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ABSTRACT

Numerical analysis, as EAM(Embedded Atom Method), in the atomic level is necessary
to analyze the relation between the hydrogen and hydrogen absorption metals. EAM established
on density functional theory was developed as a new means for calculating various properties
and phenomena of realistic metal systems. In this study, we had constructed the EAM program
from constitutive formulae and parameters of the hydrogen, nickel and palladium for the
purpose of predicting the expansion behavior on hydrogen absorbing. In result, not only the
ground state properties of metals but also lattice constants and the volume expansion ratio of
metal hydrides show good agreement with Daw's data and experiment data.

F2I|E20 : Embedded Atom Method(EAM), Density Functional theory('d &8 3 4&),
Periodic Boundary Condition(5=7]74 Al Z71), Nickel(Ni,1J#), Palladium(Pd,
ZdHE), Embedding Energy(d ®l J ol X)), Pair Interaction(23]ArE 2 4),
Electron Density(% 22 %), Energy Minimization Method(o) 1] =} & A 3}#),
Lattice constant(d z}/¢4),Hydrogen(3=4:), Hydrogen absorption metal(5=2x#]
8 4), Hydride(5=4-31 &)
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Table 1. Parameters for the atomic density
of nickel6).

i | omi | i |  ci

4s
1 1 54.88885 -0.00389
2 1 38.48431 -0.002991
3 2 27.42703 -0.03189
4 2 20.88204 0.15289
5 3 10.95707 -0.20048
6 3 7.31958 -0.05423
7 4 3.9265 0.49291
8 4 2.15298 0.618735

3d
1 3 12.67582 04214
2 3 5.43253 0.70658
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Table 2. Parameters for -the atomic density
of palladiumé).
i | ni | i l Ci
4s
1 1 89.21928 -0.00071
2 1 61.90983 0.02424
3 2 40.12741 0.16808
4 2 38.42703 -0.24234
5 3 26.92741 -0.01686
6 3 18.39798 0.19178
7 4 10.68346 -0.27759
8 4 7.24112 -0.02257
9 5 4.20229 0.55209
10 5 2.33989 0.57052
4d

1 3 29.86560 -0.08721
2 3 16.80195 -0.23876
3 4 9.02038 0.57074
4 4 4.67147 0.58201
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Fig.1 The analysis model on nickel. (an array of
3x3x3 unit cells by way of example)
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Fig.2 The analysis model on palladium. (an array
of 3x3x3 unit cells by way of example)

Fig.3 The analysis model on nickel hydride
(an array of 3x3x3 unmit cells by way
of example)
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example)

262

[e]

;l M

E&Nilaco, &% 99.95mass%). j’ﬂﬁ*]@?ﬂ"ﬂ
2 1o

08
e

)
=
])
(d

(d

100mmA/cm294

18}eH3] BJ‘?jl)16)

) H/Pd=A L}E}Lﬁﬁiq

A

=4 2 ANUXIES =2E

g
1
Iz

Acryfic HaS04
. ceﬁI ] " (0.1mal)
ac 4
o Pt—anode- 13
o c 1]
Jde Pd-cathodel .
m Silicon
rubber  {+)] k)

Diameter

(a) Test specimen (b)Test apparatus

Fig.5 Schematic drawing.

AFQ MEe HES) Yot vtolawngE
Apgete] o), AR A718 S ew,
A Y2 AASo uA|H) WEHS =4
7] ddsted, XA g4 29" & Fystgn

4. 21t X HE

Fig6& YA Al o] t)d Embeddingol
YA e AxA#RE e gl AR} E

V5% Embeddings|UxI7t 37188 & 471
ik,

42 ] 1 ! 1
0.00 0.02 0.04 0.06 0.08 0.10
2-3
pAa”)
Fig6 Embedding energy as a function of

electron density on the nickel.

P Hi5d HMI4S 20044 128



(DNI Nl(ev)
E
|
|
|
|
|
I
|
|
|
|
|
|
|
(
|
|

R(A)

Fig.7 Pair interaction as a function of atomic
separation between Ni and Ni.
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Table.3 Properties of the nickel calculated from
the EAM potential used in this study.

P;::;“ Daw® | Experimntali?
Lattice
constant ag(A) 3.52 3.52 3.52
Sublimation
energy
Esub (eV) 4.45 4.45 4.45
Bulk modulus
B(ergs/cm?) 1.81 1.8 .1.804
Elastic constants
Criergs/cm?) 234 | 2.33 2.465
Cya(ergs/em? 1.55 1.54 1.473
Caq(ergs/cm3) 1.27 1.28 1.247

Table.4 Properties of the palladium calculated from
the EAM potential used in this study.

P;:s;n Daw? | Experiment!t)
Lattice
constant a(A) | 3.89 | 3.89 3.89
Sublimation
energy
Esub (eV) 391 | 391 3.91
Butk modulus

B(ergs/cnr’) 1.96 1.95 1.95
Elastic constants
Cy;(ergs/cn®) 2.19 218 2.34
Cya(ergs/cmd) 1.83 1.84 1.76
Culergs/cm?®) 0.64 0.65 0.712
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Table.5 EAM analysis and experiment data of lattice
constants of the nickel on the hydrogen
absorption ratio.

P;:xs:; " | Experimentin
Lattice H/Pd=0.0 3.89 3.89
constant(A) | H/pd=0.6 | 4.025 4.026
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Table.6  EAM analysis and experiment data of
expansion of the palladium on the hydrogen
absorption ratio.

Present

study Experiment!?
Lattice | H/Pd=0.0 | 3.89 3.89
coustant(A) | gpa=05 | 4.025 1.026
Expansion Diameter 1.049 1.053
ratio Length 1.050 1.052
(H/Pd=0.7) Volume 1.155 1.157
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