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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-488 

Proposal Title: Improving Power Efficiency with Critical Element Free Minnealloy 

 

Project Manager Information 
Name: Jian-Ping Wang 

Organization: U of MN - College of Science and Engineering 

Office Telephone: (612) 625-9509 

Email: jpwang@umn.edu 

 

Project Basic Information 
Project Summary: We will develop and evaluate Minnealloy, a soft magnetic material which offers improved 
transformer and generator technology for clean energy and eliminates the use of environmentally damaging critical 
materials. 

ENRTF Funds Requested: $492,000 

Proposed Project Completion: December 31, 2028 

LCCMR Funding Category: Energy (E) 

 

Project Location 
What is the best scale for describing where your work will take place?   
 Region(s): Metro 

What is the best scale to describe the area impacted by your work?   
 Statewide 

When will the work impact occur?   
 In the Future 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

Soft ferromagnetic materials play a crucial role in the world’s electrical system, in particular serving as essential 
components of all transformers, electrical motors, and generators. Almost all generated electrical power passes through 
multiple transformers before reaching the consumer, and any inefficiencies will quickly add up. As the world becomes 
more electrified and the sources of electricity become more diverse, efficient power conversion will become more and 
more essential. Silicon steel dominates the global market for soft magnetic materials with a 43% market share, and is 
the material of choice for large transformers, however, when operated at high frequency it is prone to large electrical 
losses. In addition, operating at high frequencies would greatly reduce the amount of the transformer core material 
required, as it is inversely proportional to the frequency of operation. This serves as the motivation to find high 
frequency compatible materials to reduce the size and weight of electrical components and operate at increased 
efficiency. 

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are 
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones. 

We will develop and evaluate Minnealloy, a novel soft magnetic material with the potential to disrupt current 
transformer and generator technology for clean energy by eliminating the use of critical materials. Minnealloy, 
composed only of Fe-N-C, is free of critical elements while providing performance superior to today’s soft magnetic 
materials with critical materials: Cobalt, Nickel, Silicon and/or electrical steel. Minnealloy thin films and ribbons have 
been fabricated at the University of Minnesota. Ribbon samples have been made by melt-spinning, a manufacturing 
compatible and scalable process. Minnealloy displays vanishing magneto-crystalline anisotropy, high saturation 
magnetic flux density (BS), relatively high resistivity (ρ), and large permeability (μ′). Minnealloy can be compressed into a 
highly efficient core that can operate at MHz frequencies for power transfer/conversion and management. A 
transformer core made from Minnealloy will reduce transformer losses by 28%; hysteresis losses can be reduced 50% 
and eddy current losses can be reduced 70%.  Minnealloy’s nanocrystalline structure allows for high frequency 
switching. No-load losses can be reduced 70% because of Minnealloy’s excellent static property. Altogether, these losses 
account for approximately 25% of all technical losses on the U.S. grid, or approximately 1.12 trillion kWh/year. 

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation, 
and enhancement of the state’s natural resources?  

We aim to produce a preliminary material specification sheet for Minnealloy that includes key performance metrics. We 
will produce Minnealloy ribbons using the scalable melt-spinning process for clean energy technologies at industrially 
relevant scales within 18-months. We will explore the applications of Minnealloy for highly efficient transformer cores. 
These cores would improve the energy efficiency of consumer electronics, appliances, industrial manufacturing, and 
electric transmission, without any critical elements or supply chain risks. Furthermore, we will conduct techno-economic 
analysis for the above applications that includes the materials, manufacturing equipment, and equipment cost required 
to produce the materials and components. 
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Activities and Milestones 

Activity 1: Prepare, characterize, and optimize Minnealloy 
Activity Budget: $150,000 

Activity Description:  
Iron-Carbon ingots will be prepared by arc-melting, selecting the appropriate carbon concentrations. Those ingots will 
be melt spun into ribbons. The ribbon will undergo the treatment process outlined in our previous literature to achieve 
the desired nitrogen incorporation. Critically, at each stage the ribbon will be analyzed for it’s crystal structure, 
microstructure, uniformity, and magnetic properties, etc. Tweaking the fabrication process slightly can result in large 
results in the end-product. By creating a feedback loop wherein, the fabrication process is modified by outcomes we 
expect we can increase the saturation magnetization by improving the nitriding conditions, within the first year. 

Activity Milestones:  

Description Approximate 
Completion Date 

Minnealloy ribbon successfully fabricated and characterized magnetically September 30, 2027 
Elastic modulus and hardness of Minnealloy ribbon successfully measured. Uniformity mapped. December 31, 2027 
Higher saturation magnetization achieved by tuning the nitriding process March 31, 2028 
Temperature characterization of magnetic properties achieved June 30, 2028 
Reduced coercivity achieved by grain engineering September 30, 2028 
Reduced coercivity to less than 1 Oe while maintaining high saturation magnetic flux density December 31, 2028 

 

Activity 2: Compress Minnealloy into cores for frequency-dependent permeability measurements 
Activity Budget: $50,000 

Activity Description:  
Using previously optimized recipes, Minnealloy ribbon will be fabricated in quantities sufficient to compress into cores 
for frequency-dependent permeability measurement. Powder consolidation and material bonding will be explored and 
optimized. Prototypes can be pressed from sizes ranging from 10 mm to 15 cm OD. 

Activity Milestones:  

Description Approximate 
Completion Date 

Using optimized recipes, fabricate Minnealloy ribbon in sufficient quantities to create a small 
transformer core. 

March 31, 2028 

Using binders and hydraulic presses, compact Minnealloy into an induction core March 31, 2028 
Compact Minnealloy into a transformer core June 30, 2028 
Optimizing the pressing recipe September 30, 2028 

 

Activity 3: Characterize the frequency-dependent permeability of Minnealloy and characterize the core 
loss of Minnealloy. 
Activity Budget: $125,000 

Activity Description:  
High frequency is a new approach for the high power transformer, and convertor/inverter. It is thus essential to 
measure the frequency-dependent permeability. Minnealloy ribbon will be compressed into a magnetic ring by using the 
hydraulic press, and the permeability can be calculated by measuring the electric induction. As there are high magnetic 
anisotropy Fe-N and Fe-C phase, high cut-off frequency is expected. Also, the core loss will be measured by the 
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Minnealloy ring. A function generator generates a waveform at a specific frequency. The power amplifier amplifies the 
signal to a magnitude necessary to excite the core. A toroidal core made of Minnealloy will be wound with two windings, 
each with some turns determined by the input, output, and the maximum flux density. The two windings are 
subsequently connected to the acquisition board, which is connected to a PC to deliver core loss information. 

Activity Milestones:  

Description Approximate 
Completion Date 

Characterize the DC permeability pressed Minnealloy core June 30, 2028 
Characterize the frequency dependence of permeability of the pressed Minnealloy core up to 20 kHz September 30, 2028 
Characterize the core loss of the pressed Minnealloy core up to 20 kHz September 30, 2028 
Characterize the frequency dependence of permeability of the pressed Minnealloy core up to 3 MHz December 31, 2028 
Characterize the core loss of the pressed Minnealloy core up to 200 kHz December 31, 2028 

 

Activity 4: Compress Minnealloy into transformer and inductor cores for feasibility demonstration 
Activity Budget: $125,000 

Activity Description:  
In-lab Minnealloy ribbon production will be scaled up to create enough material to press into a demonstration 
transformer core. Isotropic Minnealloy transformer and inductor cores will be fabricated using the 6 Ton hydraulic press 
at UMN or the 30 Ton Electric/Hydraulic Press at Niron. 

Activity Milestones:  

Description Approximate 
Completion Date 

Characterize performance of induction core June 30, 2028 
Increase saturation magnetization and/or reduce coercivity of Minnealloy induction core through 
ribbon engineering 

June 30, 2028 

Fabricate and characterize a Minnealloy transformer core in terms of saturation magnetization and 
coercivity 

June 30, 2028 

Increase saturation magnetization and/or reduce coercivity of Minnealloy transformer core through 
ribbon engineering 

September 30, 2028 

 

Activity 5: Conduct techno-economic analysis of Minnealloy for applications 
Activity Budget: $42,000 

Activity Description:  
Optimized Minnealloy transformer cores will be characterized in terms of weight, saturation magnetization, coercivity, 
permeability, frequency dependence of permeability and cut-off frequency. The suitability of high frequency Minnealloy 
transformer cores will be assessed and compared to other current technologies. 

Activity Milestones:  

Description Approximate 
Completion Date 

Characterize Minnealloy transformer core in terms of weight, core-loss, eddy current loss, and 
hysteretic loss 

June 30, 2028 

Characterize Minnealloy transformer core in terms of frequency dependent permeability and cut-off 
frequency 

September 30, 2028 

Asses the suitability of Minnealloy transformer cores in the high frequency transformer market December 31, 2028 
Asses the suitability of Minnealloy transformer cores in the pulse transformer market December 31, 2028 
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Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Professor 
Andre 
Mkhoyan 

University of 
Minnesota 

Lead the research and development on the atomic structure and microstructure 
study of Minnealloy 

Yes 

 

Dissemination 
Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical 
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.  
Research conducted will be presented at relevant scientific conferences and published in open-access journals. In 
publishing, sufficient information will be divulged to ensure interested parties may replicate results. The Environment 
and Natural Resources Trust Fund will be acknowledged in all cases. 

 

Long-Term Implementation and Funding 
Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as 
part of the project, how will findings, results, and products developed be implemented after project completion? If 
additional work is needed, how will this work be funded?  
A startup company based on Minnealloy has been actively planned by the Office of Technology Commercialization at the 
University of Minnesota. Analysis on market size, market uncertainty, customers, competition, and entry barriers has 
been completed.  If granted, the project will speed up this technology transfer from the lab to fab. The startup company 
can be formed in 2029 Spring if this project is funded, to commercialize the Minnealloy for the pulse transformer and 
other related applications. 

Project Manager and Organization Qualifications 
Project Manager Name: Jian-Ping Wang 

Job Title: Distiguished McKnight University Professor 

Provide description of the project manager’s qualifications to manage the proposed project.  
Dr. Jian-Ping Wang will be leading the project lead and principal investigator. He is a distinguished McKnight University 
professor and Robert Hartmann Chair in electrical and computer engineering at the University of Minnesota. He is a 
fellow of national academy of inventors, IEEE and APS. He has successfully run a large DOE ARPA-E REACT program in 
2011 on Fe16N2 rare-earth-free magnet, which led to a successful startup company, Niron Magnetics Inc. Dr. Wang has 
been studying Fe16N2 since 2000 and operates and extensive research laboratory of modeling, materials deposition 
equipment and has access to UMN’s materials characterization facility. Minnealloy was first fabricated and characterized 
in Dr. Wang’s lab and Dr. Wang coauthored several related manuscripts and patents. 

Organization: U of MN - College of Science and Engineering 

Organization Description:  
Created in 1935, the College of Science and Engineering brought together the University's programs in engineering, 
mining, architecture, and chemistry. Today, the college is ranked among the top engineering and science academic 
programs in the country. Researchers within the College of Science and Engineering are on the leading edge of finding 
ways to solve some of the world's greatest problems by developing new forms of environment-friendly energy, 
designing new medical devices, improving digital and electronic technologies, and developing a strong national 
infrastructure. Partnerships with the private sector nurture the work of College of Science and Engineering faculty and 



7 

students. Input from leading companies also helps shape the college's curriculum, ensuring that students' skills match 
industry needs. In return, the College of Science and Engineering offers a wealth of resources to help businesses 
succeed: faculty expertise, cutting-edge research, technology transfer, institutional collaborations, and workforce 
education. 
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Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Principal 
Investigator 

 To provide overall scientific leadership and project 
management and supervise and mentor one of the 
student researchers supported on this project. 

  36.6% 0.12  $59,765 

Postdoc  To carry out the experiments, writing the reports, 
presenting to the sponsors  and also guiding the 
graduate students. 

  26.1% 1.5  $135,353 

ECE 
Graduate 
Student 

 The GRA is responsible to perform several tasks that 
include carrying out the proposed research, writing 
scientific papers to submit to relevant conferences 
and journals, traveling to scientific venues to present 
his/her research findings. Salary is $30.62 per hour, 
fringe benefits include health insurance for the full 12 
months and tuition reimbursement benefits for the 
nine month academic year only. Fringe is calculated 
24.2% of salary, plus tuition reimbursement of $24 
per hour worked (full academic year = 780 hrs; 
summer = 260 hrs.). The 43.36% benefits rate is the 
combined total of separate direct costs; the fringe 
benefit rate and the tuition reimbursement rate. 

  77.6% 0.75  $93,393 

Co-
Investigator 

 Will share responsibility for scientific leadership and 
project management and will supervise and mentor 
one of the student researchers supported on this 
project. 

  36.6% 0.06  $21,146 

CEMS 
Graduate 
Student 

 The GRA is responsible to perform several tasks that 
include carrying out the proposed research, writing 
scientific papers to submit to relevant conferences 
and journals, traveling to scientific venues to present 
his/her research findings. Salary is $30.62 per hour, 
fringe benefits include health insurance for the full 12 
months and tuition reimbursement benefits for the 
nine month academic year only. Fringe is calculated 
24.2% of salary, plus tuition reimbursement of $24 
per hour worked (full academic year = 780 hrs; 
summer = 260 hrs.). The 43.36% benefits rate is the 
combined total of separate direct costs; the fringe 
benefit rate and the tuition reimbursement rate. 

  77.6% 0.75  $93,393 
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       Sub 
Total 

$403,050 

Contracts 
and Services 

        

TBD Internal 
services or 
fees 
(uncommon) 

Funds are requested for laboratory services 
necessary for the successful completion of the 
research project.  Anticipated laboratory services 
include: characterization using Mossbauer, VSM, RBS, 
XPS and XRD. 

   0.75  $20,000 

       Sub 
Total 

$20,000 

Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

Funds are requested for laboratory supplies 
necessary for the successful completion of the 
research project.  Anticipated laboratory supplies 
include: raw materials for preparing ingots; parts for 
the melt-spinning system and arc-melting system and 
the ovens; 

Raw materials for fabrication and 
consumable testing supplies 

    $55,200 

       Sub 
Total 

$55,200 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

       Sub 
Total 

- 

Travel 
Outside 
Minnesota 

        

 Conference 
Registration 
Miles/ Meals/ 
Lodging 

Three day trip for 2 people Conference Presentation X    $7,750 
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       Sub 
Total 

$7,750 

Printing and 
Publication 

        

 Publication Funds are requested to cover journal publication 
fees. Requested funds are to cover mandatory over-
length page charges. 

Funds are requested to cover journal 
publication fees. Requested funds are 
to cover mandatory over-length page 
charges. 

    $6,000 

       Sub 
Total 

$6,000 

Other 
Expenses 

        

       Sub 
Total 

- 

       Grand 
Total 

$492,000 

  



11 

Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or Type Description Justification Ineligible Expense or Classified Staff Request 
Travel Outside 
Minnesota 

Conference 
Registration 
Miles/Meals/Lodging 

Three day trip for 2 people Conference attendance to keep up to date on the state of the art 
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Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
   Non State 

Sub Total 
- 

   Funds 
Total 

- 

 

Total Project Cost: $492,000 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 94288a1c-33e.pdf 

Alternate Text for Visual Component 
Top: Illustration of the electricity grid with transformers highlighted. Using current technology transformer losses 
account for 1.13 trillion kWh/year Bottom: Critical Element Free Minnealloy shows superior performance over other soft 
magnetic materials. Transformer losses can be drastically reduced by using Minnealloy in transformers.... 

Supplemental Attachments 
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other 

Title File 
SPA Letter JP Wang University of Minnesota cd34256d-4c1.pdf 

 

 

Administrative Use 
Does your project include restoration or acquisition of land rights?  
 No 

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by 
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota 
plan? 
 Yes, I understand the UMN Policy on travel applies. 

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue 
generation?  
 Yes 

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?  
 Yes 

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?  
 No 

Does your project include original, hypothesis-driven research?  
 Yes 

Does the organization have a fiscal agent for this project?  
 No 

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other 
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration? 
 No 

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project 
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care, 
treatment, education, training, instruction, or recreation to children")? 
 No 

https://lccmrprojectmgmt.leg.mn/media/map/94288a1c-33e.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/cd34256d-4c1.pdf
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Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal: 

 Dr. Will Echtenkamp - University of Minnesota 

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of 
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to 
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct 
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include 
competitive bidding and prevailing wage requirements 
 N/A 
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