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Abstract 

Structure, electrical resistivity, hardness, elastic modulus and roughness of Sn-10%Sb-2%Cu-
x%Zn [x = 0.5, 1.0, 1.5, 2.0, 2.5 wt.%] rapidly solidified alloys have been investigated. 
Investigations have been made by using X-ray diffraction, scanning electron microscope (SEM), 
double bridge, Vickers hardness tester, the dynamic resonance technique and surface roughness 
tester. X-ray diffraction showed that, adding different amounts of zinc to the Sn-10%Sb-2%Cu 
changed its structural properties which affect all measured physical properties. Elastic modulus, 
hardness and electrical resistivity are increased by increasing the zinc content. Internal friction 
and roughness are varied. According to our results, the Sn-10%Sb-2%Cu-2.5%Zn alloy has good 
properties for bearing applications. Published by Elsevier Ltd.   
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Abstract 

Five alloys Bi-1at.%Ag, Bi-1at.%Zn, Bi-1at.%Al, Bi-1at.%Sn and Bi-1at.%Sb are produced by 
rapid solidification using the melt-spinning technique. From x-ray diffraction analysis it was 
found that these alloys are single phase at room temperature. It is also found that all alloys 
containing odd valency dopants such as Ag (+1), Al (+3) and Sb (+5) have semiconducting 
behavior and by contrast all alloys containing even valency dopants such as Zn (+2) and Sn (+4) 
have metallic behavior. The produced semiconductors are narrow band semiconductors. The 
band gap is decreased by increasing valency from 225.1 meV for Bi-Ag system to 12.7 meV for 
Bi-Sb system.   
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Abstract 

The thermomechanical analysis (TMA) of Cu0.5Tl0.5Ba2Ca2-xRxCu3O10-delta, where R=Pr 
and La, with 0.0 <= x <= 0.15, was carried out in temperature range from 450 to 1145 K. The 
samples were prepared by singlestep solid state reaction technique. The prepared samples were 
characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The 
superconductivity of the prepared samples was investigated by electrical resistivity 
measurement. The results showed that low substitution content enhanced the (Cu0.5Tl0.5)-1223 
phase formation, while the higher substitution content degraded this phase. The higher 
superconducting transition temperatures T-c were found to be 114 K and 109 K at x= 0.025 for 
Pr- and La-substitutions, respectively. The average linear thermal expansion coefficient 
increased as x increased, while the shrinkage temperature decreased as x increased. Those results 
were emphasized by porosity and Vickers microhardness calculations. Debye temperature 
theta(D) was calculated from the linear thermal expansion coefficient data and correlated to T-c 
to estimate the electron-phonon coupling lambda(ep).   

Accession Number: WOS:000301629500011   

Document Type: Article   

Language: English   

Author Keywords: (Cu0.5Tl0.5)-1223; Thermomechanical analysis; Thermal expansion 
coefficient; Debye temperature   

KeyWords Plus: THERMAL-EXPANSION MEASUREMENTS; HIGH-TC 
SUPERCONDUCTORS; THIN-FILMS; (CU,TL)BA2CA3CU4OX COMPOSITIONS; 
COEFFICIENT; TEMPERATURE; COMPOSITES; HEAT   

Reprint Address: Awad, R (reprint author)  

Univ Alexandria, Dept Phys, Fac Sci, Alexandria, Egypt. 

Publisher: JOURNAL MATER SCI TECHNOL, 72 WENHUA RD, SHENYANG 110015, 
PEOPLES R CHINA   



Web of Science Categories: Materials Science, Multidisciplinary; Metallurgy & Metallurgical 
Engineering   

Research Areas: Materials Science; Metallurgy & Metallurgical Engineering   

IDS Number: 910ID   

ISSN: 1005-0302   

References: 

1. Title:  Excess Conductivity Analysis of (Cu0.5Tl0.5)-1223 Substituted by Pr and La  
Author(s): Abou-Aly, A. I.; Awad, R.; Kamal, M.; et al. 
Source:  JOURNAL OF LOW TEMPERATURE PHYSICS  Volume: 163   Issue: 3-4   Pages: 
184-202   DOI: 10.1007/s10909-010-0339-4   Published: MAY 2011   

2. Title:  HALL-EFFECT IN THE 2-DIMENSIONAL LUTTINGER LIQUID   
Author(s): ANDERSON, PW 
Source:  PHYSICAL REVIEW LETTERS  Volume: 67   Issue: 15   Pages: 2092-2094   DOI: 
10.1103/PhysRevLett.67.2092   Abstract Number: A1992-01-7220M-005   Published: OCT 7 
1991   

3. Title:  Mechanical Properties of (Cu0.5Tl0.5)-1223 Substituted by Pr   
Author(s): Awad, R.; Abou Aly, A. I.; Kamal, M.; et al. 
Source:  JOURNAL OF SUPERCONDUCTIVITY AND NOVEL MAGNETISM  Volume: 24   
Issue: 6   Pages: 1947-1956   DOI: 10.1007/s10948-011-1150-4   Published: AUG 2011   

4. Title:  Investigation of specific heat and thermopower properties of TI-1223 substituted by 
sodium   
Author(s): Awad, R.; Abou-Aly, A. I.; Isber, S.; et al. 
Source:  SOLID STATE COMMUNICATIONS  Volume: 145   Issue: 4   Pages: 201-206   DOI: 
10.1016/j.ssc.2007.10.033   Published: JAN 2008   

5.Title:  Thermal expansion measurements using X-ray powder diffraction of Tl-1223 substituted 
by molybdenum   
Author(s): Awad, R.; Abou-Aly, A. I.; Mahmoud, S. A.; et al. 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 20   Issue: 4   Pages: 
401-405   DOI: 10.1088/0953-2048/20/4/017   Published: APR 2007   

6.Title:  Synthesis and electrical resistivity studies of Tl1-xPrxBa2Ca2Cu3O9-delta 
superconductors   
Author(s): Awad, R; Mohammed, NH 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 17   Issue: 1   Pages: 
35-41   Article Number: PII S0953-2048(04)66754-6   DOI: 10.1088/0953-2048/17/1/006   
Abstract Number: A2004-06-7430F-004   Published: JAN 2004   

7. Title:  Superconducting properties of Tl1-xYbxBa2Ca2Cu3O9-delta   
Author(s): Awad, R 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 15   Issue: 6   Pages: 



933-937   Article Number: PII S0953-2048(02)32056-6   DOI: 10.1088/0953-2048/15/6/317   
Abstract Number: A2002-19-7460M-008   Published: JUN 2002   

8.Title:  (Cu,Tl)Ba2Ca3Cu4Ox compositions: I. The influence of synthesis time and temperature 
on the phase formation and evaporation-condensation mechanism   
Author(s): Badica, P; Iyo, A; Crisan, A; et al. 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 15   Issue: 6   Pages: 
964-974   Article Number: PII S0953-2048(02)30539-6   DOI: 10.1088/0953-2048/15/6/323   
Abstract Number: A2002-19-7460M-010   Published: JUN 2002   

9.Title:  (Cu,Tl)Ba2Ca3Cu4Ox compositions: II. Heating rate applied to synthesis of 
superconducting ceramics   
Author(s): Badica, P; Iyo, A; Crisan, A; et al. 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 15   Issue: 6   Pages: 
975-982   Article Number: PII S0953-2048(02)30541-4   DOI: 10.1088/0953-2048/15/6/324   
Abstract Number: A2002-19-8120L-012; B2002-09-3220H-025   Published: JUN 2002   

10.Title:  PHASE-TRANSITIONS IN OXIDES STUDIED BY THERMAL-EXPANSION 
MEASUREMENTS   
Author(s): BRABERS, VAM 
Source:  BULLETIN DES SOCIETES CHIMIQUES BELGES  Volume: 101   Issue: 3   Pages: 
193-199   Published: MAR 1992   

11. Title:  THERMAL-PROPERTIES OF THE HIGH-TC SUPERCONDUCTORS 
LA1.85SR0.15CUO4 AND YBA2CU3O7   
Author(s): COLLOCOTT, SJ; WHITE, GK; DOU, SX; et al. 
Source:  PHYSICAL REVIEW B  Volume: 36   Issue: 10   Pages: 5684-5685   DOI: 
10.1103/PhysRevB.36.5684   Published: OCT 1 1987   

12. Title:  Thermal expansion measurements of (Cu0.25Tl0.75)-1234 added by MgO-nano 
particles   
Author(s): Elsharkawy, S. G.; Awad, R. 
Source:  JOURNAL OF ALLOYS AND COMPOUNDS  Volume: 478   Issue: 1-2   Pages: 642-
647   DOI: 10.1016/j.jallcom.2008.11.120   Published: JUN 10 2009   

13. Title:  The experimental study of dynamic thermal expansion of Bi-based high T-c 
superconductors   
Author(s): Guo, JD; Zhao, WL; Qin, RS; et al. 
Conference:  International Conference on Materials and Mechanisms of Superconductivity - 
High Temperature Superconductors V  Location: BEIJING, PEOPLES R CHINA Date: FEB 28-
MAR 04, 1997  
Sponsor(s): IChemE  
Source:  PHYSICA C  Volume: 282   Pages: 1449-1450   DOI: 10.1016/S0921-4534(97)00829-0   
Part: 3   Abstract Number: A1998-04-7430E-016   Published: AUG 1997   

14.Title: [not available] 
Author(s): Hermans, J.; Morelli, D. T.; Smith, G. W.; et al. 
Source:  Phys. Rev. B  Volume: 37   Pages: 1604   Published: 1988   



15. Title:  THERMODYNAMICS OF THE VOLATILIZATION OF TL2O FROM TL2O, 
TL4O3, AND TL2O3   
Author(s): HOLSTEIN, WL 
Source:  JOURNAL OF PHYSICAL CHEMISTRY  Volume: 97   Issue: 16   Pages: 4224-4230   
DOI: 10.1021/j100118a046   Published: APR 22 1993   

16. Title:  Analysis of instantaneous thermal expansion coefficient curve during thermal cycling 
in short fiber reinforced AlSi12CuMgNi composites   
Author(s): Huang, YD; Hort, N; Dieringa, H; et al. 
Source:  COMPOSITES SCIENCE AND TECHNOLOGY  Volume: 65   Issue: 1   Pages: 137-
147   DOI: 10.1016/j.compscitech.2004.07.002   Abstract Number: A2005-18-6570-007   
Published: JAN 2005   

17.Title: [not available] 
Author(s): Ihara, H. 
Editor(s): Yamafuji, K.; Morishita, T. 
Source:  Advances in Superconductivity VII  Pages: 225   Published: 1995   
Publisher: Springer, Tokyo 

18. Title:  Superconducting properties of Cu1-xTlx-1223[Cu1-xTlx(Ba,Sr)(2)Ca2Cu3O10-y] 
thin films   
Author(s): Ihara, H; Sekita, Y; Tateai, H; et al. 
Conference:  1998 Applied Superconductivity Conference  Location: PALM DESERT, 
CALIFORNIA Date: SEP 13-18, 1998  
Source:  IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY  Volume: 9   Issue: 
2   Pages: 1551-1554   DOI: 10.1109/77.784690   Part: 2   Abstract Number: A1999-20-7475-
037; B1999-10-3220H-041   Published: JUN 1999   

19. Title:  Effect of Yb substitution on microstructure, physical and mechanical properties of 
negative thermal expansion Zr1-xYbxWMoO8-x/2 (x=0-0.05) ceramic   
Author(s): Zhao, Ruiqi; Wang, Xishu; Tao, Juzhou; et al. 
Source:  JOURNAL OF ALLOYS AND COMPOUNDS  Volume: 470   Issue: 1-2   Pages: 379-
382   DOI: 10.1016/j.jallcom.2008.02.076   Published: FEB 20 2009   

20. Title:  SPRAY DEPOSITED TL-BA-CA-CU-O FILMS AND BULKS SUBJECTED TO A 
COMMON ANNEAL   
Author(s): JERGEL, M; HANIC, F; PLESCH, G; et al. 
Source:  SUPERCONDUCTOR SCIENCE & TECHNOLOGY  Volume: 7   Issue: 12   Pages: 
931-939   DOI: 10.1088/0953-2048/7/12/009   Abstract Number: A1995-02-7475-023   
Published: DEC 1994   

21. Title:  Relationship between thermal expansion coefficient and glass transition temperature in 
metallic glasses   
Author(s): Kato, H.; Chen, H. -S.; Inoue, A. 
Source:  SCRIPTA MATERIALIA  Volume: 58   Issue: 12   Pages: 1106-1109   DOI: 
10.1016/j.scriptamat.2008.02.006   Published: JUN 2008   



22. Title:  Effects of post-annealing on the infrared active phonon modes of low anisotropy 
(gamma=5-11) Cu1-xTlxBa2Ca2Cu3O10-delta superconductor thin films   
Author(s): Khan, NA; Khurram, AA; Mazhar, M 
Source:  PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS  Volume: 407   
Issue: 1-2   Pages: 23-30   DOI: 10.1016/j.physc.2004.04.029   Abstract Number: A2004-23-
7430-003   Published: AUG 1 2004   

23. Title:  Preparation of biaxially oriented TlCu-1234 thin films   
Author(s): Khan, NA; Sekita, Y; Tateai, F; et al. 
Source:  PHYSICA C  Volume: 320   Issue: 1-2   Pages: 39-44   DOI: 10.1016/S0921-
4534(99)00294-4   Abstract Number: A1999-20-8115N-002   Published: JUL 1 1999   

24. Title:  NORMAL-STATE TRANSPORT-PROPERTIES OF BI2+XSR2-YCUO6+/-DELTA 
CRYSTALS   
Author(s): MARTIN, S; FIORY, AT; FLEMING, RM; et al. 
Source:  PHYSICAL REVIEW B  Volume: 41   Issue: 1   Pages: 846-849   DOI: 
10.1103/PhysRevB.41.846   Published: JAN 1 1990   

25. Title:  Tl valence change and T-c enhancement (> 130 K) in (Cu,Tl)Ba2Ca2Cu3Oy due to 
nitrogen annealing   
Author(s): Tanaka, K; Iyo, A; Terada, N; et al. 
Source:  PHYSICAL REVIEW B  Volume: 63   Issue: 6     Article Number: 064508   DOI: 
10.1103/PhysRevB.63.064508   Abstract Number: A2001-08-7410-001   Published: FEB 1 2001   

26. Title:  Mechanical and thermal expansion behavior of hipped aluminum-TiB2 composites   
Author(s): Tjong, SC; Tam, KF 
Source:  MATERIALS CHEMISTRY AND PHYSICS  Volume: 97   Issue: 1   Pages: 91-97   
DOI: 10.1016/j.matchemphys.2005.07.075   Published: MAY 10 2006   

27. Title:  Specific heat in the superconducting and normal state (2-300 K, 0-16 T), and magnetic 
susceptibility of the 38 K superconductor MgB2: evidence for a multicomponent gap   
Author(s): Wang, YX; Plackowski, T; Junod, A 
Source:  PHYSICA C  Volume: 355   Issue: 3-4   Pages: 179-193   DOI: 10.1016/S0921-
4534(01)00617-7   Published: JUN 15 2001   

28. Title:  THERMAL-EXPANSION OF HIGH-TC SUPERCONDUCTORS   
Author(s): WHITE, GK; DRIVER, R; ROBERTS, RB 
Conference:  10TH INTERNATIONAL SYMP ON THERMAL EXPANSION  Location: 
BOULDER, CO Date: JUN 06-07, 1989  
Sponsor(s): NIST  
Source:  INTERNATIONAL JOURNAL OF THERMOPHYSICS  Volume: 12   Issue: 4   
Pages: 687-695   DOI: 10.1007/BF00534224   Abstract Number: A1991-117195   Published: 
JUL 1991   

29. Title:  Thermal expansion and Vickers hardness measurements on Bi1.6Pb0.4Sr2Ca2-
xSmxCu3Oy superconductors   
Author(s): Yilmazlar, M.; Cetinkara, H. A.; Nursoy, M.; et al. 



Source:  PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS  Volume: 442   
Issue: 2   Pages: 101-107   DOI: 10.1016/j.physc.2006.04.093   Published: AUG 15 2006   

30. Title:  NORMAL AND SUPERCONDUCTING STATE MAGNETIC-PROPERTIES OF 
RBA2CU3O7-DELTA COMPOUNDS   
Author(s): ZHOU, H; SEAMAN, CL; DALICHAOUCH, Y; et al. 
Source:  PHYSICA C  Volume: 152   Issue: 4   Pages: 321-328   DOI: 10.1016/0921-
4534(88)90090-1   Abstract Number: A1988-093603   Published: JUN 1 1988   

 

 

  



Copper effects in mechanical properties of rapidly solidified Sn-Pb-Sb Babbitt bearing 
alloys 

Author(s): Kamal, M   (Kamal, Mustafa)[ 1 ] ; El-Bediwi, A  (El-Bediwi, A.)[ 1 ] ; Lashin, AR  
(Lashin, A. R.)[ 1 ] ; El-Zarka, AH  (El-Zarka, A. H.)[ 1 ] 

Addresses: 

[ 1 ] Mansoura Univ, Fac Sci, Met Phys Lab, Dept Phys, Mansoura 35516, Egypt 

E-mail Addresses: kamal422002@yahoo.com ; baker_elbediwi@yahoo.com ; 
lashingi@yahoo.com ; eabdulhameed55@gmail.com  

    

Source:  MATERIALS SCIENCE AND ENGINEERING A-STRUCTURAL MATERIALS 
PROPERTIES MICROSTRUCTURE AND PROCESSING  Volume: 530   Pages: 327-332   
DOI: 10.1016/j.msea.2011.09.092   Published: DEC 15 2011   

Abstract 

The mechanical behavior of Sn-Pb-Sb Babbitt bearing alloys has been modified with 5 wt% 
copper and processed by melt spinning technique. Results on the rapid solidification structure 
and the ribbon indentation creep tests are discussed. The stress exponent values in the range 
2.11-2.75 indicate that grain boundary sliding is the possible mechanism during room-
temperature creep deformation of melt-spun bearing alloys. (C) 2011 Elsevier B.V. All rights 
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Abstract 

Cu0.5Tl0.5Ba2Ca2-x Pr (x) Cu3O10-delta superconducting samples, with 0a parts per thousand 
currency signxa parts per thousand currency sign0.15, were prepared by a single-step solid state 
reaction on a form of rectangular bar. The prepared samples were characterized using X-ray 
powder diffraction (XRD) and scanning electron microscope (SEM). The room temperature 
Vickers microhardness was measured at different loads (0.25-3 N). The experimental results 
were analyzed using Meyer's law, Hays-Kendall approach, elastic/plastic deformation model, 
proportional specimen resistance model, and the indentation-induced cracking (IIC) model. 
Surprising results were obtained and showed that all samples in the form of rectangular bars 
exhibited reverse indentation size effect in contrary with those in the form of discs. Vickers 
microhardness values were decreased as Pr-content increased that consisting with the porosity 
results. Furthermore, the Young's modulus was determined using the dynamic resonance 
technique. A relation between Young's modulus (E) and Vickers microhardness (H (V)) was 
obtained.   
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Abstract 

A group of binary Sn-xZn alloys (x = 6, 7, 8, 9, 10 and 11wt.%) have been produced by a single 
copper roller melt-spinning technique. In this study the Hume-Rothery condition of phase 
stability has been verified. It is found that by increasing valence electron concentration VEC the 
diameter of Fermi sphere 2k(F) increases which leads to the increase in the diameter of Brillouin 
zone. Also it has been confirmed that the correlation between Young's modulus and the axial 
ratio c/a of beta-Sn unit cell, however there is a critical value of c/a about 0.54562 beyond which 
E decreases. It is found also that the volume and shape of the unit cell affect both electrical and 
mechanical properties.   
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