






































































































































































83 

CHANG, H. L., SHIH, W. H. A general method for the conversion of fly ash into 
zeolites as ion exchangers for cesium. Ind. Eng. Chem. Res., v. 37, p. 71-78, 
1998. 

CHEN, N.Y., DEGNAN, T.F. Industrial Catalytic Applications of Zeolites. Chem. 
Eng. Prog., February, p. 32-41, 1988. 

CHIES, F., SILVA, N.I.W., ZWONOK, O. Desenvolvimento de blocos e tijolos a 
partir de cinzas de fundo de can/ão - CIPECAL. In: ROCHA, J.C., JONH, U.M. 
(Eds). Utilização de residuos na construção habitacional. (Coleção 
HABITARE, v.4). Porto Alegre, p. 218 - 239, 2003. 

COSTA, A. E. Adsorção e purificação de corantes naturais com silica amorfa. 
2005. Dissertação (Mestrado) - Universidade Federal de Santa Catarina, 
Florianópolis. 

DAVINI, P. Investigation of flue gas desulphurization by fly ash and calcium 
hydroxide mixtures. Resour. Conserv. Recy., v. 15, p. 193-201, 1995. 

DEPOI, F. S., POZEBON, D.. KALKREUTH, W. D., BÜRGUER, T. S. 
Caracterização de carvões e suas cinzas provenientes da região sul do Brasil. In: 
REUNIÃO ANUAL DA SOCIEDADE BRASILEIRA DE QUÍMICA, QA-207., 31 de 
maio-03 junho, 2007, Águas de Lindóia. Resumos... São Paulo. 

DYER, A. Uses of Natural Zeolite. Chem. Ind., p. 241-245, 1984. 

ELETROPAULO. Tarifa convencional de energia elétrica para serviços públicos -
<http://www.eletropaulo.com.br>. Acessado em 07/07/2008. 

ENDRES, J.C.T., FERRET, L. S., FERNANDES, I. D., HOFMEISTER, L. C. The 
removal of Fe, Zn, Cu and Pb from wastewaters using chabazite zeolites produced 
from southern brazilian coal ashes. In: INTERNATIONAL ASH UTILIZATION 
SYMPOSIUM, 4., 2001, Lexington, Kentucky, USA. Proceedings... Lexington: 
University of Kentucky, p. 478-484, 2001. 

FERNÁNDEZ-PEREIRA, C. GALIANO, Y. L., RODRÍGUEZ-PINIERO, M. A., 
VALE, J., QUEROL, X. Utilisation of zeolitised coal fly ash as immobilising agent 
of a metallurgical waste. J. Chem. Technol. BiotechnoL, v.77, p. 305-310, 2002. 

FERNANDES, I.D., FERRET, L. S., KHAHL, C. A., ENDRES, J.C.T., MAEGAWA, 
A. Crystalline microstructure modification of brazilian coal ash with alkaline 
solution. In: INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 3., 1999, 
Lexington, Kentucky, USA. Proceedings... Lexington: University of Kentucky, p. 
239-246, 1999. 



84 

FERREIRA, K.D. Uso de zeólitas na redução do teor do cátion níquel de 
efluentes galvánicos. 1998. Dissertação (mestrado) - Escola Politécnica da 
Universidade de São Paulo, São Paulo. 

FERRET, L.S. Zeólitas de cinzas de carvão: síntese e uso. 2004. Tese 
(Doutorado) - Universidade Federal do Rio Grande do Sul, Porto Alegre. 

FERRET, L.S., FERNANDES, I.D., KHAHL, C. A., ENDRES, J.C.T., MAEGAWA, 
A. Zeolification of ashes obtained from the combustion of southern's Brazil 
Candiota coal. In: INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 3., 1999, 
Lexington, Kentucky, USA. Proceedings... Lexington: University of Kentucky, p. 
247-252, 1999. 

FLANIGEN, E.M. Molecular sieve zeolite technology: the first twenty-five years. 
Zeolites Science and Technology - Nato - Advanced Science Institutes Series, 
p. 3-19, 1984. 

FONT, O., QUEROL, X., PLANA, F., LÓPEZ-SOLER, A., CHÍMENOS, J.M., 
MARCH, M.J., ESPIELL, F., BURGOS, S., GARCÍA, F., ALLIMAN, C. Occurrence 
and distribution of valuable metals in fly ash from Puertollano IGCC power plant, 
Spain. In: INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 4., 2001, 
Lexington, Kentucky, USA. Proceedings... University of Kentucky, 2001. 

FRITZ, W., SCHLÜNDER, E. U. Competitive adsorption of two dissolved organics 
into activated carbon-l: Adsorption equilibria. Chem. Eng. Sci., v. 36, p. 731-741, 
1981. 

FUNGARO, D.A., FLUES, M.S.M., CELEBRONI, A.P. Estabilização de solo 
contaminado com zinco usando zeólitas sintetizadas a partir de cinzas de carvão. 
Quim. Nova., v. 27, p. 582-585, 2004a. 

FUNGARO, D.A., IZIDORO, J. C , Tratamento de efluentes industriais usando 
material zeolítico preparado com cinzas de carvão. In: XIXPrêmio Jovem 
Cientista, Porto Alegre: Gráfica e Editora Comunicação Impressa, 2004b. 

FUNGARO, D.A., IZIDORO, J.C. Estudo da remoção de íons metálicos em água 
utilizando zeólitas sintetizadas com cinzas de carvão. Tchê Quim., v.3, p. 21-30, 
2006a. 

FUNGARO, D.A, IZIDORO, J.C. Remediação de drenagem ácida de mina usando 
zeólitas sintetizadas a partir de cinzas leves de carvão. Quim. Nova, v.29, n. 4, p. 
735-740, 2006b. 



85 

FUNGARO, D.A, IZIDORO, J.C. Utilização de material zeolítico químicamente 
ativado no descoramento de óleo vegetal. Revista Capixaba de Ciência e 
Tecnologia., n. 1, p. 69-72, 2006c. 

GARCÍA, J. M. Síntesis y caracterización de zeólitas y materiales 
compuestos zeolita/carbón. Aplicaciones para la eliminación de SO2. 2000. 
Tese (Doutorado), Universidade de Alicante, Alicante, Espanha. 

GIANNETTO, G. Zeólitas - características, propiedades y aplicaciones 
industriales. Caracas: EdIT Editorial Innovación Tecnológica, 1990. 

GILES, C.H., MACEWAN, T.H., NAKHUA, S.N., SMITH, D. Studies in 
adsorption, 11. A system of classification of solution adsorption isotherms, and its 
use in diagnosis of adsorption mechanisms and in measurement of specific 
surface areas of solids. J. Chem. Soc. London, p. 3973-3993, 1960. 

GOBBI, S.A., ENGERT, A.H., RUBIO, J. Avaliação do uso de zeólita sintética 
para a remoção de nitrogênio amoniacal de águas e efluentes. Porto Alegre: 
LTM/UFRGS, 2004. 

GROVER, M., NARAYANASWAMY, M. S. Removal of hexavalent chromium by 
adsorption on fly ash. Environ. Eng. Div., v. 1, p. 36-39,1982. 

GUPTA, G. S., PRASAD, G., PANDAY, K. K., SINGH, V. N. Removal of chrome 
dye from aqueous solutions by fly ash. Water Air and Soil Pollut, v. 37, p. 13-24, 
1988. 

HALL, M., LIVINGSTON, W.R. Fly ash quality, past, present and future, and the 
effect of ash on the development of novel products. J. Chem. Technol. 
BiotechnoL, v.77, p. 234 - 239, 2002. 

HAMLEY, P., LESTER, E., THOMPSON, A., CLOKE, M., POLIAKOFF, M. The 
removal of carbon from fly ash using supercritical water oxidation. In: 
INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 4., 2001, Lexington, 
Kentucky, USA. Proceedings... Lexington: University of Kentucky, p. 192 - 199, 
2001. 

HELBY, W.A. Adsorption isotherm studies. Chem. Eng., v. 59, p. 153-158, 1952. 

HEMMINGS, R. T., BERRY, E. E. Speciation in size and density fractioned fly ash. 
Fly ash and conversion by-products: characterization, utilization and Disposal. 
Materials Research Society. Symposia Proceedings. 113, p. 3-38, 1985. 

HENMI, T. Synthesis of hydroxi-sodalite ("zeolite") from waste coal ash. Soil 
Science Plant Nutrition., v.33, p. 5 1 7 - 5 2 1 , 1987a. 



86 

HENMI, T. Increase of cation exchange capacity of coal fly ash by alkali treatment. 
Clay Science, v. 6, p. 277-282, 1987b. 

HOLLER, H. & WIRSCHING, G.U. Zeolite formation from fly ash. Fortschr. 
Mineral., v.63, p. 21-43, 1985. 

HOLLMAN, G.G., STEENBRUGGEN, G., JANSEN-JURKOVICOVÁ, M. A two-
step process for the synthesis of zeolite from coal fly ash. Fuel, v. 78, p. 1225-
1230, 1999. 

HUI, K. S., CHAO, C. Y. H., KOT, S. C. Removal of mixed heavy metal ions in 
wastewater by zeolite 4 A and residual products from recycled coal fly ash. J . 
Hazard. Mater., v. B127, p. 89-101, 2005. 

HÜLLER, R., HANTSCHEL, P. Verfahen zur Herstellung von Kubischen Na Pc-
Zeolith aus Absfallstoffen von Verbrennungsanlagen. DE 39 23 462 AI, 25 de jul. 
de 1989. 

INOUE, K., TSUNEMATSU, S., YAMADA, H. Synthesis of A type zeolite from fly 
ash pretreated with solid sodium hydroxide. Inorg. Mater., v.2, , p. 108-114, 1995. 

IZIDORO, J. C. Estudos sobre zeólitas sintetizadas a partir de cinzas de 
carvão. Monografia apresentada ao Curso de Graduação em Engenharia 
Química - Escola Superior de Química - Faculdades Oswaido Cruz - 2005. 

IZIDORO, J. C , FUNGARO, D. A. Utilização de resíduos de usinas termelétricas 
a carvão na síntese de zeólitas e sua aplicação na remoção de Zn^"" e Cd^* em 
água. Rev. Bras. Pesq. Des., v. 9, p. 101-106, 2007. 

JANSEN, J. C. The preparation of molecular sieves. A-Synthesis of Zeolites. In: H. 
van BEKKUM, E. M., FLANIGEM, J. C , JANSEN, (Eds): Introduction to zeolite 
science and pratice. Amsterdan: Elsevier, cap. 4, p. 77-136, 1991. 

JARVIS, S.T., BROOKS, T.G. The use of PFA: cement pastes in the stabilization 
of abundant mineworkings. Waste Manag., v.16, p. 1 3 5 - 1 4 4 , 1996. 

KAPOOR, A., VIRARAGHAVAN, T., Adsorption of mercury of wastewater by fly 
ash. Adsorpt. Sci. Technol., v. 9, p. 130-147, 1992. 

KERR, G.T. Synthetic Zeolites. Scientific American, p. 82 - 87, July, 1989. 



87 

KESRAOUL-OUKI, S., CHEESEMAN, C. R., PERRY, R. Natural zeolite utilization 
in pollution control: a review of applications to metals effluents. J. Chem. Tech. 
BiothechnoL, v. 59, p. 121-126, 1994. 

KHANNA, P., MALHOTRA, S. K. Kinetics and mechanism of phenol adsorption on 
fly ash. Indian J. Environ. Health., v. 19, p. 224-237, 1977. 

KIKUCHI, R. Application of coal ash to environmental improvement. 
Transformation into zeolite, potassium fertilizer, and FGD absorbent. Resour. 
Conserv. Recy., v. 27, p. 333-346, 1999. 

KOLOUSEK, D.; SEIDL, V.; PROCHAZKOVA, E.; OBSASNIKOVA, J.; 
KUBELKOVA, L.; SVETLIK, I. Ecological utilization of power-plant fly ashes by 
heir alteration to phillipsite: hydrothermal alteration, application. Acta Univ. Carol. 
6eo / . ,v. 37, p. 167-178, 1993. 

KOVANDA, F., KOLOUSEK, D., SEIDL, V., PROCHAZKOVA, E., 
OBSASNIKOVA, J.Utilization of synthetic phillipsite as a means for decreasing the 
concentration of ammonium ions in waste waters. Ceramics.-Silikaty., v.38, p. 
75-79, 1994. 

LANCHANCE, G. R., CLAISSE, F. Quantitative X-ray fluorescence analysis-
Theory and Aplication. London: Wiley, 1995. 

LA ROSA, J.L., KWAN, S., GRUTZEK, M.W. Zeolite formation in class F fly ash 
blended cement pastes. Journal of American Ceramic Society, n.6, v. 75, p. 
1574-1580, 1992. 

LEE, D. B., MATSUE, N., HENMI, T. Influence of NaOH concentrations dissolved 
in seawater and hydrothermal temperatures on the synthesis of artificial zeolite 
from coal fly ash. Clay Science., v. 11, p. 451-463, 2001. 

LEE, M. G., Yl, G., AHN, B. J., RODDICK, F. Conversion of coal fly ash into 
zeolite and heavy metal removal characteristics of the products. Korean J. Chem. 
Eng., V. 17, p. 325-331,2000. 

LIN, C.F., HSI, H.C. Resource recovery of waste fly ash:synthesis of zeolite-like 
materials. Environ. Sci. Technol., v29 , p. 1109-1117, 1995. 

LIN, C-F., LO, S-S, LIN, H-Y, LEE, Y. Stabilization of cadmium contaminated soils 
using synthesized zeolite. J. Hazard. Mater., v. 60, p. 217-226, 1998. 

LU, G. Q., DO, D. D., Adsorption properties of fly ash particles for NOx removal 
from flue gases. Fuel Process. Technol., v. 27, p. 95-107, 1991. 



88 

MALERIUS, O., WERTHER, J. Modeling the adsorption of mercury in the flue gas 
of sewage sludge incineration. Chem. Eng. J., v. 96, p. 197-205, 2003. 

MCCABE, W.L., SMITH, J.C., HARRIOT, P. Units operations of chemical 
engineering. Editora McGraw Hill, 5a. ed., p. 810-821, 1993. 

MOHAN, D., SINGH, K. P., SINGH, G., KUMAR, K. Removal of dyes from 
wastewater using fly ash, a low-cost adsorbent. Ind. Eng. Chem. Res., v. 41 , p. 
3688-3695, 2002. 

MONDRAGÓN. P., RINCON, P., SIERRA, L., ESCOBAR, J., RAMIREZ, J., 
FERNANDEZ, J. New perspectives for coal ash utilization: system of zeolitic 
materials. Fuel, v. 69, p. 263-266, 1990. 

MORENO, N., QUEROL, X., AYORA, C , ALASTUEY, A., FERNÁNDEZ-
PEREIRA, C , JANSSEN-JURTOKICOVÁ, M. Potential environmental applications 
of pure zeolitic material synthetized from fly ash. J.Environ. Eng., v. 127, p. 994-
1002, 2001a. 

MORENO. N., QUEROL, X.. AYORA, C , FERNÁNDEZ-PEREIRA, C , JANSSEN-
JURKOVICOVÁ, M. Utilization of zeolites synthetized from coal fly ash for the 
purification of acid mine waters. Environ. Sci. Technol., v. 35, p. 3526-3534, 
2001b. 

MOURA, M. J., FIGUEIREDO, M. M. Aplicação das técnicas de picnometria de 
gás e de porosimetria de mercúrio á caracterização da madeira de E. globulus. 
Silva Lusitana., v. 10, p. 207-216, 2002. 

MURAYAMA. N.; YAMAMOTO, H.; SHIBATA, J. Mechanism of zeolite from coal 
fly ash by alkali hydrotermal reaction. Int. J. Miner. Process, v. 64, p. 1-17, 2002. 

NAMASIVAN, C , RANGANETHAN, K. Waste Fe Ill/Cr III hydroxide as adsorbent 
for the removal of Cr VI from aqueous solution of chromium plating industry 
wastewater. Environmental Pollution., v. 82, p. 255-261,1993. 

OJHA, K., PRADHAN, N. C , SAMANTA, A. M. Zeolite from fly ash: synthesis and 
characterization. Bull. Mater. Sci., v. 27, p. 555-564, 2004. 

OKADA, Y. Syntheis of zeolite using fly ash on closed system. Japanese J. Soil 
Sci. and Plant Nutr., v.62, p. 1-6, 1991. 

ORTIZ, N. Estudo da utilização de magnetita como material adsorvedor dos 
metais Cu^*, Pb^*, Ni^* e Ctr*, em solução. 2000. Tese (Doutorado) - Instituto 
de Pesquisas Energéticas e Nucleares, São Paulo. 



89 

OUKI, S. K., KAVANNAGH, M. Performance of natural zeolites for the treatment of 
mixed metal-contamined effluents. Waste Manage. Res., v. 15, p. 383-394, 1997. 

OZTURK, N., KAVAK, D. Adsorption of boron from aqueous solutions using fly 
ash: bath and column studies. J. Hazard. Mater., v. 127, p. 81-88, 2005. 

PADILHA, A. P., FILHO, F. A. Técnicas de análise microestrutural. São Paulo: 
Hemus Editora Limitada, 1985. 

PALIK, E. S. Specific surface area measurements on ceramic powders. Powder 
technology., v. 18, p. 45-48, 1977. 

PANDAY, K. K., PRASAD, G., SINGH, V. N. Copper(ll) removal from aqueous 
solutions by fly ash. Water Res., v. 19, p. 869-873, 1985. 

PAPACHRISTOU, G., VASILIKIOTIS, G., ALEXIADES, C. Seletive adsorption of 
heavy metal cations by using fly ash. In: FIRST INTERNATIONAL SYMPOSIUM 
OF ENVIRONMENTAL TECHNOLOGY FOR DEVELOPING COUNTRIES, 
Istanbul, Turkey, Proceedings... Istanbul, 1985. 

PARK, M.; CHOL, J. Synthesis of philipsite from fly ash. Clay Sci., v. 9, p. 219-
229, 1995. 

PELOSO, A., ROVATTI, M., FERRAIOLO, G. Fly ash as adsorbent material for 
toluene vapours. Resour. Conserv., v. 10, p. 211-220, 1983. 

PERUZZO, L. C. Influência de agentes auxiliares na adsorção de corantes de 
efluentes da indústria têxtil em colunas de leito fixo. 2003. Dissertação 
(mestrado) - Universidade Federal de Santa Catarina, Florianópolis. 

PETRUZELLI, D., PAGANO, M., TIRAVANTI, G., PASSING, R. Solvent. Extr.lon 
Exch.,y. 17, p. 677, 1999. 

PICKLES, C.A., McLEAN, A., ALCOCK, C.B., NIKOLIC, R.N. Plasma recovery of 
metals values from fly ash. Can Metal. Quart., n.3, v.29, p. 193 - 200, 1990. 

PIVELI, R. P., KATO, M. T. Qualidade das águas e poluição: aspectos físico-
quimicos. São Paulo: Associação Brasileira de Engenharia Sanitária e Ambiental 
-ABES, 2006. 

QUEROL, X., ALASTUEY, A., FERNÁNDEZ-TURIEL, J. L., LÓPEZ-SOLER, A. 
Synthesis of zeolites by alkaline activation of ferro-aluminous fly ash. Fuel, v.74, p. 
1226-1231, 1995. 



90 

QUEROL, X., ALASTUEY, A., LÓPEZ-SOLER, A., PLANA, F., ANDRÉS, J. M., 
JUAN, R., FERRER, P., RUIZ, C. R. A fast method for recycling fly ash: 
microwave-assisted zeolite synthesis. Environ. Sci. Tectinol., v.31, p. 2527 -
2533, 1997a. 

QUEROL, X., PLANA, P., ALASTUEY, A., LÓPEZ-SOLER, A. Synthesis of Na-
zeolites from fly ash. Fuel, v.76, p. 793 - 799, 1997b. 

QUEROL, X., UMAÑA, J. C , PLANA, F., ALASTUEY, A., LÓPEZ-SOLER, A., 
MEDINACELI, A., VALERO, A., DOMINGO, M. J., GARCIA-ROJO, E. Synthesis 
of zeolites from fly ash at pilot plant scale. Examples of potential applications. 
Fuel, V.80, p. 857 - 865, 2001. 

QUEROL, X., MORENO, N., UMANÃ, J. C , ALASTUEY, A., HERNANDEZ, E., 
LÓPEZ-SOLER, A., PLANA, F. Synthesis of zeolites from coal fly ash: an 
overview. Int. Journal Coal Geol, v.50, p. 413 - 423, 2002a. 

QUEROL, X., MORENO, N., UMANÃ, J. C , JUAN, R., HERNANDEZ, S., 
FERNADEZ-PEREIRA, C , AYORA, C , JANSSEN, M., GARCÍA-MARTÍNEZ, J., 
LINARES-SOLANO, A., CASORLA-AMOROS, D. Application of zeolitic material 
synthesised from fly ash to the descontamination of waste water and flue gas. J. 
Chem. Technol. BiotechnoL, v.77, p. 292 - 298, 2002b. 

REYNOLDS, K. A., KRUGER, R. A., RETHMAN, N. F. G. The manufacture and 
evaluation of an artificial soil (SLASH) prepared from fly ash and sewagew sludge. 
In: INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 3., 1999, Lexington, 
Kentucky, USA. Proceedings... Lexington: University of Kentucky, p. 378 - 385, 
1999. 

RICOU, P., HÉQUET, V., LECUYER, I., LE CLOIREC, P. Influence of operating 
conditions on heavy metal cation removal by fly ash in aqueous solutions. In: 
INTERNATIONAL ASH UTILIZATION SYMPOSIUM, 3., 1999, Lexington, 
Kentucky, USA. Proceedings... Lexington: University of Kentucky, paper 42, 
1999. 

RIO, S., DELEBARRE, A., HEQUET, V., LE CLOIREE, P., BLONDÍN, J. Metallic 
ion removal from aqueous solutions by fly ashes: multicomponent studies, J. 
Chem. TechnoL BiotechnoL, v. 77, p. 382-388, 2002. 

RODRIGUES, S., SOUZA SANTOS, P. Zeólitas e seus usos. Revista 
Politécnica., v. 83, p. 34-37, 1986. 

ROHDE, G. M., ZWONOK, 0., CHIES, P., SILVA, N. I. W. Cinzas de carvão 
fóssil no Brasil - Aspectos técnicos e ambientais. Porto Alegre: CIENTEC. V. 
1 (202 p), 2006. 



91 

ROTENBERG, S. J., METTZLER, G., POLINER, J., BECHTOLD, W. E., EIDSON, 
A. F., NEWTON, G. J. Adsorption {nineties of vapor-phase m-xylene on coal fly 
ash. Environ. Sci. Technol., v. 25, p. 830-935, 1991. 

SCAPIN, M. A. Aplicação da difração e fluorescência de raios X (WDXRF): 
ensaios em argilominerais. 2003. Dissertação (Mestrado) - Instituto de 
Pesquisas Energéticas e Nucleares, São Paulo. 

SCOTT, J., GUANG, D., NAERAMITMARNSUK, K., THABUOT, M., AMAL, R. 
Zeolite synthesis from coal fly ash for the removal of lead ions from aqueous 
solution. J. Chem. Technol. BiotechnoL, v. 77, p. 63-69, 2001. 

SEMMENS, M. J., SEYFARTH, M. The selectivity of clinoptilolite for certain heavy 
metals. In: Natural zeolites: occurrence, properties, and use. SAND, L. B., 
MUMPTON, F. A. (Ed), 1981. 

SEN, A. K., DE, A. K., Adsorption of mercury (II) by coal fly ash. Water Res., v. 
21 , p. 885-888, 1987a. 

SEN, A. K., DE, A. K., Adsorption of arsenic on coal fly ash. Indian J. TechnoL, v. 
25, p. 259-261, 1987b. 

SHERMAN, J.D. Ion exchange separations with molecular sieve zeolites. Zeolites 
Science and Technology - Nato - Advanced Science Institutes Series, p. 583-
623, 1984. 

SHERRY, H. W. The ion exchange properties of zeolites. In: Ion exchange, cap 2, 
MANISKY, J. A. (Ed). New York: Marcel Dekker, 1969. 

SHIGEMOTO, N., SHIRAKAMI, K., HIRANO, S., HAYASHI, H. Preparation and 
characterization of zeolites from coal ash. Nippon Kagaku Kaishi, v.5, p. 484 -
492, 1992. 

SHIGEMOTO, N., HAYASHI, H., MIYUARA, K. Selective formation of Na-X zeolite 
from coal fly ash by fusion with hydroxide prior to hydrothermal reaction. J. Mater. 
ScL, V. 28, p. 4781-4786, 1993. 

SHIGEMOTO, N., SUGIYAMA, S., HAYASHI, H. Characterization of Na-X, Na-A 
and coal fly ash zeolites and their amorphous precursors by IR, MAS NMR and 
XPS. J. Mater. ScL, v. 30, p. 5777-5783, 1995. 

SHIH, W. H., CHANG, H. L., SHEN, Z. Conversion of class-F fly ash to zeolites. 
Mat. Res. Soc. Symp. Proc, v. 371, p. 39-44,1995. 



92 

SHIH. W. H., CHANG., H. L. Conversion of fly ash into zeolites for ion-exchange 
applications. Materials Letters, v. 28, p. 263-268, 1996. 

SHUQAIR, M.S.S. Estudo da contaminação do solo e água subterrânea por 
elementos tóxicos originados dos rejeitos das minas de carvão de Figueira 
no estado do Paraná. 2002. Tese (Doutorado). Instituto de Pesquisas 
Energéticas e Nucleares, São Paulo. 

SINGER, A., BERKGAUT, V. Cation exchange properties of hydrotermally treated 
coal fly ash. Environ. Sci. Technol., v. 29, p. 1748-1753, 1996. 

SRINIVASAN, A., GRUTZECH, M.W. The adsorption of SO2 by zeolites 
synthesized from fly ash. Environ. Sci. Technol., v.30, p. 1464-1469, 1999. 

UMANÄ-PENÄ, J. C. Síntesis de zeólitas a partir de cenizas volantes de 
centrales termoeléctricas de carbón. 2002. Tese (Doutorado) - Universität 
Politécnica de Catalunya, Barcelona, Espanha. 

UNIVERSIDADE FEDERAL DE SANTA CATARINA. Agência de Comunicação da 
UFSC. Disponível em <http://www.agecom.ufsc.br>. Acessado em 17/03/2008a. 

UNIVERSIDADE FEDERAL DE SANTA CATARINA. Departamento de 
Engenharia Mecânica. Laboratorio de Caracterização Microestrutural e Análise de 
Imagens. Disponível em <http://www.materials.ufsc.br>. Acessado em 
19/06/2008b. 

VIRARAGHAVAN, T., DRONAMRAJU, M. M. Use of fly ash in the removal of 
copper, nickel and zinc from wastewater. Water Pollut. Res. J. Canada., v. 28, p. 
369-384, 1993. 

VIRARAGHAVAN, T., RAO, G. A. K., Adsorption of cadmium and chromium from 
wastewater by fly ash. Environ. Sci. Eng., v. 26, p. 721-753, 1991. 

WANG, S., WU, H. Environmental-benign utilization of fly ash as low-cost 
adsorbents. J. Hazard Mater., v. B136, p. 482-501, 2006. 

WANG, H., ZHANG, Q., SONG, C , LIU, F. Synthesis of zeolites by alkaline 
activations of fly ash. Journal of University of Science and Technology 
Beijing., v. 8, p. 161-163, 2001. 

World Coal Institute - <http://www.worldcoal.org>. Acessado em 26/03/2008. 

COMiV 

http://www.agecom.ufsc.br
http://www.materials.ufsc.br
http://www.worldcoal.org


93 

WU, D., ZHANG, B., YAN L., KONG, K., WANG, X. Effect of some additives on 
synthesis of zeolite from coal fly ash. Int. J. Miner. Process., v. 80, p. 266-272, 
2006. 

YADAVA, K. P., TYAGY, B. S., SINGH, V. N. Fly-ash for the treatment of water 
enriched in lead (II). Environ. Sci. Eng., v. 24, p. 783-808, 1989. 

ZAMBON, G. A. Remoção de chumbo (Pb^*) utilizando zeólita natural 
clinoptilolita. 2003. Dissertação (mestrado) - Universidade Estadual de 
Campinas, São Paulo. 

ZAMZOW, M. J., MURPHY, J. E. Removal of metal cations from water using 
zeolites, Sep. Sci.Technol., v. 27, p. 1969-1984, 1992. 




