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	26.
REPORTING REQUIREMENTS

	Reporting of results/findings within this Field Planning Proposal will include quarterly progress reports and an annual report to DOE.  The work progress will also be reviewed at the DOE annual program Peer Review meeting.  Non-propriety results will be presented at technical meetings and published in peer reviewed journals.  Well-established procedures will be followed for reporting inventions.  Invention reports will be sent to DOE and patent applications will be filed as appropriate.

	*Technical services staffing includes ANL support divisions’ scientific effort.


A.
Strategic Context

The Superconductivity Technology Program for Electric Power Systems, in DOE’s Office of Electricity and Energy Assurance (OEEA), has the lead federal role in developing electric power applications based on high-critical-temperature superconductors (HTSs).  The broader HTS program is pursuing both conductor development and system development activities.  The near–term goal of conductor development activities is to establish technology for commercially useful superconducting cables and prototype devices. To expedite the commercialization of HTS technology, we collaborate with and support participating industries and other national laboratories by providing unique characterization capabilities. We also work groups in Europe and Asia to identify opportunities for and impediments to applications 

B.
Performance Measures

A number of specific applications for HTS technology have been identified for the intermediate term, for which conductor properties are expected to be suitable for application to commercial systems within five years.  These include fault-current limiters, transmission cables, transformers, and motors.  ANL is working with industries and other national laboratories to foster the development of practical conductors with the desired superconducting and mechanical properties. The principal performance metric of the OEEA HTS Program is the commercialization of HTS technology in a manner that benefits both energy efficiency and energy assurance. The metric for gauging ANL’s performance relates to the significance of ANL’s contributions to the advancement of coated conductor technology.

C.
Technical Plan and Objectives 
The sharply reduced funding situation experienced by this program in FY 2004 continued in FY 2005. This reduced funding had a significant impact on the breadth of our characterization activities and on the number of specimens we could meaningfully examine. In particular, our productive and rewarding collaborations with national laboratory partners remained greatly curtailed.  In the present program, we are concentrating our efforts on meeting the characterization needs of our two principal industrial partners, AMSC and SuperPower. 

FY 2005 Results: In FY 2005 we enhanced our interactions with both AMSC and Superpower by broadly accessing the Electron Microscopy Center at Argonne to address the significant performance-limiting issues for long-length coated conductors.  We implemented our complete coordinated characterization methodology, utilizing MOI, Raman, FIB-SEM, and TEM, to identify the specific types of defects that clearly degrade superconductor performance.  The detailed microstructural information we have provided has yielded new insights into YBCO growth processes on the respective coated conductor architectures under development by AMSC and SuperPower. 

Segments of coated conductor tapes supplied by SuperPower, along with comprehensive local Jc data, were subjected to the integrated MOI/Raman/FIB-SEM/TEM methodology. MOI was used to explore the differences in high-, mid-, and lower-Ic regions of a long-length tape, showing that local defects influence current flow in each case.  Raman confirmed that the quality of the superconductor was degraded in the defected regions identified by MOI.  TEM in those regions, aided by FIB-based specimen preparation, revealed that interactions at the buffer layer play a key role in limiting performance. Detailed studies using energy-filtered TEM and STEM-based spectroscopy showed that these interactions can be very subtle, reinforcing the need for detailed coordinated characterization to identify such regions. Also, using a novel scheme to reversibly change the oxygen concentration, we demonstrate that, below 77 K, the highest Jc values in coated conductors from SuperPower occur at the highest (overdoped) oxygen concentration. 

During FY 2005 our efforts to establish Raman spectroscopy as a viable/useful on-line diagnostic procedure for monitoring the progress of YBCO phase formation and the quality of the coated conductor films were taken to yet another level with the procurement, testing, and placement of a Raman probe on one of SuperPower’s YBCO coated conductor tape production lines. This accomplishment involved working closely with both SuperPower and Kaiser Optical Systems, and built upon our FY 2004 demonstration that meaningful Raman interrogations could be performed on moving tapes and that commercially available Raman hardware is fully adaptable for application at long-length coated conductor manufacturing facilities.

We continued to work with AMSC on the optimization of their TFA precursor conversion process, with emphasis on the characterization of AMSC-produced YBCO films exposed to alternative oxygenation procedures. Raman characterizations were also performed on rare earth oxide doped and rare earth oxide substituted YBCO films to search for correlations between phase chemistry and in-field performance. Although most of our efforts with AMSC in FY 2005 were devoted to coated conductor specimen characterization, we were called upon to examine the composition of a series of Ag/Bi-2223 precursor powders with the aim of developing a powder qualification methodology based on Raman spectral measurements.

Plans for FY 2006 and FY 2007: The primary focus of our effort in FY 2006 and FY 2007 will be to apply our coordinated characterization of coated conductor approach to state-of-the-art coated conductor segments supplied by our CRADA partners—AMSC and SuperPower.  To the maximum extent possible we will conduct these analyses either in situ (e.g., using Raman spectroscopy) or in a manner that is compatible with further high-temperature processing (e.g., by “nondestructive” MOI and FIB-based excision of “micro specimens”).  In one of the Superpower samples examined in FY 2005, we identified a defect that has a significant impact on performance.  However, our coordinated characterization also revealed several other types of defects that we need to further evaluate by high-resolution SEM and TEM.  We will also isolate specific defect structures to evaluate the local Jc by magnetization methods.

We will continue to work with SuperPower to follow through on the implementation of the fiber-optic Raman microprobe being installed at their facilities in Schenectady and with AMSC on the optimization of their precursor conversion process.  We intend to carry out more comprehensive TEM studies of precursor conversion of YBCO evolution to complement on-going Raman studies.  

We will work with AMSC to identify and characterize key microstructural and compositional defects that develop during the nucleation and growth of high-Ic YBCO films prepared and provided by AMSC using their metal-organic deposition (MOD) process. ANL and AMSC will work together to evaluate the findings and develop correlations with electrical performance properties. We will investigate phase evolution during the early stages of MOD precursor conversion using Raman microscopy and electron microscopy methods. The precursor specimens will be prepared and provided by AMSC. ANL will also work with AMSC to devise experiments and models that elucidate operative flux pinning mechanisms in YBCO coated conductors—the objective being to create and control flux pinning in long length YBCO conductor produced by AMSC.  

Over the last year or two, the improvement in flux pinning has emerged as a fruitful way to further increase Ic performance.  Rare earth substitutions and additions have proven the most successful.  We will characterize the density and sizes of second phase pinning defects (e.g., Ho2O3) and test the improved performance against theoretical models.  Understanding the nature of successful pinning defects is vital due to the variable compatibility of some defect types with specific fabrication methods.  
We also plan to continue our present cooperative activities with ORNL, LANL and EPRI as well as  institutions in nine other countries to identify the relevant challenges to and opportunities for future application of HTS in the present and future electric power sector, including end user industry.

We hope that FY 2006 and FY 2007 funding levels will increase, permitting us to grow our limited interactions with ORNL and LANL.  One example is to reengage with ORNL on the BaF2 process optimization work that we started in FY 2003 but had to curtail on FY 2004.  

D. Other

NEPA
An environmental evaluation has been completed in accordance with the DOE-approved ANL-E process for implementation of the National Environmental Policy Act. The process demonstrated that a categorical exclusion is applicable.

Quality Assurance

The Materials Science Division and the Chemical Engineering Division of Argonne National Laboratory have Quality Assurance (QA) Plans that are based on the Laboratory's Quality Assurance Program Plan and DOE Order 414.1 and that establish the quality assurance policy and procedures that govern all ANL work activities.  The specific quality assurance requirements and responsibilities that apply to the work efforts associated with each Division research project are described in a project QA Appraisal Questionnaire or a project QA Plan.  Conformance with these project documents helps assure the validity of the results and conclusions of the work performed and compliance with the budget and schedule requirements for these projects.  


