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Colour fastness of screen printed
polyamide knitwear to chlorinated water

ABSTRACT

Two polyamide knitwear used in the production of swimwear were analysed.
This paper examines the water retention value, the water absorption value
and the colour difference after the repeated exposure of the polyamide knit-
ted fabrics, printed with screen printing technique, to the chlorinated water.
Screen printing of the samples results in an increase of the water retention
value and reduction of the water absorption value for both materials. The
colour difference after the series of exposures to the chlorinated water (AE)
showed that the trend is the same for all reproduced colours (CMYK), i.e.
that the increase in the number of exposures to the chlorinated water results
in the increase of the difference between the reproduced colours, for both
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Introduction

Expansion in the development of technique and technol-
ogy leads to new demands that are placed in front of the
producers, on a daily basis, despite the field of activity.
These requirements also reflected in the printing indus-
try of textile materials. Fashion trends and changes in
the market make great pressure on this industry (Gupta,
2001). Nowadays, it is not enough that clothes fulfil only
the basic function, but it is also expected to fulfil the
personal requirements of the individual, such as visual
appeal. Therefore, clothes must fulfil both aesthetic and
fashion requirements (Mecheels, 1992; Stanci¢, 2015).
The main requirement nowadays in the fashion world is a
design that is unique and exclusive. Textile material users
are increasingly demanding individualization and per-
sonalization, through the availability of different styles,
colours and design (Choi et al., 2003). Therefore, more
and more funds are allocated for the development of
products that are tailored to the needs of man, and they
are in accordance with the personal requirements of the
individual (Gruji¢, 2010).

The printing in a very simple way contributes to the im-
provement of the aesthetic value of clothing (Stancic¢ et
al., 2014). Aim of this process is to increase the perceived
value of garments, in such a way that the user of the
product perceives a greater usefulness of the product
against its price (Vladi¢ et al., 2014). The printing process
of textile materials can be defined as a process of ink
transfer, by a certain printing technique, on a textile
substrate (Kasikovi¢ et al., 2014). From the artistic aspect,
this process can be characterized as the art and ability to
apply a specific design to the surface of textile material
(Tippet, 2002).

There are many different kinds of textile materials in use,
as well as various printing techniques that can be used to
print them (Dawson & Hawkyard, 2000; John & Anandji-
wala, 2009; Stancic¢ et al., 2014; Juric et al., 2015; KaSikov-
i¢ et al., 2015). Printing techniques suitable for printing of
textile materials are: screen printing, digital printing and
thermal transfer printing (Novakovi¢, Kasikovi¢ & Vladi¢,
2010). Screen printing is considered to be the dominant
printing technique in the textile world (Kiatkamjornwong,
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Putthimai & Noguchi, 2005; Kasikovi¢, 2012; Kasikovi¢

et al., 2012; Onar Catal, Ozgiiney & Akcakoca Kumbasar,
2012; Stancic et al., 2014; Juric et al., 2015). The advan-
tages of this printing technique are the cost and produc-
tivity. Compared to other printing techniques, equipment
is usually cheaper and simpler. It is also suitable for long
print runs (Lee et al., 2008; Krebs et al., 2009). Another
advantage of this printing technique is the ability to print
different types and shapes of substrates. One more char-
acteristic of screen printing is usage of different types of
inks (Novakovi¢, Pavlovi¢ & Kasikovi¢, 2015).

Among the most important sorption properties are: air
permeability, water retention value and relative humid-
ity. Water retention value of textile materials is a very
important characteristic of these materials and is directly
related to the degree of comfort that the user perceives
when wearing clothes made of these materials (Stancic,
2015). Water retention value of textile materials depends
largely on the type of fibres, i.e. the creation of chemical
bonds between water molecules and fibres. It can be
defined as the amount of water retained by the fibre
sample after being immersed in water during a certain
time and by removing excess water by centrifuging in
the centrifuge during a certain time and with a certain
number of rotations (Lazi¢, 2018). During the printing
process part of the printing ink is applied to the surface
of textile material and other part penetrates into it. Thus,
the printing ink covers the surface of the fibres, thereby
preventing direct contact and binding of water to the
textile fibres (Stancic, 2015).

In many industrial applications, finishing techniques are
used to improve functional or aesthetic fabric properties,
and to improve product quality, consistency, value and
profitability for the manufacturer. For colouring textiles,
a substrate with good absorption capacity is required,

in order to dye or print fabric evenly and efficiently. The
fabric printing using water pigment paste is yet another
example that shows the importance of absorption and
water transport in the fabrics. In this case, a fabric with
moderate absorption capacity is required. If the fabric
does not absorb water, the first printed colour will retain
on the surface of the material and application of the next
colour will then besmear the sample. On the other hand,
if the absorption is too large, the paste will penetrate
through the back of the fabric and as a result, the colour
yield on the surface will be reduced. Therefore, it is nec-
essary to accurately measure the absorption capacity of
the moisture to ensure that the edge of the printed sam-
ple is sharp and that the desired colour can be achieved.
Likewise, in the case of ink-jet printing, the fabric must
be wetted with ink, but it must not allow it to spread and
spill (Tang et al., 2014).

Since the tested materials are primarily used for the pro-

duction of swimwear, the printed samples are subjected
to exposure to the chlorinated water (pool water). In
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previous studies, several authors exposed samples to
different concentrations of chlorine (Epps, 1987; Siddiqua
et al., 2017; Chowdhury, 2018) in order to establish the
durability of colouration, both dyed and printed textile
materials. It has been found that this parameter has an
influence on colour fastness and that it depends on the
type of ink and pigment, the printing process, the chlo-
rine concentration and the type of material.

Some of the authors assessed the colour difference with
a colorimetric evaluation, while other authors assessed
the colour difference with a grey scale evaluation of
colour change, after exposure to different influences

in their researches. In this research assessment of the
samples after exposure to the chlorinated water was
done using spectrophotometer and colour difference
according to the CIELAB system. To determine value of
colour difference there are various formulae that can be
used, for example CMC (Clarke, McDonald & Rigg, 1984),
BFD (Luo & Rigg, 1987), CIE 94 (CIE, 1995) and latest CIE
AE2000 (Luo, Cui & Rigg, 2001). Obtained values of co-
lour differences can be divided into the following groups:
AE < 0,2 (the colour difference is not perceptible), AE
between 0,2 and 1 (the colour difference is noticeable),
AE between 1and 3 (the colour difference is percepti-
ble), AE between 3 and 6 (the colour difference is easy
perceptible) and AE over 6 (obvious colours difference)
(Schlapfer, 2002). Examination of colour change after
repeated exposure to chlorinated water was investigated,
to determine how the number of exposures affect the
quality and colour change.

This paper examines the water retention value, the water
absorption value, and the colour difference after the re-
peated exposure of the polyamide knitted fabrics to the
chlorinated water. These materials are used in the pro-
duction of swimwear, and it has been noticed that there
is an increasing tendency of printing these materials, in
order to personalize product and increase the experi-
enced value. Thus, in this paper, the characterization of
two polyamide knitwear, determination of their ability
to retain and absorb water, before and after the printing
process with screen printing technique, and the control
of the colour fastness of printed samples to repeated
exposure to chlorinated water (pool water), were done.

Methods and Materials

This research included two polyamide knitwear with
left-right weave type (Figure 1). Material characterization
was done according to following standards: material
composition (International Organization for Standard-
ization, 1833), fabric weight (Institut za standardizaciju
Srbije, 1986) and thread count (Institut za standardizaciju
Srbije, 2012). These properties are presented in Table 1.



Table 1
Characteristics of PA knitwear used in research

. . Material Fabric weight Specific Density
Material Material type Type of weaves T e (g m?) (cm)
Vertical:
. ) Polyamide 75% Dv =26
A Knitwear Left-right Elastane 25% 141.24 Horizontal:
Dh =30
Vertical:
. ) Polyamide 53% Dv =23
B Knitwear Left-right Elastane 47% 164.36 Horizontal:
Dh =17
Method ISO 1833 SRPS F.52.016 SRPS EN 14971
= and Black were printed. Dimensions of printed patches
Q ? were in accordance with standards: patch dimension 10 x
.
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» Figure 1: Tested samples of polyamide knitted fabrics
(50x magnification). a) Material A, b) Material B

The samples were printed with screen printing tech-
nique. Printing plate was made using printing screen
mesh count of 120 threads per cm on wooden tubing
frames (50 x 70 cm). Conventional exposure was con-
ducted using linear positive films. Photosensitive Sericol
Dirasol 915 emulsion was used. Light exposure was done
using neon lamp at a 10 cm distance from the mesh.
Exposure time was 8 minutes.

Squeegee hardness was 65 Shore Type A, ink fixation
was done under the temperature of 180 °C, with the
exposure time of 8 seconds. Printing was done with dis-
persive inks with BEZAPRINT pigment and TUBIFAST AS
30 solder. For process colours — Cyan, Magenta, Yellow

10 cm for water absorption testing and patch dimension
10 x 4 cm for testing colour fastness to chlorinated water.
For testing water retention value, it was important that
printed patches were 1.6 g in weight.

Determination of the water retention value for textile
materials (WRV) was done according to DIN 53814
(Deutsches Institut fir Normung, 1974). Air-conditioned
samples of material (approximately 1.6 g) are cut into
small pieces. For every sample four parallel measure-
ments have been done, whereby in every cuvette, which
has been previously weighed, was placed 0.4 g of the
sample. Cuvettes with samples have been placed in a
glass and previously prepared solvent has been poured
over the samples (1 g of non-ionic substance in 1 litter

of distilled water). Bubbles have been pushed out with
needle and samples prepared this way have been left

to stay for 2 hours. The cuvettes were then centrifuged
for 20 minutes at 3000 rpm, using CENTRIC 150 A from
Tehtnica. After centrifuging, cuvettes with samples were
weighed, and from the difference in mass of cuvette with
sample after centrifuging and empty cuvette the mass
of the processed sample was obtained. Water retention
value for fabrics WRV is expressed in percentage (%) and
is calculated according to the expression (1):

WRY = YrecWary o 100 (%] (1)
Wdry

where:

W, .~ wet weight [g],

W, - dry weight [g].
Water absorption value is expressed with amount of
absorbed water, which textile material, brought in a
balance with the standard atmosphere, may absorb
under defined conditions, if it is immersed in water at
20 °C. According to DIN 53923 (Deutsches Institut fr
Normung, 1978), 5 specimens dimensions 100 x 100 mm
should be prepared, and brought in a balance with the
standard atmosphere. Conditioned specimen is then
weighed and attached on the corners, using needles or
grippers, to the sieve and immersed in the distilled water.
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Temperature of the water should be 20 °C, and spec-
iment should be 20 mm under water level. Time of
soaking is 60 * 3 s. After that specimen together with
the sieve is removed from the water, three corners of
the material are released, and the sieve is tilted to the
horizontal plane in a way that the specimen moves away
from the substrate and remains to hang free. This way
the water can drain. Draining time is 120 + 3 s. After that
specimen is placed in weighing container and weighed
again. From the difference in specimen mass, before
and after procedure, amount of absorbed water is being
calculated and expressed in percentage.

Colour fastness to chlorinated water was done accord-
ing to ISO 105-E03:2010 (International Organization for
Standardization, 2010). The process was repeated 10
times with chlorinated water solution of active chlorine
concentrations of 100 mg/I. A solution containing 100
mg of active chlorine per litre was prepared according to
the procedure detailed in ISO 105-E03:2010. The solution
consisted of 41.5 mL of sodium hypochlorite solution (20
mL of sodium hypochlorite solution containing 140-160
g/L active chlorine in 1 litre of water), 100 mL of 14.35
g/L potassium dihydrogenphosphate solution and 500
mL of 20.05 g/L disodium hydrogenphosphate dihydrate
solution. The pH of solution was 7.5. Colour fastness

to chlorinated water was measured repeatedly four
times: before treatment with chlorinated water, after
first, fifth and tenth treatment with chlorinated water.

Samples were 10 x 4 cm dimensions (three repetitions).
The mass of the sample is determined with an accuracy
of 1 mg. A sufficient quantity of solution was poured in
the glass container so that the ratio of the solution to
the fabric is 100:1. Sample was immersed in the solu-
tion, so it was thoroughly wetted. After that container
was closed. Sample was left in container for 1 hour
under the temperature of 27 + 2 °C and subdued light
in Memmert WNB 22 water bath, and mechanical shak-
ing at 50 strokes per minute with mechanical shaking
device Memmert SV 1422. After one hour sample was
removed from the container, extracted (hydroextracted)
so that solution does not drip, and dried by hanging

in air at room temperature. Colour change of treated
sample was estimated using Konica Minolta CM-2600d
(Konica Minolta Sensing, Inc., Japan) spectrophotom-
eter (standard illumination D65, standard observer
angle 10°, measurement geometry d/8, SCI- spectral
component included) and colour difference according
to CIELab colour system. Measurements were repeat-
ed 10 times for every sample, and arithmetic mean of
10 measurements was taken for more accurate result.
Same procedure was repeated with two other samples.
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Results and Discussion

Water retention value

In Figure 2 are shown water retention values of tested
samples, before and after printing, with four process
colours: cyan (C), magenta (M), yellow (Y) and black
(K). It can be noticed that material B has higher water
retention value before printing compared to mate-

rial A. This can be explained by difference in fabric
weight between materials. Material A has smaller
fabric weight (141.24 g/m?) than material B (164.36 g/
m?), which leads to conclusion that material B should
retain more water. Also, if the density of knitting and
the porosity of the structure are considered, it can be
noticed that second material has smaller density of
knitting, which leads to conclusion that this material has
greater possibility of retaining the water molecule in
it’s structure, namely the water molecules are trapped
in the pores of the material and they are not able to
free themselves during centrifuging of the samples.

Water retention value of screen printed polyamide knitwear

30
C M Y K

» Figure 2: Water retention value of screen printed poly-
amide knitwear
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Further, for printed samples, an increase in water reten-
tion value is observed for both materials. However, this
increase for material A is considerably higher than for
the material B, and after printing material A has a higher
water retention value, although it was smaller for this
material before printing. Considering the hydrophobic-
ity of the polyamide, the printing ink mainly retains on
the surface of the knitwear or eventually fills the pores
between the fibres and between the yarn. The molecules
of the water are poorly bonded to the polyamide fibres,
and they mostly retain on the surface of the materials.
After printing, the water molecules are bonded to the
particles of the ink, and also, due to the formed lay-

er of ink, when centrifuging the excess water, a great
number of the molecules remain trapped between the
ink layer and the structure of the material. The formed
material-ink layer represents a certain barrier when
centrifuging the absorbed water, as well as the water
placed on the surface of the material and between the
fibres, which can explain the increase in water retention



capacity after printing. Material B has smaller water
retention value after printing, since a great part of the
porous material structure is filled with ink during the
printing process, which prevents water penetration into
these spaces. Therefore, the increase in the amount

of retained water, caused by the previously explained
processes, is less than it was case for the material A.

Water absorption value

In Figure 3 are shown obtained water absorption values
of tested polyamide knitwear, before and after print-
ing, with four process colours: cyan (C), magenta (M),
yellow (Y) and black (K). If water absorption values of
samples before printing are being observed, it can be
noticed that they are higher for material B. This can

be explained by difference in fabric weight between
materials. Material A has smaller fabric weight (141.24
g/m?) than material B (164.36 g/m?), which leads to
conclusion that material B should absorb more water.

Water absorption value of screen printed polyamide knitwear

™M Y K

Unprinted C
» Figure 3: Water absorption value of screen printed
polyamide knitwear
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Further, for printed samples, a decrease in water absorp-
tion capacity is observed for both materials. Due to the
hydrophobicity of the polyamide, when printing the ink
mostly retains on the surface of the knitwear or even-
tually fills the pores between the fibres and between

the yarn. After printing, a layer of ink is formed. The ink
is partially absorbed into the material, and partly stays
on its surface. The formed material-ink layer represents

a certain barrier when water is absorbed, since water
cannot reach the material and bind. Considering the
formed layer of the ink the fibre does not come into
direct contact with water, and it is not able to absorb the
water. Since the ink does not absorb water, after digging
the material, only a certain part of the water, which man-
ages to reach the material and physically absorbs into the
fibre, retains in the material.

Colour reproduction analysis
In table 2 are shown measured values of CIE L*a*b*

coordinates of colours, as well as colour differences
after repeated exposure of printed material to chlorinat-

ed water. As reference values for calculation of colour
difference (AE, ), L*a*b* values of printed samples
have been used. Colour differences after every exposure
to chlorinated water are calculated compared to these
values.

Table 2

Measured values of CIE L*a*b* coordinates of colours
and colour difference after repeated exposure of
materials printed with CMYK colours to chlorinated water

Sample L a b AE2000
CA-P 56.90 -11.63 -47.04 -
CA-CW1 55.70 -13.54 -48.28 1.62
C A-CW5 55.58 -13.67 -48.00 1.72
C A-CW10 55.38 -13.71 -47.57 1.85
CB-P 60.44 -11.49 -48.37 -
CB-CW1 59.78 -12.40 -50.52 1.01
C B-CW5 59.66 -12.24 -50.65 1.04
C B-CW10 59.25 -12.41 -49.82 1.26
M A-P 48.81 60.45 -0.22 -
M A-CW1 4745 63.58 -0.64 1.59
M A-CW5 47.04 62.87 -119 1.90
M A-CW10 46.92 61.57 -1.71 2.00
M B-P 47.93 62.86 2.26 -
M B-CW1 46.82 65.97 1.62 1.39
M B-CW5 46.66 65.89 0.94 1.59
M B-CW10 46.55 65.00 0.61 1.64
Y A-P 83.51 -4.69 95.08 -
Y A-CW1 84.65 -6.34 99.90 1.38
Y A-CW5 84.34 -6.84 99.91 1.44
Y A-CW10 83.30 -7.68 97.32 1.54
Y B-P 86.23 -5.75 96.76 -
Y B-CW1 86.71 -6.94 100.37 0.89
Y B-CW5 86.32 -7.38 99.70 0.92
Y B-CW10 85.60 -7.38 98.11 0.93
K A-P 21.92 2.63 -5.32 -

K A-CW1 16.61 2.67 -10.39 5.35
K A-CW5 16.07 2.81 -10.38 5.57
K A-CW10 16.03 2.78 -10.74 5.78
K B-P 22.60 414 -5.04 -

K B-CW1 17.07 4.87 -10.23 5.24
K B-CW5 17.00 4.93 -10.23 5.52
K B-CW10 17.09 4.85 -10.37 5.56

Note: first letter stands for colour (C— cyan, M — magenta,
Y —yellow, K — black); letters A and B represent material;

P is the mark of printed sample; CW1 is the mark of the
sample after the first exposure to chlorinated water;

CWS5 is the mark of the sample after the fifth exposure

to chlorinated water; CW10 is the mark of the sample
after the tenth exposure to chlorinated water.

Results compared in Figure 4 show that with increased
number of exposures to chlorinated water colour dif-
ference for samples printed with cyan colour is also
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being increased both for material A and for material
B. What can be noticed is that the colour differences
are higher for the material A. It can also be noticed
that after the first exposure to the chlorinated water
there is a certain value of the colour difference, which
does not change significantly with repeated expo-
sures to the chlorinated water. The colour difference
for both materials, after the first, and after repeated
exposures to chlorinated water is in range from 1to 3,
which is defined as a perceptible colour difference.

If CIE L*a*b coordinates of reproduced cyan colour

after repeated exposure to chlorinated water are being
observed, it can be concluded that trend is the same

for both materials. After exposure to chlorinated water
lightness value is smaller (L coordinate) and printed sam-
ple appears darker. Value of coordinate a is also smaller,
which indicates that reflection in green part of the spec-
trum is higher, and coordinate b is also smaller, which
indicates higher reflection in blue part of the spectrum.

Comparison of colour differences after repeated exposure to
chlorinated water for both materials - CYAN INK

1.80

W Material A
0.80 B Material B

Colour difference AE2000
=
[=]
8

| Exposure V Exposure X Exposure

» Figure 4: Comparison of colour differences for both
materials after repeated exposure to chlorinated water
—cyan ink

Results compared in Figure 5 show that with increased
number of exposures to chlorinated water colour dif-
ference for samples printed with magenta colour is also
being increased both for material A and for material B.
What can be noticed is that the colour differences are
higher for the material A. It can also be noticed that
after the first exposure to the chlorinated water there is
a certain value of the colour difference, which does not
change significantly with repeated exposures to the chlo-
rinated water. The colour difference for both materials,
after the first, and after repeated exposures to chlorinat-
ed water, for magenta colour is also in range from 1to

3, which is defined as a perceptible colour difference.

If coordinates of reproduced magenta colour after
repeated exposure to chlorinated water are being
observed, it can be concluded that trend is also the
same for both materials. After exposure to chlori-
nated water lightness value is smaller (L coordinate)
and printed sample appears darker. Value of coor-
dinate a is higher, which indicates that reflection in
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red part of the spectrum is higher, but it starts to fall
off after repeated exposures, and approaches to the
initial value. Coordinate b is smaller after repeated
exposures to the chlorinated water, which indicates
higher reflection in blue part of the spectrum.

Comparison of colour differences after repeated exposure to
chlorinated water for both materials - MAGENTA INK

1.50

M material A

1.00 W Material B

Colour difference AE2000

0.00

| Exposure

V Exposure X Exposure

» Figure 5: Comparison of colour differences for both
materials after repeated exposure to chlorinated water
—magenta ink

Results compared in Figure 6 show that with increased
number of exposures to chlorinated water colour dif-
ference for samples printed with yellow colour is also
being increased both for material A and for material B.
What can be noticed is that the colour differences are
higher for the material A, as it was for cyan and magenta
colour. It can also be noticed that after the first exposure
to the chlorinated water there is a certain value of the
colour difference, which does not change significantly
with repeated exposures to the chlorinated water. The
colour difference for material A, after the first, and after
repeated exposures to chlorinated water, is in range from
1to 3, which is defined as a perceptible colour differ-
ence, while this difference for material B is below 1, after
the first, and after repeated exposures to chlorinated
water, which is defined as noticeable colour difference.

Comparison of colour differences after repeated exposure to
chlorinated water for both materials - YELLOW INK

W Material A
W Material B

Colour difference AE2000

0.00

| Exposure

V Exposure X Exposure

» Figure 6: Comparison of colour differences for different
materials after repeated exposure to chlorinated water
—yellow ink

After exposure to chlorinated water yellow colour print-
ed on material A has higher value of L coordinate, which
starts to fall off after fifth exposures and after tenth



exposure appears even smaller than initial value, so at

the end printed sample appears darker. Value of coordi-
nate a is smaller, which indicates that reflection in green
part of the spectrum is higher, and value of coordinate

b is first higher, which indicates that reflection in yellow
part of the spectrum is higher, and after repeated expo-
sures to the chlorinated water starts to fall off, and after
tenth exposure appears smaller than initial value which
indicates higher reflection in blue part of the spectrum.

For material B there is only difference related to coor-
dinate b, where its value is still higher than initial after
repeated exposures to chlorinated water, thus reflection
in yellow part of the spectrum is higher, than it was
before exposures.

Results compared in Figure 7 show that with increased
number of exposures to chlorinated water colour dif-
ference for samples printed with black colour is also
being increased both for material A and for material

B. What can be noticed is that the colour differences
are higher for the material A, as it was case for other
colours. It can also be noticed that after the first expo-
sure to the chlorinated water there is a certain value
of the colour difference, which does not change sig-
nificantly with repeated exposures to the chlorinated
water. The colour difference for both materials, after
the first, and after repeated exposures to chlorinated
water, for black colour is in range from 3 to 6, which

is defined as easy noticeable colour difference.

Comparison of colour differences after repeated exposure to
chlorinated water for both materials - BLACK INK

5.00

d W Material A
M material B

Colour difference AE2000

1.00

0.00
| Exposure

V Exposure X Exposure
» Figure 7: Comparison of colour differences for different
materials after repeated exposure to chlorinated water

— black ink

If coordinates of reproduced black colour after repeat-
ed exposure to chlorinated water are being observed,
it can be concluded that trend is the same for both
materials. After exposure to chlorinated water light-
ness value is smaller (L coordinate) and printed sample
appears darker. Value of coordinate a is higher, which
indicates that reflection in red part of the spectrum

is higher, but it starts to fall off after repeated expo-
sures, and approaches to the initial value. Coordinate
b is considerably smaller already after first exposure
to the chlorinated water, which indicates that reflec-

tion in blue part of the spectrum is higher. This value is
not changing significantly after repeated exposures.

If obtained colour differences for material A and material
B are being compared, it can be noticed that for every
colour there is the same trend with repeated exposure
to chlorinated water, as well as the colour differences
for the material A are higher compared to differences
for the material B. This can be explained by the charac-
teristics of the materials. Material A has smaller fabric
weight, and therefore ink less penetrates the material,
and partly retains on the surface of the material. For

the material B, regarding the higher fabric weight, ink
mostly penetrates the material. Exposure of the material
A to the chlorinated water leads to the destruction of
the surface layer of the ink, removal of the ink particles
and colouration, and uniformity of the ink layer. This can
also be used to explain that further influence of chlorine
leads to slight changes in the colour. For the material B,
regarding the higher fabric weight, the bond between
ink and material is stronger, and therefore effect of chlo-
rinated water is smaller. This can also be explained by
material composition. Material A has higher percentage
of polyamide, that is basically hydrophobic and hardly
accept ink, which affects quality of the bond ink-material.

Regardless of the differences that exist between the
materials, it can be noticed that the colour differences
for both materials for cyan, magenta and black are in the
same range and differ only for yellow, where for mate-
rial A they belong to perceptible (from 1 to 3) and for
material B they belong to a noticeable colour difference
(below 1).

If L coordinate of the samples is being observed, it can be
noticed that value of lightness is smaller for cyan, magen-
ta and black colour after repeated exposures to the chlo-
rinated water. This is conditioned by change in reflection
of the surface of printed material. After exposure to the
chlorinated water and destruction of the surface layer

of the ink, removal of the ink particles and colouration,
and uniformity of the ink layer reflection is different and
thus also observed colour. Since there is shift in reflection
to the blue part of the spectrum for these colours, they
appear darker and this affect value of L coordinate also.
This change is most noticeable for black colour, where
this shift is much higher than in case of other colours.
Yellow colour first has higher value of lightness and

after repeated exposures lightness approaches to the
initial value. Since the yellow colour basically has a high
lightness and reflectivity, this change is significantly less
noticeable for this colour than for example black colour.

If colour differences for different colours are being
observed, it can be noticed that colour differences are
the smallest for yellow, and the biggest for black for both
materials. It can also be noticed that differences for cyan
and magenta are in a similar range.
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Conclusions

The research included two types of polyamide knitwear.
The quality of the prints made on these substrates
with screen printing technique has been examined.
Considering that this type of textile material is most
commonly used for making swimsuits, the water reten-
tion value and the water absorption value, as well as
the colour fastness to repeated exposure to chlori-
nated water, has been tested. In order to determine
the quality of the print, spectrophotometric analysis

of the reproduced colours was performed before and
after the series of exposure to the chlorinated water.

If water retention value is being observed, it can be
noticed that screen printing of the samples results in
an increase of water retention value for both mate-
rials. It can also be noticed that the increase of the
water retention value after printing is greater for
material A and that this material has a higher water
retention value after printing, compared to material B,
although it was less for this material before printing.

Observing water absorption value, based on the
obtained results, it can be concluded that the
screen printing of polyamide knitwear reduces the
water absorption value for both materials. This
can be explained by formed material-ink layer.

Further, spectrophotometric measurements have
determined the CIE Lab colour coordinates, as well

as the colour difference after the series of exposure

to the chlorinated water (AE, ). The measurement
showed that the trend is same for all reproduced
colours (CMYK), i.e. that the increase in the number

of exposures to the chlorinated water increases the
difference between the reproduced colours. It can also
be concluded that the difference that occurs after the
first exposure is the most significant, and that further
repetition of the exposure to the chlorinated water
does not affect colour difference significantly. The dif-
ference between the reproduced colours after exposure
to chlorinated water is due to the destruction of the
surface layer of the ink and the removal of the ink par-
ticles. Thus, by the spectrophotometric measurement
the difference is noticed, primarily because of different
reflections of the light from the substrate and ink.

If the behaviour of reproduced colours on material A
and material B after the series of exposure to chlori-
nated water is being compared, it can be concluded
that the colour differences occurring on material A are
greater compared to the differences on material B,
which is caused by the characteristics of the material,
respectively fabric weight and material composition.

Further, by comparing the behaviour of the various
reproduced colours, it can be concluded that the
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type of the ink, i.e. the pigment, has a significant
effect on the quality of reproduction. Thus, exposure
to chlorinated water has the greatest influence on
black, while this effect is least reflected on the yellow
colour. Exposure to the chlorinated water leads to
the destruction of the surface layer of the ink, mak-
ing the surface of the printed material more reflec-
tive. This change is least noticeable in yellow, as this
colour has high value of lightness, and most notice-
able in black, which has a small value of lightness.

At the end it can be concluded that exposure of screen
printed polyamide knitwear to chlorinated water, as
well as the frequency of this exposure, significantly
affects the quality of prints and reproduction of colours.
It can also be concluded that exposure to chlorinated
water has a significant effect on both types of material
and that there are slight differences due to their char-
acteristics (fabric weight and material composition).
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