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Egyptian Atomic Energy Authority: Pioneering 
National Vision for Peaceful Nuclear Research
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Polymers/Irradiation effects



Thermoelectric materials 
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❑ Synchrotron Selectivity: 

SESAME is  the Beacon for Science in the Middle East  





❑ Synchrotron Selectivity: 
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Synchrotron Radiation 
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Superconductivity: is the phenomenon where certain materials, when cooled below a critical 

temperature, conduct electricity with zero resistance and expel magnetic fields (the Meissner effect).
 

“Superconductivity is perhaps the most remarkable 
property in the universe” David Pines







BSCCO = Bi-Sr-Ca-Cu-O

Bi-2201 Bi-2212 Bi-2223



The B      S    C      C      OEnigma:Unlockingthe Full Potential of a Promising High-TemperatureSuperconductor
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The Performance Bottleneck

• Bi-Sr-Ca-Cu-0 (BSCCO) is a leading
candidate for HTSC applications, with a
high critical temperature (Tc) of llOK for
its Bi-2223 phase.

• However, its real-world performance is
severely limited by strong variations in
critical temperature (Tc) and critical
current density Jc).

• A complex, one- dimensional
incommensurate lattice modulation
(ILM) that makes its properties highly
unpredictable and difficult to optimize.

My Research 
Proposal to LAAAMP



❑ The Twin Challenges: Phase Purity and Current Density
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The Phase Purity Problem

Target: High-
Performance Bi-
2223 (Tc=110K)

,

Contaminant: 
Low-Performance 
Bi-2212 (Tc=85K)

The Current Density (Jc) Problem

Achieving enhanced superconductingperformance requires solving twofundamental problems:

1.Maximizing the Bi-2223Phase:Synthesizing the pure high-Tc phase is notoriously difficult due to the incommensuratestructure.

2. ImprovingCriticalCurrent (Jc):This requires decreasing impurity phases that block current and improvingcrystal orientation uniformity.





❑ To understand the effect of dopants, we need a technique that is element-specific and sensitive to
the local atomic and electronic structure. Synchrotron-based XAFS is the ideal tool. It provides two
critical pieces of information:

❖ XANES (X-ray Absorption Near Edge Structure): Reveals the oxidation state (e.g., Cu2+/Cu3+ ratio) and
electronic configuration. 

❖ EXAFS (Extended X-ray Absorption Fine Structure): Quantifies local structural parameters: bond distances,
coordination numbers, and atomic disorder (Debye-Waller factors).



❑ Quantifying the Key Drivers of Superconductivity with XAFS

❑ Cu K-edge XANES directly
quantifies the Cu2+/Cu3+

ratio, which determines
the hole carrier
concentration-the
primary governor of Tc and
Jc.

❑ EXAFS measures dopant-
induced changes to bond 
lengths and the Mean-Square 
Relative Displacement 
(MSRD), revealing how 
structural strain impacts the 
Cu02 planes.

❑ Bi L3-edge XANES can

investigate the oxidation

states of Bi (Bi3+/Bi5+), 

providing crucial information

on oxygen content, which

directly controls hole doping.



❑ The Unique Capabilities of the SESAME (BM08) Beamline are Essential for This Work

The combination of highresolution, flux, andelemental specificity at the B M 0 8beamline makes 

SESAME uniquely suited toachieve the scientific objectives of this study.



❑Experimental Protocol and Measurement Strategy



❑ Our Preliminary XAFS Data from the SESAME BM08 Beamline

Figure (3):  a) Normalized Cu K- edge XANES spectra, b) Cu K- edge 

XANES spectra in comparison with CuO and Cu2O



Critical current density (𝐽𝐶) as a function of applied magnetic field (H) and M-T measurements for (BiPb-

2223)1-x(HgO)x, where x=0.0, 0.01 and 0.02 nanocomposites at 10, 30, and 50 K.
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