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ABSTRACT

The objective of this study was to (1) use sugar cane ash, Bagasse ash and silica fumes as raw materials for silica
recovery, due to its low price and availability and (2) compare the recovery from the raw materials and produce
silica gel.The methods used to recover silica were alkali-solubility based method and sonication. The ash from the
low cost precursors were treated with NaOH solution and sonicated for a period of time. The silica recovered as
sodium silicate, by filtration, from each raw material is compared and analyzed. In general, when sodium silicate is
treated with acid, different amorphous and mesoporous silica are produced. The silica gel was synthesized using the
acidification of sodium silicate solution.Slica recovery was promising based on the comparison of the silica content
before and after the process, with silica fumes having the highest recovery of silica. Thus the sodium silicate from
the raw material silica fumes was used in the preparation of silica gel using acidification method and then analyzed.
The modified recovery process proves to be a promising method for the recovery of silica from natural sources.

Key words: Silica recovery, sugarcane ash, silica gel prejparabagasse ash, silica fumes.

INTRODUCTION

Sustainable development depends on the usage®ivable form of energies. Recovery of silica framgarcane
leaf ash [3,4], bagasse ash [1,5] and silica fumiesthe form of sodium silicate has many industrial
applications. Silicaalso known as silicon dioxide, is a chemical commbwith a chemical formula of SpOIt has
got industrial importance over a long period of difThe most common form of silica occurring in matis
guartz. Silica is one of the most complex matehaxists both naturally as well as being synthedi Silica gel and
aerogel [1,2] are some of the examples. One ofrtajr applications of silica is glasses and battlies also used
in the optical fibers used for telecommunicatioh §&d sensors. In food industry, its used as addiind in the
pharmaceutical industry, It aids in the flow ofll&b. Silica is generally non-toxic when consumedly. It has a
lethal dose of 5g/kg. On the contrary, inhalatidnsitica dust causes bronchitis, cancer, etc.c&ilias been
recovered from many natural sources like Rice &sitl [7], sugarcane leaf ash [3] etc.,

Sodium silicate, readily soluble in water, is ob&ad when silica is treated with excess NaOH [3is klso referred
to as Water glass and has a general formula ¢fSN&),0 pure form is white or colorless. It can be irthbo
hydrated and anhydrous forms. In acidic soluti@aslium silicate reacts with the hydrogen ions anths silicic
acid, which upon heating forms silica gel. The majses of sodium silicate is water treatment, aghes food
preservation etc.,
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Agricultural waste such as leaves, are rich in m&secompounds. Sugarcane, one of the major dnep,a high
amount of silica in the leaves as well as a sugerdadustry waste called as bagasse. The siliceeobfl] in these
resources is an essential raw material for silelapgoduction. Generally, the bagasses are usadiaal in boilers.
Burning of bagasse produces ash, which is riclilicascontent. Sugar cane leaves are another irapbagricultural
waste that is rich in silica content and econornhjcealable source. The usage of these wastes prev@dbetter
solution for waste disposal from sugarcane indestri The smelting process, that is part of thecasiliand
ferrosilicon industry results in a by-product cdll8ilica Fumes. Highly pure quartz when reducedilioon at a
temperature range of 2,000 °C produces vapors®f $hese vapors oxidize and condense when expoded/¢o
temperature zone and results in tiny particles mgdef non-crystalline silica.

Silica fume is also referred to as condensed sflizae [8], micro silica or silica dust. The size sifica fume
particle is extremely small. Silica fume has a vieilgh content of amorphous silicon dioxide and ¢siesof very
fine spherical particles. The major component dt&ifume is SiO2, that forms around 90%. Minor wfitees of
iron, magnesium, and alkali oxides are also found.

MATERIALSAND METHODS

Silica was extracted from three different sourcemmely Sugarcane leaf ash, Bagasse ash and Silivasf The
chemical composition of each of the raw materialshiown in the table 1. The sugarcane leaf ashcoléected
from a nearby sugar cane field farm. The dried ésawere collected and used for the present studga&se ash
was collected from Ariyur Sugar industries, wheagdisse are a waste product of sugar industriessilite fumes
were also collected from a nearby industry. . Clafsi such as Sodium Hydroxide, methanol, hydroahlacid
were purchased from Merck Chemicals Pvt Ltd.

Silica Recovery

The silica recovery protocol is shown in the Fegtir The Sugarcane leaf was cut into pieces. Tgaersane leaves
and bagasse were burnt in a furnace. The ashesob&ti@ed. All of the sources were calcinated t&naperature of
300° C. The silica was extracted from the sourdg¢dy alkali treatment. The alkali solution was addn the ratio
of 1.8:1 in terms of weight and water in the ratio4:1 are added and the solution is kept in avieter bath for
about 3 hours. The solution is then kept for sdivoa[3]. After the process, the solution is fiker using a filter
paper to remove the ash residue. The filtrateistnef sodium silicate which was subsequently Usedilica gel
preparation.

Silica gel preparation

Silica gel can be produced from [1,9] the sodiulicatie solution.The sodium silicate solution obtainwas made
to undergo acidification [1,10] to produce silical.gSilica gel has a variety of applications sushiracosmetics,
pharmaceutical products, paints and coatings [ddn, be used as an adsorbent etc., and has bearcgdofifom

various natural resources. The obtained sodiurasdi solutions were titrated against 1N HCI| and fiHewere

monitored. The pH was maintained between 7 andutihgl silica gel formation process. After the titoa, the

solution was kept for aging up to 24 hours to fargel like substance. The gel was further washeh eistilled

water and dried silica gel was obtained.

Characterization

The content and composition of the ashes and dilicee, before and after the recovery process walyzed using
X-ray Fluorescent (XRF) method. Fourier TransfonfrdRed Spectroscopy(FTIR) data was utilized talyae the
chemical bonds and molecular structure of the He. spectra were collected in the range of 40006430
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Finely grounded Finely groundedbagasse Fine powder of silica
sugarcane leaf ash ash
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Solutionwas further
sonicatedfor 1 hour.

The solutionwasfiltered
andfiltrate is Sodium
silicate

Figurei: The Silicarecovery process-protocol
RESULTSAND DISCUSSION

Prior to the use of raw materials for silica reagy¢he composition of each of the raw materials whtained using
XRF analysis and presented in table 1. Each ofalematerials has major component as silica. Edcheoraw
materials [3] was subjected to improved methodegbvery of silica. In the recovery process, thst fatep of the
reaction was between sodium hydroxide and silidoride, forming sodium silicate also known as wagkss. The
second stage involved the acidification of the sodisilicate solution, recovered from each raw maltdd],
producing silica gels. U. Kalapathy et al [4], 208@cessfully recovered silica from rice hull aShe extraction
was done using alkali and it was followed by acidcpitation to obtain pure silica gels. Subseqyethe gels
were heated at 80°C to obtain xerogels. Energyedisge X-ray (EDX) and inductively-coupled plasm&R)
emission spectrometers were used to determinedhterts of the xerogels. Xerogels, so obtained feasd to
contain 93% silica and 2.6% moisture. Some of thurities were Na, K, and Ca. The yield was founthe¢ 91%.
Acid washing was carried out before extractionrnten to reduce the concentration of Ca.

Shaikh et al, 2013 used Wheat husk ash for theapaéipn mesoporous silica. The MCM-41 samples sgited
using commercially available silica and wheat hashk silica at room temperature. The characterisfi’tdCM-41
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were compared between (i) MCM-41 synthesized frbm ¢commercially available silica source; (ii). MCM-
synthesized using wheat husk ash as silica soarnzk(iii). the MCM-41 reported earlier. The recovétom rice
husk ash was reported to be over 90% by alkalistiige with aqueous sodium hydroxide and preciftatf silica
by treatment of acid with the sodium silicate siolntso obtained. Shamle et al [6] , 2013 isolatedhous silica
from acha husk ash (AHA), wheat husk ash (WHA) aoel husk ash (RHA). The various different huskessiere
obtained by a process called calcination of th&kfius a muffle furnace at 500°C for five hours. Huelium silicate
solution was obtained from the respective ashasgudaOH solution. Acid treatment using HCI was deméehe
sodium silicate to lower the pH to 7.0. The peraget of silica in the AHA, WHA and RHA were (57.50)%
(59.68)% and (68.50)% respectively. Correspondintilig silica content of the respective xerogels (@s03)%,
(88.43)% and (88.55)%. These results lead to algsion that AHA is an alternative source of silibaying a very
high yield and minimum mineral contaminants.

In the present work the X-ray Fluorescence analgsibnique was utilized to analyze the ash comiposhiefore
and after the improved recovery process. The coitipo®f ash before the process showed a major atafisilica
in silica fumes and sugar cane ash, and a modanadeint of silica in Bagasse ash respectively. TRE ¥nalysis
of the ash after the improved recovery process shoavvaried recovery in each of the raw materldfsto 67%
recovery was obtained in silica fumes and 56% regpwas obtained in sugarcane leaf ash and 38%eecin

Bagasse ash. The silica gels prepared from thatéit of each of the raw material had very lessiitips and high
silica content. The improved process proved efficie the recovery of silica in each of the raw emits.

The sodium silicate solution obtained after theovecy process from each of the raw material wasl @s®l was
subsequently used in the preparation of silica §#ica gel has various commercial uses, such aerhbnt, raw
material for ceramics, in cement industries ette Bilica gel obtained from the above procedure arsyzed
using the Fourier Transform InfraRed Spectroscajpe result is shown in the Fig 2. The FTIR speofrthe silica
gel showed various bands corresponding to varitustaral units present in the molecule. The inéeasd broad
band at around 1082 chmttributes to the asymmetric vibration mode ofOS8i. A broad band at 3432 &m
belongs to the O-H stretching bands gOHmolecule.

Tablei: Table showsthe Chemical Composition of the raw materials

FORMULA | Sugarcane ash (wt%) | Bagasse ash (Wt%) | Silicafumes (Wt%)
SiO; 85.9 52.3 93.27
CaO 4.32 7.64 0.40
MgO 3.67 0.25
SO 2.02 0.17
Al,05 0.89 0.44

Cl 0.52
FeOs 0.35 19.70 152
Na,O 0.92 0.32
MnO 1.41 0.68
K20 18.22 0.59
TiO, 0.28
V,0s 0.45
CuO 0.40
Zno 0.33

LOI 2.68
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Figurell: The Fourier Transform Infrared Spectroscopy image of the silica gel

The SEM analysis image of the silica gel preparedhfthe silica fume source is shown in the Fig Garfhing

Electron Microscopy has a very high resolution &ng used to study the structure of the sampleeawde. The
silica gel was produced from the sodium silicatieitsan by acidification at a pH of 8 and the stwret was studied
using SEM.

SASTRA 3.0k 100,000 WD 8. 1mm 100nm

Figureiii: The SEM analysisimage of thesilica gel
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CONCLUSION

Recovery of silica was carried out using threeedéht sources, namely sugarcane leaf ash, Bagslssnd silica
fumes. The recovery was done using an improved edetbomprising of alkali treatment and sonicatioheX-ray
fluorescence was done for all the raw material®fgeind after the recovery process and it was stat®t that
silica fumes showed maximum recovery of 67%, whkilgarcane ash showed recovery of 56% and Bagakee as
showed 38%. The sodium silicate obtained from Hve material silica fumes was used further for thetlsesis of
silica gel, by acidification process. The silicd g&as characterized and visualized using SEM aislgad also
using FTIR spectroscopy.
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