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Abstract

At the Geesthacht Neutron Facility GeNF about 210 experiments were performed in 2003
by GKSS and by or for external users, partners or contractors. In most cases the meas-
urements were performed and analysed in cooperation by the guests and by the GKSS
staff or by the permanent external user group staff. The activities, which are based on a
proposal procedure and on the in house R&D program, are reported in 76 contributions in
the present annual experimental report for the year 2003. The contributions may contain
one or also several combined experiments.

During 2003 the GKSS research reactor FRG-1 achieved an operation time of 252 days at
the full 5 MW reactor power providing a neutron flux of ca. 1,4 • 1014 thermal neutrons / cm2 s.
The cold neutron source was available during the complete operation time.

The focus of the in house R&D work at GeNF instruments was the characterisation of
metal alloys, the analysis of stresses in welds and technical structures at ARES, FSS,
DCD and SANS-2, the structural investigation of hydrogen containing substances such
as polymers, colloids and biological macromolecules at SANS-1 as well as the character-
isation of magnetic thin films at PNR and RÖDI. The reflectomer TOREMA was thoroughly
upgraded to the instrument NeRo and now offers new measurement possibilities. 

In the appendices the progress of the project REFSANS at FRM-II is reported as well as
the experimental activities of the newly installed GKSS outstation HARWI-II at DESY.

Jahresbericht 2003 über die Experimente an GeNF 

Zusammenfassung

An der Geesthachter Neutronenforschungseinrichtung GeNF wurden von GKSS und von
oder für externe Nutzer, Partner oder Auftraggeber etwa 210 Experimente in 2003 durch-
geführt. In den meisten Fällen wurden die Messungen gemeinschaftlich von den
Gastwissenschaftlern und GKSS-Personal vorgenommen und ausgewertet. Die Experi-
mente, die in der Regel über das Antragsverfahren und über das GKSS-eigene
F&E-Programm abgewickelt wurden, werden in diesem Jahresbericht in Form von 76
Experimentierberichten dargestellt. Dabei können die Berichte einzelne Experimente
oder auch mehrere zusammengefasst beschreiben.

Während 2003 erreichte der Forschungsreaktor FRG-1 252 Volllasttage bei 5 MW und bei
einem Fluß von 1,4 • 1014 thermischen Neutronen je cm2 und s. Die kalte Neutronenquelle
war während der gesamten Betriebszeit verfügbar.



Der Schwerpunkt der GKSS-eigenen Forschungsarbeiten lag in 2003 im Bereich der
Charakterisierung von Metalllegierungen, der Analyse von Eigenspannungen in Schweiß-
verbindungen und technischen Strukturen an ARES, FSS, DCD und SANS-2, im Bereich
der Strukturanalyse von wasserstoffhaltigen Substanzen wie Polymere, Kolloide und Bio-
molekülen an der SANS-1 sowie im Bereich der Charakterisierung magnetischer
Schichtstrukturen an PNR und RÖDI. Das Reflektometer TOREMA wurde weitgehend zum
neuen Instrument NeRo umgebaut und bietet nun neue Messmöglichkeiten.

In Anhängen wird auch über den Fortschritt des Projekts REFSANS am FRM-II sowie über
die experimentellen Arbeiten der neuen GKSS-Außenstation HARWII bei DESY berichtet.

Manuscript received / Manuskripteingang in TDB: 28. Januar 2004
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Characterisation of coherent Cu precipitates in Fe-Cu model alloys

Principal Proposer: M. Parlog1
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Experimental Team: M. Parlog1, P. K. Pranzas2, G. Kozik2

2GKSS Research Centre

Date(s) of Experiment: July 2003

Scientific Objectives

The precipitation hardening of binary Fe-Cu alloys by thermal aging at 550 °C was
investigated by using Small Angle Neutron Scattering (SANS). Cu precipitates are coherent
with the Fe-matrix if they are smaller than 5 nm. In this size range all Cu particles are
spherical. TEM investgations didn't detect any precipitates. SANS is an ideal tool to
investigate structures in nanometer range. The aim of the present experiment was the
determination of size, coherency, number density and volume fraction of coherent Cu
precipitates in Fe-Cu alloys.

Experimental technique

For the present study Fe-Cu samples with Cu content between 0.65 and 2.1 wt.% were
manufactured. In order to get Fe-Cu alloys containing small and coherent copper
precipitates, the specimens were solution treated at 1000 °C for 2 hours, quenched into
water and thermally aged at 550 °C using the following conditions:

10 minutes, samples with Cu content between 0.65 and 1.4 wt.%
5 minutes, samples with Cu content between 1.5 and 2.1 wt.% [1].

SANS measurements were carried out with the instrument SANS-2 at the Geesthacht
Neutron Facility (GeNF) by using selector-monochromated neutrons with a mean wavelength
of λ = 0.58 nm and a wavelength spread of  ∆λ/λ = 10 %. The samples were magnetized to
saturation in a field of 2 T. Four detector distances (1 m, 3 m, 9 m, 21 m) were used together
with appropriate collimation to cover scattering vectors of magnitude q from 0.02 nm-1 to
2.5 nm-1.

Results

SANS measurements showed that the Fe-Cu samples contain Cu precipitates with a mean
radius of 1.6–2.1 nm. It can be also observed that the maximum radius of the Cu particles is
about 4 nm. In this size range all Cu precipitates are spherical and coherent with the α-Fe-
matrix. In this way the coherency of Cu particles with the α-Fe-matrix was demonstrated.

Figure 1 shows that the Cu number density increases with rising Cu content. Figure 2 shows
that also the volume fraction of coherent Cu particles increases with growing Cu content.
This behaviour is caused by an increasing possibility of nucleation with rising Cu content,
because the diffusion ways, which have to be crossed by the Cu atoms for Cu precipitates’
nucleation, are shorter.
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These measurements demonstrate that nucleation processes of Cu particles take place
already during the early stage of  ageing (5–10 min).
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Figure 1: Number density distribution in Fe-Cu alloys assuming spherical precipitates.
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Figure 2: Volume fractions of Cu precipitates assuming spherical particles.
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Tex t ure developm ent s o f  ex t ruded Mg-a l loy
dur ing t ens i le  loading
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The evolu t ion of  in t erna l  s t ra in  dur ing un iax ia l  
t ens ion of  Mg-a l loy , AZ31 
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