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Abstract
Silane-grafted-kaolin was synthesized by using octadecyltrichlorosilane, octyltrichlorosilane and
phenyltrichlorosilane. These different silanes used have a prominent effect on the mechanism of the
condensation reactions with the clay. The NMR spectroscopy indicated that there are various bonding
possibilities of the trichlorosilanes molecules with the kaolin surface. The increase in the relative
intensity of Q3 and the appearance of Q2, T3, T2 and T1 signals clearly indicates the grafting of silane
molecules to kaolin surface silanol groups. The same successful graft of silanes was demonstrated by
the appearance of characteristic absorption bands in the range of 2800-3000 cm-1 in the FTIR spectra,
assigned to the C-H stretching and bending vibration.
Keywords:
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Résumé
Le greffage du kaolin par des silanes a été synthétisé en utilisant l’octadécyltrichlorosilane,
l’octyltrichlorosilane et le phényltrichlorosilane. Ces différents silanes utilisés ont un effet important sur
le mécanisme des réactions de condensation avec l'argile. La spectroscopie RMN a indiquée qu'il
existe différentes possibilités de liaisons entre les molécules des trichlorosilanes et la surface du
kaolin. En effet l'augmentation de l'intensité relative du pic Q3 et l'apparition de signaux Q2, T3, T2 et T1
indiquent clairement le greffage de molécules de silane sur les groupements silanols situés à la
surface du kaolin.la réussite du greffage des silanes a été confirmé par l'apparition de bandes
d'absorption en FTIR entre 2800-3000 cm-1 caractéristiques des vibrations d’élongations et
déformations de la liaison C-H.
Mots clés : 13C CP/MAS RMN, greffage,29Si CP/MAS RMN, kaolin.

1. INTRODUCTION
In recent years, the chemical modification
of silica surface found increasing interest [1],[2].
The covalent grafting of organic units on
inorganic surfaces has become a field of great
interest for researchers due to its multiple
applications
such
as
chromatographic
properties of solid supports[3], thin film optics
[4] , chemical sensors [5],[6] , microelectronics
[7] , supported catalysts[8],[9] and DNA
chips[10]. All of them giving great importance
nowadays.
Treatments with reactive silanes are among
the major methods of modification used to
convert silicas into materials carrying covalently

bonded functional groups [11],[12] , then the
reaction of trifunctional organosilanes was
reported for a large number of inorganic
substrates[13],[14].
The presence of silanol groups at the surface
onto silica takes a possibility for silanes
grafting, the surface properties differ from one
silica to another [15],[16]. Grafting of silanes in
montmorillonite has been studied and
characterized by He and al [17].
This paper reports on the grafting of
trichlorosilane onto kaolin surface. The
functionalized clay has been characterized with
different techniques such as Fourier transform
infrared spectroscopy (FTIR), 13C, 27Al and 29Si
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nuclear magic resonance spectroscopy and Xray diffraction.
Many studies have demonstrated that the
interaction between hydrophobic molecules and
clay surfaces could be greatly enhanced by
simple grafting of hydrophobic groups onto the
clay surfaces [18],[19]. Then hydrophobic clays
also may be used at various industrial
applications such as elaboration of ceramic
membranes for separation.

2. EXPERIMENTAL
2.1. Materials
Surface modification of kaolin was conducted
using octadecyltrichlorosilane [CH3-(CH2)17SiCl3] (coded as C18), octyltrichlorosilane [CH3(CH2)7-SiCl3]
(coded
as
C8)
and
phenyltrichlorosilane [C6H5-SiCl3] (coded as
C6), they were purchased from fluka-Germany.
Organic solvents used in the present study are:
Tetrahydrofuran, methanol they were provided
by Merck (Darmstadt, Germany) and carbon
tetrachloride supplied by Panreac (Barcelona,
Spain). All chemicals were used as received.
The clay used in the present study is a kaolin
Codex (notes as K-O), it was recommended by
the L.P.M Cerina (Laboratoire des Plantes
Medicinales, Tunisia). Its chemical composition
is given in Table1.
Table 1: chemical composition of kaolin (wt %)
oxides
SiO2
Al2O3
Fe2O3
TiO2
CaO
MgO
K2O
Na2O
L,O,I

wt %
45,39
36,39
1,03
0,49
0,89
0,53
1,03
0,1
14,15

2.2. Grafting process
A quantity of 0.5g of kaolin was first dried at
200°C for 3 hours, then introduced into 5 ml of
silane, and it was agitated in open air at room
temperature. After 24hours 15ml of carbon
tetrachloride was added then agitated for 15
min.
The react product was filtered and washed
using different organic solvents which should be
used in the following order: carbon

tetrachloride,
tetrahydrofuran,
methanol,
methanol/water (50% methanol volume),
methanol and tetrahydrofuran.
The resulting product was placed in a sealed
container for characterization; the grafted
products prepared from K-O are denoted KC18, K-C8, and K-C6.

2.3. Characterization
In order to explore the surface reactions, the
grafted kaolin was analyzed using the following
methods:
Fourier transforms infrared (FTIR) spectra by
the KBr method using an IR spectrometer
[Perkin-Elmer spectrum BX]. The spectra were
collected for each measurement over the
spectral range 400-4000 cm-1 with a resolution
of 4 cm-1.
X-ray powder diffraction (XRD)
measurements were performed at room
temperature on a Siemens D5000
Diffractometer operating with a copper cathode
Cu-Kα (λ = 1.5406 Å).
The grafted kaolin was characterized by
high-resolution solid-state NMR using a Bruker
WB300 spectrometer operating at a B0 of
7.01Tesla, corresponding to a tuning frequency
of 75.5MHz for 13C , 59.6 MHz for 29Si and
78.2 MHz for 27Al .
Samples were spun in zirconia rotors. CP-MAS
sequence was used for both nuclei (29Si and
13
C) with the following parameters:
• For 29Si CP sequence, protons Π/2 pulse
length is 2µs, contact time is 11ms and recycle
time is 5 s. For 13C CP sequence, protons Π/2
pulse length is 3 µs, contact time is 11ms and
repetition time is 5 s.
• The sample spinning frequencies were of 8
kHz.
• All 29Si and 13C resonances were referenced
to tetramethylsilane (TMS).
Zg-MAS sequence was used for 27Al at speed
of 8 kHz with a short pulse of 6 µs and its
recycle time was 1s. The chemical shifts were
referenced using an aqueous solution of
AlCl3.6H2O .
3. RESULTS AND DISCUSSION
Fig. 1 shows the XRD patterns of the kaolin.
It contains kaolinite as the principal mineral.
Quartz and illite are minor components in this
clay.
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Figure 4.

29

Si CP/MAS NMR spectrum of K-0.

We also performed 13C NMR measurement
on
the
same
kaolin
grafted
with
octyltrichlorosilane (Fig. 7).

4&5
2&7
6
3

1&8

-91.39

-85.33

-67.72

-58.13

-47.96

After grafting, three additional 29Si signals at
−67.72, -58.13 and -47.96 ppm are recorded in
the 29Si CP/MAS NMR spectrum of K-C8 (Fig.
5). These signals correspond to the units of T3;
T2 and T1 respectively [18]-[25],[26],[27] (Fig.6).
This demonstrates the successful grafting of
octyltrichlolrosilane onto the kaolin surface. We
notes a signal of Q3 units displaced at -85.33
ppm attributed to isolated silanol groups which
are present at the silicate sheet edges probably
due to the hydrolysis reaction in the kaolin
surface.

Units of T3; T2 and T1.

Figure 7. 13C MAS NMR spectrum of kaolin
grafted with octyltrichlorosilane (K-C8)
Q3

T2

T1

T3

Q2

The obtained spectrum presents five lines
corresponding to the inequivalent carbon sites
on the molecule grafted on the kaolin surface.
The latter molecule has the following form (Fig.
8):
O-Si-CH2-CH2-CH2-(CH2)2-CH2 -CH2-CH3
1 2
3
4-5
6
7
8

29
Figure 5.
Si CP/MAS NMR spectrum of
kaolin grafted with octyltrichlorosilane (K-C8).

Figure 8.The form of octyltrichlorosilane
molecule
According to the literature [28] . we attribute
the line at 14.57 ppm to the C(1&8) carbons and
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T2

T3

T1

The latter molecule has the following form (Fig.
11):

O- Si - CH2 - (CH2)16 -CH3
1
2-17
18
Figure 11. The form of octadecyltrichlorosilane
molecule.
Fig. 12 shows 29Si CP/MAS NMR spectrum
of kaolin grafted by the phenyltrichlorosilane.
Four lines appear at -91.3, -79.44, -70.37, and 62.50 ppm. We attributed these lines
respectively to Q3, T 3, T2 and T1.
The
observed signals for K-C6 in the present case
(T1, T2 and T3) compared to signals recorded in
K-C8 and K-C18 evidence that the aromatic
silane is more effectively silylated on the kaolin
surface. Roshchina et al [30], reported similar
results for silanol groups on the silica surface
modified
with
phenyltrichlorosilane
accompanied by an additional treatment with
N,N-dimethyltrimethylsilylamine
made
it
possible to screen the surface silanol group
almost completely.

-91.49

-67.66

-57.61

-47.76

the line at 23.48 ppm to the C(2&7) ones. The
resonance at 30.24 ppm is assigned to the
C(4&5) carbons; the line at 32.83 ppm is due to
C(6) carbons and the line at 33.75 ppm to C(3)
carbons.
The same results were found using
octadecyltrichlorosilane as a grafting agent (Fig.
9). But there is no signal of isolated silanol
groups in the 29Si CP/MAS NMR spectrum of KC18. The weaker Signal intensity of the Q3 units
suggested that majority of Si (Q3) have been
reacted with the trichlorosilane.

Q3

The same sample has been characterized by
C MAS NMR (Fig. 10), the obtained spectrum
presents three lines at 14.72, 24.50 and 33.32
ppm which we attribute to the C(18&1), C(2&17) and
C(3-16) carbons respectively [29].

-91.3

-91.30

-79.44
-79.44

-70.37
-70.37

Figure 9. 29Si CP/MAS NMR spectrum of kaolin
grafted with octadecyltrichlorosilane (K-C18).

-62.50
-62.50

ppm

13

T2

T3
Q3

T1

ppm

3 to 16
2&17

1&18

Figure 10. 13C MAS NMR spectrum of kaolin
grafted with octadecyltrichlorosilane (K-C18).

Figure 12. 29Si CP/MAS NMR spectrum of
kaolin grafted with phenyltrichlorosilane (K-C6).
We also performed 13C MAS NMR
measurement on the same kaolin grafted with
phenyltricholrosilane sample. The obtained
spectrum (Fig. 13) presents a group of aromatic
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peaks which appears in the range 125-135
ppm. In the silica surface where the phenyl ring
is grafted, the following assignments can be
made. The signal at 130 ppm corresponds to
the carbon atom bonded to the silica; the orthocarbon atoms are found at 134 ppm and the
meta-carbons at 127 ppm; the para-carbon
atoms appears as a shoulder at approximately
129 ppm [31] .It demonstrated the successful
grafting of phenyltrichlorosilane onto the kaolin
surface.

This shows that the chemical environment
around Al on the surface of kaolin is not altered
by the grafting of the silane molecules.

.
K-C6
K-C8 K-C8
K-C18

K-O
ppm

ppm

Figure 14. 27Al MAS NMR spectrum of K-O,
K-C18, K-C8 and K-C6.
ppm

Fig. 15 displayed the FTIR spectra of K-O, KC18, K-C8, and K-C6, the assignments of FTIR
data are represented in Table 2

Figure 13. 13C MAS NMR spectrum of kaolin
grafted with phenyltrichlorosilane (K-C6).
Fig. 14 shows 27Al MAS NMR spectrum of
kaolin before and after grafting with trifunctional
silanes, it presents a weaker peak at 68 ppm
attributed to tetrahedral Al atoms and another
one at -3.5 ppm which can be caused by
octahedral Al sites.

Table 2: Assignments of FTIR bands for K-O, K-C18, K-C8, and K-C6
characteristic wavenumber (cm-1)

Assignment
hydoxyl O-H str
Si-O-Si str
Al-O str
Si-O bend
Si-OH str
aliphatic C-H str
aromatic C-H str
aliphatic C-H bend
aromatic C-H bend
C=C aromatic

K-O
3622,3695
1031, 1106
538
469
916
/
/
/
/
/

K-C18
3622,3696
1030, 1113
536
468
912
2852, 2921
/
1467
/
/

K-C8
3622,3697
1030, 1111
537
467
913
2856, 2926
/
1464
/
/

K-C6
3620,3695
1031, 1110
538
464
912
/
3050
/
1433
1569
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Figure 16. XRD patterns of the kaolin before
and after grafting
(* = kaolinite; ° = Quartz; + = illite).

4. CONCLUSION
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% transm ittance

1600

Relative Intensity

Fig. 15 shows the FTIR spectrum of the kaolin
before and after grafting with the different
trichlorosilanes. The bands observed can be
allotted in agreement with information available
in the literature on silica. After grafting,
additional bands are clearly observed in the
range of 2800-3000 cm-1, assignable to the C-H
stretching vibration. Then at 1460 cm-1, we also
note absorption band of C-H bending vibration,
these peaks are attributable to –CH3 or –CH2
group vibrations. These results show good
consistency with the solid-state 13C NMR
results and confirm the successful graft of
silane onto the kaolin surface. Our results are
similar to those of Dai and Huang (1999). At the
same time the intensity of the absorption bands
of (OH) decreased significantly but still
remained, indicating that a limited number of
silanol groups were replaced with silane
molecules, due to the fairly large surface area
of the kaolin.
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Figure 15 IR spectra of K-O, K-C18, K-C8 and
K-C6.
The XRD methods were employed to study
kaolinite order that provides an approximation
of the real structure. kaolinite order is
influenced by many factors such as stacking
layer disorder, cation distribution disorder, nonplane layer structure etc.
The XRD patterns of the kaolin before and
after grafting are shown in Fig. 16. This analysis
indicates that after the grafting reaction we note
a decrease of the (001) and (002) reflections of
the K-O corresponding to the kaolinite; it gives
good explanation, indicating that most of silane
molecules have been grafted onto kaolin
surface. This conclusion supports our proposal
about the grafting of organic molecules onto
kaolin surface based on the NMR and IR
spectra.

In summary, our present study demonstrates
that the grafting of trifuncitonal silanes on kaolin
surface was realized successfully. We report on
high-resolution CP/MAS solid-state NMR
experiments that were used to investigate the
grafting reaction, the different arrangement of
silane molecules in the kaolin surface results in
the various Tn and Qn units. This was confirmed
by IR analysis showing appearance of new
peaks in the range of 2800-3000 cm-1 that
correspond to –CH asymmetric and symmetric
stretching indicating the presence of the silane
on the kaolin surface.
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