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Abstract:

Fluorapatite glass-ceramics are osteoconductive. and glass-ceramics containing fluorapatite
crystals in a bioactive silicate glass matrix can combine the benefits of fluorapatite with the
bone-regenerative properties of bioactive glasses. High phosphate content (around 6 mol%
P205) bioactive glasses (Si02-P205-Ca0-Na20-CaF2) were prepared by a melt-quench route.
Structural investigation using density measurements and calculations confirmed the presence of
phosphorus as orthophosphate. Upon heat treatment, the glasses crystallised to mixed sodium
calcium fluoride orthophosphates (sodium-containing compositions) and fluorapatite (sodium-
free composition). Fluoride suppressed spontaneous crystallisation, allowing formation of glass-
ceramics by controlled crystallisation. A notable feature is that silicate network polymerisation
and network connectivity did not change during crystallisation, resulting in orthophosphate and
fluorapatite crystals embedded within a bioactive glass matrix. By keeping the phosphate content
high and the sodium content low, fluorapatite glass-ceramics can be obtained, while not affecting
the structure of the bioactive silicate glass phase. (C) 2012 Elsevier B.V. All rights reserved.
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Abstract:

FTIR spectroscopy has been employed to investigate the structure of CaF2-B203 glasses. It is
proposed that CaF2 partially modifies the borate network forming Ca-1/2(2+)[BO3/2F](-) units.
The rest of CaF2 is assumed to build an amorphous network formed of CaF4 tetrahedra. Analysis
of density and molar volume revealed that the volume of CaF4 tetrahedron in the studied glasses
is slightly greater than that in the crystalline form. Data of density, molar volume, and electric
conductivity have been correlated with the glass structure. As far as the authors know, CaF2-
B203 glasses are investigated for the first time.
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Fluoride-containing bioactive glasses are of interest for dental and orthopaedic applications. On the basis
of MAS NMR results, a model has been developed for the density and molar volume of SiO(2)-P(2)O(5)-
Ca0O-Na(2)O-CaF(2) bioactive glasses. The model correlates the density with the concentration and
volume of the structural units forming the glass. CaF(2) is assumed to be present in glass in the form of
CaF(4) units; the volume of CaF(4) in the studied glasses is about 1.02% greater than in the CaF(2)
crystal. Calculated density and molar volume are consistent with the experimental data and the good
agreement between calculated and measured density provides validation of the presence of F-Ca(n) units
from (19)F MAS NMR studies. Because of constant network connectivity of the silicate network, the
increase in both the density and molar volume is related only to the increase in the concentration of
CaF(4) units. (C) 2011 Elsevier B.V. All rights reserved.
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Accession Number: WOS:000296633500002
Document Type: Article
Language: English

KeyWords Plus: BISMUTH-GERMANATE GLASSES; LITHIUM BORATE GLASSES;
VIBRATIONAL SPECTROSCOPY; PHYSICAL-PROPERTIES; PHOSPHATE-GLASSES; IR
SPECTROSCOPY; RANGE ORDER; X-RAY; SYSTEM; RAMAN

Reprint Address: Mansour, E (reprint author), Beni Suef Univ, Dept Essential Sci, Ind Educ Coll, Bani
Suwayf, Egypt.

Addresses:
[ 1] Beni Suef Univ, Dept Essential Sci, Ind Educ Coll, Bani Suwayf, Egypt
[ 2 ] Mansoura Univ, Fac Sci, Glass Res Grp, Dept Phys, Mansoura 35516, Egypt

E-mail Address: emansour68@gmail.com

Publisher: SPRINGER, 233 SPRING ST, NEW YORK, NY 10013 USA
Web of Science Categories: Physics, Condensed Matter

Research Areas: Physics

IDS Number: 842WW

ISSN: 1434-6028

26



References:

1.Title: [not available]

Author(s): Anderson, O L; Stuart, D A.

Source: <IT>J. Am. Ceram. Soc</IT> Volume: 37 Pages: 573 DOI: 10.1111/}.1151-
2916.1954.tb13991.x Published: 1954

2. Title: ESR, IR and optical absorption studies of Cu2+ spin probe in xNa(2)O-(50-x)ZnO-
50B(2)O(3) ternary glasses

Author(s): Babu, JC; Suresh, S; Mouli, VCSource: INDIAN JOURNAL OF PURE & APPLIED
PHYSICS Volume: 43 Issue: 11 Pages: 833-837 Published: NOV 2005

3. Title: Structure and properties of silver phosphate glasses-infrared and visible spectra
Author(s): Bartholomew, R.F.

Source: Journal of Non-Crystalline Solids Volume: 7 Issue: 3 Pages: 221-35 DOI:
10.1016/0022-3093(72)90024-5 Abstract Number: A1972-040655 Published: April 1972

4. Title: Nuclear magnetic resonance investigations of the structure of lead borate glasses
Author(s): Bray, P.J.; Leventhal, M.; Hooper, H.O.Source: Physics and Chemistry of Glasses
Volume: 4 Issue: 2 Pages: 47-66 Abstract Number: A1963-18148 Published: 04 1963

5. Title: CHARACTERIZATION OF VARIOUS GLASSES IN THE BINARY PBO-GEO2
AND BI203-GEO2 SYSTEMS

Author(s): CANALE, JE; CONDRATE, RA; NASSAU, K; et al.

Source: JOURNAL OF THE CANADIAN CERAMIC SOCIETY Volume: 55 Pages: 50-56
Published: 1986

6.Title: [not available]
Author(s): Chang-Yin, Cheny.
Source: Chem. Abstract Volume: 93 Pages: 52428 Published: 1980

7. Title: A RAMAN INVESTIGATION OF CADMIUM BORATE AND
BOROGERMANATE GLASSES

Author(s): CHRYSSIKOS, GD; KAMITSOS, EI; RISEN, WM

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 93 Issue: 1 Pages: 155-168
DOI: 10.1016/S0022-3093(87)80035-2 Abstract Number: A1987-138447 Published: AUG
1987

8.Title: [not available]
Author(s): Culea, E.; Pop, L.; Bosca, M.; et al.
Source: J. Phys. Conf. Ser Volume: 182  Article Number: 012061 Published: 2009

9. Title: [not available]

Author(s): Di Martino, D.; Almeida, R.; Santos, L.; et al.
Source: ISIS 2003 Published: 2003

Publisher: Science Highlights, CCLRC

27



10. Title: Density-structure correlations in silicate glasses

Author(s): Doweidar, H

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 249 Issue: 2-3 Pages: 194-
200 DOI: 10.1016/S0022-3093(99)00310-5 Abstract Number: A1999-20-6140D-011
Published: JUL 1999

11. Title: Density and molar volume of Li20-Si02 glasses in relation to their microstructure
Author(s): Doweidar, H

Source: PHYSICS AND CHEMISTRY OF GLASSES Volume: 39 Issue: 5 Pages: 286-289
Abstract Number: A1998-22-6140D-073 Published: OCT 1998

12. Title: STRUCTURE TRANSPORT RELATIONSHIPS IN LEAD BORATE GLASSES
CONTAINING V205

Author(s): DOWEIDAR, H; GOHAR, IA; MEGAHED, AA; et al.

Source: SOLID STATE IONICS Volume: 46 Issue: 3-4 Pages: 275-281 DOI:
10.1016/0167-2738(91)90226-2 Abstract Number: A1991-122311 Published: JUL 1991

13. Title: EFFECT OF GAMMA-RADIATION AND THERMAL-TREATMENT ON SOME
PHYSICAL-PROPERTIES OF ZNO-PBO-B203 GLASSES

Author(s): DOWEIDAR, H; ZEID, MAA; ELDAMRAWY, GM

Source: JOURNAL OF PHYSICS D-APPLIED PHYSICS Volume: 24 Issue: 12 Pages:
2222-2228 DOI: 10.1088/0022-3727/24/12/015 Abstract Number: A1992-07-6180E-001
Published: DEC 14 1991

14. Title: Electrical properties of lead borosilicate glasses

Author(s): El-Damrawi, G; Mansour, E

Source: PHYSICA B-CONDENSED MATTER Volume: 364 Issue: 1-4 Pages: 190-198
DOI: 10.1016/j.physb.2005.04.012 Published: JUL 15 2005

15. Title: Germanium coordination and the germanate anomaly

Author(s): Henderson, GS; Wang, HM

Source: EUROPEAN JOURNAL OF MINERALOGY Volume: 14 Issue: 4 Pages: 733-744
DOI: 10.1127/0935-1221/2002/0014-0733 Published: JUL-AUG 2002

16. Title: THE STRUCTURE OF GLASSES ALONG THE NA20O-GEO2 JOIN

Author(s): HENDERSON, GS; FLEET, ME

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 134 Issue: 3 Pages: 259-
269 DOI: 10.1016/0022-3093(91)90384-1 Abstract Number: A1992-01-6140D-002
Published: OCT 1991

17. Title: Structure of potassium germanophosphate glasses by X-ray and neutron diffraction.
Part 1: Short-range order

Author(s): Hoppe, U.; Brow, R. K.; Wyckoff, N. P.; et al.

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 354 Issue: 30 Pages: 3572-
3579 DOI: 10.1016/j.jnoncrysol.2008.03.012 Published: JUL 15 2008

18. Title: STRUCTURAL STUDY OF RB AND (RB, AG) GERMANATE GLASSES BY
EXAFS AND XPS
Author(s): HUANG, WC; JAIN, H; MARCUS, MA

28



Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 180 Issue: 1 Pages: 40-50
DOI: 10.1016/0022-3093(94)90395-6  Abstract Number: A1995-04-6140D-017 Published:
DEC 1994

19. Title: STRUCTURE OF SIMPLE GERMANATE GLASS

Author(s): IVANOV, AO; EVSTROPEV, KS

Source: DOKLADY AKADEMII NAUK SSSR Volume: 145 Issue: 4 Pages: 797-&
Published: 1962

20. Title: Structure-property correlation in glasses by infrared reflectance spectroscopy
Author(s): Kamitsos, EI; Yiannopoulos, YD; Varsamis, CP; et al.

Conference: 14th University Conference on Glass Science Location: LEHIGH UNIV,
BETHLEHEM, PENNSYLVANIA Date: JUN 17-20, 1997

Sponsor(s): Corning Inc; Amer Ceram Soc, Lehigh Valley Chapter; Lehigh Univ, Dept Mat Sci
& Engn; Lehigh Univ, Mat Res Ctr; Natl Sci Fdn; Amer Ceram Soc

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 222 Pages: 59-68 DOI:
10.1016/S0022-3093(97)90097-1 Abstract Number: A1998-06-6140D-007 Published: DEC
1997

21. Title: INFRARED REFLECTANCE SPECTRA OF LITHIUM BORATE GLASSES
Author(s): KAMITSOS, EI; PATSIS, AP; KARAKASSIDES, MA; et al.

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 126 Issue: 1-2 Pages: 52-
67 DOI: 10.1016/0022-3093(90)91023-K  Abstract Number: A1991-030079 Published: DEC
1990

22. Title: VIBRATIONAL-SPECTRA OF MAGNESIUM-SODIUM-BORATE GLASSES .2.
RAMAN AND MIDINFRARED INVESTIGATION OF THE NETWORK STRUCTURE
Author(s): KAMITSOS, EI; KARAKASSIDES, MA; CHRYSSIKOS, GD

Source: JOURNAL OF PHYSICAL CHEMISTRY Volume: 91 Issue: 5 Pages: 1073-1079
DOI: 10.1021/5100289a014 Abstract Number: A1987-077540 Published: FEB 26 1987

23. Title: A VIBRATIONAL STUDY OF LITHIUM BORATE GLASSES WITH HIGH LI20
CONTENT

Author(s): KAMITSOS, EI; KARAKASSIDES, MA; CHRYSSIKOS, GD

Source: PHYSICS AND CHEMISTRY OF GLASSES Volume: 28 Issue: 5 Pages: 203-209
Abstract Number: A1988-044826 Published: OCT 1987

24. Title: STRUCTURE-ANALYSIS OF NA20.4GEO2 GLASS BASED ON X-RAY-
DIFFRACTION

Author(s): KAMIYA, K; YOKO, T; MIKI, Y; et al.

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 91 Issue: 2 Pages: 279-292
DOI: 10.1016/S0022-3093(87)80312-5 Abstract Number: A1987-097956 Published: MAY
1987

25. Title: Fabrication and characterization of Er3+-doped GeO2-PbO and GeO2-PbO-Bi203
glass fibers

Author(s): Kassab, L. R. P.; Hora, W. G.; Martinelli, J. R.; et al.

Conference: 7th Brazilian Symposium on Glasses and Related Materials/3rd International

29



Symposium on Non-Crystalline Solids in Brazil Location: Maringa, BRAZIL Date: NOV 13-16,
2005

Sponsor(s): Natl Council Sci & Technol Dev; CNPq; Brazilian Innvovat Agcy; FINEP; CAPES
Fdn; Parana Fdn; Fund Araucar

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 352 Issue: 32-35 Pages:
3530-3534 DOI: 10.1016/j.jnoncrysol.2006.03.086 Published: SEP 15 2006

26. Title: Glass formation in and structural investigation of Li2S+GeS2+GeO2 composition
using Raman and IR spectroscopy

Author(s): Kim, Y; Saienga, J; Martin, SW

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 351 Issue: 49-51 Pages:
3716-3724 DOI: 10.1016/j.jnoncrysol.2005.09.028 Published: DEC 1 2005

27. Title: NUCLEAR MAGNETIC RESONANCE INVESTIGATIONS OF COMPOUNDS
AND GLASSES IN SYSTEMS PBO-B203 AND PBO-S102

Author(s): LEVENTHA.M; BRAY, PJ

Source: PHYSICS AND CHEMISTRY OF GLASSES Volume: 6 Issue: 4 Pages: 113-&
Abstract Number: A1965-30366 Published: 1965

28. Title: GeO2-PbO glassy system for infrared fibers for delivery of Er:YAG laser energy
Author(s): Lezal, D; Pedlikova, J; Horak, J

Conference: 8th International Conference on the Physics of Non-Crystalline Solids Location:
ABO AKAD UNIV, TURKU, FINLAND Date: JUN 28-JUL 01, 1995

Sponsor(s): Finnish Minist Educ; Acad Finland; Abo Akad Fdn

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 196 Pages: 178-182 DOI:
10.1016/0022-3093(95)00582-X Abstract Number: A1996-15-8120P-001; B1996-08-0570-001
Published: MAR 1996

29.Title: [not available]

Author(s): Lide, DR.

Source: HDB CHEM PHYS Published: 2003
Publisher: CRC Press, Boca Raton, FL, USA

30. Title: Electrical properties and FTIR spectra of ZnO-PbO-P205 glasses

Author(s): Mansour, E.; El-Damrawi, G.

Source: PHYSICA B-CONDENSED MATTER Volume: 405 Issue: 8 Pages: 2137-2143
DOI: 10.1016/j.physb.2010.01.121 Published: APR 15 2010

31. Title: [not available]

Author(s): Margaryan, A.; Piliavin, M. A.

Source: Germanate Glasses, Structure, Spectroscopy, and Properties Published: 1993
Publisher: Artech House, Boston

32. Title: Structure and dynamics of phosphate glasses

Author(s): Matic, A; Borjesson, L

Conference: 6th International Workshop on Disordered Systems Location: ANDALO, ITALY
Date: MAR 03-06, 1997

Sponsor(s): Univ Trento, Dipartiemento Fis; Grp Nazl Struttura Mat; Consiglio Nazl Ric; Cassa

30



Risparmio Trento & Rovereto

Source: PHILOSOPHICAL MAGAZINE B-PHYSICS OF CONDENSED MATTER
STATISTICAL MECHANICS ELECTRONIC OPTICAL AND MAGNETIC PROPERTIES
Volume: 77 Issue: 2 Pages: 357-362 DOI: 10.1080/13642819808204962 Abstract Number:
A1998-07-6140D-015 Published: FEB 1998

33. Title: Glass formation in the MoO3-CuO-PbO system

Author(s): Milanova, Margarita; lordanova, Reni; Kostov, Krassimir L.

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 355 Issue: 6 Pages: 379-
385 DOI: 10.1016/j.jnoncrysol.2008.12.004 Published: MAR 1 2009

34. Title: UTILIZATION OF INFRARED-SPECTROSCOPY TO DETERMINE THE
FRACTION OF THE 4 COORDINATED BORONS IN BORATE GLASSES

Author(s): MOUSTAFA, YM; DOWEIDAR, H; ELDAMRAWI, G

Source: PHYSICS AND CHEMISTRY OF GLASSES Volume: 35 Issue: 2 Pages: 104-106
Abstract Number: A1994-11-6140D-009 Published: APR 1994

35. Title: SOME PHYSICAL PROPERTIES OF ALKALI GERMANATE GLASSES
Author(s): MURTHY, MK; IP, J

Source: NATURE Volume: 201 Issue: 491 Pages: 285-& DOI: 10.1038/201285a0
Published: 1964

36. Title: VIBRATIONAL SPECTROSCOPY OF CATION-SITE INTERACTIONS IN
PHOSPHATE-GLASSES

Author(s): NELSON, BN; EXARHOS, GJ

Source: JOURNAL OF CHEMICAL PHYSICS Volume: 71 Issue: 7 Pages: 2739-2747
DOI: 10.1063/1.438679 Abstract Number: A1980-002744 Published: 1979

37. Title: Elastic flexibility, fast-ion conduction, boson and floppy modes in AgPO3-Agl glasses
Author(s): Novita, Deassy I.; Boolchand, P.; Malki, M.; et al.

Source: JOURNAL OF PHYSICS-CONDENSED MATTER Volume: 21 Issue: 20  Article
Number: 205106 DOI: 10.1088/0953-8984/21/20/205106 Published: MAY 20 2009

38. Title: FTIR spectroscopic study of some bismuth germanate glasses containing gadolinium
ions

Author(s): Pascuta, Petru; Culea, Eugen

Source: MATERIALS LETTERS Volume: 62 Issue: 25 Pages: 4127-4129 DOI:
10.1016/j.matlet.2008.06.015 Published: SEP 30 2008

39. Title: The local structure of bismuth germanate glasses and glass ceramics doped with
europium ions evidenced by FT-IR spectroscopy

Author(s): Pascuta, Petru; Pop, Lidia; Rada, Simona; et al.

Conference: 4rd International Conference on Advanced Vibrational Spectroscopy (ICAVS-4)
Location: Corfu, GREECE Date: JUN 10-15, 2007

Source: VIBRATIONAL SPECTROSCOPY Volume: 48 Issue: 2 Special Issue: SI Pages:
281-284 DOI: 10.1016/j.vibspec.2008.01.011 Published: NOV 20 2008

40. Title: Experimental and theoretical investigations of the copper-lead-germanate glasses
Author(s): Rada, S.; Chelcea, R.; Culea, M.; et al.

31



Source: JOURNAL OF MOLECULAR STRUCTURE Volume: 977 Issue: 1-3 Pages: 170-
174 DOI: 10.1016/j.molstruc.2010.05.028 Published: AUG 10 2010

41. Title: Towards understanding of the germanate anomaly in europium-lead-germanate
glasses

Author(s): Rada, S.; Culea, E.; Rada, M.

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 356 Issue: 25-27 Pages:
1277-1281 DOI: 10.1016/j.jnoncrysol.2010.04.020 Published: JUN 1 2010

42. Title: Spectroscopic and magnetic studies of manganese ions in ZnO-Sb203-B203 glass
system

Author(s): Reddy, MS; Krishna, GM; Veeraiah, N

Source: JOURNAL OF PHYSICS AND CHEMISTRY OF SOLIDS Volume: 67 Issue: 4
Pages: 789-795 DOI: 10.1016/].jpcs.2005.11.010 Published: APR 2006

43. Title: STRUCTURE OF MOLTEN OXIDES .1. VISCOSITY OF GEO2, AND BINARY
GERMANATES CONTAINING LI20, NA20, K20, AND RB20

Author(s): RIEBLING, EF

Source: JOURNAL OF CHEMICAL PHYSICS Volume: 39 Issue: 7 Pages: 1889-& DOI:
10.1063/1.1734549 Abstract Number: A1964-00162 Published: 1963

44. Title: Abrupt boundaries of intermediate phases and space filling in oxide glasses.
Author(s): Rompicharla, K; Novita, D I; Chen, P; et al.

Source: Journal of physics. Condensed matter : an Institute of Physics journal Volume: 20
Issue: 20 Pages: 202101 DOI: 10.1088/0953-8984/20/20/202101 Published: 2008-May-21
(Epub 2008 Apr 15)

45. Title: MIXED ALKALI GLASS SPECTRA AND STRUCTURE

Author(s): ROUSE, GB; MILLER, PJ; RISEN, WM

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 28 Issue: 2 Pages: 193-207
DOI: 10.1016/0022-3093(78)90006-6 Abstract Number: A1978-060435 Published: 1978

46. Title: Vibrational spectroscopy study of niobium germanosilicate glasses

Author(s): Santos, L. F.; Wondraczek, L.; Deubener, J.; et al.

Conference: 10th International Conference on the Structure of Non-Crystalline Materials (NCM
10) Location: Prague, CZECH REPUBLIC Date: SEP 18-22, 2006

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 353 Issue: 18-21 Pages:
1875-1881 DOI: 10.1016/j.jnoncrysol.2007.02.018 Published: JUN 15 2007

47. Title: PROPERTIES AND STRUCTURE OF B203-GEO2 GLASSES

Author(s): SHELBY, JE

Source: JOURNAL OF APPLIED PHYSICS Volume: 45 Issue: 12 Pages: 5272-5277 DOI:
10.1063/1.1663229 Abstract Number: A1975-025309 Published: 1974

48. Title: Dielectric dispersion and certain other physical properties of ZnO-Ga203-P205 glass
system

Author(s): Subbalakshmi, P.; Durga, D. K.; Kumari, B. Anila; et al.

Book Editor(s): Veeraiah, N; Kothiyal, GP; Kityk, IV; et al.

Conference: International Seminar on Science and Technology of Glass Materials (ISSTGM-

32



2009) Location: Acharya Nagarjuna Univ, Guntur, INDIA Date: MAR 16-19, 2009
Source: INTERNATIONAL SEMINAR ON SCIENCE AND TECHNOLOGY OF GLASS
MATERIALS (ISSTGM 2009) Book Series: IOP Conference Series-Materials Science and
Engineering  Article Number: 012023 DOI: 10.1088/1757-899X/2/1/012023 Published:
2009

49. Title: The structure and optical properties of GeO2-GeS2 glasses

Author(s): Terakado, Nobuaki; Tanaka, Keiji

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 354 Issue: 18 Pages: 1992-
1999 DOI: 10.1016/j.jnoncrysol.2007.11.003 Published: APR 15 2008

50. Title: VIBRATIONAL SPECTROSCOPY ON THE PBO-PBSO4 SYSTEM AND SOME
RELATED-COMPOUNDS .1. FUNDAMENTALS, INFRARED AND RAMAN-
SPECTROSCOPY

Author(s): TRETTENHAHN, GLJ; NAUER, GE; NECKEL, A

Conference: STH AUSTRIAN / HUNGARIAN INTERNATIONAL CONF ON
VIBRATIONAL SPECTROSCOPY Location: LINZ, AUSTRIA Date: JUL 06-08, 1992
Sponsor(s): AUSTRIAN ACAD SCI; HUNGARIAN ACAD SCI; AUSTRIAN SOC ANAL
CHEM

Source: VIBRATIONAL SPECTROSCOPY Volume: 5 Issue: 1 Pages: 85-100 DOI:
10.1016/0924-2031(93)87058-2 Published: APR 28 1993

51. Title: Pulsed laser deposited lead-germanate glass systems

Author(s): Tsigara, A; Velli, L; Giannoudakos, A; et al.

Source: APPLIED PHYSICS A-MATERIALS SCIENCE & PROCESSING Volume: 79

Issue: 4-6 Pages: 1319-1321 DOI: 10.1007/s00339-004-2762-3 Abstract Number: A2005-01-
7865M-001 Published: SEP 2004

52. Title: NEUTRON-SCATTERING FROM PBO-GEO2 GLASSES

Author(s): UMESAKI, N; BRUNIER, TM; WRIGHT, AC; et al.

Conference: Yamada Conference XXXXI/International Conference on Neutron Scattering
(ICNS 94) Location: SENDAI, JAPAN Date: OCT 11-14, 1994

Sponsor(s): Yamada Sci Fdn

Source: PHYSICA B Volume: 213 Pages: 490-492 DOI: 10.1016/0921-4526(95)00189-G
Abstract Number: A1995-22-6140D-011 Published: AUG 1995

53. Title: Mixed alkali effect on calcium aluminogermanate glasses

Author(s): Wang, JS; Hon, KM; Yang, KH; et al.

Source: CERAMICS INTERNATIONAL Volume: 23 Issue: 2 Pages: 153-157 DOI:
10.1016/S0272-8842(96)00015-6 Published: 1997

54. Title: Medium range order in glass and the 'germanate anomaly' effect

Author(s): Yiannopoulos, YD; Varsamis, CPE; Kamitsos, EI

Source: CHEMICAL PHYSICS LETTERS Volume: 359 Issue: 3-4 Pages: 246-252 Article
Number: PII S0009-2614(02)00668-1 DOI: 10.1016/S0009-2614(02)00668-1 Abstract
Number: A2002-19-6140D-001 Published: JUN 20 2002

33



55. Title: Density of alkali germanate glasses related to structure

Author(s): Yiannopoulos, YD; Varsamis, CPE; Kamitsos, EI

Conference: 8th International Conference on the Structure on Non-Crystalline Materials (NCM
8) Location: UNIV WALES, ABERYSTWYTH, WALES Date: AUG 06-11, 2000

Sponsor(s): Corning Glass; British Nucl Fuels plc; Pilkington plc; Soc Glass Technol

Source: JOURNAL OF NON-CRYSTALLINE SOLIDS Volume: 293 Pages: 244-249 DOI:
10.1016/S0022-3093(01)00677-9  Abstract Number: A2002-03-6140D-015 Published: NOV
2001

34



