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Electronic Structure-based Modeling:
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Electronic Structure-based Modeling:

» Developing large-scale alloyed models for y and/or y’ structures
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Atomic-based Modeling:

» Developing multi-component interatomic-potentials
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Atomic-based Modeling:

» Modeling deformation using MD simulations aided by Machine Learning

Simulated compression tests
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» Strengthening mechanisms in Ni-based
Superalloys

Materials science and technology 25.2 (2009): 213-220.
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Multi-modal modeling dislocation climb for creep deformation

O During the high temperature and low stress creep region, the rate of
dislocation climb controls the dislocation velocity.
O The shear strain rate on each slip system is expressed as

}\effc_ D xsinh (Ta_Tresistance)bZ}\eff
1 J0g ™3 kgT

Yetimb = Pm/fp * sign(t%)

where p7; is mobile dislocation density on a slip system, f,, is the volume fraction of the y’ phase, A, is the effective
dislocation moving distance and 7, is the average particle radius. ¢, is the dislocation line jog density, D; is the bulk

diffusivity. T,.sistance COMes from the interactions of dislocations with solutes, partials and other dislocations.
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Presentations and publications

Presentations (underlined: undergraduate students):

>
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Theses:
>
>

>

(Invited) Ridwan Sakidja and Wai-Yim Ching, "Compositional Design and Deformation Behavior in Ni-based Concentrated/HEA Alloys“, TMS Annual Meeting & Exhibition, Sun, Feb 23,
2020 — Thu, Feb 27, 2020, San Diego, CA.

(Invited) Caizhi Zhou, Tianju Chen, Ridwan Sakidja, Wai-Yim Ching, "Effect of the crystallographic orientation on the void growth during creep of superalloys", TMS 2019 Annual
Meeting & Exhibition, March 10-14, 2019, San Antonio, Texas.

Puja Adhikari, Saro San, Ciazhi Zhou, Rdiwan Sakidja, and Wai-Yim Ching, First-principles calculation of crystalline precipitate phases M,;C,(M = Cr, W, Mo, Fe) in Ni-based supper-
alloys, XVI European Ceramic Conference in Torino (Italy) Junel6-20, 2019.

Wai-Yim Ching and Saro San, Electronic structure and mechanical properties of Ni-based superalloys: Haynes282 and Inconel740, 43rd ICACC, Jan 27-Feb-1 2019, Daytona Beach, FL.
Saro San and Wai-Yim Ching, Ab initio modeling of large defects in -Ni and -Ni, 43rd ICACC, Jan 27-Feb-1 2019, Daytona Beach, FL.

Austin Bollinger, Ridwan Sakidja, "Molecular Dynamic Simulations of Layered Metallic Systems". Presentations at the Arkansas Idea Networks of Biomedical Research Excellence
(INBRE), Nov. 2nd-3rd,2018 at the University of Arkansas in Fayetteville, AR.

Tyler McGilvry-James, Nirmal Baishnab, Ridwan Sakidja, "Molecular Dynamics (MD) Potential Development for Carbides". Presentations at the Arkansas Idea Networks of Biomedical
Research Excellence (INBRE), Nov. 2nd-3rd,2018 at the University of Arkansas in Fayetteville, AR.

Rabbani Muztoba, Nirmal Baishnab, Sabila Kader, Ridwan Sakidja— Development of multi-component EAM potential for Ni-based Superalloys, Presentations at the Materials Science &
Technology (MS&T)2018 in Columbus, OH, October 14-18, 2018

Sabila Kader Pinky, Muztoba Rabbani, Ridwan Sakidja —Molecular Dynamics Study of Creep Deformation in Nickel-based Superalloys, Presentations at the Materials Science &
Technology (MS&T)2018 in Columbus, OH, October 14-18, 2018

Tianju Chen, PhD. Thesis: Mechanical behavior of metallic composites with using crystal plasticity method, Missouri University of Science & Technology (2020)

Sabila Kader Pinky, Master’s Thesis: Molecular Dynamics Study of Creep Deformation in Nickel-based Superalloy, Missouri State University, (2019)
https://bearworks.missouristate.edu/theses/3461/

Muztoba Rabbani, Master’s Thesis: Development Of Multicomponenet EAM Potential For Ni-Based Superalloy, Missouri State University, (2019)
https://bearworks.missouristate.edu/theses/3460/

Journal publications

>

>

Tianju Chen, Ridwan Sakidja, Wai-Yim Ching, Caizhi Zhou, "Crystal Plasticity Modeling of Void Growth on Grain Boundaries in Ni-Based Superalloys", JOM, Volume 71, Issue 11, pp
3859-3868, (2019).

Puja Adhikari, Saro San, Caizhi Zhou, Ridwan Sakidja, Wai-Yim Ching, "Electronic structure and mechanical properties of crystalline precipitate phases M23C6 (M = Cr, W, Mo, Fe) in
Ni-based superalloys", Materials Research Express, Vol 6 [11], 116323, (2019).

Wai-Yim Ching, Saro San, Jamieson Brechtl, Ridwan Sakidja, Migin Zhang, and Peter Liaw, "Fundamental electronic structure and multiatomic bonding in thirteen biocompatible high-
entropy alloys", npj Computational Materials, volume 6, Article number: 45 (2020). -partly supported by this project.
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summary

Continued development of:

* Fundamental materials properties of alloyed carbide phases.
* Atomistic-based large-scale models for y and y+y’ structures

* Interatomic potentials for multi-component y + ¥y’ and binary carbide
systems.

* Atomistic-based simulations on the deformation behaviors in alloyed y
+ Yy’ systems at elevated temperatures.

* Continuum-based crystal plasticity modeling on ¥ matrix — single
crystal & bi-crystal structures.
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Tasks to complete in Q4 YR20 & YR21:

»Bond strength analysis at the y/ ¥y’ and y/ M,,C interfaces of the
Haynes 282 & Inconel 740.

» Further verifications on the interatomic potentials for y + y’system.

»Development on transferable interatomic potentials for the multi-
component carbide system and y + y'plus carbide system.

» Extracting temperature-dependent and creep-related materials database
from electronic structure and MD simulations.

»Integrate the results and database from lower scale models into crystal
plasticity-based creep models for Haynes 282 and Inconel 740.
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HEA-GGP
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