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Ultra Accelerated QCMD Method: BN =EEFE D F

New Scheme based on Tight-Binding Quantum Chemistry Method

Quantum Chemistry Calculation Potential Function
Colors Determination
Original Tight-Binding Approximation || E=ZD;(1-exp(B(r;-ry))*+XH( G- G)>
100000 _ , +>H.. (1+COS(n¢-¢))
5 | Traditional ...---* 5000 times ikl
8 ool .-t faster than +3(Ayr>-BylrP)+E(ZZeln)
g 0o @ first-principles | | Chemical Nature: ‘
— calculation || Quantum Chemistry -
& oir Colors \ )Bond_E, Charge, efc. | _
0 20 40 e 80 Atomic Motion:  chemical
Number of Atoms | Potential Function Reaction ]

V
Time Evolution (Quantum Chemistry-based Molecular Dynamics)

10,000,000 Times Acceleration Compared with First-Principles MD
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Effects of ~Al,O; supports on H adsorption

19469m/s

22459m/s
H-velocity

Parameter used between H-AI203
Morse 7.8[kcal/mol] 1.98[1/A] 1.98[A]

o

Initial rate of H
22459 m/s




MD calculation & adsorption of spillover H atom in Al203 surface

1 Collision. 2 Collision 3 Collision
]
19469m% 17002m/s 5 10928m/s

4 Collision

]

10928m/s

It decelerated little by little whenever colliding and it
adsorbed on the Al203 surface after the fourth collision




Movies

3900 m,
O

Spilt-over
hydrogen atoms
are very reactive
reduce CeO, and
produce H,O and
oXygen vacancy.

CeO,




Movie

Molecular H,
cannot reduce
CeO, easily even
a temperature as
high as 873 K

3900 m/s

CeO,
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Potential Catalysts

Speed (km/h)
80 .

\

PGM

60 . = J '-
Check Durapoiljty = g V\OK
Re-Design | M IM' ] ] A ] NG\ Salegl
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( Theoretical Works Background

Static Monte-Carlo

50 MCS

Molecular Dynamics
Too short “ps” for aging s

, 6.0ps

Surface Evolving Dynamics
Unrealistically-simple

Sk~

imulation

Acta Materialia 55, 4553, 2007

L]
Computational Materials Science 14, 125, 1999

\_ Acta materialia 47-3, 1007, 1999 )
[ Aim Multi-scale Simulation is applied for theoretical study on durability of catalyst.

: : . : Pt

e -l Macro <4mm) Micro v

Y Sintering | . - 2

Behavior 3 - od I
fponfarrsey
| S0 Supports: -
; Ultra Accelerated Quantum:

Kinetic Monte-Carlo Chemical Molecular Dynamics )
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Diffusion of Supported Metals: Pt, Pd, Rh

_ Do : Diffusion coefficient of supported metals
D,, (r)=D,,,(2r,)" M o
v (1) =Dy (2r,) " exp(- RT) E,, :Activation energy for sintering of metals
ry :metal radius

&2
=
& | Diffusion -
p Collision
2
= i .
Supported £ sintering
metals O
.‘ Reactlon
Support
2
S
o)
[
=
[%2)
>
, =
0o Reaction

Diffusion of Supports: Al, O3, ZrO,, CeO,

Dg,: Diffusion coefficient of supports
Ds (1) = Dy, (215) ™" exp (_—) Es : Activation energy for grain growth of supports
s :support radius

n :Grain-size exponent R :Universal gas constant T :Absolute temperature



Algorithm of 3D-Sintering Simulator; SINTA

[Modeling 3D support metal oxides ]+[Support precious metals on the support

Support Metal Oxides [Read coordinates of Supports and Supported Metalsj

_Hm- scale v
_ Supported Metals Decide diffusion direction of supported
nm-scale particles and supports by random number

v

Average migration distance of supported metals

AXp = «/ D(r)At D[m2sec] :Diffusion Coefficient

rlnm]: Radius of supported particles

~

. Transfer supported metal particles
gg - Grain Collision
Support firowth Pt @%@.

Time Time
Judge Agglomeratlon of supported metals J

Continue for set steps
) Y unit of Hour, Day
4 [ Output of calculation results ] for realistic aging scale




Model & Condition for Macro-Scale Sintering Simulation
Model [Cell size x=0.1um, y=0.2um, z=0.2um

PY/ALO,

Supported Pt amount: 2wt% ]

Zirconia

Ceria
e

o

Table. Parameter for sintering simulation at 800.0 °C, 5 hours with t=0.01 s/step

Dg (r) = Dgo(2rs)”" exp(-Es /(RT))
[m?/s] [kJmol] [m?/s] [kdmol-]
Do tetragonal 2-9E4 ES 506 D, 46 Es 458
Deo monocinic 1-0E4  ES 360

D (1) =Dpmo(2rv) " exp(-Ep /(RT))
D,, 1.0E-16 E,,108 Dy

[m?/s] [kdmol1]
D, 7.0E4 Es567

1.8E-10 E,,113 Dy, 1.0E-20 E, 124

16



Pt/y-Al,O; Sintering Behavior

Experimentally estimated by CO pulse method

Fresh 1.0 nm Aged 23.6 nm
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Pt/ZrO Experimentally estimated by CO pulse method
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Multi Component ZrQ, (t-ZrO, + m-ZrQ,)
Grain Growth Behavior
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| =
= ?8 I (€ t-2r0, + €1 m-Zr0,) r
0 I I I | ,%-1
0 1 2 3 4 5 5
T t-z2ro, Time [hours] =

1 m- ZrOV2
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XRD of t-, and m-ZrO,
versus crystallite size increase

Journal of solid state chemistry
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