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Abstract:

In this study, we investigate the effect of TiO, additions on phases formation
and densification behavior of cordierite ceramics prepared by two types of raw kaolin
from east Algeria, the first kaolin is Tamazarte kaolin (TK) rich in Si0O,. The second
is Debagh District kaolin (DDI1) rich in Al,O; with synthetic magnesia MgO.
Cordierite is one of the most popular advanced ceramic compounds have great
industry importance. Differential thermal analysis (DTA) were carried out on sample
starting from room temperature to 1400 °C, different heating rates were used to
analyze Phases transformation behavior, X-ray diffraction (XRD) was used in order to
determining the phases and their transformations, The results were supplemented by
measured the densification and hardness with sintering temperatures. The activation
energies of p-cordierite and o-cordierite formation with different weight Titanium
oxide additives from 00 to 08 Wt. % calculated from non-isothermal DTA were

determined by Kissinger, Boswell, and Ozawa methods.

50



gl

[1] C. Janot, B. Ilschner, Traité des matériaux, N°19 : Matériaux émergents, Edition Presses

Poly techniques et Universitaires Romandes (2001).

[2] W. D. Kingery, H. K. Bowen, D. R. Uhlmann, Introduction to ceramics, J. Wiley and Sons
Editions (1976).

[3] L. Ecraivain, Technique de I’Ingénieur, A 7290 (1956).

[4] M. W. Barsoum, Fundamentals of ceramics, IOP Publishing Ltd (2003).

[5]J. L. Chermant, Les Céramiques Thermomécaniques, Presse Du CNRS (1989).
[6] M. Chaupai, Technique de I’Ingénieur , A. 2010 (1996).

[7] A. Kalemtas , course on Ceramic materials 1, Metallurgical and Materials Engineering
Department, Bursa Technical University, Turkey (2015)

[8] G. Aliprandi, Matériaux réfractiones et céramique, éditions septima parisn (1979).

[9] G. Aliprandi, Matériaux réfractaires et céramiques techniques, Ed. Septima, Paris (1996).
[10] D. W .Richerson, Modern Ceramic Engineering, Ed by Marcel Dekker, Inc .New York
(1992).

[11] Y. S. Touloukian, R. W. Powell, C. Y. Ho, P. G. Klemens. eds. Thermophysical
Properties of Matter, vol. 2, Thermal Conductivity, Nonmetallic Solids. IFI Plenum Press,
New York (1970).

[12] I. Levin, D. Brandon , Metastable Alumina Polymorphs alumina polymorphs, Crystal
structures and transition sequences, J. Am. Ceram Soc., vol. 81, P. 1995-2012 (1998).

[13] F. Sahnoune, These de Doctorat, Université de Farhat Abbas-stief (2008).
[14] G. Cizeron, le Frittage, Institut de Céramique Francaise, France (1968).

[15] M. Heraiz, These de Doctorat, Université de El Hadj Lakhdar-Batna (2010).
[16] Y. Jorand, These de Doctorat d’état, INSA, Lyon (1991).

[17] D .W. Richerson, Modem Ceramic Engineering Processing, Second Edition, Revised
and expanded By Marcel Dekker, INC, New York (1992).

[18] W. Wang, Z. Shin, X. Wang, W. Fan, The phase transformation and thermal expansion
properties of cordierite ceramics prepared using drift sands to replace pure quartz, Ceram. Int.,
42, 44774485 (2016).

[19] C. A. Jouenne, Frittage D’un Ensemble Phase Solide Plus Phase Vitreuse Cas Des
Faiences. Des Grés Et Des Porcelaines, L’école National Superieur De Céramique Industrielle
(1969).

[20] A. Punis¢ W. Poon¢ E. Salje, Structural states of Mg cordierite. [V. Raman spectroscopy
and local order parameter behavior, J. Phys. Condensed Matter, 2, 6361-72 (1990).

51



[21] P. McMillan, A. Putnis, M. A. Carpenter, Raman spectroscopic study of Al-Si ordering
in synthetic magnesium cordierite, .Phys. Chem. Miner., 10, 256-60 (1984).

[22] U. Haefeker , R. Kaindl,P. Tropper, Semi-quantitative determination of the Fe/Mg ratio
in synthetic cordierite using Raman spectroscopy, Am. Mineral, 97(10) :1662-9 (2012).

[23] A. Putnis, The distortion index in anhydrous Mg-Cordierite, Contr. Mine. Petr., 74, 135-
41 (1980).

[24] E. Salje, Structural states of Mg-Cordierite II :Landau theory, Phys. Chem. Miner., 14,
455-60 (1987).

[25] A. Y. Likhacheva, S. V. Goryainov, A. S. Krylov ,Raman spectroscopy of natural
cordierite at high water pressure up to SGPa, J. Raman spectrosc , 43(4) , 559-63 (2012).

[26] J. M. Benito, X. Turrillas, Cordierite synthesis. A time-resolved neutron diffraction, J
Eur. Ceram. Soc., 32, 371-9 (2012).

[27] ES. Bernd Grittier, P. Andrew, Structural state of Mg cordierite III : infrared
spectroscopy and the nature of the hexagonal-modulated transition, Phys Chem Miner, 16,
365-73 (1989).

[28] 1. Rodney, M. Irwin, H. Paul, Method of preparing crack free monolithic polycrystalline
cordierite substrates. U.S. Patent: 4, 001, 028 (1977).

[29] M. Karkhanavala and F. Hummel, The Polymorphism of Cordierite. J. Am. Ceram. Soc.
V. 36, No. 12, 389-392 (1953).

[30] A. Blodgett and R. Barbour, Thermal conduction module, A high-performance multi-
layer ceramic package. IBM J. Res. Devel., 30-36. (1982).

[31] M. R. Boudchicha, F. Rubio, S. Achour, Synthesis of glass ceramics from kaolin and
dolomite mixture, Int. J. Miner. Metall. Mater. 24 (2), 194-201 (2017).

[32] J. R. Oh, H. Imai, H. Hirashima, Effect of Al/Si ratio on crystallization of cordierite
ceramics prepared by the sol-gel method, J. Ceram. Soc. Jpn. 105 (1), 43—47 ((1997)).

[33] Z.M. Shi, K.M. Liang, Q. Zhang, S.R. Gu, Effect of cerium addition on phase
transformation and microstructure of cordierite ceramics prepared by sol-gel, J. Mater. Sci.
36, 5227-5230 (2001).

[34] G. T. Adylov, R. Y. Akbarov, S. Singh, M.A. Zufarov, G.V. Voronov, N.A. Kulagina,
E.P. Mansurova, M.K. Rumi, Crystallisation of p- and a-cordierite in glass obtained via
melting by concentrated radiant flux, Appl. Sol. Energy 44 (2), 135-138 (2008).

[35] S.P. Hwang, J. M. Wu, Effect of composition on microstructural development in MgO-
Al203-S102 glass—ceramics, J. Am. Ceram. Soc. 84 (5), 1108—-1112 (2012).

[36] Y. N. Shien, R. D. Rawlings, R. F. West, Constitution of laser melted Al,03-MgO-SiO,
ceramics, Mater. Sci. Technol., 11, 863-869 (1995).

[37] K. Kobayashi, E. Sumi, Preparation of dense Cordierite ceramics from magnesium,
Ceramics International 26, 739-743 (2000).

52



[38] A. L. Cavalieria , Sintering of cordierite based materials ,Ceramics International 29, 159
-168 (2003).

[39] R. Goren, H. Gocmez , C.Ozgur, Synthesis of cordierite powder from talc, diatomite
and aluminain, ceramics International 32, 53-56 (2006).

[40] J. Zhou,Y. Dong ,S. Hampshire, Utilization of sepiolite in the synthesis of porous
cordierite ceramics, Applied Clay Science, 52, 328-332 (2011).

[41] E. P. Almeida, I. P. Brito, H. C. Ferreira, Cordierite obtained from compositions
containing kaolin waste, talc and magnesium oxide, Ceram. Int., 44, 2, 1719-1725 (2018).

[42] P. Audebert, F. Miomandre, Procédé sol-gel de polymérisation, ed. Technique de
l'ingénieur, J S 820 (2005).

[43] D. Pal, A. K. Chakraborty, S. Suchitra, The Synthesis characterization and sintering of
Sol-gel derived cordierite ceramics for electronic application, Journal ofmaterials science ,31,
3995-4005 (1996) .

[44] M. D. Karkhanavala and F. A. Hummel, J. Am. Ceram. Soc., 36, 12 (1953).
[45] A Mergen, V. Aslanoglu, Ceramics International, 29, 667 (2003).

[46] D. Bernache, chimie — physique du frittage, Editions. Hermes, Paris (1993).
[47] S. Benyato, Thése de Magister, Université¢ de M’sila (2003).

[48] D. Njoya, A. Elimbi, D. Fouejio, M. Hajjaji, Effects of two mixtures of kaolin-talc

bauxite and firing temperatures on the characteristics of cordierite- based ceramics, J. Build.
Eng. 8, 99-106(2016).

[49] Y. Dong, X. Feng, D. Dong, S. Wang, J. Yang, J. Gao, X. Liu, G. Meng, Elaboration and
chemical corrosion resistance of tubular macro-porous cordierite ceramic membrane supports,
J. Membr. Sci. 304, 65-75(2007).

[50] G. Aliprandi, Matériaux Réfractaires Et Céramiques Techniques, Ed. Septima, Paris
(1979).

[51] L. Ecraivain, Technique De L’Ingénieur, A 7290 (1956).

[52] S. Reed, Introduction to the Principles of Ceramic Processing, Wiley Editions (1995).
[53] P. Pascal, Nouveau Traité¢ de Chimie Minérale, Masson Editions (1964).

[54] J. Haines, J. N. Léger, X-ray diffraction study of TiO, up to 49 GPa, Physica B (1993).

[55] D. T. Cromer, K. Herrington, The structures of anatase and rutile, Journal American
Ceramic Society, 55, 4708-4709 (1955)

[56] J. F. Suyver, Synthesis, Spectroscopy and Simulation of doped Nanocrystals (2003).
[57] D. K. Smith, H. W. Newiurk, Acta Cryst., 18, 983-991(1965).

[58] K. H. Schiiller, Reaction between mullite and glassy phase in porcelains, Joint Meet.
With Soc. of Glass Technol., Cambridge (1963).

[59] K. C. Liu, G. Thomas, A. Caballero, Acta Metall. Mater., 42, 489-495 (1994).

53



(uaaldl
CapaysSl 2l g Ayshall el e o snliall aws) dilaal il Al Sl a3
2esh e a5 Jaons Culielt dilaie o (¥ Apihall YIS e i (o DY) yuiaadl)
Ll (gl Jalaill o gias¥) 2kl die a5 Al g Lo don (e 3B 5 cagradid
¢y Lilexind 281 5 1400°C dayall tia Adal) Bylya Aayy e LUl Gaalisall e Janid
5 olslaYl agaat 8 Jexind Al da SNzl JAslall s atl) Al 8 Adlise pd s
sliall 5 dpeaal) AN G0 JS Gl Ciae bl 5y mnall Gaalasall 4y glal) gl
2eS) 585 AN (o M) JSEall Cupgy Sl o gl i) 28l L anlill 5))a Ao AN Ajeaall
3 hlsl 5 S e IS zalad Jleaiul Bhall Aoy josd A8k gl o8 Caliadll o sulagll

)

Abstract:

In this study, we investigate the effect of TiO, additions on phases formation
and densification behavior of cordierite ceramics prepared by two types of raw kaolin
from east Algeria, the first kaolin is Tamazarte kaolin (TK) rich in SiO,. The second
is Debagh District kaolin (DD1) rich in Al,O; with synthetic magnesia MgO.
Cordierite is one of the most popular advanced ceramic compounds have great
industry importance. Differential thermal analysis (DTA) were carried out on sample
starting from room temperature to 1400 °C, different heating rates were used to
analyze Phases transformation behavior, X-ray diffraction (XRD) was used in order to
determining the phases and their transformations, The results were supplemented by
measured the densification and hardness with sintering temperatures. The activation
energies of p-cordierite and a-cordierite formation with different weight Titanium
oxide additives from 00 to 08 Wt. % calculated from non-isothermal DTA were

determined by Kissinger, Boswell, and Ozawa methods.
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