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Abstract Thermal analysis on organically modified Ca®"-
montmorillonite (OMON) and its source materials—oc-
tadecylamine (ODA) and Ca*"-montmorillonite (Ca®'-
Mon)—was studied using thermally stimulated current
(TSC) technique. The appearance of pyon peak with the
Tmax = 75 °C shows the ability of the developed TSC
system to demonstrate the relaxation effects of dehydration
in Ca”*-Mon. It appeared within the temperature range of
DSC endothermic peak (30-100 °C) where the
Tmmon = 58 °C. Segmental motions of ODA chains and
structural disruptions in the modifier agent compound
produced TSC aopas popa and piopa peaks that are
comparable to thermal transition and endothermic peaks in
DSC profile (Tgopa, Tmiopa and Tmoopa)- The effect of
localized motion in ODA chains as revealed by the TSC
Bomon peak (Tmax = —23 °C), however, is absent in the
DSC profile of OMON. It shows TSC technique has high
sensitivity in detecting various relaxation behaviors at
molecular level. More evidences are demonstrated by the
PoMON (Trmax = 86 °C) and piomon (Tmax = 105 °C) peak
originated from the ODA chains structures. These peaks
also confirm the intercalation of the modifier cations inside
the Ca>"-Mon gallery.

4 Aidy Ali
saidynaidy @ gmail.com

Center for Defence Foundation Studies, Universiti
Pertahanan Nasional Malaysia (UPNM), Kem Sg. Besi,
57000 Kuala Lumpur, Malaysia

Department of Mechanical Engineering, Faculty of
Engineering, Universiti Pertahanan Nasional Malaysia
(UPNM), Kem Sg. Besi, 57000 Kuala Lumpur, Malaysia

Department of Physics, University of Malaya,
50603 Kuala Lumpur, Malaysia

Keywords Ca”"-montmorillonite - Modifier molecule -
TSC - DSC - XRD and intercalation

Introduction

Large amount of exchangeable cations inside montmoril-
lonite layers generate a peculiar hydration giving swelling
property that explains the extensive interlayer expansion of
the clay minerals. The ability to swell makes the clay
useful for many applications such as in oil industry, agri-
culture, pharmaceutical and fabrication of polymer com-
posites [1-4]. The highly charged surface and
exchangeable cations in pristine montmorillonite (MON),
however, make the clay interaction with nonpolar polymers
difficult. Therefore, chemical modification by exchanging
the clay counterion for organocation is necessary in order
to transform its property from organophobic into
organophylic.

Chemical modification normally involved the interca-
lation of modifier molecules such as alkyl ammonium
cation into the montmorillonite gallery. In our previous
work [5], we had shown the presence of modifier molecules
inside the clay gallery of organically modified montmo-
rillonite (OMON) was hardly detected using the differen-
tial scanning calorimetry (DSC) technique. A more
sensitive technique thus is needed to detect the effect of
confined space of the clay gallery on molecular motions.

TSC technique was employed to investigate the
molecular motions within polymeric materials [6, 7]. The
thermoelectrical technique is a dielectric spectroscopy
method to study the electrical properties of high-resistivity
solids, through their thermal relaxation effects [8§—10]. In
TSC technique, current induced by thermal increase from
an electret is measured with a definite heating scheme. The
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current is generated by the buildup and release of polarized
charge carriers inside the solid dielectrics sandwiched
between two electrodes. TSC technique enjoys attention
due to its capability to resolve complex dielectric relax-
ations within low equivalent frequency, f ~ 107'—
107* Hz [8]. The high sensitivity thus makes the TSC
technique useful to study primary and secondary relaxation
in many amorphous or semicrystalline dielectric materials.

In this present work, a laboratory-scale TSC system was
used to investigate the thermoelectrical property of solid
dielectrics. Thermal analysis by means of both TSC and
DSC techniques were undertaken on Ca?"-montmoril-
lonite, octadecylamine and OMON.

The beauty of this study, the attempt is made on cor-
relating the TSC and DSC peak. Analysis revealed that the
good sensitivity of TSC technique not just makes it a
comparable method to the DSC, but it is capable of
demonstrating the thermoelectrical behaviors of interca-
lated organic molecules inside Ca®'-montmorillonite

gallery.

Experimental
Materials

Ca”**-montmorillonite SWy2 (Ca®>"-Mon) was supplied by
the University of Missouri, USA, from the Clay Mineral
Society Repository in Wyoming. The chemical formula of
Ca’"-Mon can be expressed as Ca”—(Al, Mg),Si4049
(OH),'-nH,0. The amount of exchangeable cation in
between the Ca®"-Mon layers is represented by the cation
exchange capacity, CEC of about 76.4 meq/100 g.
Octadecylamine (ODA) (>99%) and hydrochloride acid
(HCl1, 4.0 M in H,0), used in organoclay modification,
were purchased from Fluka (Malaysia). All the materials
were used as received without further purification.

Sample preparation
Organically modified Ca**-montmorillonite (OMON)

Eight grams of pristine Ca*"-Mon clay mineral was dis-
persed into 500 mL of distilled water at a temperature of
about 80 °C using a homogenizer. A total of 3.1 g of ODA
was dissolved in 200 mL of distilled water (80 °C) toge-
ther with 1.2 mL of concentrated HCI. The mixture was
then gradually poured into the Ca**-Mon-water solution
under vigorous stirring for 5 min. The white precipitate
obtained was then collected on a white cloth filter and
washed using distilled water (80 °C) five times. The
organophylic Ca*"-Mon (OMON) precipitate finally was
allowed to dry at ambient temperature [11].
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Characterization
X-ray diffraction, XRD

The X-ray diffraction, XRD, measurement was performed
using Siemens XRD diffractometer model D5000. A
nickel-filtered Cu Ko radiation (4 = 0.154 nm) was
employed with the applied voltage of 40 kV and a current
of 40 mA. The XRD patterns were recorded with a step
size of 0.02° from 20 = 2° to 20 = 50°. The changes in
basal spacing, d, of the Ca**-Mon particles were deter-
mined by analyzing the XRD data, which was carried out
based on the Bragg’s law [12].

nkJ = 2dsin 0 (1)

where n = an integer, kK = constant (generally = 0.9) m,
A = wavelength (0.1541 nm), d = basal spacing (nm), and
0 = the diffraction angle (°).

Differential scanning calorimetry, DSC

The Rheometric Scientific DSC Gold with a heat flux
system was used for the differential scanning calorimetry
(DSC) measurement. The measurement was performed on
samples at the heating rate of 10 °C min~", after quench-
ing the temperature down to —100 °C using liquid nitro-
gen. Thermal responses from the scans were recorded at
temperature ranging from —100 to 200 °C. The sample
mass used was 8.0 mg.

Thermally stimulated current, TSC

TSC measurements were performed with a TSC system
developed in the laboratory [11]. In this work, TSC samples
were press-molded into disk shape where the contact area is
127.5 mm? and thickness of about 0.8 mm. A pair of metal
electrode held the TSC sample in a cryostat. Samples were
subjected to an electric field F, for a polarization time, 7,, at
a polarization temperature T},. Polarized dipoles and charges
were then frozen by quenching the sample temperature to a
T,,. At this temperature, the electrical field F}, was removed
and sample temperature stabilized for 7, minutes. The
electret sample was then short-circuited and heated at a
constant rate, 1 °C min~'. As a result, the discharge cur-
rent, I, was generated by the depolarization process of
electret charges. The current density Jp from TSC mea-
surements is given by [13]

T
Pe(Tp) E 1/ E\ .,
Jp(T) = - S ——)ar'|.
o1) =" exy (- Yexp| 1 [ exp(- 2

(2)
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XRD of Ca?*-Mon, ODA and OMON
- 6.04° (d;,, = 1.46 nm)

(a) Ca?*-Mon

(b) ODA
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Fig. 1 (001) peak of Ca**-Mon at 20 = 6.04° (1.46 nm) in (a) is
shifted to 4.80° (1.84 nm) in OMON (c) due to the intercalation of
modifier cation from ODA (b)

where P.(Tp) = equilibrium polarization at polarizing
temperature, 7, = relaxation time at infinite temperature,
E = activation  energy, k = Boltzmann  constant,
h = heating rate

Results and discussion
XRD
Diffraction pattern in Fig. la shows the XRD scan on Ca®"-

Mon clay. The characteristic peak at 20 = 6.04° gives the
basal spacing of (00I) plane, dyy; = 1.46 £ 0.01 nm.

Fig. 2 TSC profile of Ca®*-
Mon in (a) shows the pyon peak

Figure 1b shows the diffraction pattern of ODA within
20 = 2°-16°. Sharp peaks demonstrate a number of crys-
talline structures in ODA molecular structure. Chemical
modification on Ca*"-Mon into OMON involved the Ca*"
cation replacement with octadecylammonium (C,;gH3,NHZ)
cation inside the layered clay gallery. As a result, the clay
characteristic (001) peak is shifted to 260 = 4.80° as shown in
Fig. 1c, which gives the new basal spacing,
dooy = 1.84 £ 0.01 nm. The increase in dyg, spacing of
around 0.38 nm indicates the intercalations of the modifier
cation, which had increased the OMON gallery height.

Comparison between DSC and TSC
Ca**-Mon clay mineral

Figure 2a shows thermoelectrical profile from TSC mea-
surement on Ca®*-Mon, while Fig. 3b shows DSC ther-
mogram of the clay, where both are in low temperature
range from —100 to 200 °C. In Fig. 2b, an endothermic
peak with melting point at T,,mon = 58 °C covers a tem-
perature of about 70 °C. This peak indicates dehydration of
interlayer water inside the Ca*"-Mon. According to Bray
[14], dehydration process within 30 to 150 °C causes the
reduced in interplanar spacing of Ca*"-Mon. The dehy-
dration in Ca®>"-Mon caused the loss of interlayer water
that distorts the water molecule structures as shown in the
previous study [5].

Figure 2a shows a big relaxation peak with its maximum
at Tax = 75 °C falls within the endothermic temperature
range. The peak is referred to as pyon peak and can be
related to the relaxation of polarized water molecules in
Ca’*-Mon and space charge released due to dehydration
proses.

TSC and DSC Profiles of Ca2*-Mon
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Fig. 3 popa (55 °C) and p opa
(76 °C) peaks in TSC profile

TSC and DSC Profiles of ODA
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ODA

TSC measurement on ODA sample produced three relax-
ation peaks shown in Fig. 3a, which are analogous to a
thermal transition and endothermics from DSC scan. The
peaks with T,,x = 28, 56 and 76 °C are assigned as dopa,
popa and p; opa, respectively. The agpa peak coincides
with a thermal transition in Fig. 4b that gives the
Toopa = 34 °C. The peak indicates depolarization pro-
cesses were induced by segmental motions of ODA chains
during phase change around the Tyopa.-

From Fig. 3a, the maximum of p peaks are within the
temperature range of endothermic peaks, where
T = 63 °C and T, = 90 °C. Analysis shows that the
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Temperature, 7/°C

difference in the T.x of p peaks (VT.x = ~21 °C) is
comparable to the difference in T, (VT,, = ~27 °C) from
the melting peaks in DSC profile. From Fig. 4b, tempera-
ture deviation between T, and T, about 29-56 °C can be
related to chains motions in ODA crystallite structures. The
methylene (CH,) groups in ODA chains started to experi-
ence liquid-like motions at temperature 40 °C below the
T [15]. The motions then led to the process of crystallite
melting in the material. Therefore, the differences in the
Tmax Of o and p peak about 27-47 °C show the effects of
structural changes on TSC peaks. Pristine ODA structures
were properly illustrated and described in the literature
[11]. The trends were found similar, and it shows gradually
disrupted during the melting process of crystallites. The
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process not just induced relaxation of polarized molecules,
but it also released space charges that generated the popa
and popa peaks.

OMON

TSC profile in Fig. 4a shows a small hump with its max-
imum at Ty, = —23 °C is assigned as the P peak of
OMON (Bomon)- The Pomon peak demonstrates the
effects of localized motions by the short-chain segments in
ODA structure. In Fig. 5b, there is no significant thermal
transition around the peak temperature (—40 to —10 °C)
that can be related to the phase change induced by coop-
erative motion of ODA chains. It thus suggests that the
depolarization process behind the Bomon peak involved
only noncooperative localized motions of ODA chains as
illustrated in Fig. 5. Further increase in temperature, 7,
generated a thermal transition at T,omon = 33 °C.

The Intercalated Structure of ODA Chains

Cooperative segmental motions of ODA chains around the
Tyomon produced the OMON o peak (aomon) in Fig. Sa,
where its T, is about 35 °C.

Figure 6a shows the relaxation peak of zonmon, POMON
(Tmax = 86 °C) and piomon (Tmax = 105 °C) comparable
to the copa, Popa and piopa peaks in Fig. 4a, respec-
tively. These peaks of OMON indicate the presence of
ODA chains in the modified Ca*"-Mon particles. The
peaks maximum (7,,,x) in Table 1, however, is relatively
higher than their counterparts for ODA. The increased Tiy,ax
shows the effects of octadecylammonium cation interca-
lations inside the OMON gallery. The increments about
25-56% show relatively higher thermal energy was used by
the intercalated ODA cations to induce dipoles and space
charges relaxations. The presence of ODA chains in
OMON, however, is hardly detected in the DSC profile in

Table 1 Temperature of DSC thermal transition and endothermic
peaks and maximum temperature of TSC peaks in Ca**-Mon, ODA
and OMON

Sample Technique Temperature, *T (T, )/°C £ 0.01
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Fig. 5 Schematic diagram of the intercalated ODA cations shows the TSC (=23) (35 (86) (105)
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with permission [11]
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Fig. 6b. Table 1 lists only one thermal transition at
T, = 33 °C that can be related to ODA chains in OMON. It
thus demonstrates the good sensitivity of TSC technique in
detecting molecular motions in such confined space of the
Ca*"-Mon gallery.

Conclusions

TSC system used in this work is capable of demonstrating
several relaxation effects as indicated by f3, « and p peaks.
Analysis shows that the peaks can be associated with
thermal transition and melting processes observed in DSC
curve. Despite the differences in TSC and DSC basic
principles, both techniques measure the effects of molec-
ular motions. Segmental motions by ODA main chains that
caused the phase transition at Tiomon = 33 °C also
induced depolarization processes of oomon peak at
Tmax = 35 °C. Extensive molecular motions had led to
molecular structure disruptions as shown by the DSC
endothermics at Tomon (58 °C), Tmiopa (63 °C) and
Tmropa (90 °C). In TSC scan, these structural changes
caused the release of space charges that curved the ppon
(75 °C), popa (55°C) and piopa (76 °C) peaks,
respectively.

The appearance of fomon peak at T, = —23 °C
shows that TSC technique is capable of demonstrating the
effect of localized short-chain motions at molecular level,
an effect that cannot be identified using DSC technique.
More evidences of the better sensitivity of TSC technique
are shown by the pomon (86 °C) and piomon (105 °C)
peaks. They represent the effects of ODA chains motions in
confined space of Ca®>"-Mon gallery. The effect that is
absent in the DSC profile proves the intercalation of ODA
cations into the OMON gallery. It is supported by the
increased Tp.x of o (25%) and p (38-56%) peaks in
OMON. TSC technique thus is a complimentary technique
that adds more information on the effects of various ther-
mally induced motions at molecular level. It is important to
understand that both TSC and DSC techniques successfully
measure the molecular motion, but one is originated by
molecular motion by thermal effect and the other is orig-
inated by molecular motion due to DC field. It is also
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important that TSC peak is also influenced by other
parameters such as relaxation time, activation energy and
charge released.
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