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ABSTRACT

Three Mesoporous Silica (MPS) with different fuoogl groups were prepared by one-step synthesisibas
on the simultaneous hydrolysis and condensaticetcdethoxy silane with organo-silane in the presenf
template surfactant Polydimethylsiloxane-Polyethglexide (PDMS-PEQ). The prepared materials were
characterized by Fourier Transform Infrared Spectwpy (FTIR), Thermogravimetric Analysis (TGA) and
nitrogen adsorption-desorption experiments. Theltes$ndicate that the preparation of methyl aneém
functionalized silica were successful. The adsompbehavior of methylene blue from agueous systams
these mesoporous silica has been studied. Batarimgnts were carried out to measure the adsorpsom
function of contact time, initial concentration§20 mg L*) and temperature (288, 298, 308 and 318 K).
The equilibrium of the process was achieved wi{8iB-60) min. The adsorption of methylene blue om th
mesoporous silica increases with increasing teryreravhich indicating an endothermic process. Agpison
isotherms were fitted with the Langmuir, Freundlidledels. The kinetic data were analyzed using pseud
first- order and pseudo-second-order models amdpatticle diffusion. The adsorption kinetics oftmgene
blue on mesoporous silica matched well with psesstmnd order kinetic model.

Keywords: Functionalized Mesoporous Silica, Silicone Sudats, Methylene Blue, Adsorptive Properties

1. INTRODUCTION Silicones modified with hydrophilic Polyethylenedgi
(PEO) have a strong tendency to orient at the fater
Mesoporous materials are porous particles where thébetween two incompatible phases caused by thdacur
pore size according to the IUPAC classification is active properties and provide maximum benefit at lo
between 2 to 50 nm (Sirgy al., 1985). These materials concentrations.  Graft copolymer (PDMS-PEO)
have attracted a great deal of interest and widge &f composed of Polydimethylsiloxane (PDMS) backbone
applications in catalyst (Brantoret al., 1993), and branched PEO has been most extensively studied.
adsorbents (Desplantier-Giscaatchl., 2001) and sensors Despite wide and extensive industrial usagey ve
(Meynenet al., 2009) due to their structural properties little information is available in the literaturenahe
which have high surface area and large pore volumesfundamental surfactant properties of PDMS-PEhan t
Mesoporous silica are silicates obtained by synthesis of mesoporous materials (Chengl., 2006;
hydrothermal synthesis and a liquid templating Liu, 2009). To our knowledge this is the first wark
mechanism (Monnieet al., 1993). Template synthesis which the surfactant (PDMS-PEO) was used as a
using silicone surfactant has been proven to be artemplate in the synthesis of organofunctionalized
efficient approach to tune pore size of mesoposilica. mesoporous silica.
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Functionalization of the surface of these 2.2. Instruments
mesoporous materials with organic or inorganic Th hni hich h b q
functional groups leads to new physical and chemica . ere are many techniques which have been use

properties. These modified materials can be used in" the characterization of the prepared silicaséhare

adsorption due to specific porous structure and the?S follows:

excellent textual properties which allow easier ,

diffusion of large molecules into the active sites the range of 4000-400 cnby means of Fourier

(Cormaet al., 2004; Norhasyimét al., 2010). . Transform Infrared Spectroscopy (FTIR), using
Therefore, some dyes can be used to study their FTIR spectrometer SHIMADZU

adsorptive properties. Methylene Blue (MB) (3,7-bis
(dimethylamino)-phenothiazin-5-ium chloride) is a
heterocyclic aromatic chemical compound with the
molecular formula (gH1sNsSCI). It has many uses in
a range of different fields, such as biology and ,
chemistry. MB is employed in some medical uses in
large quantities, it can also be widely used irdolg
paper, dyeing cottons, wools,coating paper of stpck
(Soni et al., 2012; Anbia and Hariri, 2010). Although
MB is not strongly hazardous, it can cause some2.3. Synthesis
harmful effects. Wang and Li (2006) investigatee th ) ) . .
dynamic adsorption of MB on mesoporous silica with '€ preparation of inorganic and organic
different structures. They found that dye adsorptio functionalized silica has been performed followmg
presents reversible or irreversible behavior in dyeProcedure: 1g of (PDMS-PEO) was dissolved in 25 mL
solution depending on the structure of mesoporousof deionized water under shaking then 15 mL of 36%
materials. The research showed that the ordereddCl were added to this solution. In another bediat
mesoporous silica adsorbents prepared by graftingof TEOS was mixed with 5 mL of METS or 6 mL of
amino- and carboxylic-containing functional groups PTES, this mixture were added drop wise to the uméxt
onto MCM-41 maintained selectivity of dyes. The of surfactant and acid. The obtained white preaipit
amino-containing adsorbent has a large adsorptionyas formed spontaneously and then it was recoveyed
capacity and a strong affinity for the Acid blue 25 filtration, washed and dried at 373K. The surfattaas
Inthe present work, organo-functionalized yemoved by stirring 1g of the dried sample with a
mesoporous silica were prepared using PDMS-PEO as @gution of 5 mL of HCI (36%) in a 150 mL of ethdmo

templgte and FT-IR, TGA and N2 physical adsorptiqn 60°C for 1 h. The quantitative removal of the scidiat
techniques were used to characterize these material required in general two consecutive extractions.

They were used to study the adsorption of MB dgenfr
aqueous solution and the kinetics and thermodyremic 2.4. Adsor ption Study
models were used to estimate the rate of adsorption
adsorption capacity and the mechanism of adsorption

The IR spectra of silica samples were recorded over

Thermogravimetric Analysis (TGA) was perfomed
using Perkin-Elmer TGAY instrument, from 30.00°C
to 900.00°C at heating rate 20.00°C/min using
helium as inert gas

The texture analysis of the surfaces areas were
determined from Bladsorption-desorption isotherm
at 77 K with Micrometrics ASAP 2020 V3.04G
analyzer (micromeritics, Inc., USA)

Adsorption experiments were carried out in 250 mL
conical flasks immersed in a thermostatic shakér. &0

2. MATERIALSAND METHODS mg of mesoporous silica samples was mixed with 80 m
of the aqueous solutions of various initial concatimns
2.1. Materials (2.5-20 mg ") of methylene blue (Fluka). The flasks

Tetraethoxysilane (TEOS) was used as a Silicawith their contents were shaken for different agson
source purchased from Sigma-Aldrich and the times at the temperatures of 288, 298, 308 and31&

surfactant  (polydimethylsiloxane-polyethyleneoxide the €nd of adsorption interval; the supermatant was
PDMS-PEO) as a copolymer was purchased fromcentrifuged for 20 min. The concentration of MBtire
bayer company. Methyltrichlorosilane (MTES) and supernatant solution before and after the adsorptias
Phenyltrichlorosilane (PTES) were purchased from determined with a 1.0 cm light path quartz cellings
Fluka AG. Hydrochloric acid and absolute ethanol UV-Visible Spectrophotometer (SHIMADZU) at
were purchased from BDH. maximum wavelengthi{,,) of 664 nm. The amount of
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adsorbed dye at equilibrium. ¢mg g*) was calculated The main features of the spectra of silica
from the following Equation (1): functionalized by methyl Kig. 1b) group were the
characteristic band for aliphatic C-H stretching
_(Co-Ce)V 1 vibration of methyl group at around 3000-2800 tm
e W @) and the strong sharp band at 1276 'sroharacteristic

of the symmetric bending mode of the methyl growp i
methylsilanes (Yuet al., 2010). These results provide
evidence that the preparation of methyl functioredi
silica was successful.

The absorption peaks of phenyl group are observed
at which associated with the stretching vibratidn o

ring C-H and out-of-plane bending of C-H bonds are

3.RESULTS clearly identifiable at 1431, 698 and 740 ¢m
respectively Fig. 1c). Also, the appearance of an
additional peak at 3074 chindicates the presence of
3.1L1LFTIR aromatic C-H bonds (Ryouyat al., 2012). This
suggesting that the phenyl groups have been
incoporated into the silicate network.

where, G and G (mg L™ are the liquid phase
concentrations of dye at initial and equilibriunagds
respectively, V (L) is the volume of the solutiondaw
(9) is the mass of adsorbent used.

3.1. Characterization

The silica were characterized by FTIR spectroscopy
between 4000 and 400 chand represented ifFig. 1).
For unfunctionalized MPSF{g. 1a) The absorption 3.2. TGA
bands observed at around 3446 and 958 ordicate the Thermogravimetric analysis of unfunctionalized and
presence of water and -OH groups. The intensitles O fnctionalized MPS are shown ifig. 2 indicate that
these bands are decreased in the samples of siliciitial weight loss betweem 100-200°C resulted from
functionalized with methyl and phenyl groups which desorption of water molecules and residual ethaset!
indicate the hydrophobic behavior of the functiared  in the solvent extraction process. This was folldviy

silica. Also, the vibration of the Si-O-Si bond is weight loss up to 450°C which corresponds to the
represented by the absorption band at 1072 winich are  residual  surfactant ~decomposition and  silanol

strong in all samples (Rami and Houssam, 2009). condensation (Li and Zhai, 2011).

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
FTIR hMeasurement 1/em

Fig. 1. FT-IR spectra of : (a) unfunctionalized MPS (bgpylfunctionalizedmps (c) Methylfunctionalized MPS

////4 Sdence Publications 50 AJES



Sameer H. Kareem et al. / American Journal of Emwirental Science 10 (1): 48-60, 2014

12 03 10 04n
| B ey [ 0 o
10 — +
[ | 7 .._\\ ~ 1 = = ! w
100 4—) i E s o £ A\ 2
I T ¥ |
AR o AT T oA «|
Tk 1T Y A g
P E —l}i n - i / Mi
AR \ Orsl VLR % ' g I f \; \ *
£y Onsel Xt 45300 % g fal 1 | mi
RN o A I = 5
s T ' é v i f AT : 03
'L | P (D osap=mme :
0 } ] \
| Onset {= 605 % ! 12
. L o | (=89t
I}
L’ 3 14
a ]

1] # 0 15
0 40 0 A8
0 100 20 o] L] 0 &0 m 1] 0 0 10 0 30 40 500 1] 00 o 20
Teapersure (\C) Tempershrs ()

(@) (b)
12 08%8
|
N Onsel YD 309°% | 0
wld Oosel 47880 |
/
T T
P N =\ 7
ol A '4\_1!_* 4 esi
£
LY \[ W‘-——Lj—g__ §
£ | \ I ! \‘~%/ w?
o ‘ N i
Al | \
Q -IS%
Onet = 4355 % [ [ Onsel Y5974 % ¢
ol OseleBY | e X150 i
,'l ! 2
0 |
OV =BHEY |/
Onsetft= %691 'C 25
2
10
an
1] M
0 100 €0 k1] L] 0 B0 o 0 90
Temperahure ')
(O]

Fig. 2. TGA and DTA curves of (a) unfunctionalized MPS Kit¢thyl Functionalized MPS(c) phenyl functionaliZeéS

For methyl functionalized MPS, the mass loss 3.3. N, Adsorption-Desorption | sotherms
observed in the temperature range 270-360°C whah w : .
attributed to oxidation of the Si-GHyroup to Si-OH. The adsorption isotherms for the three types of

i : ) silica used in the present work can be consideypd t
Another exothermic peak and a weight loss in tgea |\, (Fig. 3) according to the common classification of

420-560°C were corresponding to dissociation of theadsorption isotherms. The hysteresis loops obseawed
surface organic groups. For phenyl functionalizdides  typical for mesoporous materials and resemble riffe
the decomposition of phenyl group was observedén t types of loops according to the IUPAC classificatio
temperature range 450-730°C. (Singet al., 1985; Rouqueradt al., 1994).
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Fig. 3. N, Adsorption-desorption isotherms of (a) unfunctiaeal silica (b) methyl functionalized silica (henyl functionalized silica

As can be seen fronfrig. 3a), the hysteresis loop of the samples prepared and show a narrow pore size
the isotherm of unfunctionalized silica is the tyié. distribution (from 1 to 5 nm) for methyl
This is typical of aggregated particles that forarrow functionalized MPS, while unfunctionalized and
slits pores. The hysteresis loops of the isothefm o phenyl functionalized MPS show wide range
methyl and phenyl functionalized silica are theety?2 distribution (from 1 to 100 nm).
and H3 respectivelfig. 3b and ¢, which often referred The structural properties, specific surface ared an
to as ink-bottle pores and slit like pores respetyi pore volume, of the surface of the studied silica

Specific surface areas were calculated following estimated from nitrogen adsorption-desorption are
the BET procedure (Brunauet al., 1938). Pore sizeé shown inTable 1.
distribution was obtained by using the BJH pore ) )
analysis (Barretét al., 1951) applied to the adsorption 3.4. Adsorption Behavior
bra\_nch of_ the nitrogen adsqrption/degorption isaothe 3.4.1. Effect of Adsorbent Dose
which relies on the Kelvin equation (Johanson,

2010) to relate the width of the pores to the Effect of adsorbent dose on removal of MB was
condensation pressure. The results of pore sizemonitored by varying adsorbent dose from (25-125)
distribution confirm the presence of mesoporosity i mg/50 mL of MB solution. The adsorption of dye
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increased with the adsorbent dosage and reached on . _ink +1InC 3)
equilibrium value after of adsorbent=ig. 4) as one Ge = Fop e

was accepted, the percentage of dye removal inedeas

with increasing amount of MPS, however the ratio of K, = An indicator of adsorption capacity and

dye adsorbed to MPS (mg/g) decreased with, = The heterogeneity factor and giving an
increasing amount of adsorbent. The maximum dye indication of the favorability of adsorption
removal was achieved within 50 min for

unfunctionalized MPS, 30 min for The parameters obtained from the two models are
methylfunctionalized MPS and 60 min for listedinTable2.
phenylfunctionalized MPS. 3.6. Adsorption Kinetics

3.5. Adsorption | sotherm Several kinetic models can be used to express the

The adsorption isotherms of MB on the three MPS atmechanism of solute sorption onto a sorbent. Eghidy,
298 K are shown inFig. 5), equilibrium uptake increased pseudo-first-order and pseudo-second order kinetic
with the increasing of equilibrium MB concentrasiost the ~ models were tested. A linear form of pseudo-finsteo

range of experimental concentration. kinetic was described by Lagergren (1898) EqudHdn
The isotherm usually describes the adsorption
system with some important information from which log(d. —q,)=logq,— (k /2.303) (4)

we can develop an equation representing the reautts

we can use the equation for certain purposes. deror where, g and qt are the adsorption capacities at
to investigate the adsorption isotherm, two eqtiiliim equilibrium and at time t, respectively (mgh)g k is the
isotherms were analyzed: The Langmuir and rate constant of pseudo-first order adsorption (i H
Freundlich. The Langmuir adsorption isotherm is  The pseudo-second-order equation of McKay can be
perhaps the best known of all isotherms describingrepresented in the following form (McKay and Ho,

adsorption (Langmuir, 1918) Equation (2): 1999) Equation (5):

C 1 C t 1 1

e — + & 2 — = +| = |t 5

. K.Q Q @) e kO (q] ©)
Where: where, the pseudo-second-order constantggk(mg

ge = The equilibrium adsorption capacity (md)g min) ™) and the equilibrium adsorption capacityogn

C. = The equilibrium liquid phase concentration (ML~ be determined experimentally from the slope and
Q° = The maximum adsorption capacity (md)g intercept of the plot tiqversus t. The intraparticle
K, = Adsorption equilibrium constant (L iy diffusion model is commonly used for identifyingeth

steps involved during adsorption with the pseudo-
The Freundlich isotherm is the earliest known second-order rate equation. It is described byrezate
relationship describing the adsorption isotherm mass transfer (boundary-layer diffusion) and
(Freundlich, 1906). This fairly satisfactory empal intraparticle diffusion (Weber and Morris, 1963)hel
isotherm can be used in adsorption from diluted diffusion model expressed as Equation (6):
solutions. The ordinary adsorption isotherm is

expressed by the following Equation (3): g =ki’+c (6)
Table 1. Textural data of the synthesis materials

BET specific Total pore BJH av. Pore
Materials surf. area (rfig) vol (cn/g) width (nm)
Un functionalized mesoporous silica 424.3420 0.2805 2.3613
Methyl functionalized mesoporous silica 646.9624 446880 2.7629
Phenyl functionalized mesoporous silica 1.2792 PR3O 9.0338
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Table2. Langmuir and freundlich parameters for adsorptioiMPS

Type of silica Unfunctionalized MPS Methyl functionalized MPS Phenyl functionalized MPS
Model Temp. K 288 298 308 318 288 298 308 318 288 98 2 308 318
Freundlich n 1.9340 2.6109 3.2670 4.166 2.080 3.153.484 4.695 2.353 2.028 2,506 2.487
Parameters K 4.7090 6.8760 8.2413 9.311 5.675 7.906 8.790 20.02.306 2.208 4,139 4.425
R? 92.3000 67.9000 78.7000 82.900 96.600 93.300 05.40 96.100 98.300 95.800 96.800 97.600
Langmuir Q 14.2800 13.5100 13.5100 13.510 15.150 14.280 04.49 14.708 8.547 9.615 12.195 13.157
Parameters K 0.5932 1.6080 3.0830 5.285 0.750 1.892 2.555 3.400.275 0.237 0.463 0.460
R? 99.5000 99.7000 99.7000 99.600 99.800 99.100 09.10 99.100 96.200 99.400 95.700 96.100
100 —§—TInfunctionalized MPS
80 == Methyl functionalized MPS
E 60 Phenyl functionalized MPS
Q
E
< 40
£
20
ol
0 20 40 60 80 100 120 140

Amount of MPS (mg)

Fig. 4. Effect of adsorbent dose on removal of MB for aamtcation 10 mg/1*

16

14

10

qe(mg ')
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Fig. 5. Adsorption isotherms of MB on different MPS
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¢ Methyl functionalized MPS
1.4 Unfunctionalized MPS
¢ Phenyl functionalized
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0.5 Phenyl functionalized MPS
0
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(b)

Fig. 6. (a)shows the linear plots of the langmuir and frlich model (b)Adsorption isotherms of MB on MBI&R298K fitted by;
(a) Frendulich isotherm (b) Langmuir isotherm

Where: kinetics and diffusion model is shown Kig. 7 and
ks = The diffusion coefficient and the kinetics parameters obtained are listedable 3.
¢ = Theintercept 3.7. Thermodynamics Analysis

The adsorption of methylene blue on MPS using The free energy changeAG®), enthalpy change
the pseudo-first-order kinetics, pseudo-second+orde (AH®) and entropy change\§°) were determined. The
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Langmuir  isotherms ~were used to calculate  The slope and intercept of the van't Hoff plot is
thermodynamic  parameters using the following equal toAH/R andASo/R, respectively where R is the
equations (Onal, 2006; Karaegal., 2008): universal gas constant 8.314 J/(mol K); T is the

absolute temperature (K).

AG’ =RTInK, . .
AS AH Thermodynamic parameters  obtained are
InK, = "R’T summarized ifrable 4.

Table 3. Kinetic parameters for adsorption of MB on MP$lifferent temperatures

Type of silica Unfunctionalized MPS Methyl furmtialized MPS Phenyl functionalized MPS

Model Temp. K 288 298 308 318 288 298 308 318 288 98 2 308 318
Pseudo ge 8.8300 16.6300 9.7050 9.5500 14.0600 502.015.4100 10.2100 2.7800 4.0000 3.2500 3.5700
First ky 0.0500 0.0850 0.0710 0.0740 0.1130 0.0940 0.1310.1050 0.0440 0.0090 0.0590 0.0480
Order R 99.0000 91.4000 96.3.000 97.4000 91.8000 97.0008.3080 93.3000 94.6000 97.3.000 99.7000 98.5000
Pseudo qge 12.9800 12.3400 11.24.00 11.6300 14.7051500 15.3800 15.8730 4.8500 4.9000 4.8500 5.9500
Second k 0.0019 0.0039 0.0084 0.0086 0.0027 0.0031 0.0034.0036 0.0094 0.0115 0.0115 0.0107
Order R 95.8000 98.4000 99.8000 99.8000 87.9000 99.0000.1006 98.6000 97.2000 99.9000 99.8000 99.0000
Diffusion kg 1.1210 1.0940 0.8510 0.865 2.0210 2.0860 1.9220592D. 0.4720 0.4690 0.4380 0.5550
Model R 96.3000 98.0000 97.5000 96.000 98.9000 98.90004008. 99.7000 94.3000 98.2000 98.4000 97.1000

Table4. Thermodynamic quantities obtained from the Langmuir mod@BNMhethylene blue adsorption system

Unfunctionalized MPS Methyl functionalized MPS Pheny! fioralized MPS

AG® AH® AS°® AG® AH® AS°® AG® AH° AS°
T(K) (kJ/mol) (kd/mol)  (I/mo) (kJ/mol) (kJ/mol) (dol) (kd/mol)  (kJ/mol) (I/mol)
288 -12.562 55.13 235.8 -13.12 37.12 175.8 -10.72216.719 99.2
298 -15.469 -15.86 -10.727
308 -17.654 -17.16 -12.793
318 -19.651 -18.48 -13.197

+ Unfunctionalized MPS
A Methyl functionalizek MPS
12 Phenyl functionalized MPS

log (q.-q))

t (min)
(@)
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Fig. 7. Kinetic plots for adsorption of MB on MPS at 298 K) pseudo-first-order, (b) pseudo-second order and (ckiiffumodel

4, DISCUSSION As can be seen fromable 1, the specific surface
area, total pore volume expressed per 1 gram of the
4.1. Textural Analysis silica and BJH average pore size decrease when the

The amount of Bl adsorbed of the initial part for silica functi_onali_zed wi_th phenyl group but increds_
phenyl functionalized sample isotherm is very low, When functionalized with methyl group. However, it
indicating that the micropores may be ignored iis th Should be noted that quite significant changeshia t
sample. The uptake of the intial part for the otthiep  Structural properties related to the blockage ofepo
silica samples are high, suggesting that there arecan be observed for the modification of mesoporous
micropores in these samples. with large group.
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4.2. Adsorption Study

It is known that dyes adsorption mechanisms depend

on the adsorbent structure, dye’s molecular stractnd
temperature, especially if there are significant
differences in their specific surface areas andgity.
There are three consecutive mass transport step
associated with the adsorption of solute from $otuby
porous adsorbent, i.e., the adsorb ate migratezlidr
the solution to the external surface of the adsurbe
particles by molecular diffusion, solute movemenaind
the particles surface into internal sites by pdfeusion
and the adsorb ate is adsorbed onto active sitéseat
interior of the adsorbent particles.

4.2.1. Effect of Adsorbent Dose

Adsorbent dose is representing of important
parameter due to its strong effect on the capadfitgn
adsorbent at given initial concentration of adsteb@he
results show increasing of adsorotion efficiencythwi
increasing the dosage of different types of MPScthi
can be explained by increasing surface area ofrptisn
take place (Al-Khatitet al., 2012).

However, the amount of MB adsorbed reached
maximum value by using 50 mg/50 mL for all MPS

| of Environmental &cEh(1): 48-60, 2014

equilibrium gives no information about pathways and
reaction rates.

From theTable 3, the second-order kinetics seems to
good for modeling the kinetics of the whole
adsorption process and the regression coefficiants
greater than the first-order kinetic model. Frone th
results, it is observed that the equilibrium adsorp
from the pseudo-second order model is close to the
experimental data suggesting the better applicatidhe
second-order kinetics.

The results of intraparticle model shows deviatiohs
lines from which indicate that the intraparticldfasion
step and other steps such as surface adsorptipraste
operating during the adsorption of MB on the silica
prepared (Taet al., 2009).

4.2.4. Thermodynamics Analysis

The negative value of free energy change
indicated the spontaneous nature of sorption. This
suggests high preference of methylene blue for MPS
(ALzaydien, 2009). As seen fronTable 4, the
positive value of adsorption enthalpy in the case o
unfunctionalized, methyl and phenyl functionalized
MPS shows that the adsorption process is

samples and reach constant after that which can bendothermic. The positive values 48° indicate the

attibuted to the attainment of equilibrium between
adsorbate and adsorbent under the operating comsliti
The adsorption process reached a saturation pigt a
which no further MB adsorption took place.

4.2.2. Adsorption | sotherm

The adsorption equilibrium isotherm is important
for describing how the adsorbate molecules distebu

between the liquid and the solid phases when the

adsorption process reaches an equilibratate.

It can be seen fronTable 2 that the correlation
coefficient (R) values of Langmuir model are higher
than those of Freundlich model for all samples.sThi
indicates that the isotherms of the three sampée ar
best fitted by Langmiur equation and this model may
be more appropriate for description of adsorption
process. The values of the Frendulich isotherm

parameter n are more than one at all temperatures,

indicates high adsorption intensity.
4.2.3. Adsorption Kinetics

The chemical kinetics describes reaction pathways,
along times to reach the equilibrium whereas chamic
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decrease in the order of the system.

5. CONCLUSION

Unfunctionalized and methyl and phenyl
functionalized MPS were prepared by sol-gel process
and characterized by FT-IR, TG and adsorption-
desorption analysis. The analysis of, Norption
shows that the maximum surface area of 646/§ i
obtained for methylfunxtionalized MPS

MB adsorption tests in aqueous solution show that
these material exhibit significant difference in
adsorption behavior. The adsorption capacities for
samples prepared are 13.51, 14.49 and 9.61 mg/g for

Unfunctionalized and methyl and phenyl
functionalized MPS
e The adsorption isotherm are well fitted with

Langmuir model, also the fitting of Frendlich model
shows that they are also favorable adsorption

The adsorption kinetics of MB on the three sample
prepared are well described by a pseudo-second
order kinetic model and the intraparticle diffusion
model suggests that the adsorption process proceeds
by surface sorption and intraparticle diffusion
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