Bivariate analysis of the hydrophobic textiles obtained by plasma treatment
DOI: 10.35530/IT.070.06.1476

LAURENTIU DINCA
LILIOARA SURDU

RALUCA MARIA AILENI
SILVIAALBICI

ABSTRACT - REZUMAT

Bivariate analysis of the hydrophobic textiles obtained by plasma treatment

This paper presents aspects concerning the bivariate analysis of the textiles surfaces treated by RF plasma technologies
(Ar RF plasma and SF6 RF plasma) to obtain the hydrophobic effect. Besides this, it was studied the remnant or
temporary hydrophobic effect obtained by polytetrafluoroethylene (PTFE) thin-film by physical vapor deposition (PVD)
technique and SF6 RF plasma technique. In this paper, there are presented the bivariate analysis of the parameters and
characterization of hydrophobic textile samples (cotton 100% with mass 401 g/m?) by investigation of the water contact
angle using the device VCA OPTIMA and resistance to surface wetting by James Heal spray tester. The morphological
modification of the textile was evaluated by scanning electron microscope with magnification x8000. Following these
investigations there has been observed that the treatment with polytetrafluoroethylene is even more harmful to the
environment, offering a hydrophobic effect resistant in time, for approximative 101 days, and the treatment by SF6 RF
plasma confer a temporary effect for 24 hours.
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Analiza bivariata a materialelor textile hidrofobe obtinute prin tratarea in mediu de plasma

Aceasta lucrare prezinta aspecte privind analiza bivariatd a suprafetelor textile tratate prin intermediul tehnologiilor RF
plasmé (RF plasmé Ar si RF plasmé& SF6), pentru a obtine efectul hidrofob. In plus, a fost studiat efectul remanent sau
temporar hidrofob obfinut prin depunerea unei pelicule subtiri de politetrafluoroetilena (PTFE), prin tehnologia de
depunere fizicd sub formé de vapori (PVD) si RF plasma SF6. in aceasté lucrare, sunt prezentate analiza bivariaté a
parametrilor si caracterizarea probelor textile hidrofobe (bumbac 100% cu masa 401 g/m?), prin determinarea unghiului
de contact la apa cu ajutorul dispozitivului VCA OPTIMA si a rezistentei la umezire prin metoda Spray test (James Heal).
Evaluarea modificarilor morfologice a fost realizatd prin microscopie electronicd SEM cu magnifiere x8000. In urma
acestor investigatii, s-a observat ca tratamentul cu politetrafluoroetilena este daunator pentru mediu si confera un efect
de hidrofobizare rezistent in timp pentru aproximativ 101 zile, iar tratamentul cu RF plasma SF6 are un efect de
hidrofobizare temporara pentru 24 de ore.

Cuvinte-cheie: plasma, analiza bivariata, hidrofobicitate, unghiul de contact, rezistenta la umezire

INTRODUCTION

The challenges to finding solutions for surface func-
tionalization by low cost in materials, energy, and
time, boost the research in textile to multidisciplinari-
ty and new versatile technologies such as RF plasma
technology or magnetron sputtering to deposit thin-

technology [15—17] that can be used for obtaining func-
tional surfaces with hydrophobic, hydrophilic, antibac-
terial, electrical, mechanical properties improved.

However, the most commonly used plasma technolo-
gy for textile functionalization, such as hydrophobiza-
tion and hydrophilic [18—-19], still remains low pres-

film on the textile surface. The new approach of PVD
coating on the cotton textile surface [1-3] offers a
new perspective for textile functionalization to obtain
antibacterial [4], the hydrophobic [5—7], hydrophilic or
conductive effect [8-9]. The magnetron sputtering [10]
is high-rate vacuum coating technique for depositing
metals, alloys, and compounds on the materials sur-
face, with film thicknesses. The coating techniques
based on vacuum deposition are chemical vapor
deposition (CVD) [11] and physical vapor deposition
(PVD) [12-14]. By CVD coating technology, a thin
film was obtained by the chemical reaction between
precursors. The inconvenient is that this technique
requires a high-temperature medium. By PVD tech-
nique, the surface can be modified by evaporation
and sputtering. This technique is eco-friendly and dry
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sure RF plasma technology.

EXPERIMENTAL PART AND METHODS

The goal of our experiments was to investigate the
hydrophobic character, permanent or temporary,
obtained by using RF plasma treatments based on
Argon (Ar) and fluoropolymers such as PTFE
(Polytetrafluoroethylene) or plasma treatments based
SF6 (Sulfur hexafluoride). In order to achieve these
objectives there were used several parameters that
define the samples (cotton 100%, mass 401 g/m?)
and experiments such as gas flow rate (15—-120 sccm),
pressure (1.0x10-3— 8.8x10~* mbar), time (5—15 min),
power (40 W; 80 W) and gas type (SF6 or Argon for
magnetron sputtering used for PTFE thin-film deposi-
tion). By RF plasma Ar and PTFE were prepared
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9 samples (P,—P,) and by SF6 RF plasma were pro-
vided 6 samples (P,,—P,5).

To investigate the resistance to surface wetting using
a spray test qualitative method (SR EN ISO 4920:
2013) that allows appreciating, by ISO scale or pho-
tographic scale AATCC, the resistance of the fabric to
surface wetting by water at temperature 21°C. Using
this method several tests were performed during 101
days. Figure 1 presents the values obtained by pho-
tographic scale AATCC during the 101 days for sam-
ples treated with PTFE in Ar RF plasma, and figure 2
presents the values for 3 days for samples treated

with SF; RF plasma. By performing these tests, we
observed that the fabric treated in RF plasma
acquires a temporary hydrophobic character. Also, in
the case of SF; RF plasma, the hydrophobic charac-
ter was active only for 24 h, and after 48 hours the
fabrics become initial hydrophilic characters (figure 2).
However, in case of the treatments obtained by Ar
plasma with thin-film PTFE deposition the hydropho-
bic character (figure 1) was longtime remnant and on
several samples was still active after 101 but with
very weak values.
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Fig. 1. Spray tests for samples P,—P, treated in Ar plasma and coated with PTFE
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Fig. 2. Spray tests for samples P,,—P,; treated using SF; RF plasma
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Fig. 3. Contact angles for samples P1—P9 for 3 days
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Fig. 4. Contact angles for samples P10—P15 for 3 days

Also, we analyzed the contact angle for samples with
hydrophobic properties obtained by Ar RF plasma
with thin-film PTFE (figure 3) and SF; RF plasma (fig-
ure 4). The thickness of the PTFE thin-film was var-
ied using the argon flow injected during the sputter-
ing process (in the range 80—-120 sccm), and respec-
tively by the deposition time (5—15 min).

The hydrophobic effect of the coated textile surfaces
was investigated by the water contact angle using the
device VCA OPTIMA (figure 5) according to ASTM
D7490-08 (table 1) and spray rating tester (resistance
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Fig. 5. Optima VCA — contact angle test

to surface wetting tester — figure 6) from James Heal
according to SR EN I1SO 4920/2013 (table 1).
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The morphological analysis
was performed by using an
electron scan microscope
(SEM) with a view at 50 um
scale with  magnitude
X8000 to highlight the mor-
phological modifications
(figure 7).

From all samples treated by
RF plasma, the samples
(M-etalon sample, P8, and
P9 are samples coated by
PTFE and Ar RF plasma
technology) with the best
values obtained to resis-
tance to surface wetting
test after 101 days, respec-
tive to water contact angle
are presented in table 1.

Fig. 6. Resistance to
surface wetting tester
James Heal

Etalon (M) P6

fix) =a*x* + b3 +c*% +d*x +e 2)

where: x = Pg, f(x) = Ry, a=-26.82; b=3.213;
c=89.43; d=-6.259; e = 23.67.

Besides, analyzing the covariations (cov) cov(Rgy,
Psre) (3) between resistance to surface wetting (Rg,)
and work pressure (Pg.,), respective cov(Rg,,, O ggp)
(4) between Ry, and gas flow rate (Qge) we
observed that resistance of surface wetting is in
inverse proportionality report with both gas flow rate
and gas pressure. That means that at the increasing
of the values for pressure, respective floe rate, the
resistance of surface wetting will have a decreasing
trend.
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Fig. 7. Morphological analysis for samples P6, P8, and P9 in comparison with the etalon

Table 1 By analyzing data for samples treated

with RF plasma Ar (Argon) and PTFE, we
SAMPLE WITH HYDROPHOBIC CHARACTER OBTAINED IN observed that these could not provide a
PLASMA AND PERSISTENT HYDROPHOBIC CHARACTER FOR bivariate linear analvsis and a multivari
APPROX. 100 DAYS _ ys
ate analysis of data (figure 10) was per-
Tests Results Standards formed. Figure 10 presents the multivari-
M P8 P9 ate analysis graph for resistance to
Resistance |Degree scale surface wetting (photographic scale
1SO 0 2 2.5
to surface SRENISO AATCC) depending on gas volume (V)
wetting Photographic | 70 | 75 4920/2013 (5) during the experiment time (f) and
(Spray test) |scale AATCC
pressure (P,,).
Contact angle <1 [142.4|138.6 | ASTM D7490-08

BIVARIATE ANALYSIS OF THE EXPERIMENTAL
DATA

We used bivariate analysis (figures 8 and 9) of two
variables (resistance to surface wetting reported to
gas flow rate and pressure) to investigate the depen-
dence or the difference between two variables.

By bivariate analysis the resistance to surface wet-
ting (Ry,) = (D gg) resulted the linear model (1):

fix) =a*>>+b*x* +c*+d**2+e*x+f (1)

where: x = CDSFG; fix) = Ry,, a=-50.61; b =-14.04;
c=128.9; d=40.65; e =-74.43; f = 39.67.

By bivariate analysis the resistance to surface wet-
ting (R,) = f(Pg) resulted the linear model (2):
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VAr= CDAr *t (5)

By multivariate analysis of the parameters, the resis-
tance to surface wetting (R, = f(P,, V,,) resulted the
linear model (6):

f(x,y) = a + b*x + c*y + d*x* + e*x*y + f*y>  (6)
where: R, =f(xy), x=V,; y=P,; a=66.15;
b=-2.992; c=7.208; d =8.75; e = —2.059; f=—4.913.
By analyzing the covariations cov(Rgy,P,,) (7)
between resistance to surface wetting (Rg,,) and work
pressure (P,,), respective cov(Rg,, V,,) (8) between
R,, and gas volume (V,,) we observed that resis-
tance of surface wetting is in direct proportionality
report with gas volume, respective gas pressure, but
the most substantial influence has the gas volume
inserted in plasma installation.
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* Resistance to surface wetting = f (gas flow rate)
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Fig. 8. Bivariate analysis — resistance to surface wetting (R,,) depending on the SF6 flow rate ({ gc)-samples
treated by SF; RF plasma

* Resistance to surface wetting = f (pressure)
I \ T T T T T 1
| \ :
8 | \ \ 0.9
= _ e N "
3 roi N / \
- / \
3 55| \ of \ i 0.8
[ /
Y \ ¥ \
-E. 60 \ / { 0.7
\ \
g 55| X / \ - [Hos
£ | \ / \
| / \
@ 50~ \\_\. / I". - 0.5
E N /_,' \
= 45 - N\ / | 0.4
8 N\ / \'|
\
£ 40 \. 74 1 Wos
“ \ Fy
N \
8350 \, \
F | N / \| o2
& 30f \\ o \
2 1 0.1
x 25 I R = _//
| | | ———] [ | 0
3 4 L] 6 ¥ & 8 9
Work pressure SF6 RF ON x10+

Fig. 9. Bivariate analysis — resistance to surface wetting (R,,) depending on the work pressure (Pg.,)-samples
treated by SFg RF plasma

2.2250 0.0225

R.,V,)=10e+05% 7
COV(Ry, V) = 1.0e ‘0.0225 o.ooos‘ "

cov(Ry,,P,,) =

0.0000 0.0001
\ (®)

0.0001 79.8611

CONCLUSIONS

The hydrophobic effect obtained by RF plasma tech-
nology has a temporary character (2-101 days) and
has the advantages of reducing environmental waste
and that it is a clean procedure. The substances used
in plasma treatment are already reported harmful to
human health. The resistance to surface wetting
depends on the gas flow rate, time, and work pres-
sure. In case of the samples treated by Ar RF plasma
and PTFE was observed direct dependence between
the resistance to surface wetting and the variations of
gas volume, respective gas pressure used during the
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experiment. However, in the case of the samples
treated with SF6 RF plasma it was observed an
inverse dependence between the resistance of the
surface wetting and the as flow rate or gas pressure
variations during the experiment. Concerning the
durability of the hydrophobization treatment it was
observed that in case of the samples treated with
SF6 the effect was temporary only for 24 hours, and
after 48 hours was observed that samples become
hydrophilic. Also, in case of the samples treated with
Ar plasma and PTFE film deposition, the samples
acquire a longtime hydrophobic effect, the last obser-
vations, after 101 days, indicating for two of the sam-
ples a remnant weak hydrophobic effect. In conclu-
sion, the resistance to surface wetting and contact
angle values are in a strong dependence, and the
principal influence factors are time, drop speed, gas
type, and temperature.
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Fig. 10. 3D representation — resistance to surface wetting (R;,,) related to the gas volume (V,,) and gas pressure (P,,)
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