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ABSTRACT

Removal and detection of contaminants from waste water or other water
sources continue to be afocus of research and a significant challenge when
concentrations of the contaminant are low and water volumes are high.
During the treatment of wastewater, removal of heavy metal ionsis one of
the main problemsencountered by most of theindustries. Inorder to optimize
wastewater treatment process, low cost materials are required with high
pollutant-removal efficiency. In this study Mesoporous silica has been
synthesized using biotemplate and later functionalized (FMS) as potential
sorbent for the removal of heavy metal ions. They have a combined
advantage of inorganic-organic compositeswith large surface area, uniform
pore size distributions. Inthiswork, functionalization of silicananostructures
with thiol-group has been investigated as a general method for chemical
binding of variousmetal or metal oxide particlesto thiol-functionalized silica
gel as adsorbent to remove toxic metal species from aqueous solutions.
Since the FMS system has a large surface-to-volume ratio, surface
modification of such materials with -SH group and chemical adsorption of
metals can be useful in separation processes.
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INTRODUCTION

Numerous processes such asion exchange, adsorp-
tion, precipitation, ultrafiltration, or reverse 0smosis
have been successfully used for removing heavy meta
ions, but they offer thedisadvantagesrelated toremova
efficiency likewidedistribution of poresize, heteroge-
neous porestructure and rel atively low metal loading
capacities. Oneof the promising techniquein order to
removelow levelsof metal ionsfrom water istotrap
them using donor ligands modified on the surface of

mesoporousmateriad 3. A lot of literatureisavailable
on synthesisof mesoporous material. The method of
usinga‘template’ is probably the most effective method
for thispurpose. Conventionally there aremany tem-
plates, which are used for mesoporous material syn-
thesis. However, two main limitationsexist: (a) limited
wall thickness, whichisaseriouslimitation regarding
stability for catalysisapplication (b) limited poresize
offered by molecular surfactants. Therefore, itishighly
desirableto devel op afacile method to synthesizemono
dispersed mesoporous metal oxideswith controllable
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porosities. Inthe present work weareaiming at green
polysaccharide assisted synthesisof metal oxidesusing
starch. Sincethe starch granulesare practically inert
towardschemical reactions, they need to be pretreated
to activatethem, for example by enzymatic hydrolysis.

Among various adsorbent material s, mesoporous
slicasareused widely because of large surface areas,
high porosities, narrow distributions of theporesize,
and ease of modification*”. Moreover, silicaand sili-
cates are being considered as one of the most promis-
iNg mesoporous supports because the silanol groups
can beeasily modified with functional groups. Thiol-
functionality ismost promising dueto the strong meta-
sulfideinteraction, that can be utilizedin removal of
heavy metd ions. Thiol-functiondized silicashavebeen
examined for mercury, Slver andlead remediation. This
study ded swith the preparation of athiol-functionaized
poroussilicaviathe co-condensation of TEOSand 3-
mercaptopropyltrimethoxyslane(MPTMS) usnggtarch
as a pore forming agent®19, The thiol-functionaled
mesoporoussilica(FM S) has been used as an adsor-
bent for remova meta ionsfromwater.

EXPERIMENTAL

Synthesis of the starch templated mesoporous
dlica

Corn starch was immersed into buffer solution
(pHH”4.7) with stirring to form astarch suspension
solution. After being added with an enzyme mixture of
glucoamylase and a-amylase (3:1, w/w), the suspen-
sion solution in abeaker was placed in awater bath
and was stirred for 24 h at 43 °C. Ultrasonic treat-
ments were included before, during, and after
glucoamylasetreatments. The concentrationsof starch
durry were 40, 60, and 80%, respectively (solid con-
tent were 8, 12, 16 g in 20 mL buffer, respectively).
The temperature was maintained at 40 °C for ultra-
sonic treatments. When the mixture turned into aho-
mogeneous emulsion, 2 mL TEOS was added drop-
wiseinto thebulk solution under vigorousstirring to get
afinal ge with massratio of Water : TEOS: Ethanol 1
: 4: 6. Thereaction proceeded at room temperature
for 12 h, after which theresultant white precipitate was
filtered, washed with Milliporewater, and dried over-
night a 60 °C in a vacuum oven. Finally, the as-synthe-
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sized powder was calcined at 600 °C for 4 h (heating
rate: 1°C min*, O,atmosphere) inamufflefurnaceto
completely removetheorganic template. Thesamples
weredesignated as(Si-8, Si-12, Si-16).

Synthesisof thiol-functionalized silicas

Thethiol-functionalization on silica(denoted as
Si-SH) wasdone us ng tetraethoxysilane (TEOS) and
3-mercaptopropyltrimethoxysilane (MPTMS) tem-
plate by starch under acidic conditions. The addi-
tion was doneintherao: (0.6 g) starch : (15.0 g)
H,0: (5.2 ) 37% HCl: (1 g) TEOS+MPTMS. The
whole masswas agitated for 24 hoursat 40°C. Starch
was later removed by refluxing with ethanol solu-
tion for 1 day to yield the desired produt Si-SH. It
wasfound that per gram of silicacontained 1.1 mmol
of thiol group.

Adsor ption of metal ions

Theability of the functionalized mesoporous ma-
terials (FMS) to adsorb metal iong™ from solutions
wastested by stirring Si-SH in the individual ague-
ous solution of the metal ionsat room tempearature.
10 mg of Si-SH in 100 ml of [M?]was taken for
measurement. Theamount of meta ionsleft wasde-
termined by titration with EDTA solution.

Characterization

The nature and morphology of particleswasin-
vestigated by scanning el ectron microscopy (SEM),
transmission electron microscopy (TEM), transmis-
sion electron microscopy (TEM) and X-ray diffrac-
tion (XRD). Other physical propertieswere studied
using N, adsorption (BET), Particle Size distribu-
tion analysis and Small angle Neutron Scattering
(SANS).

RESULTSAND DISCUSSION

Powder X-ray diffraction

The XRD patternsin Figure 1 showsthat all the
samplesexhibit mesoporousnature. Anamost smilar
trendindicatessurfaceimmobilization of theenzymewith
unchanged internal molecul ar arrangement.

Scanning and and transmission electron micros-
copy
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The SEM micrographs of the Si-8, Si-12 and
Si-16 are shown in Figure 2. Depending on the syn-
thesis parameters, the structure of colloidal particles
varied from isolated spherical particles to agglom-
erates.

Particlesizedistribution analysis

The particle size analysis of the Si-8, Si-12 and
Si-16 are shown in Figure 5. The particle sizes of
Si-8 (~352) are enlarged due to low cross linking
of starch with TEOS before calcination, while S-12
(~321nm) and S-16(~56nm) show decrease in the
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particle size due to large amount of cross linking
with TEOS.

Small angleneutron scattering

The silica nanoparticles are considered to be
formed via aggregation process in which fractal ag-
gregates assembleinto theresultant silicananoparticle
with afractal dimentionality of 3.4 which is amost
constant for al thethreetype of silica

N, adsor ption desor ption studies

Results of BET surface area, BJH pore diameter
and total pore volume of samplesaregiven TABLE
1 Surface area, tota pore volume and pore diameter
showed an increase with increase of starch concen-
tration. The typical N, adsorption desorption curve
of slica exhibits a type IV isotherm with BET sur-
face areacharacteristic of mesoporous materials. The
higher pore volume may be attributed to a stronger
permestion power of the precursor into the starch tem-
plate compared to othershaving lessamount of starch.
Thereason for such atrend might be dueto the avail-
ability of asurface wherethe precursor could diffuse
not only onto the surface but aso the near surface
layers. The surface area, total pore volume and pore
sizeof Si-SH showed asignificant decrease (TABLE
1), revealing that the surface modification must have
occurred inside the pores.
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TABLE 1: Physical propertiesof silicasand Functionalised
mesoporoussilica

Sample BET Surface PoreDiameter  Total Pore
P Area m?*/g innm Volume cm3/g
Si(8) 146 8.4 0.22
Si(12) 251 9.3 0.34
Si(16) 438 104 0.63
Si-SH 225 7.4 0.51
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Figure3: Particlesizedistribution analysis

Adsorption of Metal ionsby FM S

The adsorption capacity of the FM Sfor various
metd ionsranged from 2.8 mg/gto 11.3 mg/g adsorbed
per gram of adsorbent. Results of the metal ion ad-
sorptionaresummarizedin TABLE 2. Asseen amaxi-
mum adsorption of copper(I1) was observed compared
to other ions.

CONCLUSION

Spherical silicaparticleswith avery narrow par-
ticlesizedistribution have been synthesized using starch
asatemplate. The morphology and theaverage diam-
eter of silicaparticlesdepend on the proportion of the
template taken. A novel functionalized mesoporous
material has been synthesized by co-condensation of
TEOS and MPTMS in the presence of starch as a
biotemplate. Furthermore, the adsorption capacity
of the FM'S was found to be greatest for ions like
lead, cadmium and copper, thus allowing them to be
promising adsorbents for wastewater treatment.
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