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(A)(W)(S)AXS analysis of alloys
Common objective of our group and the beamline D2AM:
« Real » materials (industrial alloys) in operating conditions

=> go beyond simple model systems (isotropic, homogeneous, defect-free, 
binary alloys,…)

� Complex alloys (quasicrystals…)

� Defects analysis

� In situ experiments to follow kinetics
• Thermal treatments (furnace in situ)
• Mechanical treatments (strain-stress machine in situ)
• Thermomechanical treatments

� Advanced data interpretation

� 2D mapping of heterogeneous microstructures

Wide angles

Small angles
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i-Cd5.7Yb quasicrystal in WAXS

•D2AM data collection: 5000 independent reflections. 

• Weak reflections are measured:  Intensity on 7 orders of 
magnitude . Continuous scan with a point detector.

•Atomic structure modeled and compared to cubic approximant

•Very good agreement

1.57 nm
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Hierarchical packing of clusters (same cluster as 
approximant)

H. Takakura, C. Gomez, A. Yamamoto et al., Nature Materials, , 2007,6,58

i-Cd5.7Yb quasicrystal in WAXS
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• Absolute scale measurement of the diffuse scattering around Bragg peaks
• Quasicrystal ZnSc and approximant comparison

• Approximant crystal: only Thermal Diffuse Scattering
• Quasicrystal: supplementary Phason diffuse scattering characteristic of  QC

Diffuse scattering in quasicrystals
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In situ defects analysis in WAXS
Deformation mode of Fe-Mn-C TWIP steels
(dislocations, internal stress, twinning and stacking faults) 
Quantified by X-ray powder diffraction profiles
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In situ defects analysis in WAXS

Analysis in both reciprocal and direct space (by inverse Fourier transform)
Separation of the contribution of each deformation mode
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=> Dislocation pile upDistance 
between twin 
boundaries : 

150nm

� BS~ back stress

Dislocation 
density at
failure ~ 

5*1015m-2

m=Re��Dislocation density

Twinning density

In situ defects analysis in WAXS
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Fe-Cu, ASAXS (Fe edge)
Spherical precipitates
Log-normal size distribution

� Rg, Rmean

� volume fraction via the 
integrated intensity
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SAXS in situ: a simple case
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SAXS in situ: a simple case
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Al-Zn-Mg-Cu alloy « (Al,Mg) – Zn – Cu
Precipitation of Mg(Zn,Al,Cu)2

� Composition evolution during heat 
treatments?
� Influence on precipitation kinetics & 
corrosion?

Cu edge Zn edge

Anomalous contrast SAXS in situ
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Zn diffuses 10 x 
faster than Cu

� Precipitates get 
enriched in Cu 
progressively

� The alloy richest 
in Zn coarsens more 
rapidly

160°C in situ heat treatment

Anomalous contrast SAXS in situ
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Straining and heating device

� Sample dimensions

• Total: 32 x 12 mm
• Thickness = 100 � m

� Measurements

• F, � L, T°

In situ straining and heating in SAXS
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Double effect of straining : 
- Strong immediate coarsening during plastic strain
- Durable accelerated coarsening when dislocations have been introduced
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In situ straining and heating in SAXS
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low strain rate

higher strain rate
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- L12 precipitates Al3Zrx Sc1-x Sc diffuses 100 times faster than Zr
- No diffusion inside precipitates � Core-shell structure

Al-Zr-Sc : non-homogeneous particles

Advanced interpretation for SAXS
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� Kinetics of competitive precipitation

Initial state : � ’ Al2Cu Final state :T1 Al2CuLi
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Advanced interpretation for SAXS
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Friction stir welding (FSW) of aluminium
Heating + deformation � Modification of microstructure

Microstructural mapping in SAXS
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Perspectives
� Further complex combinations of experiments to study « operating 

conditions ». e.g. :
• In situ straining and heating in diffractometer
• Confrontation SAXS – WAXS
• Anomalous contrast ASAXS in situ (concentration evolution of 

precipitates…)
• 2D ASAXS
• …

� Complex precipitation paths, kinetics of competitive precipitations of 
metastable phases (separation of scattering signal)

� Rapid transformations (during quench,…)


