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Ml‘j‘,‘i Increase in Energy Demands and Environmental Issues
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The terajoule (TJ) is equal to one trillion ( 1012) Joules

Fossil fuels are the most used energy source (84%) into the world, with oil
accounting for 36%, coal 27%, natural gas 23% of global consumption

United States Is World’s Number One Fossil Fuel Subsidizer
http://www.artinaid.com/2013/04/fossil-fuels/

http://thinkprogress.org/climate/2013/03/29/1791811/bombshell-imfstudy-united-sates-
is-worlds-number-one-fossil-fuel-subsidizer/
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.
—)-ll Energy Efficiency of Power Plants

Steam line Turbine

i Generator Transmission
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Coal powder is burned and heats the water
to steam in the SS high pressure boiler tubes,

Condenser which travel to the turbine

Water supply : Transformer

Current condition: 600 °C, 24 ~ 35 MPa.
Expectation: another 50 to 100 °C in next 20 to
30 years.

A major collaborative project in USA --- 760
°C and 35 MPa N ok GIF com

Coal Fired Power Plant. Discovery Channel. N.d. YouTube. Web. 22 Jan. 2016.
<https://www.youtube.com/watch?v=rEJKiUYjWI1E>, 6




—)—II Current Materials of Fossil-energy Power Plants

_U_IJ_. 10° h Creep rupture strength (MPa)
Material Types 1507 ‘1.,
\JnconeI617
§ [Ferritic steels ‘.
(e.g., 11CrMo9-10, P91, P92, XBCrNIMONBYA6.13
P911, X20CrMoNiV11-1, )oo+ ;
N
§ Austenitic steels M
-
(e.g., X6CrNil8-11, \"!
;(3ng}on17-}2,13 . X3CrNiMoN
8CrNiMoNbV16-13) 11CMo910 17-13
. _ X20CrMoNiV11-
§ Nickel-based superalloys Fomite iy XECrNi18.11
(e.g., Inconel 617) F— Austenite —"
o F— Ni- Base Alloys -

500 550 600 65[} ?D[} 750
Temperature (°C)

R.C. Reed, The Superalloys: Fundamentals and Applications. 2006, New York: Cambridge University Press.

I.V. Hagen and W. Bendick. Creep resistant ferritic steels for power plants. in Proceedings of the International Symposium
on Niobium. 2001. Orlando, FL. 7

3. E.Nembach and G. Neite. Progress in Materials Science 1985; 29: 177.
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WISF High-entropy Alloys (HEAs) as New Candidates
HEASs: typically defined as solid-solution alloys that contain five or more
principal el ementsin near-equimolar ratios, possessing a single structure rather
than ordered phases, such as face-centered cubic (FCC), body-centered cubic

(BCC), and hexagonal-close packed (HCP) structures.
Typical Types: (1) AIxCoCrCuFeNi; (2) CoCrFeMnNi; and (3) MoNbTaW

Characteristics: “Metal Buffet”

v'An |dent|ty Crisis — 5 or more| Chemically-disordered but structurally-ordered alloys
elements (no single element) @
dominates [5 atomic percent (at.%) L °) . Lo W
v'Relatively-high  configurational } . i \ l

entropy (influences stability) > W @GN, )
v'Relatively-large lattice strains
(influences strength and stability) (a) BCC (b) FCC (c) HCP

J. W. Yeh, S. K. Chen, S. J. Lin, J. Y. Gan, T. S. Chin, T. T. Shun, C. H. Tsau, and S. Y. Chang, Advanced Engineering
Materials 6, 299 (2004).

B. Cantor, I. T. H. Chang, P. Knight, and A. J. B. Vincent, Materials Science and Engineering A 375-377, 213 (2004).

Y. Zhang, T. T. Zuo, Z. Tang, M. C. Gao, K. A. Dahmen, P. K. Liaw, and Z. P. Lu, Progress in Materials Science 61, 1
(2014).

K. M. Youssef, A. J. Zaddach, C. Niu, D. L. Irving, and C. C. Koch. Materials Research Letters, 1-5 (2014).

P. D. Jablonski, J. J. Licavoli, M. C. Gao, and J. A. Hawk, JOM 67, 2278-2287 (2015). 8



r :
Tk High-entropy Alloys (HEAS)

 From the thermodynamic aspect, the Boltzmann hypothesis with the
entropy of mixingAS,,, -

AS.,, =k, -In(Q) —enole: >]§ IN(N)"" = R -In(N)

A
k 5 Boltzmann’s constant, 2: Number of ways of mixing; R: Gas Constant;

N: Number of elements; NA: Avogadro constant

e The Gibbsfree energy
AGmix — AP[mix B TASmix

AHmix : Enthalpy of mixing, and T : Temperature

* AG,,; could be very small especialy at high temperatures, which implies
that the multicomponent disordered solid-solution phases can be
more stable than the mixing of the complex-ordered phases, like

Intermetallic compounds.

J. W. Yeh, S. K. Chen, S. J. Lin, J. Y. Gan, T. S. Chin, T. T. Shun, C. H. Tsau, and S. Y. Chang, Advanced Engineering
Materials 6, 299 (2004).
Y. Zhang, T. T. Zuo, Z. Tang, M. C. Gao, K. A. Dahmen, P. K. Liaw, and Z. P. Lu, Progress in Materials Science 61, 1

(2014).
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Fracture Toughness, K. (MPa-m1/2)

ﬁ).ﬁj Comparison with other materials
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EL: Fatigue-Endurance Limit UTS: Ultimate Tensile Strength

B. Gludovatz, A. Hohenwarter, D. Catoor, E. H. Chang, E. P. George, and R. O. Ritchie, Science, 2014, 345(6201), pp. 1153-8.

2. M. A. Hemphill, T. Yuan, G. Y. Wang, J. W. Yeh, C. W. Tsai, A. Chuang, and P. K. Liaw, Acta Materialia 60, 5723 (2012).
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Comparison with other materials

Good High-temperature Properties
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- Three Most-studied High-entropy Alloys (HEAS)
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H. Diao, X. Xie, R. Feng, B. Chen, C. Zhang, F. Zhang, K. A. Dahmen, and P. K. Liaw, '""Mechanical Behavior of Single-
phase High-entropy Alloys (HEAS): An overview", in preparation.
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Structural Characterization by Scanning-electron
Microscopy, Neutron Diffraction, and Atom Probe
Tomography
High-temperature Performance by creep and
Tensile Tests, and in-situ Neutron Diffraction
Heat-treatment Effect on microstructure and
High-temperature Performance
Thermodynamic Calculations and Crystal
Plasticity Modeling to predict Phase composition and
lattice strain evolution

Creation
of
Creep-
resistant
HEAs
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Experimental Results and Discussion




ulot  Material Processing

* Composition: 6.98A1-23.26C0-23.26Cr-23.26Fe-23.26Ni (atomic
percentage)

« Fabrication: Sophisticated Alloys Inc.

o Condition:
o

Single-phase Al0.3CoCrFeNi: was fabricated by vacuum-induction
melting to cast a plate of ~ 127 mm x 305 mm x 19 mm. Then the specimen
has undergone the hot-isostatic-pressing (HIP) process at 1,204 C and 103
MPa for 4 hours.

(FCC+B2) Al0.3CoCrFeNi: quartz-tubed with the triple-pumped argon

and undergoes the homogenization treatment at 700 C for 500 hours.

14



(a) Electron Backscatter lefractlon
(EBSD)Characterlzatlon

20 | Co

(b) Phase Map
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L M.P Moody, L. T. Stephenson, A. V. Ceguerra, and S. P. Ringer, Microscopy Research and Technique, Vol. 71, No. 7, pp.

542-550 (2008). 16
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Phase Stability at High Temperatures

“JJ—' In-situ Neutron Levitation Results from the Spallation Neutron Source, ORNL
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Santodonato, Y. Zhang, M. Feygenson, C. M. Parish, M. C. Gao, R. J. Weber, J. C. Neuefeind, Z. Tang, and P. K. Liaw,
Nature Communications, Vol. 6, p. 5964 (2015). 17
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Engineering stress, MPa

Mechanical Behavior
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Creep Behavior of HEAs




Al0.15CoCrFeNi
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Creep Behavior of HEAs

Stress Relaxation Test (SRT)
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T. Cao, J. Shang, J. Zhao, C. Cheng, R. Wang, and H. Wang, Materials Letters, Vol. 164, No., pp. 344-347 (2016).
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E)I” Creep Behavior of HEAs

Mlor

During SRT, creep rate

a . 1 do
gc _ge —_ X

E dt

whereg IS creep rate; ge Is
elastic deformation rate;

Stress; t : Test time; E : Elastic
modulus.

The apparent stress exponent
(napp) is measured, using the
Power law,

e= Ao exp(—Q/ RT)
Where ¢ is the steady-state strain

rate, A is a constant, and o is the
applied stress

£/S

Stress Relaxatlon Test (SRT)

o Al,,,-580 °C
1E-54 & Al_-625°C F a
- E < #
| o Al _850°C a8 ¢'%'%*i a .
060 e K 9%4*' l;!"f
o Al -675°C s M )
1E-6 4 a4 Al,,-700°C A o j o
] A pul
_ . ,e."”
1E-7 o
: o
-::]'qq DFﬁq A|ﬂ_15-650 °C
1E-8 4 o g ¢ Al -675°C
; < Al 700 °C
50 100 150 200 250

stress / MPa

Al0.15 displays a lower creep rate than that of

Al0.6 alloy under the same stress, resulting from
the lower stacking fault energy.

Al0.15: n = 4.98 - 6.03. Al0.60: n = 7.98 - 10.63.

1.

T. Cao, J. Shang, J. Zhao, C. Cheng, R. Wang, and H. Wang, Materials Letters, Vol. 164, No., pp. 344-347 (2016).

Dislocation cross-slip mechanism

21



_)J’ Creep Behavior of HEAs

JJJ LPseudo-creep deformation using in-situ neutron diffraction
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1. W. Woo, E. W. Huang, J.-W. Yeh, H. Choo, C. Lee, and S.-Y. Tu, Intermetallics, Vol. 62, No., pp. 1-6 (2015). 22
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_JJJ’ Study of Creep Behavi T
ok

Alloy: Alo.3CoCrFeNi
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DI’ Study of Creep Behavior

(RN
WL Conventional creep test at 700 - 760 °C in the stress of 40 - 120 MPa

0.007

AIMCoCrFeNi

700 °C
100 MPa

0.006 |-

0.005 -

0.004

0.003 -

0.002 |-

0.001 | Strain rate: 5.85 x 10° s'1_

0.000 b T — L
28 50 100 150

L 1 .
181 200 250

t (hour)
The steady-state creep-rate is calculated,
* de
E=—-
dt

where g is the steady-state strain rate,
€ is strain, and t is time

0.035

0.030

AIDISCoCrFeNi
760 °C
60 MPa

0.025

0.020

|
|
|
|
!
0.015 )
!

0.010 ' 8
Strain rate: 1.64x 10 s

1 : 1 1 195 : 1
50 75 100 150 200 250

0.005

0.000
0

t (hour)
| O Typical three stage creep behavior |
is observed.

« Stage 1: the material experiences
hardening through changes in the
dislocation substructure

» Stage 2: hardening is balanced by
dynamic recovery (e.g., dislocation
annihilation)
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M{*{g Study of Creep Behavior

The apparent stress exponent
(napp) is

measured, using the Power
law,

£ = A" exp(—0 | RT)

where g is the steady-state
strain rate, A is a constant, Q is
activation energy, and o is the
applied stress.

o The value of n.pis around
2.158, which is lower than

the pure metals (4 - 7).

o Creep mechanism is

dislocation glide
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ylof Study of Creep Behavior
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Chemical compositions:

P92: Fe-9.09Cr-1.83W-
0.61Mn-0.43Mo-0.23Si-
0.21Ni-0.20V-0.10C-
0.064Nb-0.046N-0.008P-
0.003Al-0.0012B (wt. %)

P122: Fe-10.15Cr-1.94W-
0.61Mn-0.36Mo-0.27Si-
0.34Ni-0.20V-0.13C-
0.055Nb-0.057N-0.014P-
0.017AI1-0.0019B (wt. %)

FBB8: Fe-6.5Al-10Cr-
10Ni-3.4Mo-0.25Zr-
0.005B

The steady-state creep rate of Alo.3CoCrFeNi is three orders of magnitude lower than

conventional ferritic steels.
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In-situ Neutron-diffraction Study during Tensile Deformation

La strain in
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® The spacing between atom planes can be measured very accuratefy.

® Calculate lattice strains from change in atomic spacing due to stress.
~ Lattice strain

Science & Technology Facilities Council

W@ Rutherford Appleton Laboratory, UK

L gy Lee, H. Choo, P. K. Liaw, E. C. Oliver, and A. M. Paradowska, Scripta Materialia, Vol. 60, No. 10, pp. 866-
869 (2009). 27
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In-situ Neutron-diffraction Study during Tensile Deformation

\J*J
IVAVIN 220
T T I T | T T T T | T T T I T T I IE N
0.06 < 20 y
0.05 E 200 NTM"VW
311 = g _
0'02 200 _% s 100 Al, ,CoCrFeNi
. 400 % g RT Tension
0.01 JWMLW 2 i 50 }
QOp = e =
1.0 1.5 2.0 o= ...
d [A] o 1 2 3 4 5 6 7
True strain, %
| \ 100
ey . Stress 80
MPa
Wk [ ] 60
] by 40
s'degs\ e 20
2 S =\
A\ e IR ] 10 15 20

Tof[us] 28



;_
\—'JU = In-situ Neutron-diffraction Study during Tensile Deformation
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Since the yield strength is low, it is hard to obtain the anisotropic behavior of different {hkl}
clearly, it is essential to further conduct stress relaxation tests. 29
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In-situ Neutron-diffraction Study during Tensile Deformation
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Heat-treatment Effect on Creep Behavior of HEAs
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i Study of Creep Behavior of HEAs after Heat Treatment
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Thermodynamic Calculations




U_l/ * .
yiee  Thermodynamic Modeling
 The Gibbs energy of a binary solution phase can be written as:

@ _ el . . v
i=AB i=A.B v

. The Gibbs energy of a binary intermetallic phase, described by a
two-sublattice compound energy formalism, can be written as:

m = Z Zyef HGIT +RT[ .}r In .}1:' + d .:"?;'” In _}!iﬂ]
i=AB | ,U"‘q,_ p+qx'-

Z*’iyg.flﬂz{}q }B) LAH; Z F}f“gz{} Lisg

i
+ }’AJ’B}’A Ve Lapas Meaning....

O Perform thermodynamic calculations of HEAs to quantify phase
compositions, phase fractions, and phase stability versus
temperature and composition using the CALculation of PHAse
Diagrams (CALPHAD) approach.

J Additional ternary and higher-order interaction terms may also be
added to the excess Gibbs energy term.

L c. Zhang, F. Zhang, S. Chen, and W. Cao, Jom, Vol. 64, No. 7, pp. 839-845 (2012) 39
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Elemental Distribution
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Elemental Distribution (Cont’d)
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Crystal-Plasticity Finite-Element Modeling
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bt cCrystal-Plasticity Finite-Element Modeling (CPFEM)
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\)Jor Conclusions

e The single-phase Al0o.3CoCrFeNi shows better creep properties,
compared with fossil-energy high-temperature materials.

* The in-situ neutron facility helps characterize the average and specific
lattice strain evolution during tension and stress relaxation tests.

 Heat-treatment introduced the strengthening B2 phase into the FCC
matrix. At certain temperatures and stress levels, the creep properties
are improved with heat treatment.

e Thermodynamic calculations predicts phase transformation and
elemental distribution in both the FCC matrix and B2 phase quite well.

e Crystal-plasticity finite-element modeling predicts the elastic strain and

elastic-plastic transition well.
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Nanostructure Evolution through High-pressure Torsion and Recrystallization in_a High-
entropy CrMnFeCoNi Alloy, N. Park, A. Shibata, D. Terada, Y. Yokoyama, P. K. Liaw, and N.
Tsuji.

Distinguished Work-hardening Capacity of a Ti-based Metallic Glass Matrix Composite upon
Dynamic Loading, J. W. Qiao, H. J. Yang, Z. H. Wang, and P. K. Liaw.

* The 10th International Conference on Bulk Metallic Glass 2014, Shanghai, China, University of
Science and Technology, Beijing, June 6-16, 2014

\/
0‘0

1.

Characterization of Serrated Flows in BMG and HEAs, X. Xie, S. Y. Chen, J. Auto, J. P. Liu, J.
W. Qiao, P. K. Liaw (invited).

National Institute of Materials Science, Japan, 2014

Fatigue Behavior of BMG and HEAs, X. Xie, G. Y. Wang, P. K. Liaw. 54
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o University of Science and Technology, Beijing, China, June 9, 2014 (Invited)
Characterization of Serrated Flows in High-Entropy Alloys and Bulk-Metallic Glasses, P.
K. Liaw.
Belhang University, Beijing, China, June 10, 2014 (Invited)

1. Characterization of Serrated Flows in High-Entropy Alloys and Bulk-Metallic Glasses. P.
K. Liaw.

% National Institute of Materials Science, Japan, June 23-24, 2014 (Keynote)

o L. Fatigue Behavior of Bulk Metallic Glasses and High Entropy Alloys, Peter K. Liaw.
* 2014 Gordon Research Conferences, Hong Kong, China, July 20-25, 2014

L. Loading Condition Effects on the Serrated Flows in Bulk Metallic Glasses (BMGs)
(poster). X. Xie, J. Antonaglia, J. W. Qiao, Y. Zhang, G. Y. Wang, K. A. Dahmen, and P. K.
Liaw.
Characterization of Deformation Dynamics in Bulk Metallic Glasses (BMGs) (Invited), X.
Xie, J. Antonaglia, J. W. Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P.
o K. Liaw.

* Central South University, Changsha, Hunan, China, July 26th, 2014 (Invited)

1. Serration Behaviors of High Entropy Alloys and Bulk Metallic Glasses, X. Xie, J.
Antonaglia, J. W. Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P. K.
Liaw.

Dalian University of Technology, Dalian, Liaoning, China, July 28th, 2014 (Invited)

1. Serration Behaviors of High Entropy Alloys and Bulk Metallic Glasses, X. Xie, J.
Antonaglia, J. W. Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P. K.
Liaw. 55
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% University of California, Los Angeles, California, US, October 17th, 2014 (Invited)
Serration Behaviors of High Entropy Alloys and Bulk Metallic Glasses, X. Xie, J. Antonaglia,

o J. W. Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P. K. Liaw.
* Yale University, New Haven, Connecticut, US, October 10th, 2014 (Invited)

Serration Behaviors of High Entropy Alloys and Bulk Metallic Glasses, X. Xie, J. Antonaglia, J. W.
o Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P. K. Liaw.
% University of Cambridge, Cambridge, United Kingdom, December 8th, 2014 (Invited)

Serration Behaviors of High Entropy Alloys and Bulk Metallic Glasses, X. Xie, J. Antonaglia, J. W.
o Qiao, Y. Zhang, G. Y. Wang, Y. Yokoyama, K. A. Dahmen, and P. K. Liaw.
o 2015 TMS Meeting, Orlando, FL, USA, March 15-19, 2015

I On the Friction Stress and Hall-Petch Coefficient of a Single Phase Face-Centered-Cubic
High Entropy Alloy Al0.1FeCoNiCr (Invited), Nilesh Kumar, Mageshwari Komarasamy, Zhi
Tang, Rajiv Mishra, and Peter Liaw.
Strength and Deformation of Individual Phases in High-Entropy Alloys, A. Giwa, Haoyan
Diao, Xie Xie, S. Y. Chen, Zhi Tang, Karin Dahmen, and Peter Liaw.
3. Al-Co-Cr-Fe-Ni Phase Equilibria and Properties, Zhi Tang, Oleg Senkov, Chuan Zhang, Fan

Zhang, Carl Lundin, and Peter Liaw.

4. Fatigue Behavior of an Al0.1CoCrNiFe High Entropy Alloy, Bilin Chen, Xie Xie, Shuying
Chen, Ke An, and Peter Liaw.
Modeling Plastic Deformation and the Statistics of Serrations in the Stress versus Strain
Curves of Bulk Metallic Glasses and Other Materials (Invited), Karin Dahmen, James
Antonaglia, Wendelin Wright, Xiaojun Gu, Xie Xie, Michael LeBlanc, Junwei Qiao, Yong
Zhang, Todd Hufnagel, Jonathan Uhl, and Peter Liaw. 56
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- 2215 TMS Meeting, Orlando, FL, USA, March 15-19, 2015 (Cont’d)

8.

9.

10.

11.

12.

Deformation Twinning in the High-Entropy Alloy Induced by High Pressure Torsion at
Room Temperature, Gong Li, P.F. Yu, P.K. Liaw, and R.P. Liu.

Microstructures and Mechanical Behavior of Multi-Component AlxCrCuFeMnNi High-
Entropy Alloys, Haoyan Diao, Zhinan Anl; Xie Xie, Gongyao Wang, Chuan Zhang, Fan
Zhang, Guangfeng Zhao, Fuqian Yang, Karin Dahmen, and Peter Liaw.

The Characterization of Serrated Plastic Flow in High Entropy Alloys, Shuying Chen, Xie
Xie, James Antonaglia, Junwei Qiao, Yong Zhang, Karin Dahmen and Peter Liaw.
Segregation and Ti-Zr-Hf-Ni-Pd-Pt High Entropy Alloy under Liquid State, Y. Yokoyama,
Norbert Mattern, Akitoshi Mizuno, Gongyao Wang, and Peter Liaw.

A Model for the Deformation Mechanisms and the Serration Statistics of High Entropy
Alloys, Karin Dahmen, Bobby Carroll, Xie Xie, Shuying Chen, James Antonaglia, Braden
Brinkman, Michael LeBlanc, Marina Laktionova, Elena Tabachnikova, Zhi Tang, Junwei
Qiao, Jien Wei Yeh, Chi Lee, Che Wei Tsai, Jonathan Uhl, and Peter Liaw.
Computational-Thermodynamics-Aided Development of Multiple-Principal-Component
Alloys (Invited), Chuan Zhang, Fan Zhang, Shuanglin Chen, Weisheng Cao, Jun Zhu, Zhi
Tang, Haoyan Diao, and Peter Liaw.

Sputter Deposition Simulation of High Entropy Alloy via Molecular Dynamics

Methodology (Invited), Yunche Wang, Chun-Yi Wu, Nai-Hua Yeh, and Peter Liaw.
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% 2016 TMS Meeting, Nashville, TN, USA, February 14-18, 2016

I Deviation from High-Entropy Configurations in the Al1.3CoCrCuFeNi Alloy, Louis
Santodonato, Yang Zhang, Mikhail Feygenson, Chad Parish, Michael Gao, Richard Weber,
Joerg Neuefeind, Zhi Tang, and Peter Liaw.
A Bragg-Williams Model of Ordering in High-entropy Alloys, Louis Santodonato, and Peter
Liaw
Exploration of High Entropy Alloys for Sustainable Energy Storages, Jingke Mo, Yunzhu Shi,
Peter Liaw, Feng-Yuan Zhang.
Structure Evolution during Cooling of Al0.1CrCuFeMnNi High-entropy Alloy, Haoyan Diao,
Chuan Zhang, Louis Santodonato, Mikhail Feygenson, Joerg Neuefeind, Xie Xie, Fan Zhang,
and Peter Liaw.
Atomic and Electronic Basis for Viscous Flow Mediated Avalanches of Ultrastrong Refractory
High Entropy Alloys, William Yi Wang, Shunli Shang, Yi Wang, Yidong Wu, Kristopher
Darling, Xie Xie, Oleg Senkov, Laszlo Kecskes, Karin Dahman, Xidong Hui, Peter Liaw, and
Zi-Kui Liu.
Microstructure and Mechanical Properties of YxCoCrFeNi High Entropy Alloys, Gong Li,
Huan Zhang, Lijun Zhang, Pengfei Yu, Hu Cheng, Qin Jing, Mingzhen Ma, Peter Liaw, and
Riping Liu
Fracture Toughness and Fatigue Crack Growth Behavior of High Entropy Alloys, Mohsen
Seifi, Dongyue Li, Zhang Yong, Peter Liaw, and John Lewandowski.
8. Microstructures and Properties of CoFeMnNiX ( X = Al, Ga, Sn ) High Entropy Alloys, Ting

Ting Zuo, Xiao Yang, Michael Gao, Shu Ying Chen, Peter Liaw, and Yong Zhang
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@ 2316 TMS Meeting, Nashville, TN, USA, February 14-18, 2016 (Cont’d)

10.

11.

12.

13.

14.

15.

16.

Deviation from High-Entropy Configurations in the All1.3CoCrCuFeNi Alloy, Louis
Santodonato, Yang Zhang, Mikhail Feygenson, Chad Parish, Michael Gao, Richard Weber,
Joerg Neuefeind, Zhi Tang, Peter Liaw.

A Statistical Study of the Potential-scan-rate and Al-content Dependent Metastable Pitting
(Serration) Behavior of AlxKFeCoCrNi High-entropy Alloys, Yunzhu Shi, Bin Yan, Xie Xie, Zhi
Tang, Karin Dahmen, and Peter Liaw.

Serrated Plastic Flow in CoFeMnNi, CoCrFeMnNi, and CoCrFeNi High Entropy Systems,
Joseph Licavoli, Karin Dahmen, Paul Jablonski, Michael Gao, Peter Liaw, and Jeffrey Hawk.
Microstructural Characterization and Phase Evolution of Al1.5CrFeMnTi and Al12CrFeMnTi,
Rui Feng, Chanho Lee, Peiyong Chen, Michael Gao, Chuan Zhang, Fan Zhang, and Peter
Liaw.

Serrated Flows in High Entropy Alloys (HEASs), Shuying Chen, Peter Liaw, Xie Xie, Karin
Dahmen, Yong Zhang, and Junwei Qiao.

Deformation and Structural Modeling of a Quenched Al0.1CrCoFeNi Multi-principal Element
Alloy under High Strains, Aayush Sharma, Peter Liaw, and Ganesh Balasubramanian.

A Model for the Deformation Mechanisms and the Serration Statistics of High Entropy Alloys,
Karin Dahmenl; Robert Carroll, Xie Xie, Shuying Chen, Michael LeBlanc, Jien Wei Yeh, Chi
Lee, Che Wei Tsai, Peter Liaw, and Jonathan Uhl.

Computational-Thermodynamics-Aided Development of Lightweight High Entropy Alloys,
Chuan Zhang, Jun Zhu, Fan Zhang, Shuanglin Chen, Chuan Zhang, Rui Feng, Shuying Chen,
Haoyan Diao, and Peter Liaw.
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17. Computational High-Entropy Alloy Design and Phase Equilibria of an Al-Co-Cr-Fe-Ni
System, Zhi Tang, Oleg Senkov, Jonathon Poplawsky, Chuan Zhang, Fan Zhang, Carl
Lundin, and Peter Liaw.

18. A Novel, Single Phase, Refractory CrMoNbV High-entropy Alloy, Rui Feng, Michael
Widom, Michael Gao, and Peter Liaw.

Lunch Lecture, Knoxville, TN, USA, February 26, 2016 (Invited)
I Deviation from High-Entropy Configurations in the Al1.3CoCrCuFeNi Alloy, Louis

Santodonato, Yang Zhang, Mikhail Feygenson, Chad Parish, Michael Gao, Richard Weber,

o Joerg Neuefeind, Zhi Tang, and Peter Liaw.

Kl The Joint Institute for Neutron Sciences (JINS) Invited Lecture, Knoxville, TN, USA, March 21,

2016 (Invited)
Deviation from High-Entropy Configurations in the Al1.3CoCrCuFeNi Alloy, Louis
Santodonato, Yang Zhang, Mikhail Feygenson, Chad Parish, Michael Gao, Richard Weber,
Joerg Neuefeind, Zhi Tang, and Peter Liaw.
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