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Modification of bentonite nanoclay for textile application
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Abstract: The influence of the bentonite content (1, 3, 5 wt%) on the mechanical properties of lightweight
cotton (C), polyester (P) and polyester-cotton (P/C 50/50) fabrics was investigated. Starch was used as
a water-insoluble binder for coating fabrics. Bentonite nanoparticles were obtained by repeated hydra-
tion, decantation and evaporation of the water dispersion. The bentonite particle size was determined
by the XRD method using the Debye-Scherrer equation. The diffraction of the laser beam was used to
determine particles size distribution. The addition of bentonite nanoclay significantly improved tensile
strength (26-61% and 99-118% in the warp and weft direction, respectively) and tear strength (4-13%
and 5-24% in the wrap and weft direction, respectively) of coated fabrics. Their abrasion resistance
has also slightly increased. The biggest changes were noted for the cotton fabric, the smallest for the
polyester fabric, which may result from the low compatibility between starch and the polyester fabric.
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Modyfikacja nano bentonitu do zastosowan wldkienniczych

Streszczenie: Zbadano wplyw zawartosci bentonitu (1, 3, 5% mas.) na wtasciwosci mechaniczne lek-
kich tkanin bawetnianych (C), poliestrowych (P) i poliestrowo-bawetnianych (P/C 50/50). Jako nie-
rozpuszczalny w wodzie srodek wiazacy do powlekania tkanin zastosowano skrobie. Nanoczastki
bentonitu otrzymywano poprzez kilkukrotna hydratacje, dekantacje i odparowanie dyspersji wodne;j.
Wielko$¢ czastek bentonitu oznaczono metoda XRD, stosujac rownanie Debye-Scherrera. Dyfrakcja
wiazki laserowej postuzyta do okreslenia rozkladu wielkosci czastek. Zastosowanie nanoglinki ben-
tonitowej wptynelo na istotng poprawe wytrzymatosci na rozcigganie (0 26-61% w kierunku osnowy
199-118% w kierunku watku) oraz rozdzieranie (4-13% w kierunku osnowy i 5-24% w kierunku wat-
ku) powlekanych tkanin. Nieznacznie zwiekszyla si¢ rowniez ich odpornos¢ na $cieranie. Najwiek-
sze zmiany zanotowano w przypadku tkaniny bawetnianej, najmniejsze dla tkaniny poliestrowej, co
moze wynika¢ z matej kompatybilnosci miedzy skrobia a tkaning poliestrowa.

Stowa kluczowe: bentonit, tekstylia, wlasciwosci mechaniczne.

Nanotechnology offers a variety of innovations for tally conscious treatment of interlaced fabrics [1]. It can
modern materials, including solutions for environmen-  provide high durability and improved affinity without
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effecting the breathability or hand feel for textile pro-
ducts. This is a result of treatment with nano sized par-
ticles, which are characterized by high surface energy
and large surface area-to-volume ratio [2]. Application
of nanoclays on nylon, polypropylene, and polylactide
improves fire retardance reducing the emission of toxic
gases [3]. Bentonite clay bears notable properties, such as
absorption and removal of toxins, heavy metals, impu-
rities, odors as well as improving skin health and stain
resistance [4, 5].

The interfacial bond strength between a fiber and resin
influences mechanical properties of composites by alter-
ing the materials” operative load distribution. Erden et
al. reported that incorporation of 3 wt% oligomeric silox-
ane into the polyester matrix marked an increase in ten-
sile, flexural, and interlaminar shear strength values
of a composite by 16%, 15%, and 75 %, respectively [6].
Prabhu et al. achieved better mechanical properties of
glass fiber reinforced polyester containing 3 wt% clay
nanoparticles. [7]. Hossen et al. reported that composites
reinforced with treated jute fiber exhibited better tensile
behaviors in comparison to their untreated counterparts
[8]. Bozkurt et al. reported that the polyester fiber axial
buckling load could be increased by 8.6% with the addi-
tion of 1 wt% clay nanoparticles [9].

Bentonite (montmorillonite) is one of the most common
smectites and has been used for wide applications because
of its ability to swell in presence of cationic surfactants as
well as its absorption properties [10]. Milo et al. recently
reported the effect of improved mixing technique
and surface modification of montmorillonite on the
structure and mechanical behaviors of clay and epoxy
nano composites [11]. Literature review indicates an
increase of fabric tensile properties in warp and weft
conditions with the increment of weight percentage
of nanoclay implying that nano fillers have poten-
tial to transfer stress away from examined fabrics
[5, 8,9 11, 13, 14-18].

Nanoclay fabric coatings can be applied using
numerous methods including spraying, transfer print-
ing and padding, the ladder being most used. This is
a technique where the nanoparticles are attached to the
fabrics with a sponge with appropriate pressure and
speed, then cured and dried until permanently fixed
[13]. The large specific surface area of nanoclays, due
to their nanometer size and high aspect ratio, provides
an increased number of polymers—particle and par-
ticle—particle interactions compared to conventional
fillers [9, 15-18]. To ensure a uniform distribution of
nanoclay in coatings, a dispersant, namely binding
agent, is required [12]. It has been found that clay par-
ticles, when added to the bath without such additive,
do not provide satisfactory particle dispersion within
the polymer matrix. Rather, the clay tends to agglom-
erate at the water surface and deposit upon the fab-
rics with poor distribution. Obtaining even nanoclay
deposition, so that the clay particles do not sink or oth-

erwise remain below the surface in the solution bath,
is crucial in production of textile nano coatings [13].
The preferred binding/dispersing agents are water-
soluble inorganic salts. These include sodium carbon-
ate, sodium sulfate, potassium carbonate, potassium
sulfate, magnesium sulfate, lithium sulfate, lithium
carbonate, and sodium citrate, with the two first men-
tioned being most used [5, 6]. In this work, sodium
carbonate, which is basic in character and particu-
larly valuable in present compositions, was utilized.
This inorganic salt behaves as binding agent that
imparts a temporary binding force. However, impor-
tantly, since the salts are water-soluble, the binding
force dissipates during washing. Thereby, they cannot
facilitate even distribution of the clay upon the fab-
rics immersion in water [10]. There have been several
reports regarding the use of starch as a binding agent
for nanoclay. Starch would appear to be an excellent
replacement of water-soluble salts. Substantial sup-
plies of native starch of consistent quality are widely
available, especially compared to other binders such
as those mentioned hereinabove. Starch exhibits gen-
eral insensitivity to water chemistry and strong bind-
ing characteristics which are desirable in dispersing
agents [11].

Therefore, in this study, lightweight fabrics, such as
cotton (C), polyester-cotton (P/C 50/50) and polyester (P),
were coated with 6 nm bentonite nanoparticles obtained
by evaporation of pre-hydrated clay nanoparticles in
the aqueous supernatant. Starch was used as the water-
insoluble binder. The nanoclay particles size was calcu-
lated using the Debye-Scherrer equation, and their size
distribution was determined using the laser diffraction
technique based on X-ray diffraction (XRD). In addition,
the influence of the bentonite content (1, 3, 5 wt%) on the
mechanical and tribological properties (abrasion) of fab-
rics was investigated.
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Fig. 1. X-ray diffraction of bentonite nanoclay
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Fig. 2. Bentonite nanoparticles size distribution
EXPERIMENTAL PART
Materials

Brown bentonite clay powder and starch were pur-
chased from Advanced Minerals and Chemicals
Company Ltd., Pakistan. The nanoclay was modified by
repeated hydration, decanting and evaporation of the
hydrated bentonite nanoparticles. The obtained nano-
clay was characterized by XRD (Fig. 1), and laser diffrac-
tion (Fig.2). The size of the obtained nanoclay particles
was 6 nm. Commercially available lightweight fabrics
(78-103 g/m?), such as cotton (C), polyester (P) and poly-
ester-cotton (P/C 50/50) were also used for testing.

Nanoclay preparation

The nanoclay was prepared according to a procedure
published elsewhere [6], where the nanoclay was pre-
pared after soaking in water for 1-180 days. The authors
modified this method reducing the time to 1-90 days
by repeated hydration, decantation and evaporation of
hydrated bentonite nanoparticles. Briefly, 100 g of lay-
ered clay was mixed with 1 L of water and left for 24 h,
then stirred for 5 min until a homogeneous mixture
was obtained with some sediment. The mixture was
left for 48 h, then the supernatant was separated and
evaporated to give a small residue which was mixed
with the same amount of water (1 L). The hydration

Fig. 3. Bentonite nanoclay preparation

process was repeated, after 48 h the precipitate was
separated and evaporated, then after mixing with
water (1L) was left for 72 h. The decanted liquid was
evaporated, and the obtained residue was nanoclay.
Fig. 3 shows the preparation of two batches of nano-
clay. The obtained nanoclay was manually ground to
reduce the agglomerates.

Coating process

The literature implies that the maximum surface area
will be obtained when the nanoparticles are uniformly
dispersed into their individual sheets within the poly-
mer matrix [7-9]. In this study, a padding technique was
used for coating purposes. The step-by-step procedure is
shown in Fig. 4.

Briefly, a mixture of water and starch (a binder) was
slowly added to the nanoclay, the particles of which were
subjected to mechanical mixing. A constant amount of
water (100 mL) and starch (0.25 g) and a variable amount of
nanoclay (1, 3, 5 mg) were used. The coated fabric samples
were dried at 100°C for 10 min to achieve maximum cross-
linking between the starch and the bentonite nanoclay.

Methods

X-ray diffractometer (x pert PRO; Panalytical Company,
Netherlands) was used to study the crystalline phase
composition of bentonite. The data were collected from
0°to 80° 20. The results were compared with the exist-
ing JSPDS standard and generated graphs of diffraction
peaks were used to calculate the mean crystallite size.
The average size of the bentonite nanoparticles was cal-
culated based on the XRD pattern (Fig. 1) and Debye-
Scherrer equation (1).

Step 1
Square sample cutting (12 x12 inch)

|

Step 2
Preparation of solution bath

l

Step 3
Padding at 1 bar pressure with 1 m/s speed

|

Step 4
Drying at 100°C for 10 minutes

Fig. 4. Flowchart for obtaining coated fabrics
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Fig. 5. Tensile strength in (a) warp and (b) weft direction of bentonite nanoclay-coated cotton, polyester, and P/C fabrics
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Fig. 6. Stereomicroscopy images of coated fabrics after stretching: a) cotton, b) polyester, c) P/C

D= KA 1
- [BcosO M
where: K (Scherrer constant) = 0.94, A (wave length of the

X-ray beam used) = 0.154060 nm, (3 — full width at half maxi-
mum (FWMH) of the peak and 0 — the Bragg angle [19].

The particle size distribution was evaluated in accor-
dance with the ISO 13320 standard using the laser dif-
fraction technique [12].

The tensile strength and tear strength of benton-
ite-coated fabrics were tested using a universal testing
machine (710 Titan, James Heal & Co Ltd., England) with
a speed of 300+10 mm/min according to EN ISO 13934-1
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Fig. 7. Tear strength in (a) warp and (b) weft direction of nanoclay-coated cotton, polyester, and P/C fabrics
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Fig. 8. Stereomicroscopy images of coated fabrics after tear test: a) cotton, b) polyester, c¢) P/C

and EN ISO 13937-1, respectively. The abrasion strength RESULTS AND DISCUSSION

of bentonite-coated fabrics was evaluated according to

EN ISO 12947-2 using a Martindale tester (M235/3, SDL The mechanical properties of bentonite-coated fab-
International Ltd., England). Five specimens were tested  rics were tested in tensile, tear and abrasion modes.
for each fabric. The samples after tensile, tear and abra-  Fig. 5 shows that the addition of bentonite significantly
sion tests were observed using a stereo microscope improved the tensile strength depending on the fabric
(DMW-143, Motic, Hong Kong). type and stretching direction. The tensile strength of
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Fig. 9. Stereomicroscopy images of coated samples after abrasion test: a) cotton, b) polyester, ¢) P/C

cotton, polyester and P/C fabrics increased in the warp
direction by 61%, 44% and 26%, respectively, and in the
weft direction by 118%, 107% and 99%, respectively. The
increase in tensile strength suggests improved interfa-
cial adhesion between the nanoclay, starch and fabric
substrate due to the clay good dispersion [5]. Chowdary
et al. [13] obtained the highest tensile strength of a poly-
ester fabric with a nanoclay content of 3 wt%. They
found that further increasing the nanoclay load resulted
in a decrease in fabric strength due to the thick coating
layer.

Fig. 6 clearly shows that the tensile strength of the
coated fabric strands increased with the increase in the
content of bentonite nanoclay.

In the case of a cotton fabric, the tear strength
increases in both directions as the nanoclay con-
tent increases (Fig. 7). However, the improvement is
small both in the warp and weft directions (13%). For
polyester and P/C fabrics, the highest tear strength
was observed at the nanoclay content of 1 wt%. Tear
strength in the warp direction increased by 11% and
4%, respectively, and in the weft direction by 25% and
5%, respectively. The decrease in tear strength with

higher bentonite content can be explained by the poor
compatibility of starch and polyester fabrics [7]. Fig. 8
presents microscopy images of bentonite-coated fab-
rics after tear tests.

Fig. 9 clearly shows that the coated fabrics were char-
acterized by better abrasion resistance depending on the
type of fabric, nanoclay content and the direction of mea-
surement (wrap, weft). The best abrasion resistance was
obtained for the cotton fabric, and the worst for the poly-
ester fabric. Low abrasion resistance with higher content
of nanoclay may result from poor compatibility between
starch and polyester fabric [7].

CONCLUSIONS

Significant influence of bentonite nanoparticles on
the mechanical properties of lightweight cotton, poly-
ester-cotton and polyester fabrics was demonstrated.
The tensile strength of all tested fabrics increased with
the bentonite content both in the warp and weft direc-
tion. The tearing strength depended on both the type
of fabric and the nanoclay content. For cotton fabric,
the highest increase in tear strength was observed at
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the nanoclay content of 5 wt%, while for polyester and
polyester-cotton fabrics at the content of 1 wt%. In con-
trast, the cotton fabric had the highest abrasion resis-
tance at the nanoclay content of 5 wt%, and the polyes-
ter and polyester-cotton fabrics at the content of 1 wt%.
The lower abrasion resistance of polyester fabrics with
a higher content of bentonite was probably related to
poor compatibility between starch and polyester fabric.
Well-established knowledge provides guidelines for the
industry to improve the tensile, tear and abrasion resis-
tance of lightweight fabrics at a given content of native
bentonite nanoclay.
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