

































































hands-on, aware of current trends in industry, and highly skilled. Many former members become key
personnel at their various companies.

How were the results disseminated to communities of interest?

Results from the project are primarily disseminated through journal publications and conference
presentations. The PI selects the journals and conferences based on their audience. Since the project is
designed to develop technology for the foundry and steel industries, publications and conferences that
those industries read or attend are prioritized over those with audiences of a more academic nature. This
strategy has been used to ensure the work is seen and adopted by industry.

Most of the PI's journal publication related to this project are either in the International Journal of
Metalcasting and Journal of Materials Engineering and Performance. The International Journals of
Metalcasting is run by the American Foundry Society and published by Springer. It is also the World
Foundry Organization’s official journal. Due to the focus of the research being on foundry related topics,
this journal has been published in for its focus on foundry industry related topics. Many foundry technical
people read this journal, in fact it is frequently the only peer review journal US industrial people read,
articles published here are broadly read by the industry. This helps ensure the knowledge gained from this
project becomes integrated into industrial production. Also, the top academic scholars in the foundry
industry read this journal. The Journal of Materials Engineering and Performance also has a more
industrial readership. It is sponsored by ASM and published by Springer. This journal focuses on the
relationship between manufacturing process and properties. As such, it has a broader audience with a
similar interest in more industrial based research. Publishing here allows the PI to obtain feedback from
those outside the foundry industry.

Much like the target journals, the conferences that the PI attends and presents at are based on ensuring
research results are disseminated to industry. The two conferences where the PI typically publishes are the
American Foundry Society’s Metalcasting Congress and AIST’s AISTech. Both are industrial
conferences with significant academic researcher attendance. Metalcasting Congress is the premier North
American conference for the foundry industry and has attendees from across the world. Both industrial
and academic groups are represented here. The academic figures are the key global researchers in the
foundry industry. Similarly, AISTech is the main conference for the North American steel industry with
attendees from all over the globe. This event also draws academic attendees that are the top key
researchers in steel. Attending and presenting at these conferences ensures that the project’s results are
being directly disseminated to industry with the goal of integrating these more rapidly than a journal only
publication strategy. Additionally due to the focused nature of the researchers attending, feedback and
commentary on the work emanates from the most appropriate group possible.

Elkem has developed a commercial grain refiner for austenitic steels. They have generously donated
samples of this material for testing for almost a decade. A copy of all papers related to rare earth grain
refinement have been sent. Due to their industrial experience, this has resulted in a dialog on the
interpretation of results and comparison of the effects in austenitic steels with the carbon and low alloy
steels in this work. Many of the conversations related to actual industrial experience and cannot be fully
disclosed, but does help guide the work and confirm observations that have been made. As the
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dissemination plan outlines, the PI's main focus has been on ensuring research results are presented to
industry to advance manufacturing processes. It also focuses on obtaining feedback from those academic
researchers with applicable experience in either foundry processes or steels. This approach ensures that
project results are rapidly known to industry and should assist in their adoption. It also guarantees that as
the project progresses result interpretation is correct, alternative solutions to experimental issues are
found, and current thoughts on steel solidification are integrated into the research.

What do you plan to do during the next reporting period to accomplish the goals and
objectives?

Nothing to report. Final report for project.

Honors: What honors or awards were received under this project in this reporting
period?

e 2015 AFS Steel Division Best Paper Award
* 2015 AFS Applied Research Award

Technology Transfer

No patents or licenses have been issued as part of this project. However, there has been conversations
with Elkem about the results. These have been done due to their donation of grain refiners and their
industrial experience. Copies of papers have been sent to build their understanding of steel grain
refinement.

Participants

There are no limits on the number of participants you list for this section; however, you
must list participants who have worked one person month or more for the project
reporting period. Students are not included in this section.

You have the option of selecting “nothing to report” in this section.

Have on hand the following information for each participant to enter into the report:

1. Type: Most senior project role

Iq;Facuity == 3
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Prefix (optional): Dr.

First Name: Robert

Last Name: Tuttle

Middle Name (optional)

Suffix

Nearest person month worked (a person month equals approximately 160 hours of effort,
regardless of funding source): 21

National Academy Member? N

Country if participant is a foreign collaborator

If not US based, identify the country of this participant on this project.

Students

Number of undergraduate and graduate STEM participants: 9
Number of participants that received a STEM degree: 7
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Products

You have the option of selecting “nothing to report” in this section.

There are no limitations to the number of entries you submit and you can also pull
information directly using the publication DOI.

Below is the information detailed for each product submission:
1. Publications (publication reference information

Article Title: Experimental Grain Refiners for Carbon Steels
Journal: International Journal of Metalcasting
Authors: Robert Tuttle
Keywords: steel, grain refinement, solidification, rare earth
Distribution Statement: No restriction
Publication Status: Published
Publication Identifier Type: 1939-5981
Publication Identifier: https://doi.org/10.1007/s40962-015-0007-1
Publication Date: 2016
Volume: 10
Issue: 1
First Page Number: 21
. Publication Location: N/ A
Acknowledgement of Federal Support? Yes
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Peer Reviewed? Yes

Article Title: Study of Electrolytic Dissolution in Steels and Rare Earth Oxide
Stability

Journal: International Journal of Metalcasting

Authors: Aravinda Bommareddy, Robert Tuttle

Keywords: dissolution rate, rare earth oxide stability, electrolyte solution
Distribution Statement: No restriction

Publication Status: Published

Publication Identifier Type: 1939-5981

Publication Identifier: https://doi.org/10.1007/s40962-016-0023-9
Publication Date: 2016

Volume: 10

Issue: 2

First Page Number: 201

. Publication Location: N/ A

Acknowledgement of Federal Support? Yes
Peer Reviewed? Yes

Article Title: Role of Niobium Oxides on the Strength of Plain Carbon Steels
Journal: International Journal of Metalcasting
Authors: Aravinda Bommareddy, Robert Tuttle
Keywords: electrolytic extraction, precipitation hardening, electron
microscope, niobium oxides, carbon steel
Distribution Statement: No restriction
Publication Status: Published
Publication Identifier Type: 1939-5981
Publication Identifier: https:/doi.org/10.1007/540962-016-0028-4
Publication Date: 2016
Volume: 10
Issue: 2
First Page Number: 208
Publication Location: N/ A
Acknowledgement of Federal Support? Yes
Peer Reviewed? Yes

2. Conference Paper

a.
b,
C.

Title: Effect of Rare Earth Oxides on Rolling Performance
Authors: Robert Tuttle, John Lewandowski, Robert Tomazin
Conference Name: AlSTech
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Conference Date: May 2015

Conference Location: Clevland, OH
Publication Status: Published

Publication Date: May 2015

Publication Identifier Type: N/A
Publication Identifier: N/ A
Acknowledgement of Federal Support? Yes

Title: Rare Earth Grain Refiner Addition Methods
Authors: Robert Tuttle

Conference Name: 119t Metalcasting Congress
Conference Date: April 2015

Conference Location: Columbus, OH

Publication Status: Published

Publication Date: April 2015

Publication Identifier Type: N/A

Publication Identifier: N/ A

Acknowledgement of Federal Support? Yes

Title: Interaction of Rare Earth Oxide with Alumina Refractories
Authors: Aravinda Bommreddy, Robert Tuttle

Conference Name: 119% Metalcasting Congress

Conference Date: April 2015

Conference Location: Columbus, OH

Publication Status: Published

Publication Date: April 2015

Publication Identifier Type: N/ A

Publication Identifier: N/ A

Acknowledgement of Federal Support? Yes

Title: Strengthening Mechanism in 1030 Steel by Niobium Oxides
Authors: Robert Tuttle

Conference Name: 120% Metalcasting Congress

Conference Date: April 2016

Conference Location: Minneapolis, MN

Publication Status: Published

Publication Date: April 2016

Publication Identifier Type: N/A
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3. Book

a.
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Publication Identifier: N/ A
Acknowledgement of Federal Support? Yes

Title: Effect of Austenite Fraction on Rare Earth Grain Refinement
Authors: Robert Tuttle

Conference Name: 1215t Metalcasting Congress

Conference Date: April 2017

Conference Location: Milwaukee, W1

Publication Status: Published

Publication Date: April 2017

Publication Identifier Type: N/ A

Publication Identifier: N/A

Acknowledgement of Federal Support? Yes

Title: Effect of Rare Earth Additions on 4130
Authors: Robert Tuttle

Conference Name: AlSTech

Conference Date: May 2017

Conference Location: Nashville, TN
Publication Status: Published

Publication Date: May 2017

Publication Identifier Type: N/ A
Publication Identifier: N/ A
Acknowledgement of Federal Support? Yes

Nothing to report

4. Book Chapter

a.
5. Thesis
a.
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Nothing to repor

Title: Characterization of Niobium Inclusions in Plain Carbon Steels
Institution: Saginaw Valley State University

Authors: Aravinda Bommareddy

Completion Date: April, 2015

Acknowledgement of Federal Support? Yes

Title: The Morphology of Rare Earth Inclusions in 4130 and 8630 Steels
Institution: Saginaw Valley State University

Authors: Sridhar Reddy Kottala

Completion Date: April 2017
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e. Acknowledgement of Federal Support? Yes
6.
7. Website
a. Nothing to report
8. Other Products: Identify any other significant products that were developed under this
project. Describe the product and how it is being shared.
a. Nothing to report

28



