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Abstract: Pristine kaolin was organically modified by employing derivatives of oleochemicals namely rubber seed oil 
(SRSO) and tea seed oil (STSO). Intercalation was attained by the entrance of hydrazine hydrate as co-intercalate. 
Characterization of the pristine kaolin and modified kaolin was done using powder X-ray diffraction which revealed increase 
in the interlayer basal spacing d-001 for the SRSO-modified and STSO-modified kaolins, confirming intercalation process. 
The FTIR studies further revealed that the fatty acid salts of rubber seed oil and tea seed oil were effectively intercalatedin the 
kaolinite layers as per the bands at 1564 cm-1and 1553 cm-1for SRSO-modified and STSO-modified kaolins respectively. The 
contact angle measurement using capillary rise method was performed to confirm that the pristine kaolin with initial contact 
angle value of ~45° was effectively modified and ‘wetted’ from hydrophilic state to hydrophobic state of ~90° for the 
SRSO-modified and STSO-modified kaolin.The determination of the contact angles of the kaolin was performed to confirm 
intercalation of the modified kaolin with the oleochemical derivatives. 

Keywords: Kaolin, Contact Angles, Capillary Rise, Rubber Seed Oil, Tea Seed Oil, Intercalation 

 

1. Introduction 

The capillary rise method is a practical approach for the 
determination of contact angle which is employed to a great 
extent in characterizing porous materials by measuring the 
rate of liquid permeation within the porous structures of the 
material (Xue et al., 2006). Fluid interactions and dynamics 
in porous structures are multidisciplinary and are also 
subject of interest to researchers (Soriano et al., 2005; Xue et 
al., 2006).The characterization of the surface properties, 
especially the contact angle measurements is the key to 
understanding the mechanism of surface-based phenomena. 

Kaolin which consists mainly of the mineral Kaolinite 
with empirical formula of ����������	
� and theoretical 

chemical composition as:���� 46.54%;  ����
 39.50%;and 
	��13.96% is classified as a mesoporous material and is 
used in various applications, including paper coatings, 
ceramics manufacture, paint, plastics, cosmetics, 
etc.(Mgbemena et al., 2013; Krishnan et al., 2012; 
Guessoumet al., 2012; Preetha and Rani, 2012; Songfang et 
al., 2011; Ma and Bruckard, 2010; Murray,2007; Ciullo, 
1996). 

Contact angle measurements are very easy to perform on 
smooth flat surfaces. There are many established techniques 
for measuring the contact angles of liquids on flat surfaces 
(Neumann and Good, 1979). However, in industrial 
applications, materials are used in powdered form which 
makes it difficult to obtain the value of contact angle for 
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these materials. It is therefore impractical to use the 
conventional contact angle measurement techniques for the 
characterization of fine powders such as kaolin.  

There are many simple and fast methods of 
determination of contact angles on flat surfaces and they 
include: sessile drop (captive bubble), inclined plate, and 
Wilhelmy's plate methods.Among the techniques developed 
for contact angle measurements on powders is the capillary 
rise technique, also known as Washburn method and the thin 
layer wicking technique. Other proven methods are the 
compressed disc, film flotation and recently the atomic 
force microscopy. The Washburn method or capillary rise 
method is the most commonly used technique for powders 
(Hołownia et al., 2008; Xue et al., 2006; Xu and Masliyah, 
2002). 

Washburn (1921)and Lucas (1918)explained clearly the 
dynamics of capillary rises by employing the Poiseuille 
equation with driving force for the rise described by the 
Laplace equation for the pressure difference across the 
incursive liquid meniscus.  

In this study, kaolin intercalates of oleochemicals derived 
from Rubber Seed (Heveabrasiliensis) and Tea Seed 
(Cameliasinensis) oils were subjected to contact angle 
measurements via the capillary rise method to further verify 
the extent of wettability, intercalation and the extent of 
modification of the kaolin with the oleochemicals. The 
kaolin intercalates and pristine kaolin were initially 
subjected to powder X-ray diffraction (XRD) and Fourier 
transform infrared spectroscopy(FTIR) to determine the 
extent of interactions morphologically with the 
oleochemicals before experimental measurements were 
performed to determine the contact angles via the capillary 
rise method. 

2. Experimental 

2.1. Materials 

Kaolin (grade BCK) used in this study was obtained 
from M/s. English Indian Clays Ltd, Veli, 
Thiruvananthapuram, Kerala, India. The Physicochemical 
Characteristics of kaolin are given in Table 1. The Rubber 
Seed Oil (RSO) and Tea seed Oil (TSO) were obtained 
from National Institute for Interdisciplinary Science and 
Technology (NIIST-CSIR), Thiruvananthapuram, Kerala, 
India; Laboratory grades of sodium hydroxide (MERCK) 
and hydrazine hydrate (Finnar) were obtained from local 
suppliers. 

2.2. RSO-Kaolin and TSO-Kaolin Treatments 

Following a similar procedure reported earlier by 
Rugmini and Menon (2008) and Mgbemena et al. (2013) 
respectively, the sodium salt of rubber seed oil (SRSO) was 
stoichiometrically prepared by mixing RSO with20% NaOH 
solution at a ratio of 1:3 in an ice bath with continuous 
stirring for 12 h. The resulting mixture was kept for 1 day to 
cure. The final pH of the resulting solution was adjusted to 9. 

The SRSO was washed with water to remove excess of 
NaOH, dried in a hot air oven and the dried product was 
powdered.This was followed by slowly adding kaolin and 
SRSO at a ratio of 4.9:1 with 70 mL hydrazine hydratewith 
vigorous stirring at 20°C. The mixture was homogenized 
using an Art-MICCRA D-8 (Germany) homogenizer, and 
the sample was dried in a freeze drier. 

The same procedure was repeated for sodium salt of tea 
seed oil (STSO) by reacting 28 mL of TSO with 27 mL of 20% 
NaOH solution in an ice bath with constant stirring for 12 h 
and kept for 1 day to allow for curing to take place. The pH 
of the resulting solution was adjusted to 9. STSO was 
washed with water to remove excess base; dried in a hot air 
oven to remove residual moisture and powdered. Then, 
kaolin was slowly added to STSO at a ratio of 4.9:1 and 70 
ml hydrazine hydrate with vigorous stirring at 20°C. The 
mixture was homogenized using an Art-MICCRA D-8 
(Germany) homogenizer, and the sample was dried in 
afreeze drier. 

Table 1. Physicochemical characteristics of the kaolin 

Properties Value (%) 

1. Chemical Assay 
SiO2 

 
45 

Al2O3 38 
Fe2O3 (max.) 0.5 
TiO2 0.55 
CaO (max.) 0.06 
MgO (max.) 
Na2O (max.) 

0.07 
0.25 

K2O (max.) 0.1 
Loss on ignition 
at 1025oC � 1o C 
2. Density (g/cc) 
3. Particle Size Distribution 
�10 �� 

�5 �� 
�2 �� 

4. Cation Exchange Capacity 
(mequiv NH3/ 100g) 
5.Surface Area (m2 / g) 
6.pH (5% solution) 

 
14.5 
2.60 
97.21 
92.40 
62.60 
2.90 
14.30 
4.50 

2.3. Characterization of the Pristine and Modified Kaolin 

2.3.1. Powder X-ray Diffraction 

The Powder X-ray diffraction of the samples was 
executed on a Philips-1710 X-Ray diffractometer using 
monochromatic Ni-filtered Cu Kα radiation 1.5418 Å 
(Angstrom) at 40 kV and 20 mA. The pristine and modified 
kaolin were first ground into a fine powder prior to XRD 
measurements, using an agate mortar and pestle with 
sufficient pressure so as to make a fine powder. The powder 
samples were pressed in a glass sample holder and scanning 
was performed in a range of 2θ = 5–55° with a speed of 
2°/min and step size of 0.05°. All recordings were taken at 
room temperature. Three scans were performed for each 
sample and the average values were reported. The d-spacing 
was calculated using Bragg’s equation: 

nλ = 2d Sin θ                     (1)  
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Where λ is the wavelength of monochromatic X-ray 
source measured in Angstrom (Å), ‘d’ is the inter-planar 
spacing generating the diffraction, measured in Å,θ is the 
diffraction angle at which X-ray falls on the sample, and n 

is the order of reflection. 

2.3.2. Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR spectra of the pristine and modified kaolins 
were obtained using MAGNA 560 NICOLET Fourier 
Transform Infrared spectrometer. Wave-numbers from 3800 
����to 600 ����were measured. 

2.4. Capillary Rise Contact Angle Measurement 

2.4.1. Theory 

In a conventional laboratory capillary rise experiment set 
up, a capillary tube is closed by a filter at the tube bottom 
and filled with sample of powder particles to be examined. 
The bottom of the capillary tube is then brought into contact 
with the liquid. The liquid rises within the tube due to some 
capillary effect between the tube opening and the powder 
particles. The contact angle is calculated from the distance 
moved in the capillary and the time taken to move. The 
Lucas–Washburn equation for the permeation of liquid in a 
horizontal cylindrical capillary is given as: 

	� �
��������

��
�                     (2) 

Where 
H = distance penetrated by the liquid 
 !"= the surface tension of the liquid 
#= the viscosity of the liquid 
r = the capillary radius 
$ = the contact angle between the liquid and the 

capillarysurface. 

 
Figure 1. X-Ray Diffraction Pattern for the kaolin 

3. Results 

3.1. Powder X-ray Diffraction 

The XRD patterns of kaolin before and after modification 
with hydrazine hydrate and fatty acid salts of RSO and TSO 
are shown in fig 1. It was revealed from the XRD test that 

the pristine Kaolin gave a diffraction peak at 2θ = 12.54o 
which is assigned to the interlayer basal spacing d001 of 7.10 
Å. The SRSO-modified Kaolin, gave a diffraction peak at 2θ 
= 6.60o with interlayer basal spacing d001 of 13.40 Å. In the 
STSO-modified Kaolin, a much lower interlayer basal 
spacing d001 of 9.70 Å at angle 2θ = 9.13owas obtained. The 
value obtained for STSO-modified kaolin in this work was 
much lower compared to the value of 14.3 Å obtained by 
(Yahaya et al., 2010). The value of 13.40 Å recorded for 
SRSO-modified kaolin was low compared to the value of 14 
Å obtained from an earlier study by Sukumar and Menon 
(2008). 

3.2 FTIR Studies 

The FTIR spectra of pristine kaolin and modified kaolin 
are depicted in fig 2. The pristine and modified kaolin 
spectra show a band at 3620cm-1 and 3691cm-1 which are 
characteristics of inner hydroxyls and vibrations of outer 
surface hydroxyls respectively (Dai and Huang, 1999; 
Cheng et al., 2012). The band at 3654 cm-1 in all the 
samples is due to the inner surface hydroxyl lying close to 
the sheet. In the modified samples, there are occurrences of 
bands between 2850cm-1 and 2920cm-1 showing that there is 
an intercalation of SRSO and STSO on kaolin surfaces 
(Bellotto et al., 1995; Gualtieri et al., 1995). 

 

Figure 2. FTIR Spectra for Pristine, SRSO and STSO modified kaolin 

3.3. Contact Angle Measurements 

De-ionized water with kinematic viscosity of ~50mm2/s 
was chosen as the preferred liquid in capillary for this study. 
Figures 3-6 show the experimental plot of the spontaneous 
capillary rise and contact angles for the SRSO-modified and 
STSO-modified kaolin, respectively while Figures 7 and 8 
show the results for the pristine kaolin. The process of 
capillary rise behavior obeys the Lucas–Washburn equation 
(Eq.2). 

The contact angle calculated in this work is an advancing 
contact angle, θA. From the contact angle measurements 
performed for the pristine kaolin, it was found that the 
contact angle obtained was between 44°-45° which is an 
indication of hydrophilicity while the values obtained for 

Combined Plot of the X-Ray Diffraction Patterns
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SRSO-modified kaolin and STSO-modified kaolin were 
89°-89.92° and 87.70°-89.92° respectively, which is an 
indication of hydrophobicity. The results obtained indicate 
that the pristine kaolin was modified from hydrophilic to 
hydrophobic. 

 

Figure 3. (a) Experimental data of spontaneous capillary rise of SRSO 

Modified kaolin. (b) The square of height H2 versus time t for the data in (a). 

 

Figure 4. The Contact angle deduced for SRSO modified kaolin from the 

experimental data according to Equation 2. 

 

Figure 5. (a) Experimental data of spontaneous capillary rise of STSO 

Modified kaolin.(b) The square of height H2 versus time t for the data in (a). 

 

Figure 6. The Contact angle deduced for STSO modified kaolin from the 

experimental data according to Equation 2. 
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Figure 7. (a) Experimental data of spontaneous capillary rise of pristine 

kaolin. (b) The square of height H2 versus time t for the data in 

 

Figure 8. The contact angle deduced for unmodified kaolin from the 

experimental data according to Equation 2. 

4. Conclusion 

The following conclusions were drawn from this study: 
1. The XRD analysis was performed to ascertain the 

effectiveness of the kaolin intercalation with the 
oleochemicals and change in the gallery distances of the 
modified clay. However, it was difficult to differentiate 
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intercalation, exfoliation and delamination from the XRD 
result obtained. The XRD patterns of SRSO-modified and 
STSO-modified kaolins indicated that the kaolinite 
interlayer region has expanded along the c-axis as a result of 
the intercalation of the oleo derivatives achieved by 
employing hydrazine hydrate as co-intercalate. 

2. The FTIR studies show the presence of organic 
modification at bands 1564 cm-1 and 1553 cm-1 for the SRSO 
and STSO modified kaolins, respectively. 

3. The increase in the contact angles of the modified 
kaolins to ~ 90° from the value of ~ 45° obtained for the 
pristine kaolin indicates that there was surface modification 
of the kaolin from hydrophilic to hydrophobic. 
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