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Mesoporous material, MCM-41, synthesized from rice husk (RH-MCM-41) was
modified by loading silylating agent (either Trimethylchlorosilane (TMCS), Dimethyldichlorosilane (DMCS) or Phenyl-trichlorosilane (PTCS)) in different concentration
(1-9 %wt), and aging time, varied from I, 6, 9 and 24 hr. Properties of samples were
characterized by XRD, Nz adsorption, FfIR, and TPD and adsorption of water, hexane,
and toluene. Chemical modification resulted smaller pore size average and less
surface area of RH-MCM-41, from 2.9 to 2.2 nm and from 900 to 500 mZ/g,
respectively. PTCS could affect RH-MCM-41 surface structure more than other two.
Adsorption behavior of modified RH-MCM-41 was also reflected to comparatively
higher hydrophobicity.

Keywords:

RH-MCM-41, CVOCs adsorption, and hydrophobicity.

INTRODUCTION
Mesoporousmolecularsieves, MCM-41,has
utilized in many applications such as catalysis,
adsorption, separation, environmental pollution
control, and intrazeolite fabricating technology.
The most advantageous features of these novel
materials, such as large BET surface area and
pore volume, hydrophobic surface nature, etc.,
indicateitselfas a selectiveadsorbent. Sincesilica
plays a key role in MCM-41 characters, the
utilizationofrice huskwaste, whichhas highsilica
content,becomesa more interestingconcept.Rice
husk contains more than 20% by weight of
hydrated amorphous silica. Furthermore, the
process of silica extraction is very simple and
inexpensive;making it beneficialto use rice husk

as a natural source of silica, instead of
commercial silica. Previous work, Grisdanurak
and co-workers[2003] synthesizedRH-MCM-41
using sodium silicateprepared from rice huskas
silicasource and hexadecyltrimethylammonium
bromide (CTAB) as a template. The molar
compositionwas reported as 1.0Si02: 1.lNaOH:
0.13CTAB: 121.98H20. The mesoporous
structure was completelycrystallizedwithin48 h
aging at pH value of 10 and designated as RHMCM-41.The material presented high surface
area around 750-1,100 m2/gwith a uniformpore
size distribution and well organized in physical
structure of hexagonal arrangement. Appliedto
CVOCs adsorption, RH-MCM-41showed the
adsorption higher than commercial mordenite
and activated carbons. However, it was found
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that the adsorption of chlorinated volatile organic
compounds (CVOCs) is still in competition
between CVOCs and water itself. To enhance the
property of CVOCs adsorption capability, RHMCM-41is needed to be modified for being more
hydrophobic.
It has been proven that material could be
enhanced properties of hydrothermal stability and
hydropnobicity by the silylation with silane
chemicals. Up to date, this modification has been
extended to other material preparations such as
hydrophobic membrane [Park 2003, Yoshida
2003, Assogna 1992], adsorbent [Liu 2004, Takei
1997], and polymer-natural fiber [lmai 1998,
Zakaria 2001, Ratanawong 2005]. In the case of
M41S, the surface properties of mesoporous
molecular sieves were changed by covalently
bonding organic groups to the inorganic siliceous
framework. The two strategies most commonly
used to incorporate organic groups are postsynthetic silylation of the surface silanols or cocondensation of organosiloxanes
with the
framework silica source during hydrothermal
synthesis. The chief benefits of post-synthetic
silylation are simplicity and versatility, given the
wide variety of commercially available silylation
agents. RSi(OEt)3 and RSiCI3 are the most
commonly use as silylating agents. Silylated
materials posses lower BET surface areas and
pore volume [Capel-Sanchez 2004]. Eventhough
many works have been done in the silylation to
MCM-41, there is no report confirming on any
surface properties of the silylation of M41S from
rice husk silica. In this present work, it is a
continuous work on surface modification of RHMCM-41 in order to improve its hydrophobicity.
The influence of several parameters such as the
type and concentration of silylating agents, and
reaction time were investigated. N2 adsorption,
XRO, FrIR, and TPO were employed to analyze
sample materials.

EXPERIMENTAL PROCEDURES
RH-MCM-41 synthesis
Ricehusk silicawas extracted from rice husk
using concentrated HBr for 1 hr. Afterrinsed, it
was burnt at 650°C for 4 h. Then it was reacted
with NaOH to produce sodium silicatesolution.
RH-MCM-41was prepared using sodium silicate

and hexadecyltrimethyl-ammonium
bromide
(CTAB) as a template. Gel composition and
procedure
were
described
previously
[Grisdanurak 2003]. After aging, the suspended
solid was filtered and washed with ethanol before
calcined at 550°C for 6 hr under airflow.

Sily/ation

procedure

RH-MCM-41 was outgassed 4 hr at 400 mbar
and 200°C, and then itwas suspended in toluene
under agitation, added with silylating agent (either
Trimethylchlorosilane
(TMCS), Oimethyldichlorosilane (OMCS) or Phenyl-trichlorosilane
(PTCS)), refluxed at 25°C after aging then washed
with toluene and dry at 100°C for 1 hr. Parameters
of concentration (1-9 %wt), and aging time,
varied from 1, 6, 9 and 24 hr were investigated.
Samples were named according to silylating
agent-concentration in %wt-aging time in hr. For
example, Tl-24 was designated RH-MCM-41
which was silylated by 1%TMCS within 24 hr.

Characterizations
The physical structure and properties of
samples were examined by spectroscopic and
microscopictechniques. The study of crystallinity
change was identified by XRO diffractometer,
Model Brukeraxs 05005 using Cu Ka radiation.
The x-raywas generated with a current of40 mA
and a potential of 40 kV. The samples were
scanned from 1 to 10 degrees (2q) in step of 0.5
degree per minute. Physicalcharacteristicsof the
sample were determined by N2 adsorptiondesorption isotherm at 77 K for relativepressure
from 10-2to 0.99 on an AUTOSORB-1analyzer.
Beforemeasurement, sample was degassed with
heat at 250°C for 3 hr.The BETsurface area was
obtained from the N2 adsorption data in the
relativepressure range of 0.02 to 0.2. The pore
size and pore volumes were calculated from the
desorptionbranches ifthe isothermusingBarrettJoyner-Halenda
(BJH) method. FTIR
spectroscopy, provided the descriptions of
functionalgroups, was carried out under 2.5 mg
ofsample in 90 mg KBr.The sample wasscanned
in range of 400-4000 cm-l using FTIR
Spectrometer EQUINOX55, Bruker Model.
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Moisturecontent in parent and modifiedRH- peaks showing up in the range of 2 between
MCM-41were carried out using TPD technique. 2-8 at 2.4, 4.0, 4.8, and 6.3. The reflections
Hexane and Toluene adsorptions and TPD data are due to the ordered hexagonal array of
wereobtainedfroma homemade adsorption-TPD parallel silica tube and can be indexed
set. A certain amount of adsorbent was packed assuming a diffraction unit cell as (dlOO),
in a stainlesssteel tube which was connected to
(dllOj, (d20Oj, (d21Oj. It was observed the
the gas chromatographywithan FIDdetectorand
decrease of intensity over 80bC. Since the
N2as the carrier gas. Before dosing, adsorbent reaction was not carried out under a
was heated to SOO°C
in the flowof nitrogenfor 1 hydrothermal condition, it might cause the
hr. Amount of adsorbate (hexane and toluene) TEOS:CTABr ratio moved out from the self
was dosed by a temperature controllable
assemebled structure boundary during the
saturator. Afterwards, the adsorbent was
synthesis at this high temperature [Firouzi
saturated with the vapor hydrocarbons under
1995]. For preventing that problem, synthesis
a particular temperature of 70°C. The
at 3SoC was preferred for the further study.
desorption profile was done by increasing the XRDpatterns of seven samples were presented
in Figure 2. Modified RH-MCM-41 still show
temperature from 30 to SOO°C,with a ramping
rate of SoC/min. For the adsorption isotherm, the XRDmain peaks similar to the parent one,
adsorbate was introduced within the range of which indicates the texture of initial material
remained to some extent. As observed, the
relative pressure up to O.Susing a temperature
controllable saturator.
main reflection peak (2q - 2.4)intensity was
decreased with the addition of functional
ligand. The absence or weakness of 110, and
RESULTS AND DISCUSSIONS
200 reflections was also found indicating that
some diffusion and any structural order of the
Parent RH-MCM-41 synthesis was
materialdid not extend over a longrange. Itcould
investigatedat differentaging temperature at 48 be usually observed during modification of
hr. It was carried out at atmospheric pressure. mesoporous materials.
XRDpatterns at 3S, 60, and 80°C are presented
ModifiedRH-MCM-41with differentsilylating
in Figure 1. The patterns show Bragg peaks at
agents, concentrations, and aging times showed
low reflectionangles as similarto MCM-41XRD insignificantlyaffect to material morphology in
pattern [Kresge 1992]. There are 4 important this study range.
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Figure 1. XRD Patterns of RH-MCM-41 at
Various Temperatures and at an Aging Time of

Figure 2. XRD Patterns of RH MCM-41
and Silylated RH-MCM-41
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samples explaining the reversible adsorption
occurring over the range. The increase of
adsorption volume in the low relative pressure
region indicated that the narrowed pore entrances
(to the micropore size) enhanced the adsorption
potential near the pore mouth region.
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Figure 3. N2 Adsorption-Desorption
at 77K
of RH-MCM-41 and Silylated RH-MCM-41

o

100

200

300

400

50Q

Temperature 'c

BET. Figure 3 shows nitrogen adsorption/
desorption isotherms of RH-MCM-41samples,
both before and after modification. All samples
display one characteristic Type IV adsorption/
desorption isotherm ascribed to mesoporous
materials, where an abrupt inflection can be
observed on the isotherm at the relativepressure
between 0.20 and 0.40. This indicatedthat there
was no damage significantlyfound during the
silylation. It was observed that isotherm of
silylatedsamples (TMCS,DMCS, and PTCS)
shiftedto the lower relativepressure and the flat
steps of condensation got lowerthan parent RHMCM-41.This might due to silylated chemical
inserting into the channels. The higher
concentration and aging time affected littleto a
correspondingsample with lowerconditions. For
example, samples of T9-24, D9-24, and P9-24
showed lower adsorption isotherm compared to
samplesof Tl-l, Dl-l, and PI-I, respectively.
Moreoverthe hysteresiswas also absence to some

Figure 4. Pore Size Distributions of RH-MCM-41
Silylated RH-MCM-41

Figure 4 presents pore size distributions of
those samples and BET surface and average pore
size diameter of various samples were tabulated
in Table 1. After silylation of RH-MCM-41, the
BET surface area, and effective pore size had
been reduced from -900 to 500 m2/g,and from
proximity of 2.9 nm to 2.2 nm, respectively.
Micropores were also observed in the pore size
distribution of some silylated RH-MCM-41, as
described before. PTCS has larger molecular size
compared to other. It, therefore, reduced
dramatically average pore size of material more
than TMCS and DMCS did.
FTIR:As investigated that TMCS showed little
affect to its structures compared to DMCS and
PTCS, we then selected a sample modifiedwith
TMCS with longer agingtime, named TI-6. The
sample was analyzed by FTIR in transmittance

Table 1 Textural parameters of RH MCM-41 both before and after modification.
Sample
RH MCM41
T1-1
T9-24
01-1
09-24
P1-1
P9-24

0.0000
600

BET surface
912
721
695
706
568
608
558

area (m2)

Average pore
size (A)
29
27
27
26
22
22
22
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Figure 6. TPD Profiles of Vapor Water
and Other Volatile Chemical from Materials
(a) as Synthesized RH-MCM-41, (b) RHMCM-41, and Silylated RH-MCM-41

Figure 5. FTIR spectrum
of (a) as-synthesized
RHMCM-41, (b) RH-MCM-41,
and (c) T1-6.
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Figure 7. TPD Profiles of Hexane
and Toluene on RH-MCM-41
and Silylated RH-MCM-41
modes between 4000 and 400 cm-! of the organic
functional group RH-MCM-41 and other
complexes functionalized RH-MCM-41 as shown
in Figure 5. The spectrum (b) of RH-MCM-41
was similar to one described in Grisdanurak
(2003). A broad transmittance band around 3422
cm-! was assigned to H-bonded silanols brought
close to other silanols (Si-O-H) acting as proton
acceptors while the peak at 963 cm-! was
assigned to symmetric stretching vibration of SiO-H groups. Both silanol groups were increase
with calcination process cause of template
eliminated. However, they were decreased after
the silylation process by the substitution of silylate
group into silanol group. Template-free RH-MCM-
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Figure 8. Toluene adsorption isotherm on RHMCM-41 and silylated RH-MCM-41

41 showed bands at 1097 (strong), 804, and 445469 cm-! as assigned to characteristic antisymmetric stretching, vibrations of Si-Q-Si
bridges crossIinking the silicate network,
respectively [Almeida 1990]. The spectrum after
modified with O-Si((CH3)xCl3-Jappeared Si-CI,
SiClx peaks at around 625 (broad \Vibrational
feature), 710 (stretching mode), 1100, 1150 cm-t,
however, not really clear [Ferguson 2000].
TPD-water content: Applied to the adsorption
application, Tl-6 was further investigated to
hydrophobicity test through water and non-polar
chemical adsorption. Weight loss profiles and
TPD spectrum of all as-synthesized RH-MCM-41,
RH-MCM-41, and Tl-6 obtained from TGA are
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shown in Figure 6. The weight loss profileswere
additionallycomputed in term of differentialmass
proportional to temperature obtained for TPD
spectrum. Figure 6 (a) shows the data of assynthesizedRH-MCM-41.Itwas found fourmain
peaks. Their maximum positions were located at
60,200,260, and 3800C.The firstpeak, ranged
from 40-100°C with centered at 60°C, is
associated with physically adsorbed water. It
seemed that water was stillcontained into the assynthesized after heating 105°C approximately
4.53%. The second and third peaks were quite
overlapped, started from 140 to 300°C with two
maxima. It should be due to the hydrocarbon
template vaporization and the combustion of
remaining carbon species. This corresponded to
30.22% weightloss. The lastpeak approximately
4.31 % should be assigned for Si-OH group
elimination. The remaining material was
balanced to be 40%, referred to ash. RH-MCM41 and Tl-6 were examined for its moisture
content, and their TPD profiles are shown in
Figure6 (b).A singlestraightpeak of each sample
was observed in the range of lowtemperature up
to 100°C, referringto the dehydration from the
sample.Approximately18.3 and 3.13 % ofwater
were observed, presented better hydrophobicity
after the silylation.
TPD-hexane-toluene: Figure 7 shows TPD
spectrum for toluene and hexane on RH-MCM41 and Tl-6. RH-MCM-41exhibited one strong
peak and a shoulder peak, while Tl-6 showed
one single asymmetricpeak with small hump at
the end. The maximum peak for each chemical
desorption profile was right around each own
boilingpoint, 68-700Cfor hexane and 110°Cfor
toluene. The observed two peaks in the TPD on
RH-MCM-41 indicated the presence of two
energeticallydifferenttypes of hexane or toluene
adsorption sites (isolatedSi-OH, and another SiOH group involvingH-bonds) [Jentys1996].The
asymmetricshape of the TPD curves found on
Tl-6 was explained that the desorption of
particularhydrocarbonswas offirstorder,resulted
from Si-OH sites were substituted by Si((CHa)xCla)as explained by FrIR. Moreover,
TPD profiles of silylated material (Tl-6) were
below those of RH-MCM-41.It referred that less
adsorptiontakingplace on silylatedmaterial (T16) compared to RH-MCM-41.

Figure 8 confirms that toluene could be
absorbed onto Tl-6 less than RH-MCM-41. It
might due to less surface area presenting after
the silylation, however, adsorption behaviors were
different from each other. RH-MCM-41 stillshows
a type IV adsorption, while Tl-6 behaves closely
to Langmuir isotherm. The difference indicates
that silylation can enhance the oleophilic property
of RH-MCM-41.

CONCLUSIONS
In this study, the utilization of rice husk silica
was introduced to MCM-41 synthesis. Moreover,
itwas modified by three kinds of silylatingreagents
to improve its surface properties. Concentration
and aging time were studied parameters. Bulk
structure of modified RH-MCM-41 remained
unaffected with increasing concentration and
aging time, while the BET surface area and
average pore size were little dependent on
silylating reagent. The adsorption isotherm data consistently showed typical type IV of IUPAC
classifications for all studied samples. The
adsorption of water vapor was dramatically
decreased
by silylation,
indicating that
hydrophobicity was enhanced.
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