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1. Achieve your goals

Based on crystal structure model,building alloy thermodynamics, by combing computational thermodynamics and
first-principles calculations, the four core effects of high entropy alloys with various structures (single phase) were
quantitatively and graphically characterized.

Students practice a self-selected high entropy alloy, achieve independent modeling, thermodynamic database
construction, site occupying fractions calculation, atomic distribution model construction based on site occupying
1


http://mcmf.fzu.edu.cn
http://www.bode-tech.cn
https://paratera.mikecrm.com/jF4Jh6I
mailto:drwubo@hotmail.com

fractions, short range ordering(SRO) or local ordering, diverse mechanical property calculation, interstitial atom
diffusion, and preliminary understanding of catalytic characteristic modeling and calculation analysis of high entropy

alloy. (Online consult and help are available till well grasping)

PR 4L ZEKE4E: info@bode-tech.cn, fz7u_memfl@sina.com, wubo@fzu.edu.cn

Register Form please Email to info@bode-tech.cn, fzu_ memfl@sina.com, and wubo@fzu.edu.cn

#% R & 1 Consult for teaching course: =x & ##% (Prof. Wu) 13023819517(# f&) wubo@fzu.edu.cn
4 4% B/ ¥ Consult for training service: =% %4 13691685245 (fhfz)
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Classroom entrance information: The teaching materials and Tencent conference login information will be emailed to

the registration mailbox before the class starts

F¥: RN LR B & VASP\PHONOPY\# 77 2 # F B 3 i 1 R, Bk DA2E 24 77 & 1R
Remarks: In principle, you should bring your own VASP\ PHONOPY\ thermodynamic software copyright or apply for

a trial version, or cooperation properly
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2. Requirements analysis

High entropy alloy is an epoch-making alloy design concept. Many alloys may have one or more potential
excellent properties, which also inspires people to put forward various new concepts of high entropy materials. High
impact papers are emerging every day, even highlighted in {Nature) and {Science) , thus it is a Booming
Times of HEAs. However, there are many controversies about high entropy alloy, and even the name of high entropy
alloy has been avoided by many people of insight. The four well-known effects of high entropy alloy (high entropy
effect in thermodynamics, sluggish diffusion effect in kinetics, sever lattice distortion effect in structure and cocktail

2


mailto:info@bode-tech.cn,
mailto:,wubo@fzu.edu.cn
mailto:13023819517(微信同号）wubo@fzu.edu.cn
mailto:13691685245（微信同号）info@bode-tech.cn

effect in performance), It is also questioned from time to time, because any kind of effect is easy to be cited as a
counterexample, which shows that the alloying theory research (the relationship between structure and properties) of
high entropy alloys is still insufficient. On the other hand, there are a large number of alloy compositions, so it is
neither advisable nor possible to catch big fish and burn money to cast a net widely. It is wisdom to find a reasonable
reliable and general simulation approach at first. Artificial Intelligent Materials Design (AI-MD) is the future way
based on the concept of material genetic engineering, by employing high-throughput experiments, especially

high-throughput calculations, assisting machine learning after accumulating massive data.

Considering that there are many kinds of atoms that make up high entropy alloys, different kinds of constituent
atoms have different structures and properties, FCC, BCC and HCP also show different crystal structures, Therefore,
atoms must have preferred site preference on sublattice and global lattice. However, SQS and CPA-EMTO based on
the traditional random solid solution model method can't describe the structural characteristics of real alloy
system. They not only ignore the differences of composition atoms, but also ignore the differences of alloy phase
structure, and even ignore the effect of heat treatment temperature on the site preference, thus S=RIn (n) is used
to describe the configuration entropy, which only represents the most ideal atomic arrangement mode that does
not exist in practice. Therefore, it may not be tenable to simplify the description of complex high entropy alloys. The
research and development of high entropy alloys has developed to a new stage, so it is necessary and possible to

describe them rationally.

Based on the above rational thinking and practice, Prof. Dr. Wu Bo and others colleagues put forward a series of
methods to describe the four effects of high entropy alloy quantitatively and graphically after many years of early
exploration. After the publication of a series of methodological academic papers and patents, they attracted great
attention from peers and received many peer comments and consultations, expecting to provide sharing and teaching
opportunities. There are still 10 complex and high-entropy academic papers in COVID-19 pandemic every day,
including published in {Nature) and {Science). Thus, new methods and ideas in this field must be closely followed
up in order to have high-quality scientific research results. Therefore, this series of training should be needed to

provide some new ideas and methods for peers.
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Fig. 3-1. Academic innovative and research flow chart of complex alloy phase with site occupying fractions.

3. Schedule of course teaching, modeling and computer calculation

(M
()
3)
4
(%)
(6)
(7)
®)
)
(10)
(1)
(12)
(13)
(14)
(15)

Review on the theoretical research progress of high entropy alloys
A quick start to First-principles computing methods
A Quick start to computational thermodynamics and phase equilibrium
Description of calculation and simulation methods for high entropy alloys
Ordered structure modeling of high entropy alloys Chigh entropy materials)
Thermodynamic description of high entropy alloy Chigh entropy materials)
Construction of end-based thermodynamic database of high entropy alloys Chigh entropy materials)
Calculation of phase proportion, phase composition and occupying fraction
Establishment of atomic distribution model based on occupying fraction
Quantification and image characterization of Local ordered structures in equilibrium state
Electronic structure analysis of high entropy alloy Chigh entropy materials)
Prediction of mechanical properties of high entropy alloys Chigh entropy materials)
Calculation of diffusion energy barrier wave, diffusion constant and diffusion coefficient of interstitial atoms
Surface energy, surface adsorption of high entropy alloy Chigh entropy materials)

Preliminary modeling, calculation and analysis of high entropy alloy catalysis
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[1]1ZL2021100207115, Calculation method of configuration entropy of high entropy alloy based on atomic occupation

ordering behavior, Granted invention patent

[2] ZL2020112307425, Calculation method of lattice distortion of high entropy alloy based on atomic occupation

ordering behavior, Granted invention patent

[3]1 ZL2021100169842, A method for calculating the diffusion behavior of interstitial atoms in high entropy alloys,

Granted invention patent
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[5] 2022111038083, An automatic batch calculation statistical method of atomic coordination number based on

Python, substantive examination takes effect
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[1] Bo Wu* , Yan Zhao* , Hamid Ali, Rong Chen et al. , A reasonable approach to describe the atom
distributions and configurational entropy in high entropy alloys based on site preference, Intermetallics 144
(2022) ,May, 107489. https://doi.org/10.1016/j.intermet.2022.107489 (The Most Downloaded Articles in
{Intermetallics) in the last 90 days (May--September,2022)
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[2] Rong Chen, Hamid Ali, Bo Wu* , Yan Zhao, et al., A general approach to simulate the atom distribution,
lattice distortion, and mechanical properties of multi-principal alloys based on site preference: using
FCC_CoNiV and CoCrNi to demonstrate and compare, Journal of Alloys and Compounds, 2023, 935(1):168016,
https://doi.org/10.1016/j.jallcom.2022.168016.
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[3] H. Ali, R. Chen, B. Wu*, T. Xie, L. Weng, J. Wen, Q. Yao, L. Su, Y. Zhao, P. Zhao, B. Sa, Y. Liu, C. Wang, H. Su, A.
Hayat, The site preference and doping effect on mechanical properties of Ni3Al based y’' phase in superalloys by
combing first-principles calculations and thermodynamic model, Arabian Journal of Chemistry. 15(11) (2022) 104278,
https://doi.org/10.1016/j.arabjc.2022.104278

[4] H. Ali, R. Chen, H. Chen, Y. Zhao, P. Zhao, S. Yang, B. Wu*, J. Wen, C. Zhang, L. Weng, T. Xie, Q. Cai, L. Zhang, Z.
He, Q. Yao, H. Zhang, B. Sa, C. Wen, C. Wang, The Ordering Behavior of CoszAl-based y’ Phase with L1, Structure
Predicted by the Thermodynamic Model with Support of First-principles Calculations, Materials Today
Communications. 33 (2022) 104447, https://doi.org/10.1016/].mtcomm.2022.104447

[5] Bo Wu* |, Zheyu Xie, Jinchang Huang, Jinwei Lin, Yixu Yang, Linqiao Jiang, Jianglin Huang, Guoxin Ye, Chunfeng
Zhao, Shangjin Yang, Baisheng Sa, Microstructures and thermodynamic properties of high-entropy alloys
CoCrCuFeNi, Intermetallics 93 (2018) 40—46. , https://doi.org/10.1016/j.intermet.2017.10.018
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[7] Zhang C, Lin M, Wu B et al. Explore the Possibility of Forming fcc High Entropy Alloys in Equal-Atomic Systems
CoFeMnNiM and CoFeMnNiSmM. Journal of Shanghai Jiaotong University (Science), 2011, 16(2):173-179.
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Fig. Visualization of atomic distribution with the real relative size on the sublattice 1a and 3c, as well as on the full FCC
lattice for FCC_CoCrFeNi HEA subjected to heat treatment to equilibrium at 973K

The site preference of atoms is considerably strong. For the CoCrFeNi high entropy alloy with FCC phase structure, Ni
strongly favors la sublattice, and the Co, Cr, and Fe prefer to 3c sublattice when the phase reaches its equilibrium at 973K.

The local ordered cluster is identified directly.

3x3x3 supercell of FCC structure

1a sublattice in 3x3x3 supercell 3c sublattice in 3x3x3 supercell

(Copp705CrogrsiFenonsNingsi6) ta + (Cop.3008Cr0.3085F e0.3257Ni0.0362)3¢ = (Con.0705C0.0750F €.0220N10.8316) 12 (Co0.3008C 10 3083F e0.325N10 056230

CoxCroFeiNin ok Co25CrasFe2eNis = Co2rCraFexiNi2y

Fig. 7 Construction of a 3x3x3 FCC supercell for FCC CoCrFeNiHEA with sublattice nested at 973K



la sublattice in 30x30%30 supercel 3c sublattice in 30x30x30 supercell 30x30x30 supercell of FCC structure

(V1.0000)1a1(C00.4445N10.4444Vo.1111)3¢= (V1.0000) 1a(C00.4445N10.4444 V. 1111)3¢

V27000 + Co36000N136000Vo000 = Co036000N136000V 36000
(¢) Construction of a 30x30%30 FCC supercell based on the prototype of L1, AuCus for FCC_CoNiV MEA at all
temperature
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(a) The maximum M;*-10M; coordinating clusters (b) The M;*-9M; and above (containing Mi*-10M;) coordinating clusters

Fig. 11. The maximum M;*-10M; coordinating clusters in a hypothesized randomly mixing configuration of FCC_CoNiV
MPA with a 30x30x30 FCC supercell based on the prototype of L1, AuCus containing 108,000 atoms

(V1.0000) 1a+( C00.4445N10.4444V0.1111)3¢=(V 1.0000) 1a(C00.4445N10.4444 V0. 1111)3¢
(V27)1a + (Co36Ni36Vo)3c = (V27)1a (Co36Ni3Vo)sc
A3x3x3 FCC supercell based on the prototype of L1>_ AuCus; containing 108 atoms for FCC_CoNiV
MPEA used to fulfill first-principles calculation based on the available computer power.

Fig. 12
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(a) Driven force of lattice distortion analyzed from the resultant force acting on each atom of the FCC_CoNiV
MPEA without lattice distorting after volume relaxing only (R7)
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(b) Driven force of lattice distortion analyzed from the resultant force acting on each atom of the FCC_CoNiV
MPEA with lattice distorting by full relaxing (R3, volume, shape and atom positions were allowed to relax)

Fig. 16. Driven force of lattice distortion analyzed from the resultant force acting on each atom of the FCC_CoNiV
MPEA with and without lattice distortion based on the SOFs at 973 K
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Other advanced calculation and characterization such as

Electronic Structure with DOS, pDOS,Chemical bond, Electronic local function (ELF), charge map,
Anisotropy mechanical properties characterized quantitatively and intuitively,

Check and verify the exact cocktail effect,

Barrier wave and coefficients of interstitial atom diffuse,

Surface properties

Absorption of some definite surface

Catalytic properties

Miscellaneous ...

+specially welcome the Puzzles to explore from students in due course.
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+Many interesting results to share!
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Simulation Teaching and Training affairs and experience
Over 20 classes have been hosted by the supporting team, totally 800 attendees since 2014.

Also OPENNING Register for the well established training course, open class flexible in case need
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Bring you a chance, are you ready ?

Just join the Simulation Seminar of High Entropy Materials.

DF Deutsche
Forschungsgemeinschaft

Ph.D. position in
| Project description computational

A three-yﬁear E:TFG-funded prc:jectdcmb“Dii’ft.lsic')la_}'l in BCCcthigh- materials science
entropy alloys from experiment and ab initio”. This project is in :
collaboration with the team of Apl.-Prof. Dr. Sergiy Divinski at at University of
University of Minster (Germany, experimental part). The Stutl:ga_rt, >
Stuttgart team (head: Prof. Blazej Grabowski) will mainly work G ermany '

on ab initio DFT-informed simulations. The main objective of the - Y
project is to develop a general and versatile approach for i--’_"{*? \
accurately describing substitutional diffusion in multi-component 3 '
alloys with an unprecedented accuracy. '

Contact PI:
Dr. Xi Zhang

| Simulation methods
DFT calculations, molecular dynamics, thermodynamic | We offer

integration, machine-learning interatomic potentials, coarse- - Athree-year PhD position
grained approaches e.g., cluster expansion method, (salary: TV-L 13 50%)
kinetic Monte Carlo simulations. < Annual project workshop
(Stuttgart-Munster)
~| Request © German and international

I Master of physics or materials science with a computational conferences

background. i
~ Knowledge: solid state physics, alloy thermodynamics and - Starting time

kinetics, quantum mechanics, density functional theory Before June 2023
' Coding skill e.g., Fortran, Python, shell script, etc.

“ Good English (both oral and scientific writing) . Contact
5. Good team work xi.zhang@imw.uni-stuttgart.de
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