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Abstract Nano-clay based pigments (NCP) are new type
of pigments composed of organic dyes and layered silicate-
clay nano-particles, and have already been used in
polymeric coatings to improve mechanical thermal and
stability properties. In this paper, the basic blue 41(BB41)
was intercalated into Na+- montmorillonite in an aqueous
medium. The dye-intercalated montmorillonite was cen-
trifuged, dried, and milled to prepare the nanopigment
particles. X-ray diffraction showed an increase in the basal
spacing, thus confirming intercalation of the BB41
molecules within the nanostructures of the interlayer
spaces. Fourier transform infrared spectroscopy was used
for identifying the functional groups and chemical
bounding of Na+-montmorillonite, BB41 and montmor-
illonite-BB41. The morphology of NCP was also studied
by transmission electron microscopy. Finally, thermo-
gravimetric analysis and differential thermograms sug-
gested the thermal stability of the intercalated dye was
improved.

Keywords nanopigment, layered silicate, cationic dye,
thermal properties

1 Introduction

Clay minerals can react with different types of organic
compounds in particular ways [1]. Among them montmor-
illonite (MMT), a group of 2:1-layer clay minerals, is
highly reactive and has been known since the 1940s to
interact with organic molecules through electrostatic
interactions (e.g., ion exchange), secondary bonding (e.
g., adsorption of neutral species) or covalent bonding (e.g.,
grafting) to produce compounds that have found uses in a
various industrial applications [2]. Montmorillonite which

belongs to this group of layered silicates consists of thin
plates of less than 1 nm in thickness. Each plate is
comprised of aluminum octahedral layer which is linked to
oxygen and is sandwiched between silicon tetrahedral
layers. These layers are linked together by van der Waals
forces and are formed as stacks of plates. Each platelet has
a large surface area and a high aspect ratio of over 200. A
schematic structure of the MMT is shown in Fig. 1. The
charge of the aluminosilicate layer is negative which is
neutralized by compensating exchangeable cations (e.g.,
Na+, Ca2+) and their coordinated water molecules in
interlayer spaces. Montmorillonite has attracted more
attention because of its potential to be intercalated by
various types of cationic organic molecules between the
aluminosilicate layers by ion exchange process which
introduces different applications for these host-guest
systems [3].

Hydrophobic or organophillic surface modification of
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Fig. 1 The structure of montmorillonite
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clay mineral particles by electrostatic interaction of MMT
with cationic surfactants, mainly quaternary alkylammo-
nium compounds, has been widely practiced in the last
decade [4]. The organoclays have superior compatibility
with hydrocarbon molecules, so they have found important
applications such as hydrocarbon removal or oil spill
clean-up and polymer–clay nanocomposites [5]. Conven-
tionally colorants can be divided into two mainly groups:
dyes which are organic substances and pigments which
usually are inorganic substances. Nevertheless, each group
has its advantages [6] and drawbacks. Dyes give intense
and brilliant colors. As they are organic stuffs, when dyes
are used in polymeric substrates, they are dissolved.
However, they have a great disadvantage they can migrate
easily out of the polymer matrix (what is called bleeding).
This phenomenon occurs in different processing steps and
leads to a serious contamination of processing tools.
Additionally, dyes exhibit bad properties [7] such as low
stability to UV radiation, oxygen and temperature.
Pigments are inorganic substances and in general their
properties are better than dyes. Pigments have a high
stability to UV radiation, oxygen and temperature. Besides,
migration does not occur. On the other hand, pigments are
very difficult to disperse. But the most important
disadvantage is that some of them mainly consist of
compounds of heavy metals which may pollute the
environment during recycling process. Nanoclay-based
pigments (NCP) or planocolors are a new pigment
developed by researchers of TNO-TPD Eindhoven [8].
NCP are hybrid materials obtained through the combina-
tion of organic dye molecules and layered clay nanopar-
ticles, in special phyllosilicate from smectite group (Fig.
2). NCP gather advantages of dyes and pigments, such as
brilliant colours, and wide colour gamut, but avoid their
drawbacks, like bleeding, low lightfastness, low stability to
oxygen, temperature, UV radiation, etc. [8].
The interaction of cationic dyes with clay mineral

surfaces changes the spectroscopic properties of the dye
molecules. Metachromasy caused by adsorption and
aggregation of dye molecules on clay layers is one of the
most widely studied photo-physical processes to probe the

clay surface [9]. Progress in controlling photophysical and
photochemical properties of clay-dye hybrids have led to
the production of advanced material [10]. Among clay
materials, MMT has been considered as an efficient and
low cost adsorbent for dye removal from colored waste-
waters due to the high absorption capacity for cationic dye
molecules [11].
Using cationic dye intercalated MMT as colorant in

coloration of polymeric matrices and printing inks are
other new application of the MMT-dye hybrids [12]. The
main proposed aims of the organoclay based pigment, was
to improve the UV stability of the dye and to enhance
mechanical properties by nano-scale dispersion of the
colored silicate layers in polymer matrix [12].
In the present study, we report the synthesis of clay

based pigment. A water soluble cationic dye basic blue 41
(BB41) has been used for intercalation with Na+-MMT to
form nano-structured pigments or nanopigments. These
nanopigments were analyzed by Fourier transform spectro-
scopy (FTIR), X-ray diffraction (XRD), Transmission
Electron Microscopy (TEM), and thermo-gravimetric
analysis (TGA).

2 Materials and methods

Basic blue 41(BB41) and deionized water supplied by
Sigma-Aldrich company were used to prepare the
nanopigment particles. Figure 3 shows the chemical
structure of BB41. Table 1 shows a description of the
principal characteristics of the used cathionic dye. The
inorganic clay used in this study was unmodified Na+-
montmorillonite and its properties are summarized in Table
2. This material was purchased from Southern Clay.

2.1 XRD characterization

To the objectives assigned, XRD studies on the clay
mineral and the nano-pigment were carried out using a
Bruker AXS D8 small angle Xray diffractometer (Cu-Kα
radiation, 40 kV, 35 mA , the data was collected for angles

Fig. 2 Representation of clay sheet, dye molecule (methylene blue) and blue nanopigment
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2θ from 2° to 25°). The basal spacing d001 was calculated
from the basal reflections using the Bragg’s law (nl =
2dsinθ).

2.2 Thermogravimetric analysis

TGA and its first derivative (DTG) experiments were
carried out on montmorillonite BB41 and MMT-BB41
sample using a pyres Diamond (SII) Perkin Elmer
instruments were also applied. The samples (2–4 mg)
were placed into alumina crucibles and scanned from 30 to
800 °C at a rate of 10 °C/min under nitrogen in order to
evaluate the thermal stability of the BB41 intercalated
montmorillonite.

2.3 FTIR spectroscopy

FTIR spectra of montmorillonite (BB41) and intercalated
products were recorded using a Perkin-Elmer spectro-
photometer by KBr pressed disk method. The spectra were
collected for each measurement over the spectral range of
450–4000 cm–1 with a resolution of 4 cm–1.

2.4 Microscopy analysis

The morphology of the pigment nano-particles was
analysed using a Transmission Electron Microscope
(TEM JEOL1010). Samples were prepared by depositing
a diluted suspension of nanoparticles on a carbon copper
grid and allowing them to dry before the analysis.

2.5 Nano-pigments synthesis

Na+-MMT (5 g) was suspended in 350 mL of deionised
water in order to prepare a suspension with less than

1.5 wt-%, and was left overnight. Separately a solution of
1.24 g of BB41 dye (corresponding to 100% cationic
exchange capacity (CEC) of the Na+-montmorillonite in
100 mL of deionised water) was prepared. After the clay
formed a translucent colloidal suspension, the dye solution
was added and stirred for 1 h using a magnetic stirrer. The
coloured mixture of BB41 and Na+-MMT was then left to
settle down. After 24 h the precipitates were centrifuged at
6000 r/min, then washed and centrifuged again. Additional
samples with less than 100% of CEC were also prepared
using the above procedure. A schematic flowchart of
laboratory synthesis process is shown Fig. 4.

3 Results and discussion

3.1 XRD and TEM analysis of inorganic clay-dye systems

Depending on the CEC and water content of the material,
the scattering reflection (d001) of montmorillonite clays is
usually found in the range of 9.5–14.0 Å [13]. In order to
avoid interference caused by adsorbed water, the samples
used for this study were all dried at 80 °C for 8 h in a
vacuum oven. The maximum scattering for the sample of
Na+-montmorillonite analysis (or analyzed montmorillo-

Table 1 Characteristics of maxilon blue used as cathionic dye

C.I. Name Molecular formula Case number M/W/(g∙mol–1) Color index

Basic blue 41(BB41) C20H26N4O6S2 12270-13-2 482/57 11105

Fig. 3 Molecular structure of basic blue 41

Table 2 Characteristics of Na+-montmorilonite

Name Interlayer cation Cation exchange capacity (CEC) D-spacing /nm Density

Closite Na+ Na+ 92 meq/100 g 1.26 2.86

Fig. 4 Schematic view of nanopigment synthesis at laboratory
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nite) was found with the refection angle 2θ of 6.96°,
corresponding to an interlayer space of 1.26 nm.
The XRD patterns are shown in Fig. 5 for the samples of

Na+-MMTwith adsorbed BB41 dye, which corresponds to
a loading of 100% of the CEC of the clay. The comparison
of Na+-MMT clay with MMT dye complex shows a
shifting of the reflection band from a value of 2θ = 6.96°
for Na+-MMT to a shorter value of 2θ = 4.35° for BB41/
MMT complex. This shifting represents the expansion of
the interlayer space due to the adsorption of dye molecules.
The results for interlayer and basal spacing of pure Na+-
montmorillonite and BB41-montmorillonite are shown in
Table 3.
As shown in Fig. 6, TEM images indicate that the

particles have an elongated shape and some of them are
agglomerated forming clusters.

3.2 Themal analysis of MMT dye complexes

The results of thermo- gravimetric analysis of Na+-MMT,
BB41 and MMT-BB41 samples are presented in Fig. 7.
The TGA data show that all samples had considerable
amount of moisture, as can be seen by drop in its mass
below 100 °C. This initial step of weight loss was more
intense in the case of Na+-MMT as confirmed clearly by
the DTG curves of Na+-MMTwith a maximum peak with
at 65 °C (Fig. 8). This peak and the others at 600‒700 °C
are due to the dehydration of adsorbed water molecules
and dehydroxylation of silicate layers respectively [14].
DTG curve of MMT- BB41 shows that the first peak is

weaker and broader. The presence of organic dye

molecules on the clay surface makes it hydrophobic and
consequently the maximum peak in the DTG curve appears
at a lower temperature for organo-clay than for the
untreated montmorillonite [14]. The DTG curves of both
the montmorillonite and the dye indicate that the moisture
was almost totally removed at 100 and 120 °C respectively,
whereas for the MMT-BB41 sample the presence of
moisture was observed at even up to 150 °C. This suggests
that the water molecules were trapped within the MMT-
BB41 structure due to constraints caused by intercalated
BB41 molecules, which required a higher temperature to
escape. Similar results were obtained about the dehydra-
tion peaks in the case of rhodamine B intercalated Na+-
MMT [15].
Figure 8 shows that the onset of BB41 decomposition

occurred between 200 and 250 °C. After passing this
temperature, a drastic weight loss at around 45.6% was
observed. It should be noted that, this decomposition step
was clearly seen in DTG curve with an intense peak from
200 °C up to 500 °C. In the case of the MMT-BB41
sample, this trend changed to a very slow and gradual rate
of decomposition.
The BB41 curve showed a sharp peak with a maximum

of 309 °C, whereas in the DTG of the MMT- BB41 sample
only weak peak was observed with a maximum of 315 °C.
In other words, the onset of decomposition shifted to
higher temperatures, compared to pure BB41. Considering
the results of XRD, FTIR analysis, it is implied that the
intercalation of BB41 molecules has occurred in interlayer
spaces of Na+-MMT. Therefore, its thermal stability has
improved accordingly.

Fig. 5 XRD patterns of Na+-MMT clay and BB41-MMT

Table 3 Interlayer distances of Na+-MMT and BB41/MMT systems obtained by XRD

System 2θ /(°) d001 /nm dbasal /nm

Na+-MMT 6.96 1.26 0.31

BB41/MMT 4.35 2.03 1.08

Mohammad Banimahd KIEVANI et al. Synthesis and assessment of clay based nanopigments 43

RETRACTED A
RTIC

LE



3.3 FTIR spectroscopy

FTIR spectra of Na+-MMT, BB41 and MMT-BB41 are

shown in Fig. 9. As can be seen, a characteristic peak of
montmorillonite clay appeared: a strong band at 1035.64
cm–1 attributed to the Si‒O strectching vibrations. The
peak at 1642.17 cm–1 and the broad-band at 3439.76 cm–1

were assigned to –OH bending and stretching vibration
modes of adsorbed water respectively [16].
Also, the peak at 3629.83 cm–1 corresponds to the

structural hydroxyl stretching vibration bonded to the
aluminum and/or magnesium in montmorillonite. These
peaks appeared in the spectrum of MMT-BB41 despite low
intensity and small shift. The peak assigned to bending
vibration mode of absorbed water (3629.83 cm–1) dis-
appeared in the spectrum of MMT-BB41 sample and the
other one (3439.76 cm–1) was very weak. It seems that it
was covered by BB41 in this region. The intensities of
bands around 1600 and 3400 cm–1 are attributed to
adsorbed water and/or hydration water, which decreased
in cationic exchange process with organic molecules [16]
In spectrum of BB41, the peaks at 1550 and 1479 cm–1

were attributed to the stretching vibrations of C = C and
C = N of aromatic rings in the polyheterocyclic molecules
[17]. These bands with some small shifts were observed in
the MMT-BB41 sample at 1491.91 and 1602.42 cm–1.
Similarly, the bands at 1265 and 1160 cm–1 in BB41
spectrum which are related to –C‒N stretching or aromatic
ring [17] shifted to higher wave numbers (1338.60 cm–1)
due to the interaction with silicate layers in spectrum (b).
The bands at 2924.71 and 2865.63 cm–1 corresponded to
asymmetric and symmetric vibration of C‒H bonds in two
CH3 groups. The peak at 1385.62 cm–1 in BB41 spectrum
can be attributed to the asymmetric CH3 bending vibration
in dimethyl groups [17]. In the IR spectrum of BB41, the
bands at higher than 3100 cm–1 could be due to the
presence of a water molecule [17]. These peaks and other
characteristic peaks of BB41 occurred in the MMT-BB41
spectrum with slight green shift indicate the strong
interaction of BB41 with silicate layers.

4 Conclusions

The adsorption of the dye molecules within the interlayer
space is proportional to the basal spacing of the clay
particles, which are characterized using XRD technique.
XRD showed an increase about 0.77 nm in the basal
spacing of montmorillonite after intercalating of BB41.
This expansion is related to the arrangement of the
adsorbed BB41 molecules as dimmers in a parallel
sandwich (H). TEM images show that the particles are
not round but elongated shape. The particles are not
separated into individual disks; they tend to agglomerate
forming clusters. TGA/DTG thermograms suggest that the
modification of Na+-MMT by BB41 decreases hydro-
philicity of the surfaces of silicate layers. Also through the
process, the thermal stability of BB41 molecules between
interlayer of the layered silicate increases in comparison to

Fig. 6 TEM micrograph of the BB41-MMT

Fig. 7 TGA curves for (a) Na+-MMT, (b) BB41 and (c) BB41-
MMT samples, measured at a heating rate of 10 °C$min–1 under
N2 gas

Fig. 8 DTG curves for (a) Na+-MMT, (b) BB41 and (c) BB41-
MMT samples, measured at a heating rate of 10 °C$min–1 under
N2 gas
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pure dye. The intercalation of the BB41 in the clay layers
may find application in melt processing (mass-pigmenting)
of thermoplastic polymers.
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Fig. 9 FTIR spectra of (a) Na+-MMT, (b) MMT-BB41 and (c) BB41
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