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MILESTONE REPORT
Milestone Milestone Description Due Date Revised Completion
Designation Due Date Date
D1.1 critical strain matrix work completed / reported 01/31/04 01/31/04
D1.2 Special PM2000 - alumina extrusions acquired for tests 02/28/04 03/31/04 03/31/04
D2.1 Initial tube torsion tests completed with ornl 04/30/04 08/31/04 07/31/04
D1.3 ODS-free / PM2000 rexn.overlap experiments reported 05/31/04 05/31/04
D14 PM2000 - alumina recrystallization report completed 07/31/04 10/31/04 10/31/04
D15 Influence of ODS-free can alloy on PM2000 reported 09/30/04 10/31/04 10/31/04
D3.1 Interim report on recrystallization behavior in warm flow formed tube available 11/30/04 01/31/05
D1.6 Recrystallization behavior of a low yttria - PM2000 composite alloy reported 01/31/05 06/30/04
D2.2 Initial report completed on recrystallization behavior in torsion tested tube 03/31/05 05/31/05




TECHNICAL HIGHLIGHTS

i) Steering of recrystallised grain structures in PM2000 tube

A sample of a tube that underwent superimposed, slight axial strain as well as torsional strain in trials performed earlier at ORNL has been
recrystallised under the same conditions as previously reported samples (13800C / 1h).

Comparison of the samples revealed that secondary recrystallised grains in the axially strained sample were elongated in a helically oriented fashion
around the tube as seen in other tubes. However, the helical nature of the grains was more pronounced than in a sample with similar torsional strain
but minus the slight axial deformation. The axially deformed torsion tested sample had also retained almost perfect axial symmetry, while showing
slight necking, whereas the earlier sample had undergone some buckling; and it is possible that an element of torsional strain was lost due to buckling
collapse and was not available as plasticity that would contribute to subsequent secondary recrystallisation.

From comparison of axi-symmetric samples subject to different total levels of torsional strain, it is clear that the orientation developed by the
secondary recrystallised grains is linked to the amount of torsional strain and that greater levels of strain leads to more pronounced helical grain
structure.

if) Through-wall variation in torsional microstructures.

Transverse sections of torsionally deformed and secondary recrystallised tube revealed that the coarse, helical grains extended through the entire
thickness of the tube wall. Grain boundaries were extremely convoluted and interlocked. Occasional, isolated fine grains were identified within the
coarse grains.

Although not apparent in a transverse section, it could be seen in a plan view of the interior of the tube wall that a very thin layer of fine grained,
possibly unrecrystallised material covered most of the inner surface of the twisted zone to a depth of several 10s of microns. This fine-grained
surface was scattered with areas where the coarse grain structure from the bulk of the tube had reached through the fine-grained layer to the inner
surface. It is anticipated that this fine grained layer at the tube inner surface is partly associated with the legacy pattern of deformation associated with
production of the precursor tube for the torsion testing trials.

iii) Development of recrystallised torsional grain structures in PM2000 tube

Samples of tube torsionally tested to a 550 angular twist then annealed at 1380°C/1h were practically entirely recrystallised. However, samples
annealed for identical times at lower temperatures (1200°C and 1300°C) partially recrystallised. Recrystallisation initiated in these samples annealed
at lower temperatures in the untwisted regions immediately adjacent to the twisted gauge section of the tube and resulted in a recrystallised grain size
that was much finer than that seen in the twisted zone (100s of microns as opposed to several millimetres). With increasing integrated time at
temperature, recrystallisation spread into the twisted gauge zone, following a helical path and with a coarsening grain size.

Extended annealing at these lower temperatures causes progressive recrystallisation, which extended across the gauge section.

iv) Commercial tube torsion trials

A commercial organisation with the plant and equipment necessary to effect high temperature torsional deformation in tubing has been identified. The
organisation, Forécreu SA, France, has agreed to perform some initial trials on PM2000 tubing on a free issue, best effort basis. If the trials prove
successful the intention is to perform further work with a wide range of experimental parameters designed using input from the mathematical
modelling presently underway at Liverpool. Free-release PM2000 tubes have been shipped direct to France from Plansee GmbH, Germany. Itis
expected that the trials will take place during April 2005.
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	TH: i)	Steering of recrystallised grain structures in PM2000 tube

A sample of a tube that underwent superimposed, slight axial strain as well as torsional strain in trials performed earlier at ORNL has been recrystallised under the same conditions as previously reported samples (13800C / 1h).
Comparison of the samples revealed that secondary recrystallised grains in the axially strained sample were elongated in a helically oriented fashion around the tube as seen in other tubes.  However, the helical nature of the grains was more pronounced than in a sample with similar torsional strain but minus the slight axial deformation.  The axially deformed torsion tested sample had also retained almost perfect axial symmetry, while showing slight necking, whereas the earlier sample had undergone some buckling; and it is possible that an element of torsional strain was lost due to buckling collapse and was not available as plasticity that would contribute to subsequent secondary recrystallisation.
From comparison of axi-symmetric samples subject to different total levels of torsional strain, it is clear that the orientation developed by the secondary recrystallised grains is linked to the amount of torsional strain and that greater levels of strain leads to more pronounced helical grain structure.

ii)	Through-wall variation in torsional microstructures.

Transverse sections of torsionally deformed and secondary recrystallised tube revealed that the coarse, helical grains extended through the entire thickness of the tube wall.  Grain boundaries were extremely convoluted and interlocked.  Occasional, isolated fine grains were identified within the coarse grains.
Although not apparent in a transverse section, it could be seen in a plan view of the interior of the tube wall that a very thin layer of fine grained, possibly unrecrystallised material covered most of the inner surface of the twisted zone to a depth of several 10s of microns.  This fine-grained surface was scattered with areas where the coarse grain structure from the bulk of the tube had reached through the fine-grained layer to the inner surface. It is anticipated that this fine grained layer at the tube inner surface is partly associated with the legacy pattern of deformation associated with production of the precursor tube for the torsion testing trials.  

iii)	Development of recrystallised torsional grain structures in PM2000 tube

Samples of tube torsionally tested to a 550 angular twist then annealed at 1380ºC/1h were practically entirely recrystallised. However, samples annealed for identical times at lower temperatures (1200ºC and 1300ºC) partially recrystallised. Recrystallisation initiated in these samples annealed at lower temperatures in the untwisted regions immediately adjacent to the twisted gauge section of the tube and resulted in a recrystallised grain size that was much finer than that seen in the twisted zone (100s of microns as opposed to several millimetres).  With increasing integrated time at temperature, recrystallisation spread into the twisted gauge zone, following a helical path and with a coarsening grain size.
Extended annealing at these lower temperatures causes progressive recrystallisation, which extended across the gauge section.

iv)	Commercial tube torsion trials

A commercial organisation with the plant and equipment necessary to effect high temperature torsional deformation in tubing has been identified. The organisation, Forécreu SA, France, has agreed to perform some initial trials on PM2000 tubing on a free issue, best effort basis. If the trials prove successful the intention is to perform further work with a wide range of experimental parameters designed using input from the mathematical modelling presently underway at Liverpool.  Free-release PM2000 tubes have been shipped direct to France from Plansee GmbH, Germany.  It is expected that the trials will take place during April 2005.
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