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	WBS: 
	Title: Metallic Filters for Hot Gas Cleanup
	Contract No: W-7405-Eng-82
	Start Date: 10/01/99
	End Date: 09/30/05
	Name: I.E. Anderson
222 Metals Development
Ames Laboratory, Iowa State University
Ames, IA   50011
	PI: I.E. Anderson  515-294-9791
B. Gleeson      515-294-4446
	PYF: 150
	TCYC: 220
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	MS6: 
	MS7: 
	MS8: 
	MS9: 
	MSD1: Generate at least 2-3 kg of ultrafine iron aluminide powder for studies
	MSD2: Initiate acquisition (within funding limits) of tilt pouring furnace for HPGA
	MSD3: Design low energy atomization nozzle for moderate powder sizes
	MSD4: Develop and demonstrate gas supply pressure control system
	MSD5: 
	MSD6: 
	MSD7: 
	MSD8: 
	MSD9: 
	DD1: 03/31/05
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	DD3: 06/30/05
	DD4: 09/30/05
	DD5: 
	DD6: 
	DD7: 
	DD8: 
	DD9: 
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	RDD3: 
	RDD4: 
	RDD5: 
	RDD6: 
	RDD7: 
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	RDD9: 
	CD2: 
	CD3: 
	CD4: 
	CD5: 
	CD6: 
	CD7: 
	CD8: 
	CD9: 
	TH:     Work has continued on the enhanced production of ultra-fine powders of high temperature alloys with dia. < 10 µm, which is a major objective of our research thrust involving improved powder processing for various fossil energy applications.   Such powders are used, for example, for development of porous sintered metallic support structures for inorganic (ceramic) laminated membranes for physical hydrogen separation from synthetic gas in coal-fired IGCC applications.  Improved porous metallic support structures also are needed for another type of hydrogen separation membrane that relies on interstitial diffusion through metallic films, e.g., Pt, Pd.  The requirements for these support structures indicate that spherical ultra-fine metallic powders of high temperature, corrosion resistant alloys would be preferred, but this type of powder is a commercial rarity.  To pursue this goal,  up-scaled high pressure gas atomization (HPGA) experiments were conducted on the same iron aluminide alloy, Fe-16Al-2Cr (wt.%), that had been produced previously in an experimental (4 kg) powder batch, using our research atomization system.   Since the initial powder batch was processed from prealloyed cast ingot of the final composition, the same ingot  form was obtained from a vendor for the up-scaled experiments.  During this quarter, two HPGA trials were attempted using an alloy charge weight more than 3X the initial experiment in the industrial prototype HPGA system.  The run parameters were set to correspond to the successful experimental trial, but an unusual phenomenon apparently related to surface oxidation of the alloy pieces (forming an oxide shell on each piece) in the charge prevented coalescence and homogenization of the molten alloy, thus preventing alloy pouring and atomization.  Post mortem examination of the charge indicated that only scattered rupturing and welding of the alloy pieces had occurred in spite of attempts to further purify the melting chamber atmosphere and to reduce the heating time, which was still nearly 2X greater than the experimental batch heating time.  Consultation on this iron aluminide melting problem was received from V. Sikka of ORNL to switch to an elemental alloy component charging method to take advantage of the self fluxing action of the Al addition and its moderate exothermic reaction with Fe to drive the melting and homogenization to completion.  The next trials were set for early in the second quarter due to availability of replacement materials for the atomization system, requiring an extension of the milestone due date to the second quarter.  Further development of model membrane support structures, including permeability testing and mechanical and microstructural analysis (and refined sintering trials) were delayed during this quarter because of the need for additional ultrafine Fe-16Al-2Cr powders that will be generated shortly.  Collaborative discussions were held with S. Paglieri of LANL on selection of a joining approach for fastening the porous substrates that we provided last quarter to his sample holder for vapor deposition of metallic hydrogen separation membranes.  Progress toward further expansion of the melting capacity and powder production capacity of our prototype atomization system has focused on inquiries about funding at the level determined from the initial rough quote for our preliminary design of a new melting chamber.  

An atomization experiment was performed to test the capacity for internal oxidation of an Fe-Cr-Y alloy during a reactive gas atomization.  Based on a request from ORNL for an improved approach for processing of dispersion strengthened (Y2O3) Fe-12wt.%Cr (410 stainless steel) powder, a gas atomization reaction synthesis (GARS) process was designed with 1 wt.% of Y added to provide a significant yield of Y2O3 dispersoids by an in situ oxidation reaction.  Also, it was decided to utilize an Ar-5%O2 gas mixture for primary atomization of the melt, instead of adding O2 further downstream in a milder form of GARS.  Utilizing an increased superheat level, a partial (10% poured) atomization run was completed, generating about 0.35 kg of total powder yield.  The yield was screened to select a size class from 20 to 53 microns, which represented about 67% of the collected powder, and 140g of this powder was shipped to B. Bischoff of ORNL for testing.  The remainder of the powder and a spray deposition sample that also was collected during the run were retained for several types of characterization experiments to determine the effect of the innovative processing.  In one collaborative characterization effort, B. Kad of UCSD was sent a powder sample and a portion of the spray deposit for TEM examination.

The general objective of our processing research has been the development of gas atomization nozzle systems for producing ultra-fine powders that improve the yield of ultra-fine powders with He atomization gas or to produce powders with a controlled size distribution with less costly gas (Ar, N2).  For both types of improved atomization process yields, modifications of the axial melt feeding tube are being pursued to improve the uniformity and pre-filming of the melt, as it is fed into the atomization zone. New atomization testing (with high-speed cinematography) of gas nozzle designs with twice the gas flow of previous nozzles will be conducted early in the next quarter, using Cu and Al as the elemental melts.  This work will be reported as part of a presentation and conference proceedings publication at the APMI/MPIF annual meeting in Montreal, Canada, in June.

	ISSUES: Results are reported for this first quarter on efforts to develop atomization processing for fossil energy applications involving ultrafine powders and powders with an enhanced solidification microstructure.  Although the powders with the special microstructure were produced, further experimental challenges have delayed up-scaled production of Fe-Al-Cr powder for the use of ORNL and others involved in porous membrane research.  An exploration of the available funding options for upgrading of the melting capacity of our industrial prototype high pressure gas atomization system (approximately $550K needed) have not proven promising, but further attempts will proceed in the next quarter to try to enable the existing second quarter milestone.
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