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Abstract

The effect of crystallization produced by addition of TiO , ZrO  and P O

oxides to glass-ceramic of the system CaO-MgO-SiO  was studied using

structural and thermal techniques. The devitrification process was

independent of thermal treatment. X-ray  diffraction studies performed on the

glass-ceramic system indicated that diopside crystalline phase was more

thermodynamically  favourable than other phases. The effect of the nucleating

agent depends on its nature: TiO  decreased the activation energy while P O

and ZrO  did not. SEM analysis of the doped glass-ceramics showed randomly

distributed crystals with significant dimensional variations from those of the

undoped system. All these formulations, showing a high crystallization rate,

and a fast heating rate, can be used as tile glazes and/or tile-glaze

components.

Keywords

2 2 2 5

2

2 2 5

2

https://link.springer.com/
https://link.springer.com/journal/10853
https://link.springer.com/journal/10853/30/12/page/1
https://citations.springer.com/item?doi=10.1007/BF01209246


27/2/2018 Effects of nucleating agents on diopside crystallization in new glass-ceramics for tile-glaze application |  SpringerLink

https://link.springer.com/article/10.1007/BF01209246 2/5

1 .

2 .

3 .

4 .

5 .

TiO2 Crystallization P2O5 Diopside Crystallization Rate 

This is a preview of subscription content, log in to check access

Preview

Unable to display  preview. Download preview PDF.

References

S. R. Levitt,J. Mater. Sci. 8 (197 3) 7 93.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=S.%20R..%20Levitt&journal=J.%20Mater.%20Sci.&volume=

8&pages=7 93&publication_year=197 3)

R. H. Doremus, “Glass science” (Wiley, New Y ork, 197 3) p. 7 5.

Google Scholar  (http://scholar.google.com/scholar_lookup?

title=Glass%20science&author=R.%20H..%20Doremus&publication_y

ear=197 3)

G. H. Beall andD. A. Duke, in “Glass-ceramic technology-glass science

and technology”, Vol 1, edited by D. R. Uhlmann and N. J. Kreidl

(Academic Press, New Y ork, 1983) pp. 403–45.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=G.%20H..%20Beall&author=D.%20A..%20Duke&pages=403-

45&publication_year=1983)

J. J. Brennan andK. M. Prewo,J. Mater. Sci. 17  (1982) 237 1.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=J.%20J..%20Brennan&author=K.%20M..%20Prewo&journal

=J.%20Mater.%20Sci.&volume=17 &pages=237 1&publication_year=1

982)

C. Leonelli, T. Manfredini, M. Paganelli, G. C. Pellacani, J. L. Amoros

Albaro, J. E. E. Navarro, M. J. Orts, S. Bruni andF. Cariati,J. Am.

Ceram. Soc. 74 (1991) 983.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20P

aganelli&author=G.%20C..%20Pellacani&author=J.%20L..%20Amoros

%20Albaro&author=J.%20E.%20E..%20Navarro&author=M.%20J..%2

0Orts&author=S..%20Bruni&author=F..%20Cariati&journal=J.%20Am

.%20Ceram.%20Soc.&volume=7 4&pages=983&publication_year=199

1)

https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF01209246
https://page-one.live.cf.public.springer.com/pdf/preview/10.1007/BF01209246
http://scholar.google.com/scholar_lookup?&author=S.%20R..%20Levitt&journal=J.%20Mater.%20Sci.&volume=8&pages=793&publication_year=1973
http://scholar.google.com/scholar_lookup?title=Glass%20science&author=R.%20H..%20Doremus&publication_year=1973
http://scholar.google.com/scholar_lookup?&author=G.%20H..%20Beall&author=D.%20A..%20Duke&pages=403-45&publication_year=1983
http://scholar.google.com/scholar_lookup?&author=J.%20J..%20Brennan&author=K.%20M..%20Prewo&journal=J.%20Mater.%20Sci.&volume=17&pages=2371&publication_year=1982
http://scholar.google.com/scholar_lookup?&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20Paganelli&author=G.%20C..%20Pellacani&author=J.%20L..%20Amoros%20Albaro&author=J.%20E.%20E..%20Navarro&author=M.%20J..%20Orts&author=S..%20Bruni&author=F..%20Cariati&journal=J.%20Am.%20Ceram.%20Soc.&volume=74&pages=983&publication_year=1991


27/2/2018 Effects of nucleating agents on diopside crystallization in new glass-ceramics for tile-glaze application |  SpringerLink

https://link.springer.com/article/10.1007/BF01209246 3/5

6.

7 .

8.

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

C. Leonelli, T. Manfredini, M. Paganelli, G. C. Pellacani, J. L. Amoros

Albaro, J. E. E. Navarro, M. J. Orts, andL. Pennisi,Ind. Ceram. 11 (1991)

7 .

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20P

aganelli&author=G.%20C..%20Pellacani&author=J.%20L..%20Amoros

%20Albaro&author=J.%20E.%20E..%20Navarro&author=M.%20J..%2

0Orts&author=L..%20Pennisi&journal=Ind.%20Ceram.&volume=11&p

ages=7 &publication_year=1991)

E. F. Osborne,Am. J. Sci. 240 (1942) 7 51.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=E.%20F..%20Osborne&journal=Am.%20J.%20Sci.&volume=

240&pages=7 51&publication_year=1942)

M. Sopicka-Lizer andS. Pawlowski,Ceram. Acta 3 (1991) 39.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=M..%20Sopicka-

Lizer&author=S..%20Pawlowski&journal=Ceram.%20Acta&volume=3

&pages=39&publication_year=1991)

P. S. Rogers, J. Williamson andP. E. Johnson, (SILCERAM) Uk Pat. 1462

035 (197 4) and US Pat. 3901 7 16 (197 5).

Google Scholar  (https://scholar.google.com/scholar?

q=%0AP.%20S.%20Rogers%2C%20J.%20Williamson%20andP.%20E.%

20Johnson%2C%20%28SILCERAM%29%20Uk%20Pat.%201462%200

35%20%28197 4%29%20and%20US%20Pat.%203901%207 16%20%28

197 5%29.)

D. N. Coon andR. M. Neilson Jr,J. Mater. Sci. Lett. 7  (1988) 33.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=D.%20N..%20Coon&author=R.%20M..%20Neilson&journal=

J.%20Mater.%20Sci.%20Lett.&volume=7 &pages=33&publication_yea

r=1988)

H. E. Kissinger,J. Nat. Bur. Stand. (US)57  (1956) 217 .

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=H.%20E..%20Kissinger&journal=J.%20Nat.%20Bur.%20Stan

d.%20%28US%29&volume=57 &pages=217 &publication_year=1956)

Idem, Anal. Chem. 29 (1957 ) 17 02.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=H.%20E..%20Kissinger&journal=Anal.%20Chem.&volume=2

9&pages=17 02&publication_year=1957 )

T. Ozawa,Polymer 12 (197 1) 150.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=T..%20Ozawa&journal=Polymer&volume=12&pages=150&p

ublication_year=197 1)

J. Sestak,Phys. Chem. Glasses 6 (197 4) 137 .

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=J..%20Sestak&journal=Phys.%20Chem.%20Glasses&volume

=6&pages=137 &publication_year=197 4)

A. Marotta, S. Saiello, F. Branda andA. Buri,J. Mater. Sci. 17  (1982)

http://scholar.google.com/scholar_lookup?&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20Paganelli&author=G.%20C..%20Pellacani&author=J.%20L..%20Amoros%20Albaro&author=J.%20E.%20E..%20Navarro&author=M.%20J..%20Orts&author=L..%20Pennisi&journal=Ind.%20Ceram.&volume=11&pages=7&publication_year=1991
http://scholar.google.com/scholar_lookup?&author=E.%20F..%20Osborne&journal=Am.%20J.%20Sci.&volume=240&pages=751&publication_year=1942
http://scholar.google.com/scholar_lookup?&author=M..%20Sopicka-Lizer&author=S..%20Pawlowski&journal=Ceram.%20Acta&volume=3&pages=39&publication_year=1991
https://scholar.google.com/scholar?q=%0AP.%20S.%20Rogers%2C%20J.%20Williamson%20andP.%20E.%20Johnson%2C%20%28SILCERAM%29%20Uk%20Pat.%201462%20035%20%281974%29%20and%20US%20Pat.%203901%20716%20%281975%29.
http://scholar.google.com/scholar_lookup?&author=D.%20N..%20Coon&author=R.%20M..%20Neilson&journal=J.%20Mater.%20Sci.%20Lett.&volume=7&pages=33&publication_year=1988
http://scholar.google.com/scholar_lookup?&author=H.%20E..%20Kissinger&journal=J.%20Nat.%20Bur.%20Stand.%20%28US%29&volume=57&pages=217&publication_year=1956
http://scholar.google.com/scholar_lookup?&author=H.%20E..%20Kissinger&journal=Anal.%20Chem.&volume=29&pages=1702&publication_year=1957
http://scholar.google.com/scholar_lookup?&author=T..%20Ozawa&journal=Polymer&volume=12&pages=150&publication_year=1971
http://scholar.google.com/scholar_lookup?&author=J..%20Sestak&journal=Phys.%20Chem.%20Glasses&volume=6&pages=137&publication_year=1974


27/2/2018 Effects of nucleating agents on diopside crystallization in new glass-ceramics for tile-glaze application |  SpringerLink

https://link.springer.com/article/10.1007/BF01209246 4/5

1 6.

1 7 .

1 8.

1 9 .

2 0 .

105.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=A..%20Marotta&author=S..%20Saiello&author=F..%20Brand

a&author=A..%20Buri&journal=J.%20Mater.%20Sci.&volume=17 &pa

ges=105&publication_year=1982)

L. Barbieri, C. Leonelli, T. Manfredini, M. Romagnoli, G. C. Pellacani

andC. Siligardi,Thermochim. Acta, in press.

Google Scholar  (https://scholar.google.com/scholar?

q=%0AL.%20Barbieri%2C%20C.%20Leonelli%2C%20T.%20Manfredini

%2C%20M.%20Romagnoli%2C%20G.%20C.%20Pellacani%20andC.%2

0Siligardi%2CThermochim.%20Acta%2C%20in%20press.)

C. Leonelli, T. Manfredini, M. Paganelli, P. Pozzi andG. C. Pellacani,J.

Mater. Sci. 26 (1991) 5041, and references quoted therein.

Google Scholar  (http://scholar.google.com/scholar_lookup?

&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20P

aganelli&author=P..%20Pozzi&author=G.%20C..%20Pellacani&journal

=J.%20Mater.%20Sci.&volume=26&pages=5041&publication_year=1

991)

M. B. Volf, “Chemical approach to glass” (Elsevier, New Y ork, 1984) pp.

306–14.

Google Scholar  (http://scholar.google.com/scholar_lookup?

title=Chemical%20approach%20to%20glass&author=M.%20B..%20Vo

lf&publication_year=1984)

Powder Diffraction File, Card no. 11-654a. Joint Committee on Powder

Diffraction Standards, Swarthmore, PA, USA.

Google Scholar  (https://scholar.google.com/scholar?

q=Powder%20Diffraction%20File%2C%20Card%20no.%2011-

654a.%20Joint%20Committee%20on%20Powder%20Diffraction%20St

andards%2C%20Swarthmore%2C%20PA%2C%20USA.)

Powder Diffraction File, Card no. 19-249. Joint Committee on Powder

Diffraction Standards, Swarthmore, PA, USA.

Google Scholar  (https://scholar.google.com/scholar?

q=Powder%20Diffraction%20File%2C%20Card%20no.%2019-

249.%20Joint%20Committee%20on%20Powder%20Diffraction%20Sta

ndards%2C%20Swarthmore%2C%20PA%2C%20USA.)

Copyright information

© Chapman & Hall 1995

About this article

Cite this article as:

Baldi, G., Generali, E., Leonelli, C. et al. J Mater Sci (1995) 30: 3251.

https://doi.org/10.1007 /BF01209246

http://scholar.google.com/scholar_lookup?&author=A..%20Marotta&author=S..%20Saiello&author=F..%20Branda&author=A..%20Buri&journal=J.%20Mater.%20Sci.&volume=17&pages=105&publication_year=1982
https://scholar.google.com/scholar?q=%0AL.%20Barbieri%2C%20C.%20Leonelli%2C%20T.%20Manfredini%2C%20M.%20Romagnoli%2C%20G.%20C.%20Pellacani%20andC.%20Siligardi%2CThermochim.%20Acta%2C%20in%20press.
http://scholar.google.com/scholar_lookup?&author=C..%20Leonelli&author=T..%20Manfredini&author=M..%20Paganelli&author=P..%20Pozzi&author=G.%20C..%20Pellacani&journal=J.%20Mater.%20Sci.&volume=26&pages=5041&publication_year=1991
http://scholar.google.com/scholar_lookup?title=Chemical%20approach%20to%20glass&author=M.%20B..%20Volf&publication_year=1984
https://scholar.google.com/scholar?q=Powder%20Diffraction%20File%2C%20Card%20no.%2011-654a.%20Joint%20Committee%20on%20Powder%20Diffraction%20Standards%2C%20Swarthmore%2C%20PA%2C%20USA.
https://scholar.google.com/scholar?q=Powder%20Diffraction%20File%2C%20Card%20no.%2019-249.%20Joint%20Committee%20on%20Powder%20Diffraction%20Standards%2C%20Swarthmore%2C%20PA%2C%20USA.


27/2/2018 Effects of nucleating agents on diopside crystallization in new glass-ceramics for tile-glaze application |  SpringerLink

https://link.springer.com/article/10.1007/BF01209246 5/5

© 2017  Springer International Publishing AG. Part of Springer Nature.

Not logged in University  of Modena and Reggio Emilia (300014497 4) - CARE 2009 & 2010

(3000180852) 155.185.51.103

DOI (Digital Object Identifier) https://doi.org/10.1007 /BF01209246

Publisher Name Kluwer Academic Publishers

Print ISSN 0022-2461

Online ISSN 157 3-4803

About this journal

Reprints and Permissions

Personalised recommendations

Powered by:Want recommendations via email? Sign up now

1. Performance of geopolymer concrete composed of fly ash after exposure to

elevated temperatures

Valencia Saavedra, William Gustavo… Mejía de Gutiérrez, Ruby

Construction and Building Materials (2017)

2. Development of Geopolymer-Based Materials from Coal Bottom Ash and

Rice Husk Ash with Sodium Silicate Solutions

Nguyen, Hoc Thang… Promentilla, Michael A. B.

Lecture Notes in Civil Engineering (2017)

3. Preparation of mesoporous geopolymer using metakaolin and rice husk ash

as synthesis precursors and its use as potential adsorbent to remove

Ramos Barbosa, Tuany… Luiz Jahn, Sérgio

Ceramics International (2017)

https://www.springernature.com/
https://www.springernature.com/
https://www.springer.com/journal/10853/about
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&author=G.+Baldi%2C+E.+Generali%2C+C.+Leonelli+et+al&issueNum=12&contentID=10.1007%2FBF01209246&openAccess=false&endPage=3255&publicationDate=1995&startPage=3251&volumeNum=30&title=Effects+of+nucleating+agents+on+diopside+crystallization+in+new+glass-ceramics+for+tile-glaze+application&imprint=Chapman+%26+Hall&publication=0022-2461
http://recommended.springernature.com/recommended/
https://recommendations.springernature.com/recommended/#email-signup
https://recommended.springernature.com/v2182/redirect/6xsF7lPJqGaJu9qKR2LZ1MWS9_MPm6lonaxTYZ9WyLh0YpT7yIXUmdbIjJmKNuYqlle2PwjTTvdOtTaa8OX1EMbTrMHxoq015op73n3No5v1hxclcuuL7oGJUeT305TT05x_fY97MJovdbE8hTs_Pl1IRM-jCQjy3bq6iS9rsqy8cDWerJIBpS7-GpHrMmd_JDVZYkfxBtSUvhNx-W3BoD6pL8gD8PyyK7AJPCapqh-C-nXKGbMqZDgNuQj2UDlsD6du3s__4yP9TGsW5OUKSgjSSmejl9Z9eg_AwpNHRysvKw5cB9O-K96asMrQ96VlEitYdHxQVZbXsL_edWRKRhe184Sf6T9Ul9xOjYE7XtU-gGOdJg9D_zrQbjcbdDhEXcYS0sSY-JUSN_zu7k-Je7X6upSCgVjOE3Vyyp253LoCUBkWWnoQvWi5SUMUA5EIBk0qeAn0LYHH-iIsnOkNc3WpHuqwAD-HTzvZ1PxUUG74B2IfZA88BrSszasbF3VkrV60F-EOsip62B2EYqWYS2kZNsuwMuM257ujrXYWEW4hfIVqi1xWaS74KWr2s1g23anTt8I0rQR0UpD4Y-8avPQxCir2k2XyT8JK_V_BGhn43PDnuBxGmEaj1HdZ2z_fZy1Ytu9pdoZESxf0hF1zi_l2v6GstHA1ltkhnJcSjLbwDjAksIsYCo5Fw28dTbpiAeTkt1O27VTpo0Eds9APvPNW7nsKAA7j_1u1AzAUomTwTIE9A03WexCgbzWwgvgrjjL6iZS4sp0CfzpGWpLdGM9q-nx3D0aHibUFdXIHQvm70B5n3F2h20QLkm4qyWoglPnc3mXDLj9OEZ8RPiGArEMDeNzZciNgdkG9bhq-8fm-p9O8-RFOVN4v3EY4M-EYf-bqpT4ZUuTc8_O5r_vODssZDTSk1DmswH_o5_1JAxc6lp86asX_U7ZQvnJxb2ihW8hNmWZpXUF5haiP3-jsxBfWQvxrwo7YTAKYlS3Ls951s3IsdkqcI_mPhwEsOmIkKVE8xxIsTITXI1P2YeSM-YhIifgffvltJaJU-_4I7OYD07uDvrWTuGhdJbl4rh6D51gamF9BWE07SrDjfMA0zAQsQhKfSosq2gdF1JHDcgc%3D
https://recommended.springernature.com/v2182/redirect/6xsF7lPJqGaJu9qKR2LZ1P8e7vZY_1-eME4JgNjdABRcUOQ1MoW68VuSSJKI0XFHq4HOPsZyTf8YYa6YYeUrO7uur729F5OTYEVXYg6ZYGVeHici4oqAxxm2J_hojKAixk42m1KEh-vditF5-gLgzxhmmnIkYOUv2zH6zdWaeRyRsIprxJWlfnNAmACVICv4EVA6bxPYBmGThs8QmzAbcAF27QHv8UpRrlq936PdHDWpp5hLoB7mXt70HEIY-bt2vdgajL6iB-4BRsR3qSMKyYoMW205vWMcYgIwUcbPJv5egvOuGAlUJsuYhXm1ILFU_TYUhn6zd4a1u-44i3G6IohrL61uvTGToXNEVeuFFq8TIGetWEhYMw8dP0-m-lEW2W4o0MeQtcwOqqX-By042nOkejjuVwvnl4oeqRuKy6cYY1FoWPPwzQlXsx4lB_6pSLEkwIfeLpZ90yHdgHASzvICusbw6ZjYHBWtk9XrOy6sP2gaiMqtMYUjnKzUG6Qhc1B_U348cIo6I9bH5-XG_q63P--qMa4AHZUEuC6-eifGID0BMPz6lLtBAzF_x82RKzHsCMbdfOi9Y7Iz-XlVSA8YgQzB3rMafscH_EKBBNXgL7rUi7gbTf_Nc9b-CX8q7vavx7KOMkDO0xOYIMLzhqElqRBk4HDjOKihvGv8OoTsq3W26tJO3zkKY9UooS5R2Lofgs_30AmFdsdqQDwy0Ur5q1unzWt_w3Qt2KaifMTfGLRUGyGX6MN5UBJiP5Hkc30g4-hoXBFIxenKAaFgcl4XThWtK0Mdw41GHSJeDVsAKXyIH4fM7w4HxZSfEFQR7sn6DBqKWN7KHWx3lc0a_q865DU1XQTBeotaUDriU0aDQyotJh9-reXFYqosrz2hNAeGv8evJr6Tap7B6uX3cxJb2Mt2WVlF0MT9PNCFFAojOLVYIz6cnGyykX2PaV-8u82-OumTe2IXiwXFvZpZ59c8LKkNOXg3d88yZDhGWXXzqx-3sUpLHqUKHV8xwxlRv2Vgo4-dEAGsZI6Q74V8-cY4BFURRV72j6mXTcJbgWwBsaym2fzz0YDnbVNIKMQQB3UZfGG8-3xqhOObHsCYK4yxJqWpXDp3n0zKiXDRwvY%3D
https://recommended.springernature.com/v2182/redirect/6xsF7lPJqGaJu9qKR2LZ1JJDIhkP0mXFF5TDGp7W-gqO1Bj4q-OiSHlpUi4Mi0Ws1AUhM1HDaGkMEPaBHJ-fM-BBkJGQrirLEi6-6TBWNtVe5uF3O61bI7NeBLtQf4Y3oTz3QHLHQrtEur1taCV7NoZvdRmFMC3rXPoeKFoxU851TW6Z4nZvBmw7UZAn8sI2iOWkftzYvVjpHyNMIfJE17ddaYenLFFfhr-wiBdYxdtV11FDj3Mamw7g57nLYBLG6t4mYdhzfH3Lk3RM_SDwgmA-OHXtDQmgx3V193Jjy9MpVT5tQwDyLnWMozUCzcHpcZaN86eAomgth-5HLmL9mGW3jQK2iFx0l9gxL_AAtKuXpNJEKC_mQyoI-XxwqDmPUaNYUbcw7r1pDxxlLP0yEKhtu4t0IG6T3_WKvuJuj5XLFU7_n0tX8pxWsfkvLa7yoZxKjTM-UpBDiPO5dbD88Gw8dVQtrZlRvELsz1FtOEhD3f-Hf-ZT2bOC9_rOElJC6G1m7SEoYcLHxcam1Vy65SSoLCBkRR06sNnJFfCTtFPE6d7S02M8k30o-PPXQkjzjG2vWBBuXwq-d3HC01KvULsodIICea_4Q-bVtxM9QqV96xKVWWHJrAxEl7_O3AvN1x3087kr2-dXF1jRfBpi6F8widZNQsddDuoVfy_At_TTbaLwzwlFNQX0nGXzX1KOr6rb8tzXAiBp2KrOl5LyMhUZBISuCJb0PnLmgbkiXCWdzZxRxhM9lvD-deZP9xqXqDVA-MurBFi-ApEVWFyeBGjIvVP61F_qWma-3HYe-uuaUZQ50Bzg2Fe6I4d440CBVA6B8KfsdovEXm0QeQLq5KL-7wJSeoij30BXAvoYkNSQSUOnSNnLDMxwtBGbVObbS4CqIPOeB-FnLXm264VhelQDc3d857D4O0oSZyWl4BeuW8v7cC_vOkySE3CqK6mCKUEzTuSC48pnujwyRoNn1DfTg86ZDFtJ6rmwHnwLfGyK2ZGOS0IPwY4PmW7NaLNq7w3i7ixlF-ucxZakKX76vY-hG3qi18pE3e8vJB0K8Mo6Qacy4TnGhiENipPeW-bIaUR5NQMIuzKDeKn_mJeveqAuk2NXYoytQfTrJNfSCNk%3D

