has been the subject of
several studies since the 1980s, which
have revealed that treating fabric with
soda has no effect on the fibre cross-sec-
tion [2, 6] but alters fibre and yarn thick-
ness [7, 8]. The process has also been
studied in relation to the mechanical
properties of fabric yarns [2, 7], loss of
tensile strength [9]; specific structure
energy [7], bending stiffness [10], drop
properties [11], air permeability [7]; wa-
ter vapour and liquid water transfer [12],
the contact angle and wicking [7, 12],
hand properties [6] and the effects of
weight loss in polyester microfibre-based
fabrics on their physical and mechanical
properties [13]. Other authors have ex-

amined the influence of silk-like finish-
ing variables and their effects on polymer
surfaces [2].

There have also been several studies on
the action of sodium hydroxide in alco-
holic media (methanol, ethanol, propanol
and butanol) on polyester fabrics and its
influence on fabric weight loss, tensile
strength, density, crystallinity, thermal
properties, surface properties (under an
electron microscope) and the dielectric
constant [14]. A study on the dielectric
constant revealed that weight loss by the
effect of polyester fabric hydrolysis dif-
fers for treatments with sodium hydrox-
ide and those with a sodium alkoxide in a
non-aqueous medium.

B Objectives

Industrially the silk-finishing process is
controlled mainly via fabric weight loss
through the effect of soda treatment.
The loss, however, is merely a means
to an end rather than the aim. The pri-

Figure 1. Left: woven fabric consisting of twisted continuous polyester filaments (warp) and
untwisted continuous polyester filaments (weft). Right: magnified view of a weft filament

(left) and warp filament (right).
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Figure 2. Pad-Steam pilot plant used in the fabric finishing treatment.

mary aim of this work was to examine
the influence of process variables of the
silk-like finishing treatment on fabric
drape, as well as the relationship be-
tween weight loss and the properties of
the finished fabric.

B Material and methods

The present study was conducted on a
100% PES fabric (see Figure I), the
characteristics of which are summarised
in Table 1. The fabric was subjected to
a silk-like finishing treatment on a Pad-
Steam pilot plant, comprising an impreg-
nation vat, vaporisation zone, washing
train and drying zone (see Figure 2). The
plant is located at the Chemical Textile
Technology Laboratory of the Textile
Research and Industrial Cooperation In-
stitute of Terrassa (INTEXTER), Univer-
sitat Politécnica de Catalunya (UPC).

Table 2 summarises characteristics of the
experimental set-up used. The study was
conducted in accordance with a two-fac-
tor (soda concentration and vaporization
time), three-level experimental plan (see
Figure 3). The nine experiments needed
bounded an experimental region consist-
ent with the usual industrial conditions
for this fabric and aerial weight. Using
a 32 factorial design allowed not only
linear effects and interactions but also
curvature effects to be examined. The
design comprised only 8 degrees of free-
dom, and hence it precluded assessing
experimental error. The principal effects
possessed 2 degrees of freedom each and
interactions 4. With two replications,
the total number of degrees of freedom
would have been (2:3%) — 1 = 17 and that
for experimental error 9.
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Figure 3. Experimental design used. Each dot represents a response measured.

Table 1. Properties of the woven fabric studied.

Property Crude, washing and stabilisation at 120 °C
Composition 100% PES
Weave Satin (3e?, b. 2,2,1) (Figure 1)

Warp titre, tex
Wetft titre, tex

Twisted continuous filament, 19 400 tex
Untwisted continuous filament, 43 800 tex

Aerial weight, g/m? 260.540
Thickness at 2 g/cm?, mm 0.497
Table 2. Specifications of the Pad-Steam system used.
Pilot plant width 33cm
Foulard pressure 10 kg

NaOH concentration 300, 325 and 350 g/l + 2 g/l Sandopan DTC
105 °C, saturated vapour

8, 10 and 12 min

Vaporisation temperature
Vaporisation time
Washing
Neutralisation 2 vats containing a 2 g/l concentration of 80% acetic acid

90 °C
1 min

Rame temperature
Rame drying time

2 washing vats containing water at 60 °C and 1 at room temperature



Figure 4. Area of simple fall. A = area of simple fall, B = base blade

area, C = specimen area.

The 32 plan used is depicted schematical-
ly in Figure 3. The null hypothesis (H,)
was that the properties of the target fabric
would be insensitive to differences in the
process variables and, hence, that the fac-
tors examined would have no effect. The
alternative hypothesis was that the fabric
properties studied would be influenced
by changes in the process variables.

The finished fabric specimens obtained
were subjected to a series of analyses in
order to determine the specific physico—
mechanical properties typically used to
assess fabric drape industrially.

A literature search for the period 1950-
2013 retrieved 36 different reported
drape indicators. Despite the large num-
ber of indicators currently available,

Figure 5. FP = fold peak, VF = valley fold, FPR = fold peak radius,

VEFR = valley fold radius, FW = fold width, FH = fold height,
r = support disc radius, R = specimen radius, ecr = equivalent circle
radius, a. = angle between consecutive folds.

the drape ratio (%DR) continues to be
the most widely used even though it
has proved ineffective to explain drape
shape. In order to assess the accuracy of
the 36 indicators, we used a digital Cu-
sick drape meter to calculate them for a
total of 37 commercial drapery, wool-
making, shirtmaking and lining woven
fabrics, spanning a wide range of compo-
sition, aerial weight and weave type [15].
A correlation analysis between indicators
and subsequent suppression of duplic-
ity and collinearity revealed that seven
were mutually correlated. Also a princi-
pal component analysis of the results re-
vealed an underlying structure consisting
of three common factors which allowed
the indicators to be classified into three
different groups according to drape in-
tensity, severity, and shape symmetry and

Table 3. Experimental tests conducted on the fabric.

Parameter Units
Weight loss %
Drape ratio, %DR %
Fold number, FN Folds
Fold height, FH mm
Drape unevenness, %DU %
Folding distribution, %Gp %
Overall formability, F mm?
100% Warp stretching, Wp E100 %
100% Weft stretching, We E100 %
Bias elongation, Be %
Overall bending stiffness, BS mN-m
Shear stiffness, G N/m
Thickness at 100 g/cm?, GT 100 mm
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Equipment Reference
Balance UNE 339-76
UPC digital drape meter [15]
UPC digital drape meter [15]
UPC digital drape meter [15]
UPC digital drape meter [15]
UPC digital drape meter [15]
FAST [16]
FAST [16]
FAST [16]
FAST [16]
FAST [16]
FAST [16]
FAST [16]

variability. Cluster analysis, which was
additionally used to examine the results
in graphical form, singled out three clus-
ters that coincided with the three factors
in the underlying structure. A criterion
for distinguishing fabrics with an iden-
tical drape ratio in terms of drape shape
based on sequential application of four of
the seven initially selected indicators was
developed and experimentally validated.

In this study, drape was assessed using
five of the seven indicators selected by
the authors in a previous work on the
evaluation of fabric drape [15].

The specific indicators used were as fol-
lows:

Drape ratio (%DR) [17], which was cal-
culated from

%DR = (2=5) - 100 (1)
the parameters of which are illustrated in
Figure 4.

Fold Number (FN) [18]. A fold was tak-
en to be the maximum projection of the
drape profile on a plane. Geometrically
folds are roughly triangles of width FIW
and height FH, with a peak FP and two
adjacent valleys F'V as vertices (see Fig-
ure 5).

Mean fold height (FH) [19], in mm, as
measured from the line used to calculate
FW (see Figure 5).
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Drape unevenness (%6DU) [20]. This is
the coefficient of variation between con-
secutive folds and accounts for drape
symmetry in each specimen, but not for
drape shape. This indicator is expressed
as a percentage and can range from 0%
(maximum symmetry) to 100% (mini-
mum symmetry).

[ (oi=0)2
%DU = *—21—x100  (3)

Fold distribution (%Gp) [21]. This is the
percent coefficient of variation for the
peak length (FPR, Figure 4), and pro-
vides a measure of variability in the fold
shape and symmetry in each specimen.

YL, (FPRi- FPR)2

wop = i —

x100 (4)

The physical and mechanical properties
of the fabrics related to the drape were
examined using FAST equipment [16].

Table 3 shows the tests, equipment and
methodology used. All specimens were
conditioned in accordance with UNE
40-139-75 and all tests conducted at the
Textile Physics Laboratory of the Textile
and Paper Engineering Department of the
Universitat Politécnica de Catalunya.

@ Results and discussion

Table 4 shows the figures of merit of the
regression between weight loss as a re-
sponse variable and process variables at
the three levels examined. Using multi-
ple linear regression to fit the relationship
between weight loss and process varia-
bles led to a second-order linear model
containing no quadratic terms and pro-
viding the response surface of Figure 6.

The regressors accounted for 86.173%
of the wvariability in the response
(R*>=186.173). The equation can thus be
used to predict weight loss at different
values of the process variables.

Since all p values in Table 4 are less than
0.05, the finishing process variables stud-
ied were statistically significantly related
to fabric weight loss at the 95.0% confi-
dence level.

The NaOH concentration only influenced
those indicators related to drape intensi-

ty (%DR and FN) (Figures 7 and 8) or
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Figure 6. Estimated response surface for fabric weight loss as a function of NaOH

concentration and vaporisation time.

to geometric isometry in the drape shape
(%DU) (Figure 9). However, it had no
effect on the node severity or roughness
(FH), nor on the evenness of the drape
profile shape (%Gp) because these in-
dicators are the result of specific inter-
actions between physico-mechanical
properties of fabrics which did not occur
in this case. The time-concentration in-
teraction had no effect on drape intensity
(%DR) but influenced the fold number
(FN) (Figure 10); this is usually the case
with fabrics of identical drape (%DR) but
differing in the fold number (FN) [15].
This interaction influences the node se-
verity or roughness — a phenomenon ex-
plained by the indicator FH, which thus
allows one to discriminate between drape
shapes and confirms the results of a pre-
vious study [15].

The results obtained using the experi-
mental plan proposed are shown in Ta-

ble 5. As noted earlier, fabric weight loss
was strongly influenced by the soda con-
centration, vaporisation time and their
mutual interaction.

As with drape, the vaporization time had
no influence on FAST properties. On the
other hand, the NaOH concentration was
related to all the physico-chemical prop-
erties measured by FAST equipment that
were previously shown to affect fabric
drape [22] (Figures 11-13 and 15-16).
Also the time—concentration interac-
tion was closely associated to the shear
stiffness (G) and bias elongation (Be)
(Figures 14 and 17). One should bear in
mind that FAST methodology uses Be to
calculate G (see Table 6).

The silk-like finishing treatment results in
a weight loss in polyester fibres as a con-
sequence of a decreased diameter rather
than of changes in the inner structure. The

Table 4. Results of the multiple regression analysis.

Parameter Estimate
Constant 102.411
Concentration -0.252
Time -10.717
Concentration-time interaction 0.034

Standard T p R?, %
error
26.382 3.881 0.001
0.081 -3.117 0.007
2.603 -4.116 0.001 86.173
0.007 4.360 0.000

Table 5. p value for each condition. Note: * p < 0.05.

Loss (%) Vaporisation time
Weight, aerial 0.001*
%DR 0.319
FN 0.769
FH 0.882
%DU 0.572
%Gp 0.372

NaOH concentration Time + concentration

0.000* 0.002*
0.012* 0.432
0.028* 0.018*
0.087 0.033*
0.042* 0.074
0.663 0.806
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Figure 14. Interaction plot for Be.
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Figure 15. Main effect plot for BS.

decreased diameter reduces the bending
stiffness and improves drape as a result
[23]. Our results for fabric weight loss,
physico-mechanical properties and drape
are quite consistent with these assertions.

Table 7 shows the regression models for
the weight loss and different drape indi-
cators and Table 8 those for the different
FAST parameters. The weight loss was
inversely related to the %DR and linear-
ly related to FN and %DU. The relations
with FAST regressors were all linear.
However, the variables were transformed
in order to obtain equations with high co-
efficients of determination — and hence
low mean square errors. Because none of
the coefficients exceeded 75%, the equa-
tions cannot be used as predictive mod-
els; however, they are useful to explain
the process in terms of drape and FAST
parameters.

B Conslusions

As in several previous studies, a statisti-
cally significant relationship at the 95.0%
level between the fabric weight loss and
process variables of silk-like finishing
treatment was found here. The linear
model proposed accounts for 86.173% of
the variability in weight loss. Therefore
the response surface model proposed can
be used for predictive purposes.

Although the vaporisation time affect-
ed none of the drape indicators studied,
drape intensity (FN) and its severity (FH)
interacted significantly with the NaOH
concentration. However, such a concen-
tration only influenced drape intensity
indicators (%DR and FN) and geometric
isometry (%DU).

The vaporisation time affected no FAST
parameter either; however, it interacted
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Table 6. p values of the responses. Note: * p< 0.05.

Loss, % Vaporisation time | NaOH concentration | Time + concentration

Wp E 100% 0.275 0.021* 0.195

We E 100% 0.345 0.017* 0.314

Bias elongation, Be 0.335 0.000* 0.023*

Overall bending stiffness, BS 0.493 0.002* 0.816

Shear stiffness, G 0.256 0.000* 0.022*

Thickness at 100 g/cm?, GT100 0.454 0.317 0.513

Table 7. Regression models between weight loss and drape.
Variable Model Coefficients F P R%, %
1
%DR Y=—5 a=00s2 17.790 0.000 52.650
at+o =-0.503
FN v=VYa+b-x* ab==602651759 8.090 0.011 33.590
%DU Y= Yarb-¥% a=-653.259 10.130 0.005 38.771
b =180.004
Table 8. Regression models between weight loss and FAST properties.
Variable Model Coefficients F P R2, %
_ 2 oz a=159567.0
Wp E 100 Y= Ya+b-X b = 350.430 33.990 0.000 67.994
We E 100 v=Yarb-x* a=9999.270 8.170 0.011 33.797
b =50.484
. =124 668.0
Be Y= Va+b-X2 b =273.983 21.020 0.000 56.783
2 a=1983290
BS ¥=3Ya+b-InX b= 1953 470 19.270 0.000 54.641
2 . a=-11214 900

G v=Vazn-¥x b = 3007 430 8.870 0.008 35.670
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significantly with the NaOH concentra-
tion in Be and G. Such a concentration
influenced all FAST parameters associat-
ed to the drape.

Weight loss resulting from the silk-like
finishing treatment affected the physi-
co-mechanical properties associated to
the drape intensity (%DR and FN) and
shape (FH) as well as the geometric
isometry (%DU) and drape profile une-
venness (%Gp), namely bending stiff-
ness, shear stiffness and stretching.

The equations of the regression models
proposed allow fabric weight loss to be
explained in terms of drape and FAST
parameters. The models, however, only
account for part (33-67%) of the shared
variability in weight loss.

Our results regarding fabric weight loss,
FAST parameters and drape indicators
confirm previous conclusions about the
consequences of a decreased diameter in
polyester fibres through the effect of the
silk-like finishing treatment.
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