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Abstract: By using neutron scattering technique, a series of LaNis—,Al(x=0.1, 0.25, 0.3, 0.45,
0.5, 0.75) alloys and their deuterides were studied at room temperature. A series of
experimental data of LaNis—,Al, alloys were refined by means of program FullProf. Their space
groups are found to be P6/mmm. The alloys’ lattice parameters, cell volumes and atomic
positions were obtained. It is discovered that Al atoms just substitute a part of Ni atoms which
are at 3g position. Furthermore, it is also learned that the variety of cell volume is almost
proportional to the content of Al atoms in the alloys. The refined results of LaNis— ALD,
diffraction data show that the deuterides’ space groups are still P6/mmm. The varieties of phase
components, lattice parameters and cell volumes were analyzed after charging deuterium.
Afterwards, the atomic positions and distribution of deuterium atoms in the cell were obtained.
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Fig. 1 Sketch map of deuterium charging equipment
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Fig. 2 Neutron powder diffraction patterns
of LaNis—,Al, (a) and LaNis-,ALD, (b) at room temperature
x=0.1, 0.25, 0.3, 0.45, 0.5, 0.75
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Table 1 Refined results of neutron diffraction for LaNis-,Al, at room temperature

Bt A T A R AT x y z LA N RN
LaNigoAlg, a=b=0.501 76(4) nm La(la) 0 0 0 1 R,=4.32%
¢=0.399 05(4) nm Nip(2¢) 03333 0.6667 0 2 Ryp=5.71%
¥=87.004 7x10° nm’ Nin(3g) 0.5 0 0.5 2.98(2) Rexy=3.04%

Al(3g) 0.5 0 0.5 0.02(2) =353
LaNigzsAloos  a=b=0.502 86(5) nm La(la) 0 0 0 1 R=4.71%
¢=0.400 91(5) nm Nip(2c) 03333 0.6667 0 2 Ryy=6.05%
V=87.796 510 > nm’ Niy(3g) 0.5 0 0.5 2.84(3) Rexp=2.95%

Al(3g) 0.5 0 0.5 0.16(3) =420
LaNiy7Alg 3 a=b=0.502 78(5) nm La(la) 0 0 0 1 R,=4.05%
¢=0.401 41(4) nm Nip(2¢) 03333 0.6667 0 2 Ryp=5.22%
y=87.877 0x10 ° nm’ Nij(3g) 0.5 0 0.5 2.78(2) Rexp=3.12%

Al(3g) 0.5 0 0.5 0.22(2) =280
LaNiy ssAly 45 a=b=0.503 85(6) nm La(la) 0 0 0 1 R,=4.55%
¢=0.403 44(5) nm Nip(2¢) 03333 0.6667 0 2 Rypy=6.11%
¥=88.699 3x10~° nm’ Nig(3g) 0.5 0 0.5 2.59(2) Rexy=3.25%

Al(3g) 0.5 0 0.5 0.41(2) 7=3.52
LaNiy sAlg s a=b=0.503 81(5) nm La(la) 0 0 0 1 R=3.17%
¢=0.401 88(5) nm Nip(2¢) 03333 0.6667 0 2 Ryy=4.18%
=88.341 3x10° nm’ Nig(3g) 0.5 0 0.5 2.68(2) Rexy=2.89%

Al(3g) 0.5 0 0.5 0.322) =208
LaNig 5Aly7s a=b=0.504 25(5) nm La(la) 0 0 0 1 R=11.3%
¢=0.404 41(5) nm Nip(2¢) 03333 0.6667 0 2 Rup=11.7%
¥=89.050 7x10° nm’ Nig(3g) 0.5 0 0.5 2.47(0) Rey=7.15%

Al(3g) 0.5 0 0.5 0.53(0) 7=2.69
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Table 2 Condition of deuterium charging

for LaNis-,AlD, samples
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Ji/kPa /T 4 SOy
LaNis oAl 276 300 LaNis9Alg1Ds s
LaNis 75Alg 25 432 160 LaNi4 75Alg25Ds 2
LaNis 7Alp 3 174 160 LaNis 7Alp3Ds
LaNiy 55Alo.4s 760 160 LaNiy 55Alo.45D4.6
LaNis sAly s 500 160 LaNis 5AlgsDao
LaNiy 25Al0.75 400 160 LaNiy 25Al0.75D3 5
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Table 3 Refined results of neutron diffraction for LaNis-Al.D, at room temperature

B Ak 0Unm SR A x y z N
LaNigAlg,Ds s a=h=0.535 48(13) nm La(la) 0 0 0 1
B A ¢=0.424 24(15) Ni|(2¢) 0.333 3 0.666 7 0 2
JiHE S 5 88.60% V=105.347 8x10 *nm’ Niy(32) 0.5 0 0.5 2.98
R,=3.64% Al(3g) 0.5 0 0.5 0.02
Ryy=4.56% Di(129) 0.165 7(110) 0.289 8(50) 0.5 1.36(9)
Rexp=3.24% D,(120) 0.7891(69)  —0.789 1(69) 0.651 4(217) 0.58(10)
7=1.98 Ds(12n) 0.475 1(66) 0 0.098 6(20) 2.19(6)
a a=h=0.502 11(11) nm Dy(4h) 0.333 3 0.666 7 0.385 8(111) 0.40(4)
JICHE T4 11.40% ¢=0.399 45(12) nm La(la) 0 0 0 1
Y=87.216 1x10 > nm’ Ni|(2¢) 03333 0.666 7 0 2
Nij(3g) 0.5 0 0.5 2.98
Al(3g) 0.5 0 0.5 0.02
LaNiy 75Aly 25 Ds 5 a=b=0.532 13(17) nm La(la) 0 0 0 1
B AH ¢=0.419 80(16) nm Ni | (2¢) 0.3333 0.666 7 0 2
V=102.946 2x10 *nm®  Nip(3g) 0.5 0 0.5 2.84
R,=4.79% Al(3g) 0.5 0 0.5 0.16
Ryy=6.72% D(6m) 0.151 3(40) 0.302 6(80) 0.5 1.73(6)
Rexy=2.85% Dy(12n) 0.467 1(46) 0 0.085 7(28) 2.25(7)
2=5.58 Ds(4h) 0.3333 0.666 7 0.391 2(224) 0.22(4)
LaNiy ;Alo3Ds o a=b=0.531 82(10) nm La(la) 0 0 0 1
B AH ¢=0.420 62(10) nm Ni | (2¢) 0.3333 0.666 7 0 2
V=103.026 2x10 *nm®  Niy(3g) 0.5 0 0.5 2.69(5)
R,=4.09% Al(3g) 0.5 0 0.5 0.31(5)
Ryp=5.20% Dy(129) 0.165 6(72) 0.297 3(29) 0.5 1.53(6)
Rexy=2.76% Dy(12n) 0.471 4(29) 0 0.091 7(16) 2.26(5)
2=3.55 Ds(4h) 0.3333 0.666 7 0.376 3(112) 0.27(3)
LaNig 5sAly45Dy 6 a=b=0.530 22(10) nm La(la) 0 0 0 1
B AH ¢=0.420 18(9) nm Ni | (2¢) 0.3333 0.666 7 0 2
V=102.302 1x10 *nm®  Niy(3g) 0.5 0 0.5 2.59
R,=4.08% Al(3g) 0.5 0 0.5 0.41
Ryy=5.25% Dy(129) 0.157 2(101) 0.286 5(30) 0.5 1.29(4)
Rexg=2.70% Dy(12n) 0.486 0(62) 0 0.093 9(16) 2.01(4)
2=3.79 Ds(4h) 0.3333 0.666 7 0.397 9(261) 0.11(3)
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FEih fn % HUnm SR X y z difi g N
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T 534 ¥=101.614 3x10 " nm’ Nij(3g) 0.5 0 0.5 2.68
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Rexy=2.68% Dy(121) 0.467 6(42) 0 0.084 0(26) 1.96(5)
=252
a=b=0.505 60(9) nm La(la) 0 0 0 1
a ¢=0.402 56(11) nm Nit(2c) 0.3333 0.666 7 0 2
Piss o/t Y=89.121 4x10 > nm’ Nip(3g) 0.5 0 0.5 2.68
15.20% Al(3g) 0.5 0 0.5 0.32
Dy(12n) 0.441 6(116) 0 0.085 9(139) 0.40(9)
LaNiy 55Al75D;. a=b=0.529 27(10) nm La(la) 0 0 0 1
s ¢=0.418 59(12) nm Nip(2¢) 0.3333 0.666 7 0 2
B # V=101.548 6x10 > nm’ Niy(3g) 0.5 0 0.5 247
R,=5.74% Al(3g) 0.5 0 0.5 0.53
Ryy=7.39% Dy(129) 0.172 9(62) 0.275 8(41) 0.5 1.29(6)
Rexy=3.34% Dy(121) 0.478 1(59) 0 0.091 1(22) 1.95(6)
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Table 4 Deuterium contents, number and type
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E S AT SR
FEITRE

= A EH HmA T
LaNi;oAlg Ds3s 4.53 4 12n,12,120,4h
LaNi, 75Alg2sDs 2 420 3 12n,6m,4h
LaNiy;Alo3Ds o 4.06 3 12n,12¢,4h
LaNiy ssAlg4sDag 3.41 3 12n,12¢,4h
LaNiysAlgsDso 3.80 2 12n,12¢
LaNi;25Alp 75D 5 3.24 2 12n,12¢
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