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ABSTRACT

Nano clays are synthesized by the sol-gel methal® wthanol and some acids are used as
organic solvents and matrail treatments in the Bgnis processes. The X-ray diffraction (XRD)
analysis and Atomic Force Microscopy (AFM) techesjupoints out that the obtained
nanopowders possess a well crystallized hydrotaleitike anionic clay structure. They reveal
that the features of the some dominate kind of icigyarticularly montmorillinite (MMT), eillit
(psedu quartz) and kaolinite crystal phases whare dependent on the nature of the organic
solvent and acid treatment materials. After treaitn¢he obtained results show an emerged
nanoclay with a relatively uniform porous structungth expanding nano clay layers. These
results point out that the nature of the organitdvent and acid treatments are important for
tailoring the textural and porous properties of nwaclay nanostructures which can enhances the
structural integrity, and provides a generic franmet to construct functionally graded
materials.
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INTRODUCTION

The sol-gel process is a wet-chemical techniquernfétal solution deposition) widely used
recently in the fields of materials science andag®ec engineering. Such methods are used
primarily for the fabrication of materials startifigpm a chemical solution which acts as the
precursor for an integrated network (or gel) ofieitdiscrete particles or network clays.

Clay may form a sol (quick clay) if it is washedfgsiently to remove the counter ions. Quick

clay may be gelled if enough counter ions are addedhat the colloidal particles aggregate.
Sol-gel synthesis may be used to prepare matesidls a variety of shapes, such as porous
structures, thin fibers, dense powders and thingfil

By adsorption of charged species onto the surfdcéh@ particles, repulsion between the
particles will increase and agglomeration will beyented. The surface of a particle is covered
by ionic groups, which determines the surface pgakrCounter ions in the solution will cover
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this layer, shielding the rest of the solution frime surface charges, by increasing the number of
counter ions. An increase in the concentration afinter ions result in a decrease of the
thickness of the double layer.

Systematical investigations of the synthesizing tteno scale materials reveals unique
underlying mechanisms for electrostatic-assistedh&gis of sol-gel films. The synthesis of the

nanoclay, in particularly, sol-gel MMT depends amgedure time and treatments which can

affect to the synthesis rates of sol-gel aciddviMiT surfaces. These observations suggest a
surface-mediated synthesis of sol-gel oxide, rettalyers on MMT surfaces, one that is likely

controlled by electrostatic interactions. These rewlings significantly advance the general

understanding of the electrostatic assembly procees the aged precursors, the synthesis
mechanism differs; the synthesis of sol-gel oxidgets is controlled by hydrodynamics and

follows [1-5].

Therefore, as XRD patterns and AFM images show gitpansions in clay layers can be due to
changes in elastic modulus of the multilayerscah be intentionally tuned by changing the
multilayer design and that significant porositypigsent in the multilayer even after heating and
acid treatments, in where the improved mechaniedtilgy of the nanoclay structures yields to
the formation of so strong C—O-C bonds and Si-Me&Bids between the two silanes of dense
structure. This is the resion people believe that structures with nanoclay may be used for
removal of unwanted bonds on the surface of mdsesizach as epoxy primers and polyurethane
topcoats from very sensitive metal or compositessabes with better efficiency than was
previously available [6 - 9]. The ultra thin layef MMT on top of substrate such as thin
composite surfaces is high and thus can cause tiferm distribution of nano particles.
Coatings can be removed with virtually no damagsuich substrates, leaving protective coatings
such as cladding and anodizing intact.

Experimental procedure and details

The sol-gel process is a wet-chemical techniquer(ital solution deposition) and/ or a bottom
— up procedure, widely used recently in the fi@fisnaterials science and ceramic engineering.
Such methods are used primarily for the fabricattdnmaterials starting from a chemical
solution which acts as the precursor for an intiegkaetwork (or gel) of either discrete particles
or network nano composites. Typical precursorsaagtic, nitric, Chloride, formic and sulphuric
acids, which undergo various forms of reactions.

Thus, the sol evolves towards the formation ofldige diphase system containing both a liquid
phase and solid phase whose morphologies rangedisorete particles to continuous networks.
In this process, ammonium clay powderX& g) was dissolved in de-ionized water to whicls wa
added citric acid (B8 g). The mixture was then stirred carefully ussnmagnetic stirrer while
ammonium hydroxide was added to obtain a pH ofhié mixture was then heated in a furnace
to a temperature of 100°C for 20 h. Initially aaegel and finally a powder were obtained.

The powder was then heated to a temperature of &J°24 h to obtain a pale yellow powder.
The characterization of clay synthesized by the-sgél method was studied by using XRD and
FTIR techniques. It is worth noting that the samdee cleaned inside the ultrasonic bath after
rinsing and washing in heated acetone then etltaradurface cleanliness is checked with XRD
technique. MMT powder is synthesized via simple-sgel method as summarized in figure 1.

463
Scholar Research Library



A. Bahari et al Arch. Appl. Sci. Res,, 2011, 3 (3):462-469

TEDS | Ethanol CHCOOH H,0

[ ] ] 1
|

AlOCH,), | Stirring by Magnetic
atRT Hot Plate ai RT

4

Vibration hy Ulirasonic I

|

Relaxation in 30 min

|

Gelation at ﬁ[l“ Cin?dh

0
Drying at 60 C I

Figure 1 - Flowchart of synthesis stainless steedno particles.
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Figure 1: The schematic processes which show howcoming molecules can penetrate through the caly and
expand clay layers. (a) Dry condition (interlayer),(b) The incoming molecules like water molecules wige
into the interlayer after adding water or acid and(c) The cations are hydrated which results in repugive
forces and expanding clay layer ( Hydration energy)
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The difference in the FTIR results may be attridute polarity of the structure, which causes
difference in internal phase separation from ttiahatural clay. Based on the diffraction peak of
MMT (in XRD patterns (figures 3-6), under differetreatments , their X- ray peaks are
calculated to obtain the interlayer distance chagyshown in Table 1. The characteristic peak
for the pristine clay is that of the diffraction(@00), such peak interdistance is expresseddy d
Because the Scherrer relation can not determinadbgrate size of nano particles. We have thus
used X — Powder method (see figures 3 through é¥@md the accurate crystalline size.

X - ray diffraction (XRD) patterns were recordedngsa Philips PW 1840 diffractometer under
the following conditions: 40 kV, 30 mA, monochromeaCuKa radiation £ = 0.15418 nm) over

a d range from 4 to 70°. The nitrogen adsorption -eg®®n isotherms were recorded at 77 K
on a Coulter SA 3100 automated gas adsorptionreystesamples previously degassed at 383 K
for 7 h under vacuum.

Microcomputer processing controlled the analysipecHic surface areas (SBET) were
determined with the Brunauer—-Emmett Teller (BET}hoéd on the basis of adsorption data.
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Figure 3: XRD pattern of nano clay correspond to Tale 1.
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Figure 4: XRD pattern of nano clay correspond to Tale 1.
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Specimen| Composites And Procedures MMT @ghy (nm)
MMT -0 | Natural clay 6.65
MMT -1 | MMT -0 with H,O, 7.85

MMT -2 | MMT -1 with Acetic acid 7.89
MMT -3 | MMT -2 with Heated at 40T 8.34

MMT -4 | MMT -2 with Formic acid 6.58
MMT -5 | MMT -2 with Sulfuric acid 6.80

Table 1: The procedure of experiment in sol — gel ethod with H,O,, Acetic acid, Magnesium chloride, Nitric
acid, Chloride acid, Formic acid and Sulfuric acid treatments.

Experimental
Calzulated

-
*
*e

FiwrHM= 05467

FiwrHM Alphal Corrected= 05147
True FwHM= 04567

Inteqgral breadth= 01327

Fcherrer= 18 nmineglects strain)
arrec.Echerrer= 22 nmneglects strain)

54
Difference

.t ?51- * Bk

L]
ot
at *N:’HN“. LA

L
+
L ] . *
..'.."4.“ PR T

Sample: zrol

*

T ko * ¥

Figure 5: X- powder method has been used for deteriming the size of nano particles. The size of nano
particle at anatas phase is 22 nm.

Figure 1 illustrates the XRD patterns of hydrot&ct like anionic clay synthesized samples; the
diffraction peaks typical of layered double hydies structure [1] with sharp and symmetric

reflections of the basal MMT(001), Eilit (003) ar@holinite (004), MMT(011) planes and

broad, less intense and asymmetric reflectionghfernonbasal (102), and (011) planes can be
clearly identified. The intensity and the sharpnethe peaks reveal also some differences in
the crystalline of the samples. The XRD reflecti@me indexed using a hexagonal cell with

rhombohedral symmetry (R — 3m), commonly used @essaription of the nanoclay structure.

Topography - Scan forward

Line fit 355nm

Figure 6- 3D- AFM microstructure of the BFO phasepowder ceramics with 10% ( left) and 15% (right) B.
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Tapography - Scan fanward

Line fit 110nm

Figure 7- 3D- AFM microstructure of the BFO phasepowder ceramics with 10% ( left) and 15% (right) B.

Topography - Scan forward

Line fit 332nm

Figure 8- 3D- AFM microstructure of the BFO phasepowder ceramics with 10% ( left) and 15% (right) B.

The calculated interlayer free space are showralneTl. The values of the interlayer free space
(d (001) values (see Table 1) modify when the organicesuly and acid treatments on clay are
used in the synthesis process.

The nanometer-sized montmorillonite clay partictss thus improve surface integrity and
provide advantages in the mechanical and thernoglgpties of the composite. These results are
achieved with looking at XRD patterns as shownigures 1 through 4 and AFM images in
figures 5 through 8. The size of nano clay has ksermined with X — Powder method as
shown in figures 9 through 13. These results detnatesthat the overall increase in efficiency
of this media is three to four times faster thafilled polymer while the durability has more
than doubled.When ethanol is used in the synthesidium the emerged nanoclay present a
relatively uniform porous structure.
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In fact, the solvents bring in the synthesis medibair own electrostatic properties that are able
to develop new electrostatic features of the sysithmedium thus to establish new electrostatic
interactions not only between the reactants but laégtween the clay layers; this can modify the
distance between the clay layer and change thewaltc parameter. Therefore the value of
parameter is equal to 23.37 A for Hiut increases. to 23.54 A when phenol is also ptese
the synthesis medium. The interlayer free spadir§)(values are calculated by subtracting the
thickness of the LDH layer (4.8 A, [1]) from thel@alated doos spacing. The values increase
from 2.99 A for HT to 3.04 A for HE, respectively. The decrease in IFS values poibtiuat
the nature of the solvent influences the spacedmivthe anionic clay layers.

However, the degree of crystallization is differant each case,HT-Ashows the broadest
diffraction peaks and in HT-C the peaks are weflra®l and sharp.

The characterization of nano clay synethesizechbysbl — gel citration method was studied by

using XRD and AFM techniques. It is worth notirat the samples are cleaned inside the
ultrasonic bath after rinsing and washing in heategtone then ethanol the surface cleanliness is
checked with AFM technique.

XRD technique is also used for crystal phase ifieation and estimation of the crystallite size.
XRD patterns were measured on a (GBC-MMA 007 (2p0Qray diffractometer. The
diffractograms were recorded with 0°Q&ep size in where the speed was 10 deg/min tiawlia
over a @ range of 18-80 at a sampling width of 0°2nd a scanning speed ofd&y/ min. The
XRD patterns of clay compose calcined at differemperatures . The crystalline peaks
corresponded to MMT in the form of either highlyr@waustenite phase or mixed austenite—
martensitic, except the as — prepared nanostrughosving amorphous phase. This point
indicates that increase in austenite-to-martengidinsformation of clay peak place when the
amount of MMT nanoparticles (10%) in SS contergdded.

The significant broadening of the clay peakay be due to the reduction and refinement
of the grain size and the increase in th&rnal strain induced from the repeated
fracturing and welding process during mechanidalyalg. Crystallite size, lattice microstrain
and lattice parameter of each alloy powdes talculated from the XRD peak broadening.
Following Scherrer equation, the crystallite sirel éhe lattice strain have been determined for
milled samples.

-_KA
[ Cosé

Wherel , K, A, B and6 is mean crystallite dimension, x- ray wavelendgitWHM (in radians)
and Bragg angle, respectively.

The crystallite size estimated from the XRD analysi the powder was close to 30 nm. This
suggests that major structural changes ars$oldition of the alloying elements almost
completed by 25 h, and further milling refined ireduct by MA.

This is because of the entrance of Si and Ni atontts the lattice of the Al which causes

distortion in it. Therefore, two factors determitiee hydrolysis and condensation rates. First
factor is the acetic acid, which promote the hyghisl of TEOS; the second is the titanate formed
by the chelate of acetic acid and titanium, whidteterate the condensation of TEOS
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[22,24].With respect to acetic acid, it plays twales in the system. One side, it acts as the
catalyst to promote the hydrolysis of TEOS; on dliger side, it chelate with titanium to form
titanate, which accelerate the condensation of TE@Eretard the hydrolysis and condensation
of TIOT. In the present work, the TEOS is partialtlydrolyzed in methanol, water and
hydrochloric acid under controlled conditions tlefow the solution, i. e., sol, to yield a
formable, loosely cross-linked matrix, i.e., gehen, titanium chelate compound (PTP) was
added to form polytitanosiloxane solution (TiSiqyolycondensation reaction.

CONCLUSION

The sol — gel method provide an excellent technitmeprepare nano particle material.
Experimental results indicated that the homogenéwydsolysis of tetra isopropy ortho titanate
via sol-gel route is a promising technique for @mépg photosensitive material with uniform
nano particles. In this study, nano crystallinep@8icles have been successfully synthesised by
chemical method and heat treatment process.

The present work provides a method for processamprstructured MoO3 with enhanced gas
sensing capabilities.

Nano-sized MoO3 was synthesized using the citrategel method and the same was
characterized using AFM, SEM and XRD techniques.
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