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Abstract

The aim of this research was to apply three different types of zeolites and the combination thereof in the
form of a very fine powder, together with different chemicals and additives on polyamide knitted fabric ac-
cording to an industrially acceptable exhaustion procedure in order to study changes in the morphology,
optical properties and wettability of surfaces. Zeolites were analysed using Scanning Electron Microscopy
(SEM), Fourier Transform Infrared Spectroscopy (FTIR) and gas physiosorption. Additionally, the morphology
of zeolite-coated surfaces was examined closely using SEM, while changes in molecular-chemical level were
examined by means of IR spectroscopy. Optical properties were studied using CIE colour measurement and
diffuse reflectance profile determination, while the hydrophilic/hydrophobic character was examined using
goniometry. The obtained results show the suitability of the employed exhaustion procedure, depending
on the type of zeolite and the composition of the treatment bath. The results also provided evidence of the
enhanced wettability of PA fabrics using 4A and 13X zeolites in combination with selected additives.
Keywords: zeolites, polyamide fibres, exhaustion, surface modification, wettability

Izvlecek

Namen predstavljene raziskave je bil nanesti tri razlicne tipe zeolitov in njihovo kombinacijo v obliki zelo finega pra-
hu skupaj z razlicnimi kemikalijami in pomoZnimi sredstvi na poliamidno pletivo po industrijsko sprejemljivem po-
stopku iz¢rpavanja za studijo sprememb v morfologiji povrsine, opti¢nih lastnosti in omocljivosti. Zeolite smo
analizirali s pomocjo vrsticnega elektronskega mikroskopa (SEM), Fourierjeve transformacijske infrardece spektro-
skopije in plinske fizisorpcije. V nadaljevanju smo podrobno okarakterizirali z zeoliti oplascene povrsine s pomocjo
SEM, spremembe na molekularno-kemijski ravni s pomocjo IR-spektroskopije, optic¢ne lastnosti s pomocjo CIE-me-
ritev in dolocanjem difuzijskega refleksijskega profila ter hidrofilni/hidrofobni znacaj z goniometrijo. Dobljeni rezul-
tati dokazujejo primernost uporablienega postopka izérpavanja v odvisnosti od vrste uporabljenega zeolita in se-
stave obdelovalne kopeli. Prav tako rezultati dokazujejo povecano hidrofilnost PA pletenine pri uporabi zeolitov 4A
in 13X v kombinaciji z izbranimi pomoZnimi sredstvi.
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1 Introduction

Polyamide (PA) fibres are linear polymers contain-
ing amide bonds, the monomeric units of which
are joined through secondary amide (-NHCO-)
linkage [1]. This group of synthetic polyconden-
sate fibres is important from a textile-technical
and economic point of view due to its favourable
properties, such as superior strength characteris-
tics (abrasion resistant), good bacterial resistance,
low swelling in aqueous media, excellent dimen-
sional stability when washed, etc. [2]. However,
polyamide is relatively hydrophobic in character,
with moisture regain of only around four percent
[3]. Because of this feature, the ability of poly-
amide textiles to transport moisture and heat away
from the body effectively are limited, while a static
charge may also be created on clothing and outfits.
Functional surface coatings that address thermal
and/or sensorial comfort, which relates to skin
contact sensation, have become increasingly im-
portant in recent years [4]. The fabrication of mul-
ti-functional fibrous materials using various stra-
tegies of surface modification with different
(nano- or micro-) particles offers excellent poten-
tial, either for improving some undesired proper-
ties or imparting special functionalities, and de-
veloping high-added value products, i.e. textiles
for protection, medical and sport activities, tech-
nical textiles, etc. [5]. In addition to various nano-
particles that are used for modifying fibre-forming
polymers, zeolites of numerous types have attract-
ed increased interest for such kinds of applications
on account of their superior heat resistance, high
surface area, exchangeable cations and high chem-
ical stability [6, 7]. Because they are non-toxic and
non-absorbable by humans, zeolites would be
highly promising for the fabrication of multifunc-
tional textiles that are constantly in direct contact
with the skin. Through several studies, Grancari¢
et al. put forth an idea as to how the application of
tribomechanically activated natural zeolites could
lead to the enhanced antimicrobial and UV pro-
tection capabilities of cotton and polyester fabrics
[8, 9]. Carran et al. concluded that the surface
treatment of wool fabrics with zeolite molecular
sieve 5A leads to varied changes in the physico-
chemical properties of wool [7]. Monteiro and col-
leagues showed that it is possible to immobilise
montmorillonite onto cotton textile efliciently
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through their functionalisation with organosi-
lanes, which in turn increases washing speed [10].
The promising results of the above-mentioned stud-
ies recorded in recent years and a lack of literature
in the field of polyamide textiles coated with syn-
thetic zeolites using industrially applicable proce-
dures convinced us to research the viability of fabri-
cating zeolite-modified, fibre-forming polymers
with amended water absorption properties. The
main objective of our study was therefore to select
and characterise three different types of commer-
cially available zeolites and the combination thereof
for the further surface treatment of polyamide knit-
ted fabric using a novel dyeing-like exhaustion pro-
cedure in order to create a hydrophilic feature. Op-
tical properties were also evaluated, as coating
procedures can cause yellowing or colour changes
indicating surface damage, and because visual ap-
pearance is also a very important parameter.

2 Experimental

2.1 Materials

Three different commercially available zeolites were
used in the form of a very fine powder, i.e. 44, 13X
and ZSM-5, as well as a mixture of those three zeo-
lites in a ratio of 60:30:10. The zeolites were indus-
trially synthesized and supplied by the company
Silkem from Kidricevo.

A series of experiments was carried out using a
light-grey 100% polyamide (PA) knitted fabric,
which was industrially manufactured by AquafilS-
LO. Before a series of coating trials was started, the
source fabric was washed at a temperature of 40°C
for 30 minutes using a neutral non-ionic washing
agent, and then rinsed in warm and cold water and
dried at ambient temperature.

2.2 Application procedure

Eight previously optimised initial baths were com-
posed of i) 3% owf (of weight of fabric) of an indi-
vidual zeolite (4A, 13X or ZSM-5) or a mixture of
zeolites; and ii) 3% owf of an individual zeolite
(4A, 13X or ZSM-5) or mixture of zeolites togeth-
er with additives (add.) suitable for PA treatment,
i.e. 0.3% owf of amphoteric levelling agent (Kerio-
lon A2N, Bezema), 0.5 ml/L of pH-regulator
(Meropan OFS, Bezema) and acetic acid (80%) for
pH 5-5.5 adjustment.
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Individual treatment baths were applied according
to the exhaustion procedure at a temperature of
98°C for 60 minutes using a liquor-to-fabric weight
ratio of 30:1 (150 mL of deionized water to 5 g of
PA) in a sealed stainless-steel treatment pot housed
in a Labomat (W. Mathis) laboratory device. The
treated samples were rinsed in warm and then cold
deionised water, and dried at room temperature. All
the zeolite-treated samples were washed at a tem-
perature of 40°C for 30 minutes in a Labomat (W.
Mathis) using a solution of 2 g/L of standard refer-
ence detergent without optical brighteners, and a
liquor-to-fabric weight ratio of 50:1. The samples
were then rinsed in tap water and finally dried at
room temperature.

2.3 Characterisation of zeolites

SEM analysis was carried out by putting an individu-
al zeolite powder on adhesive carbon tape, which was
placed on a brass holder and then observed on an
FE-SEM-ZEISS Gemini Supra 35 VP Scanning Elec-
tron Microscope (Carl Zeiss NTS GmbH, Germany).
The infrared absorbance spectra of zeolites were ob-
tained using an FTIR System Spectrum GX spectro-
photometer (Perkin Elmer) with a Golden Gate ATR
attachment and a diamond crystal. The measurements
were taken in the range of 4000-650 cm~! wave-
number using 16 scans and a resolution of 4 cm~1.
Additionally, the BET surface area and porosity of
an individual zeolite were determined by nitrogen
adsorption-desorption isotherms at 77 K using a
Tristar 3000 (Micromeritics) system. Prior to these
measurements, samples were dried for 24 hours at a
temperature of 200°C.

2.4 Fabric’s surface characterisation

Scanning Electron Microscopy (SEM) was utilised
in order to study the surface morphologies of PA
knitted fabrics treated with zeolites. Approximately
1 cm? of the fabric was attached to an adhesive car-
bon band on a brass holder on a FE-SEM-ZEISS
Gemini Supra 35 VP Scanning Electron Microscope
(Carl Zeiss NTS GmbH, Germany). SEM images
were then taken.

The infrared absorbance spectra of zeolite-coated
PA samples, relative to a reference sample treated
in deionized water under the same conditions,
were obtained using an FTIR System Spectrum GX
spectrophotometer (Perkin Elmer) with a Golden
Gate ATR attachment and a diamond crystal. The
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measurements were taken in the range of 4000-
650 cm~! wavenumber using 32 scans and a reso-
lution of 4 cm~1L.

The diffuse reflectance spectra profiles of the un-
treated (reference) and zeolite-treated PA in the
200-700 nm wavebands were recorded on a Lamb-
da 900 UV-Vis-NIR spectrophotometer (Perkin
Elmer) with an integrated sphere at a scanning
speed of 450 nm per minute.

CIE measurements of lightness (L*) and chroma
(C*) of (un)coated samples were made within a
spectral range of 400-700 nm wavelengths using a
two-ray Spectraflash SF600 Plus spectrophotometer
(Datacolor) equipped with an Ulbricht sphere and
measuring geometry of d/8° under a standard illu-
minant D65 (LAV/Spec. Incl.).

The hydrophilic feature of untreated and zeolite-
modified fibrous surfaces was studied by contact
angle measurement using the sessile drop tech-
nique. An individual sample was placed on a hori-
zontal table attached to a mechanical device on a
Goniometer (DataphysicApparatus). A micro-drop
with the volume of 0.3 uL MilliQ water was poured
onto the fabric surface. The drop was illuminated
using white diffuse light and observed with a tele-
microscope. A clear image of the drop was trans-
ferred directly through a CCD-camera showing the
drop profile. The contact angle was determined
from the tangent to the drop at the three-phase con-
tact line.

3 Results and discussion

3.1 Analysis of zeolites

SEM micrographs of zeolites were taken with the
aim of studying the surface morphology of differ-
ent types of zeolites for the subsequent surface
modification of selected polyamide knitted fabric.
Those micrographs are presented in Figure 1. Ad-
ditionally, ATR-FTIR spectra of the zeolites’ pow-
der were recorded from a wavenumber of 4000 up
to 650 cm~! (Figure 2), while gas physiosorption
was determined (Table 1) in order to elucidate the
difference between three types of zeolites, as well
as combinations thereof.

The SEM micrographs in Figure 1 show structural/
formational differences between the used zeolite,
namely cubic crystals of zeolite A (a), octahedral
crystals of zeolite X (b) and pentasil building blocks
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Figure 1: SEM images of selected zeolites

of zeolite ZSM-5 (c), which were all present in the
mixture of those zeolites (d) as expected from infor-
mation provided by the producer. Furthermore, a
high amount of sodalite was noticed in all samples, as
well as the presence of impurities, probably due to the
industrial syntheses and, in the case of the mixture,

due to the blending procedure. The examined zeolites
are of different sizes, averaging from 1 to 3 um.

The FTIR spectrum of the zeolites’ fine powder, as
presented in Figure 2, showed some characteristic
bands. The most intensive band within the area of
low frequency at wavenumbers of 970 cm™! (4A, 13X
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Figure 2: ATR-FTIR spectra of used zeolites
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Figure 3: SEM images of PA fabrics coated using 3% owf of zeolites (left column); 3% owf of zeolite mixture
with additives (right column).
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Table 1: BET surface area and porosity analyses
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Sample Spep[m? g7l Vi [em?® g71] Vior [cm? g71]
13X 629 0.290 0.310
4A* 3 - 0.003

ZSM-5 343 0.125 0.178

mixture 204 0.095 0.102

* Sample should be dried at higher temperature using another apparatus.

and ZSM-5) and of 1067 cm! (mixture of zeolites)
was due to Si-O(-Si) stretching vibrations and to
bending modes of structural AI-OH-Al the bands
within the range of 680-800 cm™! having been as-
signed to the ‘ring’ vibrations of internal oxygen
bridges Si-O(-H) and Si-O-Si [11]. Finally, a mod-
erate but wide peak could be observed at a wavenum-
ber of ca. 3340 cm™! and also at 1650 cm™! due to
O-H stretching and bending vibrations, respectively,
associated with the presence of an interlayer of H,O.
Table 1 presents typical micropore volume and total
pore volume for zeolites ZSM-5 and 13X, while zeo-
lite 4A recorded the lowest values of BET surface
and total pore volume, probably on account of filled
pores. The aforementioned zeolite should thus be
dried at higher temperatures. The three measured
parameters were rather low in the mixture of zeo-
lites, as expected, because the ratio of 4A, 13X and
ZSM-5 zeolites in that mixture were 60:30:10.

3.2 Morphological analysis of modified PA
knitted fabrics

In order to visually establish the amount and equal-
ity of four different types of zeolites applied to the
surface of PA knitted fabrics according to the ex-
haustion procedure, the surface morphologies were
studied using SEM (Figure 3).

The SEM micrographs in Figure 3 showed different
coating morphologies of PA fibres, which were cre-
ated by applying 3% owf of diverse zeolites (44, 13X
and ZSM-5) and a zeolite mixture, and by different
bath compositions, i.e. aqueous dispersions of an
individual zeolite (left column) and slightly acidic
aqueous dispersions of an individual zeolite, togeth-
er with proper additives (right column). In the case
of aqueous dispersions of zeolite 4A and 13X, an ex-
ceedingly low content of micro-particles could be
observed over the entire surface of fibres relative to
the samples treated with the same zeolites, but in
combination with additives in acidic conditions,

which matches well with the FTIR and DRS results
presented additionally in Figures 4 and 5. When ze-
olites from pH 5 baths were applied (adjustment by
acetic acid), the dealumination of aluminosilicate
particles occurred to a minor degree, which was
also reported by [7] when applying 5A zeolite mo-
lecular sieves on wool fabrics from a 2 wt% aqueous
acetic acid solution. According to theory, acid at-
tacks the Al-O-Si framework during dealumina-
tion when H+ ions break down the zeolite structure
and thus generate large amounts of silanol groups
(Si-OH) on a zeolite’s surface which could, in our
case, interact with protonated -NH,* groups of
polyamide fibres. As presumed by Gonzales et al.
[12], different zeolite structure types (arrangement
and pore size) are known to exhibit different acces-
sibility of aluminium atoms in the framework and,
consequently, very disparate behaviour towards
dealumination. Thus, in our case, zeolite ZSM-5,
with a one-dimensional 10-ring pore system, was
less prone to dealumination than the three-dimen-
sional 12-ring and 8-ring pore systems of zeolite X
and A, respectively.

3.3 Molecular-chemical analysis of modified
PA knitted fabrics

The molecular-chemical changes of modified PA
knitted fabrics were determined by FTIR, as shown
in Figure 4.

In the infrared spectra in Figure 4, typical peak
positions for the polyamide were depicted, irre-
spective of treatment type, including CH, asym-
metric stretching at 2932 cm~!, CH, symmetric
stretching at 2858 cm~!, amide I (C=O stretching
vibrations) at ~1631 cm~!, amide II (N-H bending
and C-H stretching vibrations) at 1531 cm~! and
amide III band/CH, wagging at 1371 cm~}, as also
fully interpreted in [1, 13]. In addition, some char-
acteristic absorption bands are evidently recog-
nised for zeolite-treated PA fabrics, i.e. the peaks
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Figure 4: FTIR spectra of untreated (refer.) and coated PA using: a) aqueous dispersions of different zeolites; b)

zeolites together with additives

of around 1000 or 1060 cm~! (with respect to the
zeolite used) corresponded to stretching vibra-
tions, and at 799 cm~! to the bending Si-O vibra-
tions of Si-O-C [7, 10]. Meanwhile, some peaks
became lower, such as the peaks at 1631 cm~! and
3298 cm™!, due to the reduced amino groups or in-
tensified, and the peaks at 1275 cm™! on account
of the presence of C-H symmetric bending vibra-
tions of Si-CH,-CH,-.

3.4 CIE measurement

A light-grey 100% polyamide (PA) knitted fabric
was used for this research. Based on the presump-
tion that zeolites are white pigments and thus ap-
plied to the material’s surface in an adequate con-
centration to produce a white colour, the impact of
coating of different zeolites on the samples” visual
changes was given using CIE lightness (L*) and
chroma (C*) determination (Figure 5).
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Figure 5: CIE lightness (L*) versus chroma (C*) of un-
treated (refer.) and coated PA using aqueous dispersi-

ons of different zeolites and zeolites together with ad-
ditives (add.)

The results in Figure 5 revealed visually perceivable
changes in lightness (and somewhat less in chroma)
between reference and zeolite-coated samples, and
between the composition of baths. As expected,
samples treated with a slightly acidic (pH 5.5-6.5)
aqueous dispersion of zeolites in combination with
appropriate additives were brighter (L* values are
higher) and less saturated (C* values are lower) than
the reference sample, implying a higher amount of
zeolites on the surface of PA fibres, which could also
be perceived from the SEM images. The most chro-
matic sample was treated with 3% owf of ZSM-5
aqueous dispersion.

3.5 Diffuse reflectance spectra profile
determination

The DRS profiles of the polyamide fabrics in both
the UV and visible regions (wavelengths between
250 and 700 nm), before and after the modification
of zeolites, are illustrated and compared in Figure 6.
Figure 6 shows a reflectance curve of bright-grey,
untreated fabric (ref.) with one typical absorption
peak (reflectance minimum) at a wavelength of 290
nm, which contributed to the optical profile of the
polyamide fibres. After the application of zeolites,
the optical properties were changed in both UV and
visible regions, with respect to the type of zeolite
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used and the composition of the treatment bath.
Also, an extra absorption peak occurred in the
UV-A region at 330 nm for all coated samples.
Moreover, the obtained results indicate that the re-
flectance curves of those PA fabrics treated only by
zeolites 13X, 4A or ZSM-5 decreased the most in
the spectrums UV region, implying stronger ab-
sorption intensity and thus higher UV-ray blocking
properties than the reference sample and the sam-
ples treated with a combination of individual zeolite
and additives.

Reflectance [%]

250 300 350 400 450 500 550 600 650 700
Wavelength [nm]

refer. 13X
————— 13X + add. 4A
- 4A + add. ZSM-5
ZSM-5 + add. mix
mix - add.

Figure 6: Diffuse reflectance spectra of untreated (re-
fer.) and coated PA using aqueous dispersions of dif-
ferent zeolites and zeolites together with additives

(add.)

3.6 Effect of zeolites on the wettability of PA
knitted fabrics

In order to improve the comfort of PA knitted tex-
tiles for the wearer, the material needs to transport
heat and moisture away from the skin. Moreover,
hydrophobicity may result in an unfavourable elec-
trostatic charge on textile surfaces, causing gar-
ments and outfits to cling to each other [14]. Zeo-
lites form porous structures with cavities and
channels that vary between types, giving zeolites the
ability to act as adsorbents, catalysts and molecular
sieves [7]. Therefore, to assess the role of different
types of zeolites and the composition of baths on
the wettability of polyamide fabric, contact angles
were determined and drop images were scanned by
means of goniometry, as presented in Table 2.
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Table 2: Contact angles (CA) of untreated (refer.) and modified PA knitted fabrics

Sample Refer. 4A 13X ZSM-5 mix
Drop images
CA [°] 102.9 72.3 67.2 127.5 90.6
Sample / 4A+add. 13X+add. ZSM-5+add. mix.+add.
/
Drop images
CA [] / 44.1 66.2 103.8 86.5

It is evident from Table 2 that the industrially man-
ufactured untreated PA knitted sample has an aver-
age contact angle of about 102°. Hydrophilicity in-
creased by reducing the water droplet angle,
depending on the type of zeolite particles and
whether additives were used. In general, surfaces
coated with zeolites in combination with additives
had more hydrophilic character than those treated
merely with zeolites, probably due to the presence
of the levelling agent and acid pH. Carran et al. [7]
reported that an acidic condition can cause the dea-
lumination of zeolites, resulting in the breakdown
of zeolite structures and thus the generation of a
greater amount of ~-OH containing species, of which
some may be bound to the PA surface, while the
other caused the enhanced water absorption capa-
bilities of fibres. On the other hand, surfaces treated
with ZSM-5 zeolite particles were more hydropho-
bic than the reference sample. This can be explained
by the hydrophobic character of ZSM-5 relative to
the hydrophilic character of 4A (25% of water ab-
sorption) and 13X (32% of water absorption).

4 Conclusion

The results obtained through surface morphology
observation and the identification of specific molec-
ular vibrations of zeolite-coated polyamide knitted
fabrics proved the suitability of the employed ex-
haustion procedure, with respect to the type of zeo-
lite used and the composition of the treatment bath.

Moreover, the fabrics’ optical properties were
changed in both UV and visible regions, i.e. zeolite-
treated samples became lighter, while the reflect-
ance curves of those PA fabrics treated only by zeo-
lites 13X, 4A or ZSM-5 decreased the most in the
spectrum’s UV region, implying stronger absorp-
tion intensity and thus higher UV-ray blocking
properties than the reference sample. In addition,
samples treated with 4A and 13X achieved better
hydrophilicity (lower contact angles) than the refer-
ence sample. On the other hand, both ZSM-5 treat-
ed samples demonstrated a more hydrophobic effect
than the reference sample on account of the hydro-
phobic nature of the zeolite.

Acknowledgements

The research leading to these results received funding
from the Slovenian Research Agency (ARRS) under
applied project no. L2-6776, and a Programme Group
Textile Chemistry P2-0118.

References

1. VENDEMIATTI, Caique, HOSOKAWA, R. S.,
RANGEL, R. C. C, BORTOLETO, J. R. R,
CRUZ, Nilson C., RANGEL, E. C. Wettability
and surface microstructure of polyamide 6 coat-
ed with SiOyC H, films. Surface ¢ Coatings
Technology, 2015, 275, 32-40, doi: 10.1016/j.
surfcoat.2015.03.051.

Tekstilec, 2017,60(2), 116-125



2.

3.

ROUETTE, Hans Karl. Encyclopedia of textile
finishing. Aachen : Springer, 2000.
KIM, Hye Rim, SEO, Hye Young. Enzymatic hy-
drolysis of polyamide fabric by using acylase.
Textile Research Journal, 2011, 83, 1181-1189,
doi: 10.1177/0040517512471747.

. CLOUD, R. M., SONG, G. Functional finishes to

improve the comfort and protection of apparel.
In Advances in the dyeing and finishing of techni-
cal textiles. Edited by M. L. Gulrajani. Cam-
bridge : Wodhead Publishing Limited, 2013,
258-279.

. OJSTRSEK, Alenka, STANA KLEINSCHEK,

Karin, FAKIN, Darinka. Characterization of na-
no-sized TiO, suspension for functional modi-
fication of polyester fabric. Surface & Coatings
Technology, 2013, 226, 68-74, doi: 10.1016/].
surfcoat.2013.03.037.

. LIU, Shuzhen, CAO, Xujeing, LI, Liansheng, LI,

Caijin, JI, Yanyan, XIAO Feng-Shou. Preformed
zeolite precursor route for synthesis of mesopo-
rous X zeolite. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 2008, 318(1-3),
269-274, doi: 10.1016/j.colsurfa.2008.01.002.

. CARRAN, Richard S., GHOSH, Arun, DYER,

Jolon M. The effect of zeolite molecular sieve
based surface treatments on the properties of
wool fabrics. Applied Surface Science, 2013, 287,
467-472, doi: 10.1016/j.apsusc.2013.09.181.

. GRANCARIC, Ana Marija, TARBUK, Anita,

KOVACEK, Ivan¢ica. Nanoparticles of activated
natural zeolite on textiles for protection and
therapy. Chemical Industry and Chemical Engi-
neering Quarterly, 2009, 15(4), 203-210, doi:
10.2298/CICEQ0904203G.

Modification of Polyamide Knitted Fabric using Different Zeolites

10.

11.

12.

13.

14.

125

. GRANCARIC, Ana Marija, TARBUK, Anita,

Mc CALL, David. Surface modification of poly-
ester fabric with tribomechanically activated
natural zeolite (TMAZ) nanoparticles. Polimeri,
2007, 28(4), 219-224.

MONTEIRO, A, JARRAIS, B., ROCHA, I. M,,
PEREIRA, Manuel, E R., FREIRE, Cristina. Ef-
ficient immobilization of montmorillonite onto
cotton textiles through their functionalization
with organosilanes. Applied Clay Science, 2014,
101, 304-314, doi: 10.1016/j.clay.2014.08.019.
MOZGAVA, Wlodzimierz. The relation be-
tween structure and vibrational spectra of natu-
ral zeolites. Journal of Molecular Structure, 2001,
596(1-3), 129-137, doi: 10.1016/S0022-2860-
(01)00741-4.

GONZALES, Maria Dolores, CESTEROS, Yolan-
da, SALAGRE, Pilar. Comparison of dealumi-
nation of zeolites beta, mordenite and ZSM-5 by
treatment with acid under microwave irradia-
tion. Microporous and Mesoporous Materials,
2011, 144, 162-170, doi: 10.1016/j.micromeso.
2011.04.009.

CHARLES, Julie, RAMKUMAAR, G. R,
AZHAGIRI, S., GUNASEKARAN, S. FTIR and
thermal studies on nylon-66 and 30% glass fibre
reinforced nylon-66. E-Journal of Chemistry,
2009, 6(1), 23-33, doi: 10.1155/2009/909017.
FAKIN, Darinka, STANA KLEINSCHEK, Ka-
rin, KURECIC, Manja, OJSTRSEK, Alenka. Ef-
fects of nanoTiO,-SiO, on the hydrophilicity/
dyeability of polyester fabric and photostability
of disperse dyes under UV irradiation. Surface ¢
Coatings Technology, 2014, 253, 185-193, doi:
10.1016/j.surfcoat.2014.05.035.

Tekstilec, 2017,60(2), 116-125



