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Abstract

In this present research work two different organic compounds are applied for the modification of Indian origin benton-
ite. One is with n-hexadecyltrimethylammonium bromide (CTAB), intercalated with an interlayer of bentonite via cation
exchange mechanism. Whereas, another with 3-Aminopropyl trimethoxysilane (APTES) interlayer functionalization with
bentonite —-OH group. APTES and CTAB-intercalated bentonites samples were further cross modified with CTAB and
APTES to obtain novel co-surfactant locked organo bentonite modeling (CLOM) like matrices. Original and modified
bentonite samples were comparatively evaluated by advanced characterization techniques such as, powder X-ray dif-
fraction, Fourier-transform infrared spectroscopy, thermal gravimetric analysis (TGA). Moreover, the applicability of the
developed CLOM like materials were investigated in nylon 6 nanocomposite preparation by melt compounding method
using a micro twin co-rotated extruder. Additionally, CLOM-nylon-6 polymer nanocomposites were characterized by wide
angle X-ray diffraction, TGA, differential scanning calorimetry, atomic force microscopy and tensile strength measurement.
The observed thermograph results confirmed no significant difference in the thermal properties of the developed com-
posites. Whereas, the significant variation observed in the tensile strength results particularly for developed composite
5% of N6-OAMSB and N6 AMOSB 5 showed 111.5 and 76.6% respective enhancement in tensile strength results when
compared with a bare nylon-6 polymer.
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1 Introduction

The composting of pristine polymer with different addi-
tives material is a high interest area of research to obtain
reinforcement, such as thermal and mechanical strength
than original polymer. Still now many different filler mate-
rials are applied for the improvement of mechanical and
thermal properties of polymers such as silica, carbon, gra-
phene, carbon nanotubes, graphite, calcium carbonate,
including different types of natural clay minerals [1, 2].
Since 1990 onwards natural and modified clay based pol-
ymer composite materials have been attracting research
fields due to clay material as a naturally abundant low cost
material with anomalous structural and textural proper-
ties features. The clay-polymer composites applications are
dramatically increased after the first time development by
Toyota automotive industry in their manufacturing pro-
cess for the polyamide-6-clay nanocomposite application
in timing belt to improve the thermal and mechanical
properties than unmodified nylon 6 [3, 41.

Among different types of clay minerals, Bentonite is
one of the highly abundant low cost material with high
swelling, cation exchange, excellent plasticity and lubric-
ity these important properties make bentonite commer-
cially viable for different industry applications, such as,
foundry sand binding, drilling mud, iron ore palletization
and as a additives in polymer composite industries. After
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the USA and China, India is the number third country in
the largest production of bentonite. The Indian benton-
ite chemical structure composition was already reported
by our research group as well as several researchers [5-7].
Basically bentonite is 2:1 smectite phyllosilicate clay miner-
als in which two tetrahedral sheets of silicon tetrahedron
sandwiched with an edge-shared octahedral sheet which
made up aluminium or iron hydroxide in several layers
[8]. Though still now India exports high quality raw grade
bentonite but there is still need to find out the bentonite
modification processes because the modified form of ben-
tonite has higher demand in several industries than the
crude or natural bentonite.

Therefore, almost from the last one decade, numerous
efforts have been made for the enhancement of physical
and mechanical properties of natural bentonite clay miner-
als by several modifications which subsequently useful to
improve the quality of clay based polymer composites. In
this regard, most of the researchers concentrated on achiev-
ing a high degree of exfoliation and a better dispersion of
clay minerals with different polymer moieties. The increased
interlayer gallery distance of the bentonite/montmorillonite
allows easier transportation of polymer chains between the
bentonite layers, so that bentonite platelets easily exfoliate
and interfere with polymer molecules. Therefore to increase
the interlayer gallery spacing, different types of organic sur-
factants are used for the modification of bentonite or other
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clay minerals. Mostly in the modification long carbon chain
surfactants are found more efficient than the short-chain
length surfactant [9]. Similarly silane moiety surface func-
tionalization of bentonite also found effective for increas-
ing the interlayer distance [10-13]. Recently several attempts
have been reported for the improvement of mechanical and
thermal stability of polymer composites by using thermally
or structurally stable organo-bentonite in unmodified poly-
mer such as nylon 6, nylon 66, polyvinyl alcohol, polypropyl-
ene, polyvinylchloride, butadiene, styrene polymer, polym-
ethyl methacrylate etc., [14-20]. Recently novel approaches
are reported for the 2:1 types of expandable clay minerals
where modifications are reported using two organic modifi-
ers in which already modified clay minerals again undergoes
modification with surfactant or silane functional moieties to
obtained co-surfactant locker system (CLOM) [21]. Recently
Katia and coworkers functionalized saponite clay with
the surfactant n-hexadecyltrimethylammonium bromide
(CTAB) and/or with the alkoxysilane 3-aminopropyltrieth-
oxysilane (APTS) and investigated how clay functionaliza-
tion affected on the capacity of saponite to adsorb caffeine
[22]. Also, Linna Su and coworkers reported Montmorillonite
(Mt) modification by grafting of APTES onto the interlayer
surfaces of Mt, and then swelling property of the silylated
product was evaluated by intercalating of cetyltrimethylam-
monium bromide (CTAB). They also concluded that success
of the intercalation of surfactant into the silylated Mt sug-
gests that some bulk size target matters can be loaded into
the silylated clays [23].

Considering the past research findings in the present
study we modified Indian origin bentonite with CTAB and
APTES and further tried to intercalate modified bentonite
with cross modification with APTES and CTAB to increase
the interlayer distance. In addition improved interlayered
distance bentonite materials were applied in fabrication
with nylon 6 by melt intercalating method to obtain novel
clay-polymer composite with enhanced composite prop-
erties. Additionally for the first time we prepared the CLOM
organo clay-nylon 6 clay nanocomposite via melt blend-
ing method using co-rotated-twin micro extruder and
characterized with different analytical tools like wide angle
X-ray diffraction (WAXD), thermal gravimetric analysis
(TGA), differential scanning calorimetry (DSC), atomic force
microscopy (AFM) and tensile strength measurements.

2 Experimental
2.1 Chemicals and materials
Nylon 6 (N6), thermoplastic polymer purchased from

Sigma Aldrich, USA. 3-Aminopropyl trimethoxysilane
(APTES) and n-hexadecyltrimethylammonium bromide

(CTAB) were purchased from Sigma Aldrich, USA. The
Indian Bentonite raw lumps are collected from the Kutch
region bentonite mines in India.

2.2 Purification of raw bentonite

The natural Bentonite was purified by sedimentation
technique [5]. The 2 wt% of the raw bentonite lumps was
soaked for overnight in 10L of deionized water then subse-
quently kept for vigorous stirring for 4 h, after that benton-
ite suspension allowed it to settle overnight. The superna-
tant dispersion of particles < 2 um particles size, calculated
time 10 h at 30 °C according to stocks law of sedimentation
dispersed with fine bentonite slurry layer was separated
from the bottom impurity layer. The purified bentonite
slurry again separated by centrifugation method. The
obtained solid residue in the centrifuge process was col-
lected and dried overnight at 80 °C, ground and passed
through 200 mesh size sieves. The obtained purified ben-
tonite material is designated as BMT and stored in packed
vessels for further use. The cation exchange capacity of
purified Bentonite was estimated as 85 meq/100 g of clay
by known ammonium acetate method.

2.3 Silylation of bentonite by APTES

The surface hydroxyl group sialylation of purified benton-
ite was carried out by using 3-aminopropyl tri-methoxysi-
lane [23]. In detail, 5 g of purified bentonite powder was
dispersed in 50 ml of deionized water in a separate beaker
and calculated amount of APTES (equivalent to calculated
amount of total CEC) solution was prepared separately in
150 ml of methanol. Then APTES-methanol solution was
dropwise added into a 50 ml of clay suspension mixture.
After completion of addition APTES-bentonite slurry reac-
tion mixture was kept for reflux with slow stirring at 65 °C
for 12 h. After cooling the reaction solution was separated
by centrifugation method and dried at 70 °C around 12 h.
The obtained fine product was designated as AMSB.

2.4 CTAB intercalation in bentonite

CTAB intercalation in purified bentonite was carried out
by cation exchange methodology as reported earlier [24].
In details, exactly 5 g of bentonite powder was dispersed
in 200 ml of Milli-Q water, and calculated amount of CTAB
on the basis of 2 times of bentonite CEC, was subsequently
added in the bentonite suspension for complete interac-
tion for 24 h, at room temperature. After completion of
interaction reaction the mixture was separated by cen-
trifugation, and thoroughly washed with milli Q water till
suspension free from bromide ion from the solid product,
tested with AgNO;. Finally, the obtained residue was dried
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at 70 °C and the grinded, dried material was sieved using
200 BSS mesh and defined as CTAB-BMT.

2.5 Synthesis of co-surfactant locked
like organo-bentonite

The co-surfactant locked in the interlayer of bentonite was
synthesized using two organic moieties namely CTAB and
APTES. Both organic moieties were incorporated by cross
modification approach [21-23]. Exactly 5 g of the AMSB
sample dispersed in 200 ml of Milli Q water, and the same
ideal process was followed to cross interaction with CTAB,
washing and drying of material. The final obtained powder
was designated as AMOSB. Similarly, 5 g of the CTAB-BMT
again undergoes silylation reaction with APTES under
identical conditions as mentioned in the silylation section
above, and the obtained final product was designated as
OAMSB.

2.6 Nylon 6-CLOM composite by twin micro
extruder

The co-surfactant locked organically modified benton-
ite—nylon 6 nanocomposite was prepared by the melt
blending method using twin micro co-rotator extruder.
Approximately 3, 5 wt% of the co-surfactant locked
organo clay was used for the nanocomposite prepara-
tion. The engineered polymer functionalized bentonite
nano-composites were prepared at 4.6 g scale of polymer
using DSM-Micro 5 twin-screw extruder and characterized
for structural, mechanical and elongation strength varia-
tions. Nylon 6 pellets and modified bentonite were dried
separately at 80 °C for overnight. The modified benton-
ite and polymer mixture was collected and fed into the
extruder hopper. Before collecting the sample the Twin
micro extruder machine programmed as 230 °C, 100 RPM,
3 min as a rotating time. The work was carried out using
co-rotating intermeshing twin-screw extruder (Model:
ZE-25, Krauss Maffei Berstorff GmbH, Germany; abbre-
viation: TSE). The TSE was maintained from about 240 °C
of the feed zone and dried with N, atmosphere. Simulta-
neously the prepared composite injection molded with
a melting temperature of 220 °C, moldings temperature

of 80 °C, a holding pressure of 500 kPa, Type V dog bone
mold compliant with ASTM standard machine D638-10
[25]. 3-5% modified bentonite was used as filler for the
N6-bentonite composite and denoted as N6 OAMSB 3, N6
OAMSB 5, N6 AMOSB 3, N6 AMOSB 5. TSE co-rotation mix-
ing time and speed (RPM) and temperature all are sum-
marized in Table 1.

3 Results and discussion
3.1 Material characterization’s

The PXRD analysis technique was utilized for the identifica-
tion of natural and modified bentonite phases as shown in
Fig. 1. The PXRD pattern of the natural bentonite showed
characteristics 2:1 smectite bentonite phases at 2 theta
values 6.51, 19.78, 35.35 and 61.90 respectively. The char-
acteristics d (001) basal spacing of natural bentonite was
observed around 13.87 A. After CTAB intercalation in CTAB-
BMT 2 theta value shifted towards a lower angle by increas-
ing interlayer basal spacing around 19.87 A. The obtained
increased d spacing results were observed comparable
with our previous report [26]. Similarly after APTES silyla-
tion basal spacing was also increased as 19.02 A, results are
also comparable with the previous report [22]. In case of
the co-surfactant modified samples OAMSB basal spacing
was increased up to 20.82 A at 26 4.5°. Whereas, AMOSB
basal spacing was increased to 21.04 A at 26 4.20°. The
increased d 001 basal spacing and reduced 26° valued for
all modified products confirmed the successful intercala-
tion of applied moieties in the interlayer as well interlayer
surface hydroxyl groups of bentonite [22, 23, 27].

FT-IR spectroscopy measurement showed significant
differences between the original and modified bentonite
samples as shown in Fig. 2. The original Bentonite FT-IR
spectra were found comparable with previous report [5]. In
details purified bentonite showed a wide band at 3620 and
3698 cm™' are due to ~OH band stretching for Al-OH and
Si-OH. The peak in the region of 1640 cm™ is attributed
to —OH bending mode of sorbed water. The peak at around
1115 cm™' due to Si-O stretching (out of plane) and the
peak at 1035 cm™' attributed to the Si-O stretching plane

Table 1 Preparation design of

S.no Sample Polymer (g) Nano clay Rotating Rotation (RPM) Tempera-
N6, N6 AMOSB 3, N6 AMOSB 5, (%) time (min) ture (°C)
N6 OAMSB 3 and N6 AMOSB 5
nanocomposites 1 N6 4.6 _ 3 100 230

2 N6 AMOSB 3 4.6 3 3 100 230

3 N6 AMOSB 5 4.6 5 3 100 230

4 N6 OAMSB 3 4.6 3 3 100 230

5 N6 OAMSB 5 4.6 5 3 100 230
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— BMT
— OAMSB
— AMOSB

Intensity,C/S

Fig. 1 PXRD patterns of BMT, OAMSB and AMOSB samples

(in plane). FT-IR peaks around 915, 875 and 836 cm™' are
confirming the presence of Al-AI-OH, Al-Fe-OH and
Al-Mg-OH bending vibrations, respectively [5]. The APTES
and CTAB modified bentonite samples showed charac-
teristic’s additional spectra at 2937 and 3425 cm™' and
1473 cm™" due to presence of CH anti-symmetric and sym-
metric vibration of -C-H and —NH stretching vibrations
caused by the CTAB/APTES. This spectrum intensity was
observed to increase after intercalation with surfactant,
due to the surfactant loaded on silylation and silylation
grafting loaded on the surfactant modified BMT [22, 23].

— BMT
— CT BMT
— AMSB
— OAMSB
AMQOSB

Transmittance, %

R

4000

T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
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Fig.2 FT-IR spectrum of BMT, CT BMT, AMSB, OAMSB and AMOSB
samples

Thermogravimetric analysis results of BMT, AMSB, CTAB-
BMT, OAMSB, AMOSB are comparatively displayed in Fig. 3.
In case of BMT gradual weight loss was observed below
120 °C, due to loss of physisorbed water [5]. Whereas in
case of the modified bentonite samples the weight loss
due physisorbed water was comparatively reduced than
the BMT, confirms the increase in hydrophobic nature of
organically modified bentonite samples. Whereas, in case
of OAMSB and AMOSB characteristics, weight loss peaks
observed in temperature range from 200 to 400 °C, and
400-600 °C due to elimination of intercalated organic moi-
eties [22, 23]. In APTES samples distinct weight loss peaks
observed at 350-600 °C respectively confirm the decom-
position of chemically grafted moieties [22, 23].

3.2 Characterization of nylon 6-CLOM composites
3.2.1 WAXRD analysis

The exfoliated form of polymer nanocomposites has
more strength due to the uniform distribution of modi-
fied bentonite into the whole polymer matrix. WAXRD of
N6, N6 OAMSB 3, N6 OAMSB 5, N6 AMOSB 3, N6 AMOSB
5 nanocomposites are shown in Fig. 4. Organo benton-
ite polymer nanocomposite with exfoliated clay phases
have better thermal and tensile behavior than pristine
bentonite-polymer composites. The modified benton-
ite based co-surfactant locked bentonite was homoge-
neously distributed with nylon 6 via melt intercalating
method. As observed results, in all the organo bentonite
001 plane was dissociated by the addition of N6 via melt
blending method. The 001 plane of OAMSB and AMOSB
were confirmed 20.01 and 21.04 A and for the 001 plane
of nanocomposite phase of N6 OAMSB 3 and N6 OAMSB
5and N6 AMOSB 3 and N6 AMOSB 5 composite materials.

— BMT
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Fig.3 TGA patterns of BMT, CT BMT, AMSB, OAMSB and AMOSB
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Fig.4 WAXRD of N6, N6 OAMSB 3, N6 OAMSB 5, N6 AMOSB 3, N6
AMOSB 5 nanocomposites

Table 2 PXRD patterns of BMT,

Clay 20 d-spacing
OAMSB and AMOSB value (001)
A
BMT 6.51 13.87
OAMSB 435 20.82
AMOSB 4.20 21.04

The d 001 were completely disappeared confirmed the
exfoliated of bentonite layers in polymer-organoben-
tonite nanocomposites [11]. The PXRD results of all the
nanocomposites are given in Table 2.

3.2.2 TGA and DTA analysis

The result of TGA and DTA of N6 with their 3 and 5% CLOM
composite are presented in Fig. 5a, b. By the TGA result
the N6 was decomposed at 440 °C. The N6 and all nano-
composite decomposition started at an above the tem-
perature 250 °C and ending of whole residue of decom-
position temperature is 550 °C. By the TGA result AMOSB
only exhibited slightly higher stability temperature than
N6, The thermal decomposition temperature of nylon 6
observed that T,,,, =440 °C. By the DTG curve N6 AMOSB-5
and N6 AMOSB-3 nanocomposite decomposition tem-
perature found at T,,,,,=442.85 °C and T,,,,=442.75 °C.
Other N6 OAMSB 3 and N6 OAMSB 5 CLOM clay-N6 nano-
composite exhibit slightly equal thermal stability with N6.
The thermal stabilities of all the nanocomposites are given
in Table 3.

3.2.3 DSC

The melting transition (T,;,), Heat of fusion (AH,,), crystal-
lization temperature (T.) can be measured. Each of the
nylon 6 and nylon 6/modified bentonite nanocomposite
samples was heated, cooled and reheated to obtain above
mentioned analysis. An amorphous phase, semi-crystalline
polyamide-6 has three main crystalline forms, the stable
monoclinic a form, metastable pseudohexagonal 3 form,
and the unstable monoclinic y form. Here, non-isothermal
studies of nylon 6 with nylon6/CLOM bentonite compos-
ites were performed. First, all the prepared samples were
heated to 250 °C to melt and rapidly cooled to 30 °C [25].
Figure 6a, b shows the DSC curves of each nylon6/CLOM
composite sample cooled from melt. Results show that the
T. of N6-CLOM composite was increased slightly compared
to neat nylon 6. The melting temperature of CLOM and
nylon 6 was nearly 196 °C. The crystallization temperature

Fig.5 (a) TGA curve of N6, (b) 05
N6 OAMSB 3, N6 OAMSB 5, — N6
N6 AMOSB 3, N6 AMOSB 5 ==== N6 OAMSB3 0.04
nanocomposite. (b) DTA curve ==== N6 OAMSB § ( )
of N6, N6 OAMSB 3, N6 OAMSB -=-- N6 AMOSB 3 05 — N6
5,N6 AMOSB 3, N6 AMOSB 5 ) y — — N6AMOSBS - - - N6 OAMSB 3
nanocomposites Q [ - = N6 OAMSB S
> 07 3 -107 --=- N6 AMOSB 3
Z 2 - N6 AMOSB 3
c =
E 40 -1.5-
g
2.0
20
-2.54
0 T T T T -I-. —
100 200 300 400 500 600 700 800 o e LS B s s s p ey
. 100 200 300 400 500 600 700 800
Temperature, C 0
Temperature, C
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Table 3 TGA data for N6, N6 OAMSB 3, N6 OAMSB 5, N6 AMOSB 3,
N6 AMOSB 5 nanocomposites

Sample Decomposition tempera- % of decom-
ture (°C) position
residue
N6 440 91.96
N6 OAMSB 3 440.87 88.55
N6 OAMSB 5 439.75 85.40
N6 AMOSB 3 442.75 90.93
N6 AMOSB 5 442.85 89.89

enthalpy was slightly increased in N6 AMOSB 5 compared
to unmodified nylon 6. The crystallization temperature
enthalpies of nylon 6 and N6 AMOSB 5 were observed
as 57.55 and 59.99 J/g respectively. The enthalpy was
increased compared with neat nylon 6 (N6) means that the
CLOM clay intercalated with nylon 6 showed increases its
crystallinity. All the Other CLOM bentonite nylon 6 nano-
composite enthalpies were decreased compared to nylon
6, which suggested the CLOM intercalated with nylon 6
and decreased its crystallinity [28].

After monitoring the crystallization temperature, it
raises the heat up to 250 °C. The T, of nylon 6 and nylon
6-aminoclay nanocomposite samples also nearly 220 °C.
The T, was similar to that of neat nylon 6. The melting
temperature enthalpy of nylon 6 N6-and AMOSB 3 was
observed as 57.55 and 71.94 J/g respectively. The nano-
composite enthalpy slightly increased compared with
nylon 6. The lower temperature of the a-form is due to

3.2.4 AFM analysis

Figure 7 shows the surface morphologies of the nylon 6
nanocomposite. Nylon 6 CLOM clay nanocomposite of
(a) nylon 6 (N6), (b) N6 OAMSB 3, (C) N6 OAMSB 5, (d) N6
AMOSB 3 and N6 AMOSB 5. 3 and 5 wt% of the CLOM clay
was incorporated with nylon 6 by melt blending method.
Surface modification helps, to cation exchange carried
out with long chain surfactant even grafting with silane
molecules increases the gallery spacing between the sili-
cate layers. The increase in gallery spacing, to separate the
stacked nano clay layers allowing for easier transport of
polymer chains between the clay layers, by the way clay
platelets exfoliated and interfered with polymer mol-
ecules. The roughness was significantly increased in the
polymer molecules addition of CLOM organo bentonite in
the PCN material. Significant differences observed among
the N6 and with N6-CLOM organically modified benton-
ite composite. The result showed that the organoclay
change significant changes in the surface morphologies
of the nylon 6. The AFM result shows the average surface
roughness of nylon 6 is 14.3 nm (without incorporation of
the CLOM organo clay) changed to 24.1 nm for OAMSB 3,
17 nm for OAMSB 5, 18 nm for AMOSB 3, and 22.2 nm for
AMOSB 5 corresponding to double surfactant modified
organo clay respectively. This result obeyed that CLOM

Table4 The DSC data for N6, N6 AMOSB 3, N6 AMOSB 5, N6
OAMSB 3, N6 OAMSB 5 nanocomposites

. -1 . -1
lower crystalline density and increased entropy of melting ~ Samples t“grﬂt'g?a AHm (Ug™) g(?:ttzlr':a' AHm (g™
point indicated that the reduction in trans conformation turep perature
bonding compared to the a-form [29]. The polymer and Tm(°C) Te(°C)
composite melting temperature and crystallization tem-
. . N6 221.57 59.23 195.77 57.55
perature are given in Table 4.
N6 AMOSB 3 221.13 71.94 196.14 52.66
N6 AMOSB 5 221.83 45.23 196.59 59.99
N6 OAMSB 3 221.90 48.72 195.86 53.21
N6 OAMSB 5 221.42 50.27 196.06 52.14
Fig.6 (a) DSC scanning cool- @ xe Te (b)
ing curve of N6, N6 OAMSB 3, — NG OAMSB 3 t
N6 OAMSB 5, N6 AMOSB 3, N6 — N6 OAMSB § Cooling Second Heating
AMOSB 5 nanocomposite. (b) e| —— N6 AMOSB 3 Exothermic - L
DSC scanning second heating 2| — N6 AMOSB 5 z
curve of N6, N6 OAMSB 3, N6 z £ W_
OAMSB 5, N6 AMOSB 3, N6 & &
AMOSB 5 nanocomposites g g
= = — N6
—— N6 OAMSB3 Endothermic
—— N6 OAMSB 5
—— N6 AMOSB 3 1
—— N6 AMOSB 5 Tm
50 100 150 200 50 100 150 200

Temperature,”C

Temperature, °C
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Fig.7 AFM 2D and 3D images of (a) and (a1) N6, (b) and (b1) N6 OAMSB 3, (c) and (c1) N6 OAMSB 5, (d) and (d1) N6 AMOSB 3, (e) and (e1)
N6 AMOSB 5 nanocomposites

SN Applied Sciences

A SPRINGERNATURE journal



SN Applied Sciences (2020) 2:1412 | https://doi.org/10.1007/s42452-020-2579-5

Research Article

(d)

(e) 21 1F Height

Fig.7 (continued)

clay with nylon 6 nanocomposite shows better rough-
ness, because of clay particles excellently homogeneous
with nylon 6 by melt blending method. The Roughness
mean square Sq value gradually increased from N6 to N6
AMOSB 5 and the result shown in Table 5. N6 (14.02.7 nm)
N6 OAMSB 3 (27.7 nm), N6 OAMSB 5 (19.8 nm), N6 AMOSB
3(20.4 nm), N6 AMOSB 5 (25.1 nm). The roughness mean
square Sq value also increased after organo clay incorpo-
rated with N6 as shown in Table 5 [30-33].

3.2.5 Analysis of tensile strength

The tensile strength of N6 and CLOM organoclay nano-
composite are shown in Fig. 8. The results are also shown
in Table 6. The thickness of all the nanocomposite mate-
rial was 2.7 £0.03 mm and the width was 3.3 +0.05 mm,
the testing specimen gauge length was 3.3 cm and
specimen height 6.3 cm. After experiments the tensile

(d1)

(el)

Table 5 AFM data of N6, N6 OAMSB 3, N6 AMOSB 3, N6 AMOSB 3
and N6 AMOSB 5 nanocomposites

Sample Roughness Roughness mean Roughness
average R, square Sq (hnm)  maximum R max
(nm) (nm)

N6 12.87 14.02 713

N6 OAMSB 3  24.1 27.7 218

N6 OAMSB5 16.9 19.8 200

N6 AMOSB3 18.0 20.4 241.8

N6 AMOSB5 22.2 25.1 417.4

modulus of N6 was 681.7 MPa and the tensile stress yield
was 68.1 MPa. The tensile modulus was increased more
than 50% after adding the CLOM clay with nylon 6. The
5% of the CLOM organobentonite filler showed better
modulus strength than 3% of CLOM organobenton-
ite nylon 6 nanocomposite and neat nylon 6 (N6). The
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Fig.8 Tensile strength curve of N6, N6 OAMSB 3, N6 OAMSB 5, N6

AMOSB 3, N6 AMOSB 5 nanocomposites

Table 6 The tensile strength of N6, N6 OAMSB 3, N6 OAMSB 5, N6
AMOSB 3 and N6 AMOSB 5 nanocomposites

CLOM-clay  Tensile Tensile Width (mm) Thickness
modulus stress yield (mm)
(MPa) (MPa)

N6 681.7 68.1 3.32 2.73

N6 OAMSB 3 983 57.89 3.35 2.73

N6 OAMSB 5 1442 18.6 3.35 2.75

N6 AMOSB 3 1083 39.24 3.32 2.71

N6 AMOSB 5 1204 39.79 333 2.75

tensile modulus of the 5% N6-OAMSB 5 and N6-AMOSB
5 clay platelets were 1442 and 1204 MPa respectively.
The addition of 3% N6-OAMSB 3 and N6-AMOSB 3 filler
nanocomposite tensile modulus was 983 and 1083 MPa
respectively. In percentage it has been increased to
111.52 and 76.61% with respect to nylon 6. The 5%
CLOM bentonite filler showed significant improvement
compared with 3% of the CLOM clay on PCN material
compared with 3% of the CLOM bentonite filler on the
tensile property progress. The percentage of tensile
modulus increased as 44.19 and 58.86% of N6-OAMSB
3 and N6-AMOSB 3 nanocomposite with respect to N6.

This mechanical test shows that increasing the CLOM
bentonite concentration in the nylon 6 matrix improves
the mechanical character. This CLOM clay fully exfoliated
and dispersed with nylon 6 matrixes, and improved the
tensile modulus. Depending on the wt% the tensile
modulus was significantly increased to the neat nylon 6
matrix formation of composite [3, 4, 27, 34].
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4 Conclusions

The present work shows a promising and prospective
improvement of N6-CLOM clay filler based nanocompos-
ite with better mechanical strength. The CLOM-modeling
clay was prepared by the conventional method and chemi-
cal grafting method. The WAXRD reveals that the clay
was exfoliated and homogeneously mixed with nylon 6
nanocomposite formation. An AFM result indicates that
the roughness morphology of nylon 6 nanocomposite
was significantly increased by CLOM clay mineral. The 5%
of the CLOM clay mineral based nanocomposite showed
good mechanical strength than the 3% based CLOM clay
mineral nanocomposite.
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