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Abstract 

The results of sodium borate melts containing 8.7 mass % Na2O and 1 % mass Me2O3 oxides (Me = Er, 
Tm, Yb, Lu) surface tension measuring are presented. To obtain homogeneous samples composition and 
structure, the rare earth elements oxides were previously subjected to mechanical activation by mechanical 
dispersion in a planetary activator mill. The experiments were carried out by the sessile drop method in high-
purity helium atmosphere at the 800-1200 °C temperature range. The surface tension temperature 
dependencies are obtained and its temperature coefficients are calculated. Surface tension of the investigated 
B2O3-Na2O-Me2O3 (Me = Er, Tm, Yb, Lu) melts increases linearly at temperature increasing. Its dependence 
on the lanthanide atomic number is non monotonic and follows to the intra-nuclear periodic dependence that 
is proper to the lanthanide elements series. 

 
References  
[1] L.N. Dmitruk, O.B. Petrova, A.V. Popov, V.E. Shukshin and investigation of transparent glass-ceramics 

based on borates of rare-earth elements. Proceedings of the Prokhorov General Physics Institute. 2008. 
Vol.64. P.49-65. (russian) 

[2] H. Lin, E.Y.B. Pun, X. Wang, X. Liu. Intense visible fluorescence and energy transfer in Dy3+, Tb3+, Sm3+ 
and Eu3+ doped rare-earth borate glasses. Journal of Alloys and Compounds. 2005. Vol.390. No.1-2. 
P.197-201. 

[3] S. Nakayama, T. Watanabe,  T. Asahi,  H. Kiyono, Y.L. Aung,  M. Sakamoto. Influence of rare earth 
additives and boron component on electrical conductivity of sodium rare earth borate glasses. Ceramics 
International. 2010. Vol.36. No.8. P.2323-2327. 

[4] T.N. Svetlyakova, N.G. Kononova, A.E. Kokh, K.A. Kokh, N.A. Pal'Chik. Phase formation in the 
BaB2O4-NaBO 2-MBO3 (M = Sc, La, Y) system and new orthoborate ScBaNa(BO3)2. Russian Journal of 
Inorganic Chemistry. 2011. Vol.56. No.1. P.113-117. 

[5] N. Ye, Y. Zhang, W. Сhen et al. Growth of nonlinear optical crystal Y0.57La0.72Sc2.71(BO3)4. J. Cryst. 
Growth. 2006. Vol.292. No.2. P.464-467. 

[6] W. Li, L. Huang, G. Zhang, N. Ye. Growth and characterization of nonlinear optical crystal 
Lu0.66La0.95Sc2.39(BO3)4. J. Cryst. Growth. 2007. Vol.307. No.2. P.405-409. 

[7] M.V. Fedorova, N.G. Kononova, A.E. Kokh, V.S. Shevchenko. Growth of MBO3 (M = La, Y, Sc) and 
LaSc3(BO3)4 crystals from LiBO2-LiF fluxes. Inorganic Materials. 2013. Vol.49. No.5. P.482-486. 

[8] R.I. Gulyaeva, L.Y. Udoeva, V.M. Chumarev, S.A. Petrova. Thermal study of Mo-15.3Si-REM (Sc, Y, 
Nd) in situ composites obtained under nonequilibrium crystallization conditions. Butlerov 
Communications. 2017. Vol.52. No.11. P.89-95. DOI: 10.37952/ROI-jbc-01/17-52-11-89 

[9] M.G. Milvidsky. Semiconductor materials in modern electronics. Moscow: Nauka Publ. 1986. 144p. 
(russian) 

[10] V.M. Denisov, E.A. Pastukhov, V.P. Chentsov, G.S. Dubovikov. Melts of metallurgy of 
semiconductors: structure and physico-chemical properties. Moscow: Nauka Publ. 1991. 320p. (russian) 

[11] V.V. Rudenko. Growing crystals MBO3 (M – In, Lu, Sc) from solution-melt system B2O3–PbO–PbF2. 
Inorganic Materials. 1998. Vol.34. No.12. P.1483-1485. (russian) 



SODIUM OXIDE EFFECT ON B2O3–Me2O3 (Me = Er, Tm, Yb, Lu) MELTS SURFACE TENSION ____________ 76-81 

©Бутлеровские сообщения. 2018. Т.55. №9. _____________ E-mail:  journal.bc@gmail.com ________________ 77  

[12] A.V. Fetisov, G.A. Kozhina, A.N. Еrmakov, V.B. Fetisov, K.Yu. Shunyaev, A.B. Shubin, S.A. Petrova, 
R.G. Zakharov. Effect of mechanical activation on the electrochemical characteristics of manganese 
oxides MnmOm+1 (m = 1, 2, 3). Butlerov Communications. 2012. Vol.32. No.13. P.43-54. (russian) 

[13] V.V. Zyryanov. Mechanochemical synthesis of complex oxides. Russian Chemical Reviews. 2008. 
Vol.77. No.2. P.105-135. 

[14] S.A. Istomin, A.A. Khokhryakov, A.V. Ivanov, V.P. Chentsov, V.V. Ryabov. Effect of lanthanide group 
REM oxides activated mechanically on the surface tension of borate melts. Russian metallurgy 
(Metally). 2015. Vol.2015. No.2. P.85-90. 

[15] S.A. Istomin, A.A. Khokhryakov, V.V. Ryabov, A.V. Ivanov, A.S. Paivin. Effect of lanthanide group 
REM oxides activated mechanically on the viscosity of borate melts. Russian metallurgy (Metally). 
2015. Vol.2015. No.2. P.128-134. 

[16] S.A. Istomin, V.V. Ryabov, A.A. Khokhryakov, A.V. Ivanov, N.V. Korchemkina. Viscosity of 
sodiumborate melts containing mechanically activated additions of heavy lanthanides oxides. Melts 
(Rasplavy). 2016. No.6. P.476-482. (russian) 

[17] Physico-chemical properties of oxides. Ed. G.V. Samsonov. Moscow: Metallurgy. 1978. 472p. (russian). 
[18] S.I. Filippov, P.P. Arsentyev, V.V. Yakovlev, M.G. Krasheninnikov. Physicochemical methods of 

investigation of metallurgical processes. Moscow: Metallurgy. 1968. 551p. (russian) 
[19] V.P. Chentsov, V.G. Shevchenko, A.G. Mozgovoi, M.A. Pokrasin. Density and surface tension of heavy 

liquid-metal coolant. Indium and gallium. Inorganic Materials: Applied Research. 2011. No.3. P.46-52. 
(russian) 

[20] L. Shartsis, W. Capps. Surface tension of molten alkali borates. J. American Ceramic Society. 1952. 
Vol.35. No.7. P.169-172. 

[21] E.E. Shpilrain, K.A. Yakovich, A.F. Tsitsarkin. Surface tension of liquid boron oxide at temperatures up 
to 2100 °C. High Temperature. 1974. Vol.12. No.1. P.77-82. (russian) 

[22] P.G. Pittoni, P.Y.-Y. Chang, S.-Y. Lin. Interpretation of the peculiar temperature dependence of surface 
tension for boron trioxide. J. Taiwan Institute of Chemical Engineers. 2012. Vol.43. No6. P.852-859. 

[23] A.V. Ivanov, S.A. Istomin, A.A. Khokhryakov, V.P. Chentsov, V.V. Ryabov. Effect of the mechanical 
activation of Ln2O3 oxides (with Ln = Gd, Dy, Ho, and Lu) on the surface tension and density of borate 
melts. Russian metallurgy (Metally). 2012. Vol.2012. No.8. P.730-735. 

[24] V.M. Denisov, N.V. Belousova, S.A. Istomin. The structure and properties of molten oxides. 
Ekaterinburg: UD RAS. 1999. 498p. (russian) 

[25] A.A. Khokhryakov, A.O. Vershinin, A.S. Payvin, S.A. Istomin. Electronic spectra and structure of 
molten xNa2O-(100-x)B2O3 и xNa2O-Ce2O3-(100-x)B2O3. Butlerov Communications. 2016. Vol.45. 
No.2. P.82-89. DOI: 10.37952/ROI-jbc-01/16-45-2-82 

[26] H. Jain, H.L. Downing, N.L. Peterson. The mixed alkali effect in lithium–sodium borate glasses. J. Non-
Crystal. Solids. 1984. Vol.64. No.3. P.335-349.  

[27] V.P. Chentsov, V.V. Ryabov, A.A. Khokhryakov, N.V. Korchemkina, A.V. Ivanov. Density of 
sodiumborate melts containing mechanically activated oxides Ln2O3 (Ln = Er, Tm, Yb, Lu). Melts 
(Rasplavy). 2017. No.5. P.423-426. (russian) 

[28] R.V. Ionova, V.G. Vokhmin, V.I. Spitsyn. Patterns of changes in the properties of lanthanides and 
actinides. Moscow: Nauka Publ. 1990. 239p. (russian) 

[29] S.A. Istomin, A.V. Ivanov, V.V. Ryabov, A.A. Khokhryakov. Influence of the mechanical activation of 
REE oxides on the electrical conductivity of borate melts. Russian Journal of Non-Ferrous Metals. 
2013. Vol.54. No.6. P.453-461. 
 

 


