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Abstract

Various alkyl-amines (ammoniums) salts were reacted with fractionated sodic montmorillonite (FNa-MMT) to prepare the
organomontmorillonites. The interlayer d-spacing obtained by X-ray diffraction analysis of FNa-MMT was increased after
the alkylammonium cations intercalation. The FTIR spectrograms indicate the presence of the different surfactant agents in
the montmorillonite interlayer space. High-resolution thermogravimetric analysis reveals that the thermal decomposition of
the modified montmorillonite occurs in three steps. For the surface morphologies examined by atomic force microscopy,
the measured root-mean-square roughness was increased after the reaction of the FNa-MMT (< 2 um) with the different

surfactants.
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Introduction

During the past 50 years, there has been increased interest
in the synthesis of nanocomposites materials by embedding
nanosized inorganic particles into polymers [1]. Since the
optical, thermal, rheological, and mechanical properties of
these materials strongly depend on the techniques used for
their elaboration, a variety of synthesis strategies have been
reported, with the aim of controlling the dispersion of the
inorganic component within the polymer matrix on the
nanoscale [2]. Among these inorganic components, mont-
morillonite is one of the most common-type clays and
widely distributed on the earth surface. Due to its nano-
microsize, high surface area, and cationic exchangeable
capacity, reagents with special function groups can be
intercalated into/or grafted onto the clay interlayer species
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or external surfaces to modify and adjust the surface per-
formance of the resultant clay surfaces [1].

Access of guest molecules to host matrix could be a
rate-limiting step in the intercalation reaction of swelling
clays. Especially when guest molecules are highly
hydrophobic and bulky, they would have a low possibility
of approaching hydrophilic reaction sites. This kind of
organic molecules is difficult to be intercalated into
hydrophilic clays by conventional ion exchange methods,
which employ clay suspensions with single-solution pha-
ses. Recently, their potentials have been tremendously
expanded by the intercalation of a variety of biologically
active organic substances [3-5].

In order to obtain a better dispersion of clay within the
polymer matrix, another approach is to use the clays which
are organically modified prior to the synthesis. The modi-
fication is usually made by substitution of the cations (Na™,
K™, and Li") on the surface of clay layers with cationic
surfactants including primary, secondary, tertiary, and
quaternary alkylammonium or alkylphosphonium cations.
These surfactants change the nature of the clay surface
from hydrophilic to hydrophobic as well as increasing the
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interlayer spacing of the clay, and accordingly, they pro-
mote more affinity and space for the polymers [6].

The elaboration of nanocomposite is conditioned by a
complete dispersion of the silicates plaquette in the polymer
matrix in order to increase the interactions between these two
phases. The sodic clay is processed by alkylammonium salt,
which gives an organophilic character with the ions cationic
exchange (Na™) with the ammoniums cations [7].

We attempt to introduce two new sites of clay to be studied
for the first time (Maadid and Chaaba Hamra M’sila, Algeria).
The rest of our study is focused on Maghnia montmorillonite
due to its high interlayer spacing. As agents of
organophilization available, we have used octadecylamine
(ODA), 1hexadecyltrimethylammonuim chloride (HDTACI),
and N,N-dimethylhexadecylamine (DHDA) as cationic sur-
face active agents. X-ray diffraction is used to study the
changes in the organoclay basal spacing depending on the
content of the surfactant. The confirmation of the presence of
the different types of surfactants in mineral interlayer was
investigated by Fourier transform infrared spectroscopy
(FTIR). The thermal properties were determined by thermal
gravimetric analysis (TG) and differential thermal analysis
(DTA). Atomic force microscopy (AFM) was used in tapping
mode for morphological characterization.

Experimental
Materials

Three kinds of swelling clay materials, Maghnia, Maadid,
and Chaaba El-Hamra obtained from different regions in
Algeria were studied. Three surfactant agents octadecy-
lamine (ODA), 1-hexadecyltrimethylammonium chloride
(HDTACI), and N,N-dimethylhexadecylamine (DHDA)
were purchased from Aldrich, Alfa Aesar, and Fluka,
respectively.

Sodium montmorillonite preparation

The raw clays (Maghnia, Maadid, and Chaaba El-Hamra)
were first washed with distilled water and hydrogen peroxide
(H>05) 30% using a stirring process for 48 h in order to
eliminate the organic materials. The suspensions were then
washed several times in distilled water at room temperature
and dried in the oven at 50 °C for 1 week. Only Maghnia
montmorillonite (MMT) solution was added into NaCl
solution with a mass ratio of Clay/NaCl = 100/5.55 and
stirred for 8 hat (70 °C). The suspension was washed several
times with distilled water using the centrifugation method
until no chloride ion was detected with silver nitrate
(AgNO3) solution (0.1 N) test. The precipitate was then
dried at 80 °C for 24 h in the vacuum oven. The product was
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ground and sieved through 90 pum for further use. The treated
sodium montmorillonite is designed as (Na-MMT).

Fractionated montmorillonite preparation

The montmorillonite suspension was placed into centrifuge
tubes, and then the suspension was siphoned off by suction
using a syringe in order to recover the montmorillonite
fraction whose particle size is < 2pum. The discards were
collected and stocked for other applications. For each
sampling, the procedure was repeated many times to col-
lect an adequate amount of fractionated montmorillonite.
The recovered suspension was then dried at 80 °C and
crushed with a mortar. The fractionated montmorillonite
was designed as FNa-MMT (Fig. 1).

Organomontmorillonites preparation

The organic montmorillonite was prepared by cationic
exchange between the fractionated sodium montmorillonite
and modifying agents: ODA, DHDA, and HDTACI in an
aqueous solution. 30 g of fractionated sodium montmoril-
lonite was dispersed into 500 mL of hot water (80 °C) and
stirred for 1 h. 7.68 g, 7.68 g, and 9.12 g of ODA, DHDA,
and HDTACI, respectively, were dissolved in a mixture of
distilled water and hydrochloric acid (36%) at 80 °C during
3 h with stirring. The obtained mixtures were let to
themselves at ambient temperature without stirring for
approximately 24 h. All organomontmorillonites products
were washed free of chloride anions with distilled water at
80 °C using AgNO; tests. The precipitates were then dried
to obtain organomontmorillonites with octadecylammo-
nium (ODA-MMT), N,N-dimethylhexadecylammonium
(DHDA-MMT), and 1-hexadecyltrimethylammonium
chloride (HDTACI-MMT).

Methods

X-ray diffraction patterns were followed up by a Philips
diffractometer X’Pert Software, with CuK, (. = 1.54 1&)
radiation source at room temperature. Bragg’s law dg,;, = A/
2 sinf,,x was used to calculate the basal spacing (doo;) of
the montmorillonite layers. All scans were performed in 26
range between 2.5 and 50 degrees. The infrared spec-
troscopy, FTIR, was recorded on a Shimadzu FTIR 8300
spectrophotometer, using the KBr pressed disc method.
Thermal gravimetric (TG) and DTA analysis were per-
formed using DW5470H63 STA analyser under a flowing
nitrogen atmosphere, and heated from room ambient tem-
perature to 700 °C, with a heating rate of 10 °C min~"'. The
atomic force microscopy (AFM) images of the
organomontmorillonites were obtained with an Asylum
Research an Oxford Instruments company type: MFP-3D.
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Fig. 1 Schematic illustration of
fractionated montmorillonite
preparation

Results and discussion
XRD results

In this study, Maghnia montmorillonite was selected
according to its high interlayer space dyy; = 15.24 A. This
allows an adequate amount of surfactant agents to inter-
calate within the interlayer galleries space (Fig. 2).
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Fig. 2 XRD patterns of Maghnia (a), Chaaba Hamra (b), and Maadid
(c) motmorillonites

Figure 3 reveals the X-ray spectra for MMT, FNa-
MMT, and organomontmorillonites (ODA-MMT, DHDA-
MMT, and HDTACI-MMT). Bragg’s equation was used to
calculate the basal spacing of the fractionated and the
organomontmorillonites. The d, diffraction peak for
FNa-MMT in the 20 region is located at 5.83°, corre-
sponding to dyg; = 15.24 A. Xiang Wang [8] has reported
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Fig. 3 XRD patterns of virgin (MMT) (a), fractionated (FNa-MMT)

(b), and organomontmorillonites modified by different alkylammoni-
ums (ODA-MMT) (c), (DHDA-MMT) (d), and (HDTACI-MMT) (e)
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the following values (20 = 7.06°, dyg; = 12.5 A). The
intercalated clay FNa-MMT by ODA and DHDA leads to
an increase in dyy; distances, where the 20 values are
located at 4.22 and 4.61° corresponding to dyg; = 20.92
and 19.15 A, respectively. These modifications suggest an
increase in the basal spacing of the silicate layers. The
increase in the basal spacing was due to the intercalation of
the alkylammonium in the clay platelets by ion exchange
mechanism. The intercalation of the clay FNa-MMT with
HDTACI increases the dgg; spacing (20 located at lower
values 3.99°) corresponding to dyy; = 22.12 A. This was
about twice the distance to the van der Waals diameter of
the trimethyl group [9-11].When the carbon number of the
main chain of alkyl-amine (ammonium) increases, the
intergallery distance of the organoclay increases [12].
These results showed that the interlayer space of the clay
intercalated by quaternary alkylammonium (HDTACI-
MMT) is bigger than that intercalated by ternary and pri-
mary alkyl-amines.

FTIR results

FTIR spectra of FNa-MMT and those organically modified
clays are shown in Fig. 4. For FNa-MMT sample, bands at
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Fig. 4 FTIR spectra of FNa-MMT (a) before and after alkylammo-

niums intercalation (ODA-MMT) (b), (DHDA-MMT) (c), and
(HDTACI-MMT) (d)
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1040 cm ™! (owing to stretching vibration of Si—O-Si from
silicate), 910 cm ™! (from Al-OH-AI deformation of alu-
minates), 860, and 432 cm™! (Si—O-Al stretching and Si—
O bending vibrations of montmorillonite, respectively)
were observed [13]. Antisymmetric stretching vibrations of
structural —OH groups in FNa-MMT sheets at 3625 cm ™",
symmetric stretching vibrations from water molecule
observed at 3416 cm ™', and in-plane bending vibrations of
H-O-H at 1636 cm™' are very sensitive and respond to
changes in the structure of montmorillonite were also
observed [14-17]. For organoclays, interaction of FNa-
MMT with surfactants cations (ODA, DHDA, and
HDTACI) caused appearance of new bands at 2957 and
2834 cm™', assigned to antisymmetric and symmetric
stretching vibration of CH, from the alkyl chain, respec-
tively. Also, the intensity of —OH bands (—OH of water)
was reduced to a large extent due to the intercalation of
surfactants as a result of the removal of interlayer hydrated
cations by alkylammonium groups on ion exchange, lead-
ing to the formation of hydrophobic surface. The interca-
lated montmorillonites surface populated with bulky alkyl
chains produces less space available for adsorption of
water molecules. The intensity of these bands was reduced
to a large extent. All these changes indicate intercalation of
FNa-MMT by the surfactants.

TG results

Both thermogravimetric (TG) and its derivative (DTG)
curves, in inert atmosphere, of FNa-MMT (Fig. 5) show
two degradation steps with maxima at 114 and 650 °C
related to the following mass losses: first (7%) observed in
the temperature range from 61 to 185 °C and second
(1.40%) between 560 and 695 °C. These mass loss steps
were attributed to desorption of adsorbed water from the
particle surfaces and dehydration of the hydrated Na™t
cations in the interlayer space [18-20] and loss of OH units
through  dehydroxylation of the montmorillonite
(560-695 °C) [21]. On the other hand, organically mont-
morillonite undergoes four-step decomposition process.
The vaporization of free water takes place at temperatures
below 200 °C (mass loss 0.9%). This low mass loss is an
indication of a decrease in adsorbed water and water con-
tent in interlayer space and refers to exchange of hydrated
Na™ cations with surfactants cations [22, 23]. The surfac-
tant’s decomposition happens in the temperature range
200-500 °C. Dehydroxylation of the aluminosilicates
occurs between 560 and 695 °C. The last step is associated
with the combustion reaction between organic carbon and
inorganic oxygen substances (combustion of the charcoal)
at temperatures higher than 700 °C [24]. For the interca-
lated organomontmorillonite layers (ODA-MMT Fig. 6,
DHDA-MMT Fig. 7, and HDTACI-MMT Fig. 8), the
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corresponding first derivative DTG curve shows three mass
losses. The first mass loss of 0.9% (between 75 and
136 °C) with maxima at 105 °C is assigned to the dehy-
dration of free and interlayer water, and the second mass
loss of 0.17% at a pick temperature of 264 °C for ODA-
MMT, 2.6% at a pick temperature of 260 °C for DHDA-
MMT, and 6.9% at a pick temperature of 290 °C for
HDTACI-MMT. This peak was associated with the sur-
factant adsorbed to the external surfaces of the montmo-
rillonite. The third peak temperature approaches 400 °C
corresponding to a mass loss of 11% ODA-MMT 6.3%
DHDA-MMT, and 6.3% HDTACI-MMT assigned to the
intercalated alkylammonium between the layers.

Xi et al. [25] distinguished three different molecular
environments for surfactants in montmorillonite-ammo-
nium organoclays: (1) surfactant cations intercalated into
the interlayer spaces through cation exchange and bound to

surface sites via electrostatic interaction; (2) surfactant
(cations and/or molecules) physically adsorbed on the
external surface of the particles, and (3) surfactant mole-
cules located within the interlayer spaces. Xi et al. [26]
indicated that the molecules of surfactant exceeding the
CEC adhere to the clay mineral surface by van der Waals
forces and their properties are very similar to those of pure
surfactant. The surfactant, physically adsorbed on the
external surface, can be removed after washing, resulting in
an increase in thermal stability and a decrease in surface
energy of the resulting organoclay [27].

DTA results
Differential thermal analysis (DTA) curves of FNa-MMT

(Fig. 5) and the corresponding organoclays (ODA-MMT
Fig. 6, DHDA-MMT Fig. 7, and HDTACI-MMT Fig. 8)
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were displayed. One significant endothermic change was
observed at 122.8 °C due to the volatilization of both the
free water (i.e., the water sorbed on the external surfaces of
crystals) and the water residing inside the interlayer space,
forming hydration spheres around the exchangeable
cations. Halim et al. [28] reported a temperature around
70 °C, assigned to the dehydration of interlayer water
inside the montmorillonite. One exothermic reaction was
detected at near 313.1 °C (ODA-MMT), 251.8 °C (DHDA-
MMT), and 349.1 °C (HDTACI-MMT).This change was
due to the successive decompositions and oxidation of the
free surfactants and those adsorbed to the external surfaces
of the montmorillonite. Another change detected at a
temperature approaches 410.4 °C (ODA-MMT), 480.1 °C
(DHDA-MMT), and 414.6 °C (HDTACI-MMT) which
was due to the successive decomposition of the adsorbed
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and intercalated alkylammonium cations associated with
maximum rate of thermooxidative destruction of the vari-
ous organic compounds and the deposition of various
condensation products formed as the results of a complex
series of reactions [29].

AFM results

Figure 9 displays the 3D AFM images (10 pm x 10 pm)
of the montmorillonite thin pellets (FNa-MMT, ODA-
MMT, DHDA-MMT, and HDTACI-MMT). The measured
root-mean-square (RMS) roughness of the FNa-MMT
(< 2 pm) sample was 52.7 nm, and it is more smoothness
sample. After the reaction with the surfactants, the value of
RMS for organo-montmorillonite samples was increased to
101.6, 108.1, and 204.1 nm for ODA-MMT, HDTACI-
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Fig. 9 AFM images of fractionated and organomontmorillonite with various alkylammoniums

MMT, and DHDA-MMT, respectively. The surface pro-
trusions were more pronounced for organomontmorillonite
than FNa-MMT. This surface modification can be inter-
preted by the hydrophobic state of the organomontmoril-
lonite, which leads to a hard and rigid structure.

Conclusions

Three alkyl-amines salts (ammoniums) were reacted with
fractionated montmorillonite. The XRD results showed that
Maghnia montmorillonite reveals the highest interlayer
d-spacing and was used for further studies. The fraction-
ated montmorillonite intercalated with the sus cited sur-
factants by cationic exchange indicated an increase in the
distance inside the reticular in the diffractgrams of X-rays
(XRD). It was observed that the modified montmorillonite
by quaternary alkylammonium (HDTACI-MMT) reveals
the highest interlayer distance than that modified by pri-
mary alkylammonium (ODA- MMT) and ternary alky-
lammonium (DHDA-MMT), respectively. TG studies
showed a better thermal stability of (HDTACI-MMT) than
(ODA-MMT) and (DHDA-MMT).The surface of clay after
modification was more protruded having bigger value of
RMS, confirmed by AFM. This surface modification can be

interpreted by the hydrophobic state of the organoclays,
which leads to a hard and rigid structure. The preceding
results accentuate the importance of alkylammonium in the
modification process of natural montmorillonite and have
important implications for any attempts to incorporate the
organomontmorillonite particles in the preparation of
polymer nanocomposites.

References

1. Ray SS, Okamoto M. Polymer/layered silicate nanocomposites: a
review from preparation to processing. Prog Polym Sci.
2003;28:1539-641.

2. He H, Duchet J, Galy J, Gerard JF. Grafting of swelling clay
materials with 3-aminopropyltriethoxysilane. J Colloid Interface
Sci. 2005;28:171-6.

3. Vaia RA, Teukolsky RK, Giannelis EP. Interlayer structure and
molecular environment of alkylammonium layered silicates.
Chem Mater. 1994;6:1017-22.

4. Meier LP, Nueesch R, Madsen FT. Organic pillared clays.
J Colloid Interface Sci. 2001;238:24-32.

5. He HP, Frost RL, Deng F, Weng JX, Yuan P. Conformation of
surfactant molecules in the interlayer of montmorillonite studied
by 13C MAS NMR. Clay Clay Miner. 2004;52:350-6.

6. Yilmaz O, Cheaburu CN, Durraccio D, Gulumser G, Vasile C.
Preparation of stable acrylate/montmorillonite nanocomposite

@ Springer



888

N. Ladjal et al.

10.

11.

12.

13.

14.

15.

16.

17.

latex via in situ batch emulsion polymerization: effect of clay
types. Appl Clay Sci. 2010;49:288-97.

. Hattab Y, Benharrats N. Thermal stability and structural char-

acteristics of PTHF-MMT organophile nanocomposite. Arab J
Chem. 2015;8:285-92.

. Xiang W, Qiang S, Yumei H, Chuanzeng W, Junping Z. Structure

and thermal stability of PMMA/MMT nanocomposites as denture
base material. J Therm Anal Calorim. 2014;115:1143-51.

. Liao Libing, Lv Guocheng, Cai Dongxue, Limei Wu. The

sequential intercalation of three types of surfactants into sodium
montmorillonite. Appl Clay Sci. 2016;119:82-6.

Zawrah MF. KhttabRM, Saad EM, Gado RA. Effect of surfactant
types and their concentration on the structural characteristics of
nanoclay. Spectrochim Acta. Part A Mol Biomol. Spectrosc.
2014;122:616-23.

HuZ, He G, Liu Y, Dong C, Wu X, Zhao W. Effects of surfactant
concentration on alkyl chain arrangements in dry and swollen
organic montmorillonite. Appl Clay Sci. 2013;75-76:134-5.
Xiao W, Zhan M, Li Z. Organically modifying and modeling
analysis of montmorillonites. Mater Des. 2003;24:455-62.
Tabtiang A, Lumlong S, Venables RA. The influence of prepa-
ration method upon the structure and relaxation characteristics of
poly(methyl methacrylate)/clay composite. Eur Polym J.
2000;36:2559-68.

Liu W, Liu H, Zheng W, Lu J. Adsorption of chloroacetanilide
herbicides on soil (I). Structural influence of chloroacetanilide
herbicide for their adsorption on soils and its components. J En-
viron Sci. 2001;13:37-45.

El-Nahhal Y, Nir S, Serban C, Rabinovitz O, Rubin B. Organ-
oclay formulation of acetochlor for reduced movement in soil.
J Agric Food Chem. 2001;49:5364-71.

Liu W, Gan J, Yates SR. Influence of herbicide structure, clay
acidity and humic acid coating on acetanilide herbicide adsorp-
tion on homoionic clays. J Agric Food Chem. 2002;50:4003-8.
Tomic ZP, Asanin DP, Durovic-Pejcev R, Dordevic A, Makreski
P. Adsorption of acetochlor herbicide on inorganic and organic
modified bentonite monitored by mid-infrared spectroscopy and
batch adsorption. Spectrosc Lett. 2015;48:685-90.

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Elkhalifah A, Maitra S, Bustam MA, Murugesan T. Thermo-
gravimetric analysis of different molar mass ammonium cations
intercalated different cationic forms of montmorillonite. J Therm
Anal Calorim. 2012;110:765-71.

Zorica P, Tomic Lazar K, Natasa N, Smilja M, Petre M. Thermal
investigation of acetochlor adsorption on inorganicand organic-
modified montmorillonite. J Therm  Anal Calorim.
2016;123:2313-9.

XiY, Martens W, He H, Frost RL. Thermogravimetric analysis of
organoclays intercalated with the surfactant octadecyltrimethy-
lammonium bromide. J] Therm Anal Calorim. 2005;81:91-7.
Zhou Q, Frost RL, He H, Xi Y. Changes in the surfaces of
adsorbed para-nitrophenol on HDTMA organoclay, the XRD and
TG study. J Colloid Interface Sci. 2007;307:50-5.

He H, Ding Z, Zhu J, Yuan P, Xi Y, Yang D, Frost LR. Thermal
characterization of surfactant-modified montmorillonites. Clays
Clay Miner. 2005;53:287-93.

Zidelkheir B, Abdelgoad M. Effect of surfactant agent upon the
structure of montmorillonite, X-ray diffraction and thermal
analysis. J Therm Anal Cal. 2008;94:181-7.

Onal M, Sarikaya Y. Thermal analysis of some organo clays.
J Therm Anal Calorim. 2008;91:261-5.

XiY, Frost R, He H, Kloprogge T, Bostrom Y. Modification of
wyoming montmorillonite surfaces using a cationic surfactant.
Langmuir. 2005;21:8675-80.

Xi F, Zhou Q, Frost R, He H. Thermal stability of octade-
cyltrimethylammonium  bromide modified montmorillonite
organoclay. J Colloid Interface Sci. 2007;311:347-53.

He H, Duchet J, Gerard JF. Influence of cationic surfactant
removal on the thermal stability of organoclays. J Colloid Inter-
face Sci. 2006;295:202-8.

Halim NA, Aidy A, Abidin ZHZ, Ahmad AB, Sulaiman AZ,
Ibrahim ZA. Thermal analysis of organically modified Ca®*-
montmorillonite using DSC and TSC techniques. J Therm Anal
Calorim. 2017;128:135-40.

Yariv S, Kahr G, Rub A. Thermal analysis of the adsorption of
rhodamine 6G by smectite minerals. Thermochim Acta.
1988;135:299-306.



	Influence of octadecylammonium, N,N-dimethylhexadecylammonium, and 1-hexadecyltrimethylammonium chloride upon the fractionated montmorillonite
	Thermal stability
	Abstract
	Introduction
	Experimental
	Materials
	Sodium montmorillonite preparation
	Fractionated montmorillonite preparation
	Organomontmorillonites preparation
	Methods

	Results and discussion
	XRD results
	FTIR results
	TG results
	DTA results
	AFM results

	Conclusions
	References




