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Development of high-performance metal-
lic materials for structural and thermal
applications is crucial to attain more
efficient use of energy in the society. In
order to improve the mechanical perfor-
mance, strength and toughness, of iron or
steel, precipitates such as transition-metal
carbides or nitrides are generated inside it
by thermal processes. The size of precipi-
tates, the structure and nature of iron/pre-
cipitate interfaces and the stress around
the interfaces are crucial to control the
mechanical performance. The presence of
lattice misfit between the precipitate and
iron is an essential issue, which induces
the misfit stress at the interface, affecting
the size of precipitates and the bulk
mechanical properties. In our project,
large-scale first-principles calculations of
semi-coherent iron/carbide (nitride) inter-
faces without misfit strains are performed
by order-N scheme. On the other hand, it

?

Lo Q@090 O
@ o 0 o000

-
™

Fe(100)/TiC(100) coherent interface model (5-lay-
er/5-layer supercell)

is important to make basic analysis of
local stress and local energy at the
coherent iron/carbide (nitride) interfaces
based on the behavior of electrons. |
basically deal with this subject. We use
the projector augmented wave (PAW)
method with plane-wave basis based
on the density-functional theory with
the help of the QMAS (Quantum MAte-
rials Simulator) code developed in AlST.
By this code, we can obtain local
energy and local stress in each local
region inside the supercell of iron/pre-
cipitate interfaces, via the energy-den-
sity and stress-density calculations
combined with proper integration
techniques to settle the gauge-depen-
dent problem. We have started with a
Fe(001)/TiC(001) coherent interface,
where we have found the interface
stresses caused by the lattice origin
and the electronic origin.
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The challenge of finding our way to sustain-
able energies is putting an increasing demand
on computational studies. In our group, we are
using the K computer with the objective to
shed light on a key mechanism that takes
place in lithium-ion batteries.

The emergence of a sustainable, non CO:z-emit-
ting, energy economy depends heavily on the
development of autonomous power systems
for application in smart-grid energy storage
and transportation. In this regard, Li-ion
batteries are a leading technology whose
performance-measured in terms of energy
density, power density, recharging time, dura-

bility, cost, and safety-depends critically on the

structure and composition of the electrodes
and electrolyte. In particular, the properties of
the solid-electrolyte interface (SEI)-the specific
phase that results from the chemical decompo-
sition of the organic solvent on the surface of
the anode-are known to be very sensitive to
the insertion of small quantities of chemical
additives into the electrolyte. Because, in addi-
tion, the SEI is known to simultaneously
control the electrode resistance against corro-
sion and the Li-ion insertion-extraction rate, a
detailed knowledge of the SEI structure is
essential in trying to reduce the degradation of
the battery discharge capacity upon succes-

sive charge-discharge cycles.
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In practice however, the SEI is hard to charac-
terize experimentally, implying a strong inter-
est in directly simulating the SEI formation
mechanism in the computer. Recently, we
have used the first-principles code OpenMX-
+ESM on the K computer to run 500-atom
simulations in which the anode is represented
by a slab made of silicon-that has higher Li
insertion capacity than carbon-and the electro-
lyte is composed of one molecule of LiPFs salt
dissolved in propylene carbonate. When
putting the system under bias, we have been
able to directly observe the progressive migra-
tion, desolvation, and adsorption of the Li ion

on the surface of the electrode. Following these

promising results, we are now conducting
simulations containing up to 4000 atoms, which
will allow us to assess the critical effect of ppm
concentrations of chemical additives and/or
traces of water on the Li-ion insertion process

and SEI formation mechanism.

Snapshot from MD simulation of the electrode/electro-
lyte interface of a lithium-ion battery: desolvation of
the lithium ion (in black) from propylene carbonate
in the vicinity of the electrode.
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