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Studies of physicochemical characteristics of organoclay with 
carboxydecyltriethylammonium chloride ion
Shu-Lung Kuo and Ching-Lin Ho

Department of Technology Management, The Open University of Kaohsiung, Kaohsiung City, Taiwan

ABSTRACT
This study used the soil representative of Taitung in Taiwan, Santai (St) series soil, as the catalyst carrier 
and exchanged arboxydecyltriethylammonium chloride (CDTEA) onto it through ion exchange, forming 
nano-level St-CDTEA organoclay via surface modification and high-temperature sintering. The physical 
and chemical properties of the St-CDTEA organoclay were then studied via a series of physical and 
chemical experiments.First, an analysis of the basic properties of St series soil shows that it does not have 
a high organic matter content because it is affected by either rainfall erosion or intensive farming, which 
causes a decrease in organic matter after it is consumed or lost. The Fourier-transform infrared spectro-
scopy (FT-IR) analysis suggests that compared with the unmodified St series soil, C-H bonds are found 
between 2900 cm-1 and 2850 cm-1 and COOH bond around 1750 cm-1 in St-CDTEA organoclay. A field 
emission scanning electron microscope (FE-SEM) analysis shows the formation of a crystal structure on 
the surface of the St-CDTEA organoclay because St series soil contains a larger amount of smectite and 
the structure of the St-CDTEA organoclay absorbs a significant amount of CDTEA molecules (the 
molecular structure of CDTEA contains three ethyls) after high-temperature sintering.
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1. Introduction

The clay minerals’ properties, high cation exchange capacity, swel-
ling property and high surface areas make clays such as smectite 
favorable materials to be widely used as rheology control reagents, 
sorbents in pollution prevention and environmental remediation. 
Their potentials have been tremendously expanded by ion- 
exchange of organo cations with interlamellar exchangeable 
metal cations to impart hydrophobic properties. When long- 
chain alkylammonium cations are used, a hydrophobic partition 
medium within the clay interlayer can form and function analo-
gously to a bulk organic phase. Studies have shown that replacing 
the inorganic exchangeable cations of clay minerals with organic 
cations can result in a greatly enhanced capacity of these materials 
to remove organic contaminants (Xi et al. 2005a; Ma et al. 2019a). 
Organoclay-based nanocomposites exhibit a remarkable improve-
ment in properties. These improvements include increased 
strength and heat resistance, decreased gas permeability and 
flammability, and increased biodegradability (Xi, He, and Frost 
2005b; Spadavecchia et al. 2014). Investigation of different surfac-
tant environments, surfactant configurations, vibrational spectro-
scopy and morphology of organoclay is of great importance in this 
project. For instance, XRD has proven a useful technique for the 
study of surfactant configurations between clay layers via d001 
basal spacing (He et al. 2006; Li et al. 2017); thermogravimetric 
analysis (TG) provides a tool for the identification of different 
surfactant environments and structure arrangements and for 
revealing of their thermal and structural stabilities (Carmody et al. 
2005; Gao et al. 2015). Scanning and transmission electron micro-
scopy (SEM and TEM) are used to collect detailed information on 

the morphology. Infrared spectroscopy is a powerful tool for the 
study of the bonding mechanisms on a molecular scale which 
provides structural information about organoclays (He et al. 
2006; Guégan 2019).

When nanocomposites are used to treat pollutants in var-
ious media, they help to degrade pollutants in wastewater, air, 
wastes, and soil completely via oxidation. However, more time 
and effort are required to separate media treated with nano-
composites. During practical applications, general nanocompo-
sites are immobilized to solve the concerns of repeated use and 
separation. Basis materials generally include: glass, ceramic tile, 
metal, filters, fiber, and plastic. Because of the non-adherence 
of nanocatalysts, an adhesive (such as epoxy resin, PVC, or 
waterproof lacquer paint) is often needed for catalyst immobi-
lization. Although nanocomposites may break some basic 
materials or binders, separation between nanocomposites 
and basis materials is required and a proper adhesive shall be 
used (Kuo and Wu 2014a; Kushwaha et al. 2015).

On the other hand, organoclay materials are defined as 
hybrid materials resulting from the association of clay 
minerals (swelling ones such as montmorillonite (Mt), ver-
miculite, and saponite) with surfactants and/or other various 
organic compounds (He et al. 2014). With the incorporation 
of the surfactants in their internal structure through differ-
ent chemical and physical processes, the obtained materials 
combine a large specific surface and a hydrophobic beha-
vior, enhancing the applications of clay minerals in various 
fields. A large volume of the extant research work has 
focused on and pointed out the use of organoclays as 
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reinforcers in polymer nanocomposites, starting materials 
for photophysical films, rheological agents, and as adsor-
bents for organic pollutants in soil and aquatic environ-
ments (Ugochukwu and Fialips 2017; Li et al. 2015).

This study aims to use the soil representative of Eastern 
Taiwan as the main carrier to exchange CDTEA onto the 
carrier via ion exchange, forming nano-level St-CDTEA orga-
noclay with catalytic capability. The physical and chemical 
properties of the St-CDTEA organoclay are studied using 
various instruments. In the future, the results can be applied 
to the absorption of, and catalytic reactions for, inorganic 
and organic pollutants, respectively.

2. Materials and methods

2.1. Sources of test soil

This study selects Taiwanese soil from Taitung County-Santai 
(St) series soil as the sampling soil sample. It is a black soil 
formed by a mixture of igneous rock and mud rock. St series soil 
was collected and dried at room temperature for two days. It 
was then ground using glass bottles after impurities were 
removed. After running through 2 mm sieves, the ground soil 
was stored in boxes, pending an analysis of its basic properties.

2.2. Synthesis and identification of CDTEA

We mixed 2 g 11-bromoundecanoic acid (white crystal powder) 
dissolved in 0.1 N sodium carbonate solution at 50 mL, with 
0.1 N triethylamine at 50 mL with equivalent mole concentra-
tion, heating reflux with stirring until solution became clear. 
After acidifying product solution by hydrochloric acid to pH 
2–3, place still to crystallize overnight. Recrystallize with acet-
one and dry to complete.

2.3. Preparation of St-CDTEA organoclay

Take 0.5 g St series soil and add 30 ml of the CDTEA 
solution with a value equivalent to 0.75 times the CEC 
value. Continuously heat it up and oscillate it in a water 
bath at 80°C for 24 h. Separate a solid from the liquid using 
a high-speed centrifuge at 20,000 rpm. Inspect whether the 
supernatant has white sediment after centrifugation using 
AgNO3, to ensure that the chloride ions have been comple-
tely removed. After freeze-drying the modified St-CDTEA 
organoclay, grind it using an agate mortar and then store 
it. Conduct the subsequent characteristic analysis and 
absorption test.

2.4. Verification of the function group of 
fourier-transform infrared spectroscopy (FT-IR)

The principle of FT-IR is using rotations or vibrations of mole-
cules to absorb radiation at the same frequency (Sun et al. 
2020). The fingerprint and Eigen areas in FT-IR can help to 
determine the existence of isomorphous replacement structure 
or organic molecules in the St-CDTEA organoclay.

Put the St-CDTEA organoclay and KBr powders in an oven. 
After heating them up and drying them for 48 hours, mix them 

evenly in a 1:10 ratio, and then grind the mixture with an agate 
mortar. Use a hydraulic press to press the mixture at 10 tons/ 
hour, making it into a transparent foil. Put the foil in 
a spectrometer and perform an analysis with a scan range of 
4,000 cm-1 to 400 cm-1.

2.5. X-ray diffraction analysis (XRD Analysis)

The XRD analysis is conducted using an x-ray diffractometer 
(Rigaku RINT-2000). With CuKa as the light source, an analysis of 
the crystal patterns of the St-CDTEA organoclay is performed to 
learn the spacing of layers of materials. The x-ray wavelength 
produced is 1.5418 °A; the operating current during testing is 
10 mA; the voltage is 20 kV; the scanning speed is 5 deg/min; 
and the scanning angle is 2θ = 2 ~ 40°.

2.6. Field emission scanning electron microscope 
(FE-SEM) analysis of St Series soil and St-CDTEA 
organoclay

With a scanning electron microscope (SEM), this study observes 
the size of St series soil and St-CDTEA organoclay and their 
distribution. The model in use is JEOL-6330, and its emitting 
energy comes from the field emission filament with high space 
and energy resolution (Doan et al. 2019).

2.7. Analyzing the converter dust using 
a thermogravimetric analyzer (TGA)

A thermogravimetric analyzer is mostly used to measure the 
pyrolysis temperature and composition of materials. This 
study used a dynamic TGA (Dynamic TGA 2950) to deter-
mine the weight loss of the sample under different tem-
peratures. To analyze the sample, we placed 10–20 mg of 
dried sample (St-CDTEA organoclay) in a platinum crucible 
and heated it at room temperature (about 25°C), with the 
air as the oxidizer. The temperature of the sample increased 
at a rate of 10°C per min until finally reaching the target 
temperature of 1000°C. After reaching the target tempera-
ture, the sample was analyzed for its weight reduction rate 
and induced degradation rate.

3. Results and discussion

3.1. An analysis of the basic properties of St series soil

Table 1 shows the results of an analysis of the basic properties 
of St series soil and St-CDTEA organoclay. As shown in the table, 
St series soil is a type of mid-acid soil. The pH values of soils are 
affected by various external and internal factors, such as differ-
ent parent materials, precipitation amounts, degrees of soil 
development, types of colloids contained in soils, types of ion 
exchange, and amounts of soluble salts. Furthermore, Table 1 
indicates that St series soil does not have a high organic matter 
content because it is affected by either rainfall erosion or 
intensive farming, which causes a decrease in organic matter 
after it is consumed or lost. Besides, St series soil, primarily 
located in rainy Eastern Taiwan, is low in organic matter con-
tent, indicating that its parent material is a type of black soil 

400 S.-L. KUO AND C.-L. HO



mostly consisting of igneous rock and mudstone. The color of 
the soil suggests that it contains humus that is hard to disin-
tegrate. In addition, the cation exchange capacity (CEC) of a soil 
is always affected by its texture, types of colloids contained, 
and organic matter content. CEC values always increase as clay 
and organic matter content increase (Ugochukwu and Fialips 
2017; Ma et al. 2018). As shown in the table, St series soil is 
a type of sandy clay loam with a CEC value of 38.03 cmole/g, 
which we presume to be a resulting product of clay and organic 
matter. In terms of St-CDTEA organoclay in Table 1, its CEC 
value shows a significant increase in the capacity of CDTEA- 
modified clay to absorb cations when compared to that of the 

original St series soil. This suggests that organic matter and free 
oxides attached to the surface of clay minerals have been 
removed in the pretreatment process; the St-CDTEA organoclay 
thus has a higher amount of charge.

3.2. Results of FT-IR analysis of St series soil and 
St-CDTEA organoclay

Figure 1 shows the results of FT-IR analysis of CDTEA, St series 
soil and St-CDTEA organoclay, respectively, where C-H bonds 
are found between 2900 cm-1 and 2850 cm-1 and COOH bond 
around 1750 cm-1 in St-CDTEA organoclay when compared 
with unmodified St series soil in Figure 1(a). However, Figure 
1(b) suggests that the intensity of St series soil’s absorption 
bands is not strong. From this result we can infer that the 
molecular structure of CDTEA cannot provide better positions 
for reaction when CDTEA is inserted into the interlayers 
because it contains three ethyls, thereby slightly affecting the 
modification effects (Carrado 2000; Doan et al. 2019; Yin et al. 
2019). However, as mentioned earlier, after we modified the 
clay with CDTEA, adsorption peaks of bonds occurred in several 
positions, suggesting that C-H and COOH bonds were success-
fully inserted into the structure of the St-CDTEA organoclay. 
This result indicates that when smectite-CDTEA is adopted for 
the catalysis of pollutants in the future (Ma et al. 2019b), it will 
have enough capacity to disintegrate or attract pollutants. Our 
research findings are similar to those of other studies. For 
example, Zhu et al. (2008) proved that from FT-IR, for example, 
the vibration at 1198 cm−1 corresponds to Si-O-Si- stretching 
mode. In surfactant-modified hydrotalcite (LDH-2), the loaded 
surfactants are located in both the interlayer space and the 
interparticle pores with a ‘house of cards’ structure as sup-
ported by FT-IR (Sun et al. 2020; Das et al. 2020). Moreover, 
factors such as temperature control when synthesizing CDTEA 
and the rate of adding triethylamine can affect the purity of 
synthesized CDTEA, which in turn affects the modification 
effects. This result can also be corroborated by the research 
findings of Kuo and Wu (2014b).

3.3. Results of XRD analysis

Figure 2 shows the results of XRD analysis of St series soil and 
St-CDTEA organoclay, respectively. As shown in Figure 2(a), 
a diffraction peak is found at 1.004 nm after saturating St series 
soil with potassium at room temperature. Diffraction peaks are 
found at 1.002 nm, 1.000 nm and 1.004 nm when St series soil is 
heated to 110°C, 350°C and 550°C, respectively, but changes in 
the spacing of layers are not obvious. A diffraction peak is 
found at 1.483 nm after saturating St series soil with 

Table 1. An analysis of the basic properties of St series soil and St-CDTEA organoclay.

Soil pH
CEC 

(cmole/g)
Organic matter 

(%)

Texture

Sand 
(%)

Silt 
(%)

Clay 
(%)

St series soil 6.01 38.03 3.32 48.0 26.1 25.9
St-CDTEA organoclay – 85.65 – – – –

Figure 1. (a) FT-IR spectrum of CDTEA; (b) St series soil; (c) St-CDTEA organoclay.
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Figure 2. (a) St series soil; (b) Na-saturated St series soil and St-CDTEA organoclay.

Figure 3. FE-SEM analysis of St series soil.
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magnesium. The spacing of layers expands to 1.758 nm after 
fumigating St series soil with glycerin. From these results, we 
can infer that smectite is the main element of the clay of St 
series soil. This research finding is similar to that of Zhu et al. 
(2008), i.e. the Mg-Al hydrotalcite (LDH) and the only surfactant- 
modified hydrotalcite (LDH-2) display similar XRD patterns 
while both surfactant and silane-modified hydrotalcite (LDH- 
3) show two distinct series of reflections, corresponding to 
hydrotalcite and smectite-like materials, respectively (Yin et al. 
2019; Yan et al. 2020). Also, in this study, diffraction peaks 
produced by different angles across the spectrum in Figure 2 

(a) suggest that St series soil contains other mineral mixtures, 
such as quartz. Figure 2(b) shows that the spacing of layers for 
unmodified St series soil is approximately 1.02 nm, whereas 
that for CDTEA-modified St series soil increases to 1.44 nm, an 
increase by 0.42 nm. This result suggests that the way in which 
CDTEA is inserted into the interlayers of the clay is double- 
layered absorption, thereby presenting a double-layered 
arrangement of St-CDTEA organoclay in solid interlayers 
(Guégan 2019). The result of ion exchange is applicable to the 
formation of St-CDTEA organoclay as a catalyst; this type of ion 

Figure 4. FE-SEM analysis of St-CDTEA organoclay.

Figure 5. Result of the differential thermal analysis of St-CDTEA organoclay.
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exchange facilitates the transition of electrons in the St series 
soil interlayers (Massoudinejad et al. 2019).

3.4. Results of FE-SEM analysis

Figures 3–4 show the results of FE-SEM analysis of St series 
soil and St-CDTEA organoclay, respectively. As shown in 
Figure 3, the surface structure of St series soil demonstrates 
a more complex and irregular shape because St series soil 
contains a higher amount of smectite and its structure con-
tains other mineral structures. Figure 4 shows the structure of 
St-CDTEA organoclay produced by ion exchange and high- 
temperature sintering. As shown in the figure, a crystal struc-
ture is formed on the surface of the organoclay because it 
absorbs a significant amount of CDTEA molecules (the mole-
cular structure of CDTEA contains three ethyls) (Guégan 2019), 
Figure 4 shows that the size of CDTEA molecules transferred 
to the St-CDTEA organoclay via ion exchange was at the 
nano-level. This result is backed up by Wei et al. (2009) 
using modified bentonite clay to examine the feasibility and 
efficiency of the simultaneous removal of cationic dyes and 
hydrophobic organic carbons (HOCs) from water (Hou et al. 
2018).

3.5. The result of TGA analysis

A TGA was adopted for analyzing the rate of weight loss of St- 
CDTEA organoclay under different temperatures; the results are 
shown in Figure 5. The aforementioned results in Table 1 
indicate St series soil does not have a high organic matter 
content because it is affected by either rainfall erosion or 
intensive farming, different properties and trends can be 
observed through the TGA (Hou et al. 2018; Das et al. 2020; 
Ma et al. 2019a). For instance, peaks of weight loss occurring at 
the surface structure of St-CDTEA organoclay were observed 
when temperatures rose to 50 ~ 100°C, 350 ~ 450°C, 600 ~ 650° 
C, and 750 ~ 900°C; changes in weight were also more notable 
under high temperatures (Wu et al. 2016; Sun et al. 2020; Yan 
et al. 2020). From the results obtained through a TGA, we can 
say that St-CDTEA organoclay produced from St series soil is 
characterized by the above-mentioned trends.

4. Conclusion

This study finds that St series soil does not have a high organic 
matter content because it is affected by either rainfall erosion or 
intensive farming, which causes a decrease in organic matter 
after it is consumed or lost. Also, the St-CDTEA organoclay has 
a higher amount of charge because organic matter and free 
oxides attached to the surface of clay minerals have been 
removed in the pretreatment process. The results of FT-IR ana-
lysis of St-CDTEA organoclay show that factors such as tempera-
ture control when synthesizing CDTEA and rate of adding 
triethylamine can affect the purity of synthesized CDTEA 
because of its molecular structure contains three ethyls, which 
in turn affects modification effects. The XRD analysis results 
indicate that the spacing of layers for St. series soil after it is 
modified with CDTEA increases. This means that the way in 
which CDTEA is inserted into the interlayers of clay is double- 

layered absorption, thereby presenting a double-layered 
arrangement of St-CDTEA organoclay in said interlayers. The FE- 
SEM analysis results show that the surface structure of St series 
soil demonstrates a more complex and irregular shape because 
St series soil contains a higher amount of smectite and its 
structure contains other mineral structures. Moreover, the orga-
noclay produced by ion exchange demonstrates a crystal struc-
ture after being sintered at 350°C because its surface absorbs 
a significant amount of CDTEA molecules. These results can be 
applied to catalytic reactions for pollutants, wherein there are 
sufficient functional groups to absorb and degrade pollutants.

Nomenclature

CDTEA Carboxydecyltriethylammonium chloride
CEC Cation exchange capacity
FE-SEM Field emission scanning electron microscope
FT-IR Fourier-transform infrared spectroscopy
Santai series soil (St) series soil

TGA Thermogravimetric analyzer
XRD analysis X-ray diffraction analysis
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