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ABSTRACT

Particle size, pore size, surface area as well as the morphology of silica
particles prepared from sodium metasili cate have been modified using two
acid catalysts. Gel formation was obtained at ambient conditions using HCI
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and H,SO,. The obtained particles were characterized using scanning
electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR) and mathematical techniques. The results
showed amorphous silica particles were successfully formed. XRD
investigation revealed that the material's contained amorphous SiO,, while
SEM results indicated that different porous morphologies were obtained

from the two different acid catalysts.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Poroussilicaiswidely used in catalysis, puri-
fication™™ and chemical sensors® becauseitischar-
acterized by large surface area, high mechanical
strength and thermal resistance. There hasbeenin-
creasing effortsaimed at improving the morphol ogi-
cal characteristics, such as particle sizes, and pore
structureof silicaasaway of improving masstrans-
fer efficiency. According to studies“, the connec-
tivity of the pore structure aswell as permeability
of the porous network can be controlled and mod-
elled. Inthisregard, the nature of acid or base cata-
lyst, pH of the solution, the solvent, the tempera-
tureand relative humidity areall crucial in control-
ling porosity!®!.

The most general method of synthesizing
microporoussilicausually involvesusing templates
such as carbon nanotubes'®, porous alumina?, or-
ganic gelg®, organic crystalg¥ and surfactantg®4,
Thesetemplates are commonly used with silicapre-
cursors such asalkyl alkoxideswhich facilitates co-
valent bonding and can then beremoved by calcina
tionsthereby leading to the creation of acontinuous
network of microspores. However, therelatively high
cost of silicon alkoxide precursors and templ ates,
and the difficulty in completely removing the tem-
plates from the prepared porous materialslimit their
usage.

Inthe current work, we employed two acid cata-
lysts (HCl and H_SO,) to tunethe morphol ogy of silica
prepared from sodium metasilicate.


mailto:reggiessien@gmail.com

200

Method for modifying the morphology of silica particles derived

MSAIJ, 10(5) 2014

Full Poper =
MATERIALSAND METHODS

Materials

The chemicasused in thissynthesiswere sodium
metasilicate, Na,SiO, with composition SO, 24.9,
Na,020.9 and H,0 54.2wt % (Sigma-Aldrich, 98%),
H,SO, (Andar, 98%) and HCI (Riedel-deHaen, 37%).

Preparation of poroussilica particlesusing HCI
(HCPSP) and H,SO, (HSPSP)

Na,SiO, (5.0 g) wasdissolved in deionised water
(20.0ml) whilestirring usingamagnetic stirrer. There-
after 2M HCI (20.0 ml) was added dropwise until agel
wasformed at room temperature after about 5 minutes
of stirring. The experiment was repeated using 2M
H,SO, (10.0 ml) under similar reaction conditions.

Washing procedures

Thegd formed waswashed by pouring into deion-
ized water (100 ml x 5), the supernatant water was
decanted successively1* to removeimpuritiesof NaCl
and Na,SO, formed during the hydrolysis stage of the
reaction, equations (1) and (2), beforedrying by suc-
tion at the pump. Completeremoval of impuritiesfrom
the gel network was confirmed by absence of precipi-
tatewhenthefind filtratewastested variuody with di-
luteAgNO, and lead (I1) ethanoate sol utionsto con-

firm absence of NaCl and Na,SO, respectively.
Na,SiO,+2HCl +2H,0 — 4 Si(OH), + 2NaCl (1)
Na,Si0,+H,50,+H,0 — 3 Si(OH),+Na, SO, (2)

Thermal treatment

Thewashed gelswereinitidly dried at 120°Cfor 1
day, and then calcined at 800°C for 3 hoursin afur-
nacewithaheatingrateof 10°C/min. Theirregular pow-
der obtained wereground by bal-milling.

M ethodsof characterization

Thesilicaparticleswas characterized by X-ray
diffraction (XRD, X’pert PRO PANalytical) using
CuKa radiation (0.154060) source operated at 40
kV and 40 mA.. Thediffraction patternswere obtained
in the 26 range from 5-120° and 10-70°. The mor-
phologiesof thematerid swereinvestigated using scan-
ning electron microscopy (SEM, EVO/MAIQO). SEM
was also used to determine the average size of the
silicaparticles The sample was carbon-coated and

observed at an accelerating voltage of 10 kV. Fourier
transforminfrared (FTIR, Buck Scientific 500), inthe
wavenumber range of 4000-600 cnt employing KBr
pellets was used to investigate the bonds present in
theparticles.

Thebulk densitiesof thesilicaparticleswere mea
sured from their weight to volumeratio using thefor-
mua
Bulk density,y,=M /V ©)
where, M isthemass of the samplemeasured with mi-
crobaance (10° gaccuracy), and V isthevolume mea
sured by filling the slicaparticlesin acolumn of known
volume®.,

The specific surface areaof the particlesinm?g?
was cal cul ated using the equati onl41%
Specificsurfacearea, Sp=6/1“pr 4

inwhich I isspecific density assumedtobe 2.0x
10°gm3 for amorphous silica particles based on the
sperical modd (atypical averagedensity of silicapre-
pared via wet-synthesis conditions*?) and D jisthe
averageparticlediameter.

The porosity was estimated using the relation-
ship™™.

Porosity =(1-vy,/ l“p) x 100 (5)

RESULTSAND DISCUSSION

Hydrolysis, gelation, gel washing and calcination

The sodium metasilicate used hereaschegp silica
precursor waseasily hydrolyzed by both acidsto give
atrangparent gel at ambient temperature. Thegelswere
washed in deionised water to remove sodium sulphate
and sodium chloridesalts. Thedried gel werethencal-
cined followed by ball milling to givetheporoussilica
powders.

Diffraction Patternsof theporoussilicaparticles

The XRD patternsof the HCPSP and HSPSP pow-
dersobtained after calcination at 800 °C areshownin
Figure 1(a) and (b) respectively. Thediffaction patterns
of the sampleswith areflection at 20 = 22-22.5°indi-
catethat the material s are amorphous and composed
of SiQ,**2%, There are no additonal peaks observed
inboth spectrawnhichindicatethe albbsence of impurities
after deionised water washing removal of NaCl and
Na,SO, from the gel networks.
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Figurel: XRD patternsof calcined samplesof (a) HCPSP and (b) HSPSP powder sat 800°C

Assessment of bondingin theparticles

FTIR spectum of HCPSP powdersisshowninFig-
ure 2 Thecharacteristic vibrational modesof Si—O-Si
bondsaredigtinctivearound 804.38 cm and 1071.43
cm®, which are attributed to Si—O bending vibration
and Si—O-Si asymmetric stretching vibration respec-
tively!?24, The band at 1656.22 cm* is assigned to
Si-H,Oflexion?. It isnoted that the S—O-Si asym-
metric stretching band for HSPSP, Figure 3, occurs at
1066.52 cnrtwhichislower than that of HCPSP. This
supports Labrosse et a’s? report that ashiftin vibra-
tiona frequency isrelated to porosity. Itisaso observed
that atypical broad absorption band between 3000-
3586.24 cm* centred at 3506.40 cm which can be
attributed to adsorbed water or structural O-H!?! are
lessintenseinthe spectraof both HCPSP and HSPSP.

—== Fyl] Peper

0

I L L]

20 320 40 50 60 70
Thisismainly dueto theremoval of most of the ab-
sorbed water molecul esduring the cal cination process
up to 800 °C. This can be confirmed by the diffuse
natureof thepesk around 1656.22 cn inthetwo spec-
trawhichisusualy prominent in wet sol-gel—derived
silicaasaresult of S—H,Oflexion?.

M or phology of theporoussilica particles

Theaveragediameter of theslicaparticlesasde-
termined by SEM gavethe average particlediameter
for theHCPSP as597.95 nm, whiletheaverage diam-
eter of theHSPSPwas 373.75 nm. Figure 4 presents
the morphol ogy of silicaparticlescalcined at 800°C.
Theresult showsthat the particlesarearranged to give
porous network structure. Discrete particlesand some
few agglomeratesare seen in themicrographsof both
samples, especialy that of HCPSP sample. Thismor-
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Figure2: FTIR spectrum of HCPSP after calcination at 800°C.
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Figure3: FTIR spectum of HSPSP after calcination at 800 °C.

phological transformation occursasaresult of sinter-
ing, which accordingto Moyaet al [, isdriven by the
tendency to reducethetotal free energy by reducing
thetotal surfacethuscaus ng theadhering and aggrega-
tion of particles. Another important processeffectiveat
high temperatures bel ow the melting point isviscous
flow which canresult in neck formation and densiiication
and further restructuring.

Itisobserved that the silicanetworks contain par-
ticlesand poresizesthat are not uniform. Thismay be
attributed to agglomeration usudly associated with sllica
particles obtained from sodium metasili cate sol ution?”.
Agglomeration washigher inthe HCPSPsample, Fig-
ure 4(a), which consequently haslarger partcle sizes

Woterioly Stience  mm——"

andaverageporesizerangingfrom0.18- 0.91um, while
theHSPSPsamplewith smaller particleshasporesizes
ranging from 0.10-0.40 um. According to Dafni et
al.® the porosity arisesfrom the assumed packing of
primary particlesinthe agglomerates. It hasbeen pro-
posed that theinitial particlesizedistribution, polydis-
persity, concentration of particles, viscosity of the con-
tinuous phase, Van der Waal sforces of attraction, and
hydrodynamic conditions govern the extent of inter-
particlecollisons, aggregation and thetemporal evolu-
tion of the average diameter of aggregates®. Inthis
regard, we suggest that apart from the foregoing fac-
tors, the nature and concentration of the salt formed
(NaCl and Na,SO,) during the gel ation process of the

-

Figure4: SEM micrographsshowinglarger porespacesin (a) HCPSP, than (b) HSPSP at the same magnification.
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reaction contributed to the observed size of the par-
ticlesand poresto complement Bozenaet al 827 sug-
gestionthat e ectrolytesa so affect the physi ochemical
propertiesof silica

Physiochemical propertiesof HCPSP and HSPSP

Thephys cochemical propertiesof theobtained sili-
casarelistedin TABLE 1. Thesurfaceareaishighly
dependent on average particlesizeand porosity. HCPSP

= Fyl] Peper

havelarger average particleszeand porosity but smaller
surface area, asexpected when compared with HSPSP
which havelower average particles zeand consequently
larger surfacearea. Thisorder isin agreement with the
SEM results. A sensible correl ation between poraosity
and S—O-Si absorption frequency could be made from
theresultin TABLE 1. Itisobserved that the higher the
porosity, the higher the absorption frequency of the S—
O-Sibonds in the particles.

TABLE 1: Physiochemical propertiesof thesilicaparticlesand Si-O-Si absor ption frequency

Sol-gel Bulk

Specific

. Average particle . Poresize Por osity Freguencyof Si-
derived . density surface . 1
slica diameter (nm) (Mgm") range (um) (%) areaSr (Mg O-Si bond (cm™)
HCPSP 597.95 0.474 0.18-0.91 76.3 5.017 1071.43
HSPSP 353.75 0.752 0.10-0.40 62.0 8.58 1066.52
[2] K.W.Gallis, J.T.Araujo, K.J.Duff, J.G.Moore,
CONCLUSIONS C.C.Landry; Adv.Mater., 11, 1452 (1999).

HCl and H,SO, have been successfully used to tune
the pore structuresand particle sizesof silicaparticles
obtai ned from sodium silicate asacheap silicasource
without employing templates. When HCI wasused to
catayze gdation, theaverage particlesizeobtained was
597.95 nmwith poresizesranging from0.18- 0.91um,
whilefor H,SO, catalyzed gel ationamuch lower aver-
age particlesize of 353.75 nm and pore sizerange of
0.10-0.40 um was obtained. The relationship between
porosity and S—O-Si vibrational frequency was also
established. Theresultsindicatethat themorphology of
slicaparticlescan bemodified by using different types
of catdystsandthismay provideauseful routefor pre-
paring silicawith controlled pore sizeswithout using
templates.
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