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Abstract: A simple method based on alkaline extraction followed by acid precipitation and acid dissolution has been
developed to produce pure amorphous silica from perlite. The reaction parameters such as molar ratio of NaOH/SiO,,
reaction time and reaction temperature are varied for obtaining maximum silica conversion. About 70.6 % pure
precipitated silica from perlite has been achieved in closed system at 120 °C within 60 min. XRF, BET surface area,
XRD, FTIR and SEM techniques are used to characterize the physico-chemical attributes of materials. The present
research includes a cost benefit process under optimized conditions for produce wealth out of waste.
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I. INTRODUCTION

Technologies related to production method and applications of pure precipitated silica have been studied and developed
throughout the world in great variety of ways. Commercially available precipitated silica is manufactured by the fusion
of high purity caustic soda and silica sand in furnaces at temperatures of 1300-1500 °C and higher to produce solid
glass [1]. Tetraethylorthosilicate (TEOS) is also widely used for production of commercial silica. But these processes
are very expensive and energy intensive [2]. Recently, a large amount of precipitated silica has been extracted from
various types of bio waste such as rice husk ash [3], rice hull ash [4] and bagasse ash [5] etc. Several techniques such as
acid leaching or by gasification of rice hull with a pilot flame in a modified fluidized bed as well as by burning the rice
hull ash at high temperature have been reported for the extraction of silica [6, 7].

The global market and demand for specially silicas (silica gel, precipitated, fumed and colloidal silica) reached and
estimated value of $1.7 million. Through the year 2002, the global market for specially silicas is expected to grow at a
rate of roughly 4.0 % a year exceeding $2 billion in that year [3]. Highly purified precipitated silica has been widely
used in many applications including production of nanomaterials, in reinforcement of rubbers and plastics, in
thickening and thixotrophy of coatings and paints, printed inks, plastics and cosmetics, as desiccants, stabilizer,
adsorbent, food rheology modifier and as carrier of pesticides and catalysts [8].

The present study has been undertaken to evaluate systematically and quantitatively the influence of various physical
and chemical factors on the extraction of pure precipitated amorphous silica from perlite, an abundant solid waste.
Perlite containing high silica and alumina content can be an economically viable raw material for production of pure
precipitated silica. It is an acerbic, siliceous, and volcanic glass lava containing crystal water, falling into the category
of igneous rock [9]. China has the third largest in reserves of perlite in the world. The available world production of
perlite in 2010 in respect of principal countries has estimated at 3.32 million tonnes [10]. The results permit a rational
approach to the development and production of highly purified precipitated silica to satisfy individual requirements.
This study employs a report on the manufacture, affecting factors and characterization of silica made from perlite using
alkali solubilisation followed by subsequent precipitation and dissolution with different acids at lab scale.

Il. EXPERIMENTAL

Perlite was obtained from Indian Chemical Pvt. Ltd., Kotdwar. All chemicals were purchased from S. D. Fine Chem.
Ltd., India.

A. Preparation of highly purified precipitated amorphous silica from perlite

Fig.1 represents the flow diagram for production of precipitated amorphous high purity silica from perlite. Perlite was
thoroughly washed with distilled water to remove adhering soil and dust and then dried at 110 °C for 12 h. After that, it
was calcined at 800 °C for 3 h. For producing sodium silicate solution, the reaction mixture of perlite (10 g) and NaOH
solution was stirred in two types of systems: (i) open (ii) closed system. In the first one, the reaction was carried out in
open borosil beaker under atmospheric pressure while in closed system, the reaction mixture was placed in an air tight
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Erlenmeyer flask under stirring at 600 rpm. The solution was filtered through Whatman No. 41 filter paper and the
residue was washed with 20 ml boiled distilled water. The filtrate and washings were allowed to cool to room
temperature and titrated with 5 N H,SO, with constant stirring. The pH of the solution was monitored and titration
stopped at pH 7. A soft white gel was formed and aged for 6 h. After aging, the slurry was washed by vacuum filtration
using distilled water to remove sodium sulphate and then dried at 110 °C for 12 h, weighed. For removing other mineral
contents such as Al, Na etc. the dried material was refluxed with 1 N HCI at 120 °C for 2 h and then washed repeatedly
using deionised water to make it acid free. Now, the obtained pure precipitated amorphous silica was dried at 110 °C
for 12 h. The solid residue obtained during filtration was washed with distilled water and dried at 110 °C for 12 h.

B. Quantification of silica conversion (wt. %)

The silica conversion with lesser amount of Al, Na content (wt. %) was determined by mass balance (Fig. 1) using
following formula: -

SiO, conversion (wt. %) = [P — R/ P] x 100
Where P = total wt. of perlite, R = wt. of solid residue consisting water insoluble unreacted silica. The reaction
parameters such as reaction time (0 to 60 min), molar ratio of NaOH/SiO, (0.6 to 2.4) and reaction temperature (60-120
°C) were optimized during silica extraction.
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Fig.1 Flow diagram for production of highly purified precipitated amorphous silica from perlite

C. Regeneration

Regeneration is the step where calcium hydroxide reacts with sodium sulphate to form calcium sulphate and sodium
hydroxide. As per the reported procedure, NaOH is regenerated upto 90 %. The regenerated NaOH solution is used for
digestion of the fresh perlite [11]. The obtained calcium sulphate can be used for other laboratory work.

D. Characterization Techniques

The chemical components of the samples were analyzed by X-ray fluorescence spectrometer (Philips PW1606). The
BET surface area was measured by N, adsorption-desorption isotherm study at liquid nitrogen temperature (77 K) using
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Quantachrome NOVA 1000e surface area analyzer. Powder X-ray diffraction studies were carried out by using (Philips
X’pert) analytical diffractometer with monochromatic CuK, radiation (k = 1.54056 A) in a 20 range of 0-80°. The
particle size of the samples was determined from the X-ray diffraction data using Debye-Sherrer formula.
Cs=0.9A/Pcosd

Where C; is the particle size, A is the wavelength of the incident X-ray beam, B is the full width at half maximum
(FWHM) of the X-ray diffraction peaks and 6 is half of the angle 26 corresponding to the peak [12]. The FTIR study of
the samples was done using FTIR spectrometer (Alpha-T model, Bruker, Germany) by mixing the sample with KBr
pellet mode (in 1:20 wt. ratio) in the range of 4000-400 cm™. The detailed imaging information about the morphology
and surface texture of the sample was provided by SEM (Philips XL30 ESEM TMP).

1. RESULT AND DISCUSSION

A. The physico-chemical characteristics of perlite

The chemical composition of raw perlite was as determined by XRF (in wt. %): SiO, (74.9%), Al,O; (12.6%), Fe,0;
(0.8%), CaO (0.6%), MgO (0.1%), TiO, (0.1%), Na,O (4.6%), K,O (4.7%) and trace elements (4.0%). The L.O.l. (loss
on ignition) was 2 wt. %. It can be evidenced that the perlite contains 73.9 wt. % silica with light grey color due to
presence of carbon particles and small amount of other elements considered as impurities which turns into white-pink
color with 74.3 wt. % silica content after calcination at 800 °C for 3h. Thermal treatment at high temperature leads to
the removal of water and the organic matter [13]. The surface area and average particle diameter of raw perlite were 5
m?/g and 3.20 pm.

B. Effect of reaction parameters

Fig. 2 presents the influence of molar ratio of NaOH/SiO, variation from 0.6 to 2.4 on silica extraction which indicates
that the concentration of NaOH solution positively affects the silica dissolution since silica extraction is increased on
increasing NaOH concentration. The dissolution process of silica in aqueous solutions is mainly due to hydrolysis of
Si-0-Si bonds, therefore silica configuration has strong influence on this process. As a comparison, quartz silica is the
most stable form while amorphous silica is the most soluble [14, 15]. Extraction with more concentrated NaOH does
not improve the silica yield.
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Fig. 2 Silica conversion as function of NaOH/SiO, molar ratio for open (ORS) and closed (CRS) reaction system (T = 100 °C, time = 80 min)

Fig. 3 exhibits that silica conversion into sodium silicate in closed vessel results better than open system on increasing
reaction time (0 to 80 min) at 100 °C temperature. The time of “0 minute” corresponds to the time necessary for
reaction system to reach the desired temperature.
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Fig. 3 Silica conversion as function of reaction time for open (ORS) and closed (CRS) reaction system (T = 100 °C, NaOH/SiO, = 2.4)

The influence of reaction temperature on silica extraction is shown in Fig. 4. It is observed that the silica conversion
increases with rising temperature, reaching 71.4 % at 120 °C in 60 min. Further increasing the reaction temperature, the

conversion reaches at constant value in lesser time.

75
70
65
60
55
50
45
40
35
30
25

Conversion (%)

=¥=40 °C
=60 °C
=480 °C
=>=100°C
=—120°C

Time (min)

Fig. 4 Silica conversion as function of reaction time for different temperatures (time = 80 min; closed reaction system)

C. Characterization of pure extracted silica from perlite

The XRF analysis shows that the obtained precipitated silica from perlite is found to be white fine solid with 70.6 %
pure silica content having = 98 m?/g specific surface area in the range of 0.3-1 pm particle size.
As shown in Fig.5, the X-ray diffractogram of extracted silica confirm amorphous characteristic along with broad

humps centred between 10-35° (260). Amorphous substances display an atomic arrangement that is either random or has
very short-range order [4, 7].
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Fig. 5 XRD pattern of precipitated silica

The major chemical groups present in extracted silica are identified by the FT-IR spectra shown in Fig. 6. The broad
band between 3645-3400 cm™ indicates the presence of isolated and surface Si-OH groups. The predominant
adsorbance peak at 1085 cm™ is due to asymmetric stretching vibration of siloxane bonds (Si-O-Si) and the

corresponding symmetric stretch at 795 cm™. The peaks at 1085, 795 and 450 cm™ are attributed to the vibration modes
amorphous silica gel network [16, 17].
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Fig.6 FTIR spectrum of pure precipitated silica

In Fig.7 (a & b), the SEM image of raw perlite indicates irregular shaped crumbled particles whereas the SEM
micrograph of extracted pure silica demonstrates globular shaped highly porous particles of different shapes and sizes
in agglomerated form. Such type of large gelatinous mass is due to the presence of amorphous silica gel skeleton.
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Fig.7 SEM images of (a) raw perlite (b) pure precipitated silica

IV. CONCLUSION
This study reveals a simple low energy chemical process for the generation of high purity amorphous silica from perlite
without using any organic additive. The yield of extracted siica from perlite was 70.6 % with ~98 m?/g surface area in
closed reaction system using NaOH/SiO, = 2.4 molar ratio at 120 ° C within 60 min. The used chemicals can be

regenerated making it an environmentally benign, cost effective and atom efficient process and thus finds a novel route
to utilize abundant waste perlite in future.

ACKNOWLEDGEMENT

The authors are thankful to Dr. D.D. Phase and Er. V.K. Ahire for SEM analysis and Mr. Mukul Gupta for XRD
conducted at UGC DAE-CSR Lab Indore. XRF analysis was conducted at Punjab University, Chandigarh. The
financial support was provided by Department of Science and Technology, Rajasthan, India, project sanction no. P-
7/DST/R&D/11435-38.

REFERENCES

[1] M. Stephens et al., “Precipitated silicas, silica gels with and free of deposited carbon from caustic biomass ash solutions and processes,” U.S.
Patent 6 638 354 B2, Oct. 28, 2003.

[2] Nakamura, “Method for production of novel nano silica particle and use of the nano silica particle,” U.S. Patent 2010/0330582 Al, Dec. 30,
2010.

[3] Mukunda et al., “A novel process and apparatus for the manufacturer of precipitated silica from Rice Husk Ash,” International Apllication
Published under the Patent Cooperation Treaty (PCT) WO 2004/073600 A2, Sep. 2, 2004.

[4] Kalapathy, U., Proctor, A., and Shultz, J., “A simple method for production of pure silica from rice hull ash,” Bioresource Technology, Vol.
73, pp. 257-262, 2000.

[5] Hariharan, V., and Sivakumar, G., “Studies on synthesized nanosilica obtained from Bagasse ash,” International Journal ChemTech
Research, Vol. 5, pp. 1263-1266, 2013.

[6] Chakraverty, A. and Kaleemullah, S., “Conversion of Rice husk into amorphous silica and combustible gas,” Energy Conversion and
Management, Vol. 32, pp. 565-570, 1991.

[7]1 Kamath, S. R., and Proctor, A., “Silica gel from Rice hull ash: Preparation and Characterization,” Cereal Chemistry, Vol. 75, pp. 484-487,
1998.

[8]  http://www.ppiatlanta.com/pdfs/Silica/Silica_Fumed_Web.pdf.

[91 Rujiwatra, A., “A selective preparation of phillipsite and sodalite from perlite,” Materials Letters, Vol. 58, pp. 2012-2015, 2004.

[10] http://www.resources.nsw.gov.au/_data/assets/pdf_file/0004/238180/Perlite.pdf.

[11] Subbukrishna, D. N., Suresh, K. C., Paul, P. J., Dasappa, S., and Rajan, N. K. S., “Precipitated silica from Rice husk ash by IPSIT process,”
15" European Biomass Conference and Exhibition, Berlin, Germany, pp. 2091-2093, May 2007.

[12] Mathew, L., and Narayanankutty, S. K., “Synthesis and characterization of nanosilica,” International Conference on Advances in Polymer
Technology, India, pp. 279-284, Feb. 2010.

[13] Sodeyama, K., Sakka, Y., and Kamino, Y., “Preparation of fine expanded perlite,” Journal of Material Science, Vol. 34, pp. 2461-2468,
1999.

[14] Foletto, E. L., Gratieri, E., Oliveira, L. H. D., Jahn, S. L., “Conversion of Rice hull into soluble sodium silicate,” Materials Research
Bulltein, Vol. 9, pp. 335-338, 2006.

[15] Sousa, A. M. D., Visconte, L., Mansur, C., and Furtado, C., “Silica sol obtained from rice husk ash,” Chemistry and Chemical Technology,
Vol. 3, pp. 321-326, 2009.

[16] Thuadaij, N., and Nuntiya, A., “Preparation of nanosilica powder from Rice husk ash by precipitation method,” Chiang Mai Journal of
Science, Vol. 35, pp. 206-211, 2008.

[17] Nayak, J. P., and Bera, J., “Preparation of silica acrogel by ambient pressure drying process using rice husk ash as raw material,”
Transactions of the Indian Ceramic Society, VVol. 68, pp. 1-4, 2009.

Copyright to IJIRSET www.ijirset.com 2941


http://www.ijirset.com/

— ISSN: 2319-8753

~$'l International Journal of Innovative Research in Science, Engineering and Technology
I _I IESET Vol. 2, Issue 7, July 2013
Biography

Ms. Khushboo Srivastava is pursuing Ph. D. from University of Kota, Kota [Rajasthan]. She got
4" rank in M. Sc. (Pure & Applied Chemistry) and 6" rank in M. Phil (Environmental Chemistry)
at University of Kota. Her research interests are Solid Waste Management, Nanotechnology and
Heterogeneous kinetics and Chemical Engineering. Besides being a scholar, she is associated with
a Junior Research Fellow Project funded by Department of Science and Technology, Rajasthan,
India.

Ms. Niharika Shringi is pursuing Ph. D. from University of Kota, Kota [Rajasthan]. She got 3™
rank in M. Sc. (Industrial Chemistry) at University of Kota. She has also qualified National
Eligibility Test Examination. She is working in the field of Waste Management and Green
Chemistry specially associated with microwave organic transformations.

‘

Dr. Vijay Devra is a Lecturer in Department of Chemistry at Govt. J.D.B. Girls P.G. College,
Kota, Rajasthan, India. She is working in the field of Homogeneous Catalysis. Several research
scholars are doing Ph. D. under the supervision of her.

Prof. Ashu Rani is currently working as Head, Department of Pure and Applied Chemistry and
Dean of post graduate departments at University of Kota, Kota [Rajasthan]. Several research
scholars are doing M. Phil and Ph. D. under the supervision of her. Her research interests are
Heterogeneous Catalysis, Waste management, Climate change and Nanotechnology. She is
associated with several National and International Collaborations from the Industries and
i Universities.

Copyright to IJIRSET www.ijirset.com 2942


http://www.ijirset.com/

