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1. Introduction

It is well known that fluorocarbon
(fluorochemical) finishing agents (FC
resin) are unique with critical surface
tension values bellow 15 mN/m. As a
result of forming a water-repellent
and oil-repellent polymer film on its
surface strongly decrease wettability
of textile. This provides a level of
protection to textile fiber surfaces
against both aqueous and oily liquids,

UDC 677.016.6
Original scientific paper

Water- and oil-repellency of cellulose fabrics can be achieved by fluorocarbon
(FC) resin crosslinking at high temperatures in the condensation phase. How-
ever, FC resin, even after curing, is not resistant to care conditions, it is eco-
nomically unfavorable, and leads to cotton fabric damage and very often to
hue change. Previous studies revealed that it is possible to achieve durable
water-repellency by low-temperature curing that lasts for 5 washing cycles
if ironed in between cycles, applying F'C resin Sevophob FTU with an addition
of polymer waxes Sevophob W and aliphatic polyisocyanate Sevophob-Akti-
vator BLT. Since the moisture management is one of the key performance
criteria regarding the comfort of functional fabric, in this paper the liquid
moisture management properties were determined according AATCC TM
195-2017. The Moisture management tester (MMT) by SDL Atlas was used

for the determination of liquid moisture management properties of white cot-

ton fabrics before and after finishing as well as after 1, 3, and 5 washing
cycles with and without ironing in between. The results indicate that the white
cotton fabric is characterized as moisture management fabric, while all FC
resin treated fabrics are characterized as Water penetration fabrics capable
of excellent one-way transport.

Key words: cotton, water repellency, low-temperature curing, moisture man-
agement

which confers upon FC-treated tex-
tiles both stain- and soil repellent
properties. In finishing processes, it
can be applied by itself or in combi-
nation with other chemicals in multi-
functional finishing. It is necessary to
achieve a uniform repellent treat-
ment, so the wetting agent is pre-
ferred. After impregnation, the fabric
is dried at temperatures of about 110
°C followed by heat-curing at a tem-
perature normally in the range 150—

170 °C in circulating hot air ovens or
by single-pass treatment on a stenter.
High curing temperature is economi-
cally unfavorable and can lead to
damage and yellowing of the textile
material [1-5].

Fluorochemicals exhibit outstanding
chemical and thermal stability, which
contributes to the durability of the
surface finish to fabric maintenance
such as laundering, dry cleaning and
tumble-drying [1]. For the polyester
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fluorine-treated clothes it was sub-
jected that the waterproof effect stays
up to 30 laundry cycles [6]. Some
researchers noticed that water repel-
lency decreases with washing and
partially recovers with ironing [4-6].
The performance depends upon the
nature and length of the fluorocarbon
chains, as well as curing procedure.
It can be characterized through the
dynamic repellency (spray rating,
Bundesmann performance); static re-
pellency (oil- and water-repellency);
durability to domestic laundering;
and the durability to dry-cleaning. All
these parameters can be modified to
optimize the performance [1, 5].

Within this group of authors, the oil-
and water-repellency by low-temper-
ature FC resin curing (120 °C) was
researched on white and dyed cotton
fabrics, and compared to high-tem-
perature curing (160 °C) [7,8]. For
that purpose FC resin by TextilColor
(Swiss) were applied to cotton fab-
rics. Aqueous preparation of polymer
waxes was added as extender to FC
resin, and aliphatic polyisocyanate as
low-temperature activator. The fabric
properties were determined after
treatments, domestic washing with
standard ECE detergent without fluo-
rescent whitening agents and ironing.
The achieved results of fabric oil-re-
pellency, water-repellency, white-
ness, yellowing, and strength proved
possibility of durable low-tempera-
ture curing. Treatment with cationic
FC resin Sevophob FTU, with addi-
tion of polymer waxes Sevophob W,
and aliphatic polyisocyanate Sevo-
phob-Aktivator BLT resulted as
semi-durable finish. It lasts for 5
washing cycles if ironed in between.
If not ironed, finish effectiveness
gradually diminish in repeated laun-
dering cycles. It is to point out that
the best results were achieved at low-
temperature curing. Research of me-
chanical properties expressed as me-
chanical wear, U, showed that low-
temperature curing procedures al-
most reduced to half mechanical
damage at low-temperature curing, if
compared to high-temperature ones.

If the fabrics were ironed between
washing cycles the damage is even
higher, because of action of heat and
chemistry during textile care process-
es. Application of FC resins lower
the whiteness, but no significant yel-
lowing occurred, except when FC
resin Sevophob FTU was applied
with high temperature curing. After
1st washing cycle, the whiteness is
better (probably some of resin has
been removed), but after 5 washing
cycles, some re-deposition happens
and the results are lower. This is
more enhanced for the ironed fabrics
[7]. Best results were achieved on
white cotton fabrics because reduc-
tive dyestuff reserves some crosslink-
ing places. FC resin on dyed fabrics,
even after curing, is not persistent to
maintenance conditions - washing
and ironing. Additionally, the shade
of oil- and water repellent dyed fab-
rics changed as well [8].

The achieved results by ISO
4920:2012 (Spray test) and ISO
9865:1991 (Bundesmann rain show-
er test) showed that fabrics have sig-
nificant water-repellent/water-resist-
ant/water-proof character [7, 8]. Wa-
terproof fabrics completely prevent
the penetration and absorption of
liquid water, water-resistant is the
ability to resist the penetration of wa-
ter to some extent but it is not entire-
ly waterproof; whilst water-repellent
only delay the penetration of water,
allow the perspiration, making fabric
more comfortable to wear [1]. How-
ever, for high levels of comfort, a
fabric must allow air, and especially
the moisture (water vapor) generated
by the exudation of perspiration from
the skin during physical activity, to
pass through the fabric. This main-
tains the wearer of the garment in
warm, dry conditions with high levels
of thermophysical and thermophysi-
ological comfort [9-14]. The mois-
ture management is one of the key
performance criteria regarding the
fabric comfort. Moisture may trans-
fer through fabric in liquid and in
vapor form. As water vapor it can
transfer by diffusion, absorption,

transmission and desorption through
fabric layers; as adsorption and mi-
gration along the fiber surface, and as
transmission by forced convection;
whilst the liquid moisture transfer
through a fabric consists of two pro-
cesses — wetting and wicking [9-17].
Wetting is a process when the fiber-
air interface is replaced with a fiber-
liquid interface. Wicking process fol-
lows wetting; it starts when the liquid
enters into the capillary formed be-
tween two fibers or yarns by the cap-
illary forces [15-17]. Spreading and
absorption of the liquid over the sur-
face of the fabric depends on the in-
teraction between the forces of cohe-
sion (within the liquid) and the forces
of adhesion (between the fibers and
the liquid). There is heterogenity of
the test methods and of the time
scales for wetting, wicking and ab-
sorption determination, which led to
difficulties with the interpretation of
the results. Drop test is quick test in-
dicating if the material is hydrophilic
or hydrophobic. The spray test is ap-
plicable to all fabrics which may or
may not have been given a water-
resistant or water-repellent finish. It
is not intended to predict the rain
penetration resistance of fabrics,
since it does not measure penetration
of water through the fabric. For that
purpose Bundesmann test is appro-
priate. On the other hand, the liquid
moisture management tester (MMT)
was developed to measure the dyna-
mic moisture transport in the fabric.
For all these reasons, in this paper the
liquid moisture management proper-
ties were determined according
AATCC TM 195 -2017 on Moisture
management tester (MMT) by SDL
Atlas on durable low-temperature
cured water-repellent white cotton
fabrics after treatment and after 1, 3,
and 5 washing cycles with and with-
out ironing in between.

2. Material and Methods

2.1. Material and treatments

White optically brightened damask
fabric of mass per unit area 175 g/m2,
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Tab.1 The labels and the bath composition

Label

The treatment and/or bath composition

B No treatment (Untreated — white optically brightened damask fabric)

Treatment with 40 g/l Sevophob FTU, 40 g/l Sevophob W;

T.=160 °C for 3 min

FTU-A 4 g/1 Sevophob-Aktivator BLT; 1 g/l Kemonetzer NI.
Conditions: pH 5; T,=80 °C for 4 min; T.=120 °C for 4 min
Treatment with 40 g/l Sevophob FTU, 40 g/1 Sevophob W;

FTU 1 g/l Kemonetzer NI. Conditions: pH 5; T,=80 °C for 4 min;

with possible application as table
cloth, bedding or protective lab coat,
was used for this research. It was
treated by pad-dry-cure procedure in
Benz Pad-dry system with Sevophob
FTU, a cationic fluorocarbon resin
(FC) by TextilColor (Swiss) for the
permanent water, soil and oil repel-
lent finish. Aqueous preparation of
polymer waxes Sevophob W was
added as extender to FC resin, and
aliphatic polyisocyanate Sevophob-
Aktivator BLT as low-temperature
activator. The cotton fabric was pad-
ded (impregnated) in bath containing
FC resin, 1 g/l Kemonetzer NI - non-
ionic wetting agent, having wet pick
of 90 %. In continuous process im-
pregnated fabric was dried (T,) at
80 °C for 4 min and afterwards
cured (T,) at low-temperature of 120
°C for 4 min or at high-temperature
of 160 °C for 3 min. The labels and
the bath composition are listed in
Tab.1.

For the purpose of determination du-
rability of applied treatments, fabrics
were laundered according to ISO
6330:2012 Textiles - Domestic wash-
ing and drying procedures for texti-
le testing at 60 °C for 45 min with
2.5 g/l of standard ECE detergent
without fluorescent whitening agents
(ISO 105-C06:2010 Textiles - Tests
for colour fastness - Part C06. Col-
our fastness to domestic and com-
mercial laundering). Fabrics were
rinsed and air-dried. One set of fab-
rics was ironed between washing cy-
cles at 200 °C on laboratory roller
press iron, whilst the other one was
not.

Before testing, all fabrics were con-
ditioned for 24 h.

2.2. Methods

The evaluation and classification of
liquid moisture management proper-
ties of fabrics were determined after
treatment and textile care processes,
according to AATCC 195-2017 Lig-
uid Moisture Management Properties
of Textile Fabrics on Moisture man-
agement tester (MMT) by SDL Atlas

(Fig.1).

Fig.1 Moisture management tester (MMT) by SDL Atlas at University of Zagreb
Faculty of Textile Technology at Department of Textile Chemistry and
Ecology: a) instrument during measurement, b) sample after testing

Tab.2 The major types of fabrics to describe fabric performance [19]

Type of Fabric Fabric performance
Water Proof Fabric - Very slow absorption
- Slow spreading
- No one-way transport, no penetration
Water Repellent Fabric - No wetting
- No absorption
- No spreading
- Poor one-way transport without external
forces
Slow Absorbing and Slow - Slow absorption
Drying Fabric - Slow spreading

- Poor one-way transport

Fast Absorbing and Slow Drying
Fabric

- Medium to fast wetting

- Medium to fast absorption
- Small spreading area

- Slow spreading

- Poor one-way transport

Fast Absorbing and Quick
Drying Fabric

- Medium to fast wetting

- Medium to fast absorption
- Large spreading area

- Fast spreading

- Poor one-way transport

Water Penetration Fabric

- Small spreading area
- Excellent one-way transport

Moisture Management Fabric

- Medium to fast wetting

- Medium to fast absorption

- Large spread area at bottom surface
- Fast spreading at bottom surface

- Good to Excellent one-way transport
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According to the AATCC TM 195-
2017 [18] the obtained results are
based on water resistance, water re-
pellency and water absorption char-
acteristics of the fabric structure, in-
cluding the fabric’s geometric and
internal structure and the wicking
characteristics of its fibers and yarns.
In this paper the results are presented
by the average values and CV for
each fabric measurement unit: Wet-
ting Time — WT T (top surface) and
B (bottom surface), Absorption Rate
—AR T and B; Maximum Wetted Ra-
dius — MWR T and B, Spreading
Speed — SS T and B, Accumulative
One-way Transport Capability — (R),
and Overall (liquid) Moisture Man-
agement Capability (OMMC). Grad-
ing Summary Table e.g. Finger Print
is given to summarize and illustrate
the liquid moisture management
properties of the tested fabrics
[18,19]. Formulae for these units are
given in the AATCC TM 195 in de-
tail. According to the grading, the
MMT can distinguish seven major
types of fabrics to describe fabric per-
formance (tab. 2) [19].

The MMT results are compared to
the results shown in [7] achieved by
AATCC TM 79-2014 Absorbency of
Bleached Textiles (Drop test); 1SO
4920:2012 - Textiles - Determination
of resistance to surface wetting
(spray test) of fabrics and I1SO
9865:1991 - Textiles - Determination
of water repellency of fabrics by the
Bundesmann rain-shower test, in-
cluding the measuring results after
3t cycle which were not presented
before.

3. Results and discussion

In this paper, for the purpose of sav-
ing mechanical properties and ener-
gy, the low-temperature curing of FC
resin was researched and compared
with commercial high-temperature
process. The durability was investi-
gated up to 5 domestic washing cy-
cles. One set of fabrics was ironed in
between washing cycles, whilst the
other was not. The fabric properties
were determined after treatments, do-
mestic washing and ironing. The
achieved results of water absorbency

Tab.3 Drop test expressed as penetration time ¢ [s] into the cotton fabrics

by AATCC TM 79-2014 (Drop test);
and repellency by ISO 4920:1981
(Spray test) and ISO 9865:1991
(Bundesmann rain shower test) pre-
sented in [7] are shown in Tab.2-4.
For the purpose of determination of
the liquid moisture management
properties of such treated fabrics
measurements according to AATCC
TM 195-2017 were performed on
Moisture management tester (MMT)
by SDL Atlas. Results are presented
in Tab.6-14 and Fig.2-10.

From the results of Drop test shown
in Tab.3 it is quite evident that
bleached cotton fabric (B) has excel-
lent hydrophility, high water absor-
bency, and for that reason it does not
have any water-repellency. It was
expected after removal of all impuri-
ties of cotton in scouring and bleach-
ing processes. The Wetting time
(WT) measured on MMT is the time
period in which the top and bottom
surfaces of the fabric just start to get
wetted, and can be compared with the
absorbency drop test [19]. Therefore,
the results of Wetting Time for bot-
tom surface show similar behavior as

Penetration time [s] Penetration time [s] of ironed samples
Fabric 1st washing | 34 washing | 5% washing It washing | 3« washing | 5% washing
Treatment cycle [7] cycle cycle [7] Treatment cycle [7] cycle cycle [7]
B <1 <1 <1 <1 <1 <1 <1 <1
FTU-A >300 >300 232 72 >300 >300 >300 >300
FTU >300 >300 189 39 >300 >300 >300 >300
Tab.4 Resistance of surface wetting of cotton fabrics determined according to ISO 4920:2012 (Spray test)
After treatment Ironed
1 s 1 rd 1 h 1 s 1 rd 1 h 1
Fabric Treatment 1st washing | 3+ washing | 5% washing Treatment Ist washing | 3t washing | 5% washing
cycle [7] cycle cycle [7] cycle [7] cycle cycle [7]
B ISO0 ISO0 ISO0 ISO0 ISO0 ISO0 ISO0 ISO0
FTU-A ISO 5 ISO 4 ISO 2 ISO 2 ISO 5 ISO 4 ISO 5 ISO 5
FTU ISO5 ISO 4 ISO 2 ISO 2 ISO 5 ISO 4 ISO 4 ISO5
Tab,5 Bundesmann rain shower test on cotton fabrics determined according to ISO 9865:1991
After treatment Ironed
Fabric Ist washing | 3 washing | 5% washing Ist washing | 3 washing | 5% washing
Treatment cycle [7] cycle cycle [7] Treatment cycle [7] cycle cycle [7]
B 1 1 1 1 1 1 1 1
FTU-A 5 3 2 2 4 4 5
FTU 2 2 2 3 4 4
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Tab.6 The liquid moisture management properties of bleached cotton fabric acc. to AATCC TM 195-2017

B Non-iron Iron
Mean Cv Mean CV

T 5.101 0.091 11.747 0.051
WT (s)

B 6.037 0.077 6.178 0.621

T 22.9974 0.6379 10.7120 0.0030
AR (%/s)

B 50.1177 0.1142 9.5686 0.6690

T 20.0 0.4 17.5 0.2
MWR (mm)

B 17.5 0.3 20.0 0.0

T 1.9681 0.1097 0.9792 0.0030
SS (mm/s)

B 1.7449 0.2191 1.4656 0.4250
R (%) 638.5117 0.4191 575.6262 0.3110
OMMC 0.6735 0.0709 0.5445 0.0810
Type of fabric Moisture Management Fabric Moisture Management Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)
Moisture Management Capability (OMMC).

Fig.2 Fingerprint of bleached cotton fabric acc. to AATCC TM 195-2017,
a) untreated, b) ironed

Tab.7 The liquid moisture management properties of cotton fabric at low-temperature curing (FTU-A) according to AATCC
TM 195-2017 on MMT

After treatment Ironed
FTU-A
Mean Ccv Mean Ccv

T 10.858 0.045 12.917 0.202
WT (s)

B 120.000 0.000 120.000 0.000

T 277.9407 0.1230 91.6903 0.2288
AR (%fs)

B 0.0000 0.0000 0.0003 0.0000

T 5.0 0.0 5.0 0.0
MWR (mm)

B 0.0 0.0 0.0 0.0

T 0.4527 0.0621 0.3816 0.1996
SS (mm/s)

B 0.0000 0.0000 0.0000 0.0000
R (%) 130.0939 0.0467 130.8122 0.7556
OMMC 0.2000 0.0220 0.2009 0.6289
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)
Moisture Management Capability (OMMC).




T. DEKANIC et al.: The liquid moisture management properties of low-temperature cured water-repellent cotton fabrics,
194 Tekstil 67 (7-8) 189-200 (2018.)

Fent of Woisture Mansgement Properties ( ANTCC )

Fig.3 Fingerprint of cotton fabric at low-temperature curing (FTU-A) according to AATCC TM 195-2017;
a) after treatment, b) ironed

Tab.8 The liquid moisture management properties of cotton fabric at low-temperature curing (FTU-A) after 1% washing cycle
according to AATCC TM 195-2017 on MMT

FTU-A — 1% washing Not ironed Ironed
cycle Mean CcvV Mean Ccv
T 11.419 0.023 12.402 0.112
WT (s)
B 120.000 0.000 120.000 0.000
T 252.6480 0.4520 77.1283 0.0510
AR (%/s)
B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 5.0 0.0
MWR (mm)
B 0.0 0.0 0.0 0.0
T 0.4308 0.0333 0.3996 0.1104
SS (mm/s)
B 0.0000 0.0000 0.0000 0.0000
R (%) 166.4751 0.2870 201.0065 0.3949
OMMC 0.2405 0.1454 0.2756 0.3153
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate;
MWT — Maximum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability,
OMMC - Overall (liquid) Moisture Management Capability (OMMC)
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Fig.4 Fingerprint of cotton fabric at low-temperature curing (FTU-A) after 15t washing cycle according to AATCC TM
195-2017; a) not ironed, b) ironed



T. DEKANIC et al.: The liquid moisture management properties of low-temperature cured water-repellent cotton fabrics,
Tekstil 67 (7-8) 189-200 (2018.) 195

Tab.9 The liquid moisture management properties of cotton fabric at low-temperature curing (FTU-A) after 31 washing cycle
according to AATCC TM 195-2017 on MMT

FTU-A — 3d Washing Not ironed Ironed
cycle Mean CvV Mean CvV
T 12.683 0.110 13.666 0,114
WTGs) B 120.000 0.000 120.000 0.000
T 186.4516 0.6109 105.9153 0.6570
AR (%/
(%/s) B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 5.0 0.0
MWR
WR (mm) B 0.0 0.0 0.0 0.0
SS (mms) T 0.3908 0.1080 0.3609 0.0981
s B 0.0000 0.0000 0.0000 0.0000
R (%) 165.9765 0.1239 180.5186 0.1410
OMMC 0.2400 0.0952 0.2561 0.0942
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)
Moisture Management Capability (OMMC)
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Fig.5 Fingerprint of cotton fabric at low-temperature curing (FTU-A) after 3+ washing cycle according to AATCC TM
195-2017; a) not ironed, b) ironed

Tab.10 The liquid moisture management properties of cotton fabric at low-temperature curing (FTU-A) after 5 washing cycle
according to AATCC TM 195-2017 on MMT

FTU-A — 5% washing Not ironed Ironed
cycle Mean CvV Mean CcvV
T 11.934 0.006 120.000 0.000
WT (s)
B 120.000 0.000 120.000 0.000
T 183,2365 0,7834 0.0000 0.0000
AR 0 b 9
(%/s) B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 0.0 0.0
MWR (mm) B 0.0 0.0 0.0 0.0
SS (mm/s) T 0,4125 0,0055 0.0000 0.0000
s B 0.0000 0.0000 0.0000 0.0000
R (%) 173.3069 0.4605 951.2359 0.0000
OMMC 0.2481 0.3574 0.5000 0.0000
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)
Moisture Management Capability (OMMC)
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Fig.6 Fingerprint of cotton fabric at low-temperature curing (FTU-A) after 5* washing cycle according to AATCC TM
195-2017; a) not ironed, b) ironed

Tab.11 The liquid moisture management properties of cotton fabric at high-temperature curing (FTU) according to AATCC
TM 195-2017 on MMT

Not ironed Ironed
FTU
Mean CvV Mean CvV

T 8.986 0.251 11.232 0.083
WT (s)

B 120.000 0.000 120.000 0.000

T 69.4906 0.2060 65.9511 0.1412
AR (%/s)

B 0.0000 0.0000 0.0000 0.0000

T 5.0 0.0 5.0 0.0
MWR (mm)

B 0.0 0.0 0.0 0.0

T 0.5620 0.2454 0.4393 0.0811
SS (mm/s)

B 0.0000 0.0000 0.0000 0.0000
R (%) 226.5444 0.1868 245.8310 0.0612
OMMC 0.3073 0.1530 0.3287 0.0509
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate;
MWT — Maximum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability,
OMMC - Overall (liquid) Moisture Management Capability (OMMC)
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Fig.7 Fingerprint of cotton fabric at high-temperature curing (FTU) according to AATCC TM 195-2017;
a. not ironed, b) ironed
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Tab.12 The liquid moisture management properties of cotton fabric at high-temperature curing (FTU) after 15t washing cycle
according to AATCC TM 195-2017 on MMT

FTU — 1st washing Not ironed Ironed
cycle Mean CvV Mean CvV
T 11.232 0.083 10.015 0.040
WTGs) B 120.000 0.000 120.000 0.000
T 65.9511 0.1412 64.9676 0.0217
AR (%/
(/s B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 5.0 0.0
MWR
WR (mm) B 0.0 0.0 0.0 0.0
SS (mm's) T 0.4393 0.0811 0.4904 0.0389
s B 0.0000 0.0000 0.0000 0.0000
R (%) 245.8310 0.0612 178.8243 0.0541
OMMC 0.3287 0.0509 0.2542 0.0423
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)
Moisture Management Capability (OMMC)

int of Moisture Managemant Proparties ( NATCC )

Average or Fat: uaT)

o |
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Fig.8 Fingerprint of cotton fabric at high-temperature curing (FTU) after 15t washing cycle according to AATCC TM 195-2017;
a) not ironed, b) ironed

Tab.13 The liquid moisture management properties of cotton fabric at high-temperature curing (FTU) after 3+ washing cycle
according to AATCC TM 195-2017 on MMT

FTU — 3 washing Not ironed Ironed
cycle Mean CvV Mean CcvV
T 12.075 0.045 13.759 0.092
WT (s)
B 120.000 0.000 120.000 0.000
T 258.7899 0.5342 70.1532 0.8295
AR (¢
(%/s) B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 5.0 0.0
MWR (mm) B 0.0 0.0 0.0 0.0
SS (mm/s) T 0.4078 0.0435 0.3585 0.0909
s B 0.0000 0.0000 0.0000 0.0000
R (%) 248.8247 0.0000 319.1809 0.1641
OMMC 0.3320 0.0000 0.4102 0.1397
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate; MWT — Maxi-
mum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability, OMMC — Overall (liquid)

Moisture Management Capability (OMMC)
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b)

Fig.9 Fingerprint of cotton fabric at high-temperature curing (FTU) after 3+ washing cycle according to AATCC TM 195-2017;
a) not ironed, b) ironed

Tab.14 The liquid moisture management properties of cotton fabric at high-temperature curing (FTU) after 5 washing cycle
according to AATCC TM 195-2017 on MMT

FTU — 5 washing Not ironed Ironed
cycle Mean Ccv Mean Ccv
T 12.355 0.032 10.671 0.023
WT (s)
B 120.000 0.000 120.000 0.000
T 66.9585 0.8166 443321 0.0932
AR (%l/s)
B 0.0000 0.0000 0.0000 0.0000
T 5.0 0.0 5.0 0.0
MWR (mm)
B 0.0 0.0 0.0 0.0
T 0.4078 0.0316 0.4605 0.0210
SS (mm/s)
B 0.0000 0.0000 0.0000 0.0000
R (%) 216.1456 0.0242 222.6697 0.0124
OMMC 0.2957 0.0197 0.3030 0.0054
Type of fabric Water Penetration Fabric Water Penetration Fabric

*CV — coefficient of variation, T - top surface, B - bottom surface, WT - Wetting Time, AR —Absorption Rate;
MWT — Maximum Wetted Radius, SS — Spreading Speed, R — Accumulative One-way Transport Capability,
OMMC - Overall (liquid) Moisture Management Capability (OMMC)

Pisger Frint of Molsture Mansgement Prcpexties ( ATCC )
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Fig.10 Fingerprint of cotton fabric at high-temperature curing (FTU) after 5 washing cycle according to AATCC TM

195-2017; a) not ironed, b) ironed
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drop test. It is evident that for the
bleached cotton fabric bottom wet-
ting time is 6 s regardless has the fab-
ric been ironed or not. The maximum
wetted ring radius of 20 mm for both
the top and bottom surfaces. The av-
erage is given in table 6. Spreading
speed that represents the accumula-
tive spreading speed from the center
to the maximum wetted radius is al-
most 2 mm/s for both - top and bot-
tom surfaces. Cotton fiber has polar
bonding sites for water molecules,
which is the reason for high apsorp-
tion. Therefore, it has high absorption
rate. Since there is a large spread area
as well as fast spreading, having ex-
cellent one-way transport, this fabric
is characterized as moisture manage-
ment fabric. All these results prove
that this fabric has excellent hydroph-
ility.

The treatment with cationic FC resin
Sevophob FTU, at both, low-temper-
ature and high-temperature curing,
according to the Drop test and Spray
test indicate highly hydrophobic sur-
face e.g. excellent water repellency.
However, Bundesmann rain shower
test showed the difference between
the processes. Low-temperature cur-
ing with addition of activator (FTU-
A) showed excellent water-repellen-
cy, whilst the high-temperature cur-
ing (FTU) resulted in slightly lower
results. The results of Wetting Time
for bottom surface confirm that. No
bottom surface was wetted in test
time of 120 s. Wetted radius of 5 mm,
and small absorption rate is noticed
only for top surface, and spreading
speed is slow, whilst the spreading
area is small. On the other hand, one-
way transport is good for low-tem-
perature cured fabric with addition of
activator (FTU-A) and very good for
high-temperature cured (FTU) fab-
ric. Therefore, fabrics are character-
ized as water penetration fabrics,
indicating good repellency but hav-
ing water vapor perspiration.
Considering the results of washing
and ironing, it can be seen that both
processes resulted as durable finish.
All achieved results are better after

ironing in between washing cycles.
That is consistent to the results of
other researchers [4-6] who reported
that water repellency decreases with
washing and partially recovers with
ironing. The most probable reason is
the rotation of fluoroalkyl groups
into the polymer substrate to avoid
the hydrophilic conditions during
washing [5]. The differences in re-
sults achieved by washing and iron-
ing can be explained by wettability
considerations. There are two sys-
tems to consider — 1. Cellulose-resin-
water system during washing; 2.
Cellulose-resin-dry gas system dur-
ing ironing [4]. As a difference in
surface energies in these systems, the
rupture of FC resin during washing
on the fiber surface occurs and the
cellulose is in the contact with water.
Drying, as evaporation of water, re-
sults in lower adhesion between of
cellulose and resin. Therefore the
results after washing are significant-
ly lower. However, during ironing
the coating melts and the difference
between energies at the resin/dry gas
interface and cellulose/dry gas one,
results in uniform spreading of the
resin at the surface, and the for-
mation of resin bridges between the
fibers.

The results of Bundesmann rain
shower test after 5 washing cycle
with ironing in between washing cy-
cles indicate such a behavior. The
results of MMT confirmed that. Wet-
ting time and absorption rate are get-
ting slower. This effect is more en-
hanced for low-temperature curing.
For high-temperature cured fabric
FTU after 5t washing absorption rate
is lower, but for the fabric FTU-A
after 5" washing and ironing cycle
there is no wetting or absorption on
the top surface either, suggesting
completely hydrophobic fabric. This
corresponds to Drop test results and
the excellent evaluation marks for
Spray test and Bundesmann rain
show test.

Overall Moisture Management Ca-
pacity (OMMOC) is an index to indi-
cate the overall capability of the fab-

ric to manage the transport of liquid
moisture, which includes three as-
pects of performances: 1) Moisture
absorption rate at bottom side, 2) One
way liquid transport capability, and
3) Moisture drying speed at bottom
side, which is represented by accu-
mulative spreading speed [19]. Con-
sidering achieved results, it can be
seen that bleached cotton fabric is
characterized as moisture manage-
ment fabric since it has fast absorp-
tion, fast spreading and large spread
area at bottom surface and good one-
way transport. All fabrics treated with
FC resin, regardless the temperature,
or ironing between washing cycles
are characterized as Water penetra-
tion fabrics since they have small or
none spreading area, but very good to
excellent one-way transport.

4. Conclusion

In this paper the low-temperature
curing of FC resins was researched
and compared with commercial high-
temperature process for the purpose
of energy saving. The durability was
investigated up to 5 washing cycles
in between which one set of fabrics
was ironed. The treatment with cati-
onic FC resin Sevophob FTU, at
both, low-temperature and high-tem-
perature curing resulted as durable
finish, which lasts for 5 washing cy-
cles if ironed in between. If not
ironed, finish effectiveness gradually
diminish in repeated laundering. It is
to point out that the best results were
achieved at low-temperature curing
when cationic FC resin Sevophob
FTU was applied with addition of
polymer waxes Sevophob W and ali-
phatic polyisocyanate Sevophob-ak-
tivator BLT.

From the comfort point of view,
moisture transmission through textile
material both in liquid and vapor
forms are equally important. For that
reason, the dynamic moisture trans-
port in these fabrics the liquid mois-
ture management properties were
determined according AATCC TM
195-2017 on Moisture management
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tester (MMT) by SDL Atlas after
treatments and after 1st, 3 and 5%
washing cycle with and without iron-
ing in between. Considering the re-
sults, it can be seen that bleached cot-
ton fabric is characterized as hydro-
philic and moisture management
fabric, whilst all FC resin treated
fabrics are characterized as Water
penetration fabrics with excellent
one-way transport. In the case of low-
temperature cured fabric FTU-A af-
ter 5% washing and ironing cycle
there is no wetting or absorption on
the top surface either, suggesting
completely hydrophobic fabric, but
one-way transport is still very good.
Therefore, it is to suggest this pro-
cess for achieving the best results of
durable water repellency and one
way transport.
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