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ABSTRACT By using X ray diffraction technique and electroche mical measure ments, the texture growth
and its effects on the electroche mical properties have been explored under various cooling rates in rare-earth hy-
drogen storage alloys . It was shown that: (1) the different texture growth characters were obtained in the

rare earth hydrogen storage alloys with various compositions under conventional fast cooling and a columnar

structure was formed so that the c-axis of the hexagonal structure was oriented parallel to the cooling plane and

a higher capacity was attained; (2) the alloy prepared from rapid solidification exhibits a strong (0002) based

pole texture in the surface of alloy sheet, i.e. c-axis texture. Its crytal growth character is consistent well
with the alloy MmNi; 5Co, ; Al ¢ which has a columnar structure with very high endurance , and low lattice

strain was obtained under controlled conditions including high rate cooling in the casting process for obtaining a

columnar structure .
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1 INTRODUCTION

Ni/ MH rechargeable batteries using hydro
gen storage alloys have received great attention
because of high capacity, no Cd contamination,
me mory free effect and very high endurance . A
large amount of research work was concerned
with the alloy preparation technology and its
properties, but only a few works about texture
growth of the hydrogen storage alloys were re-
ported. Sakai et altt] reported for the first time
that a columnar structure was formed so that the
caxis of the hexagonal structure was oriented
paralled to the cooling plane in the as-cast
MmNi; 5Coq ;Alj ¢ alloy under controlled condi-
tions including high rate cooling in the casting
process . The as-cast alloy with only the colum-
nar structure exhibits homogeneous composition
and low lattice strain without heat treat ment . It
was also observed for the as-cast alloy electrode
that the X ray diffraction peaks at large angles
become sharper after charge-discharge cycles
showing that release of lattice strain, i.e. “ hy-

drogen induced homogenization” , thus enhanc-
ing the stability and cycle life of the Ni/ MH al-
kaline secondary battery. In addition, some re-
searchers!?” 31 had also studied the influence of
the microstructures of rapidly solidified ABs type
alloys on the diffusion of hydrogen atoms and the
properties of metal hydride electrode . It is found
that there is a critical growth rate for the cellu-
lar-dendritic structure transition and columnar
grain growth preferentially in the direction per-
pendicular to the caxis of the hexagonal CaCus
type structure , leading to the low lattice strain
and high resistance to pulverization of the al-
10y[2_ 6] .
are transformed from {110} into {200} , in ef-
fect , it is rotated about 30° around the c-axis of
hexagonal ABs type structure, leading to the

The preferential growth crystal planes

high- rate discharge efficiency of the electrode . It
may be seen that the rapidly solidified LaNis-
based hydrogen storage alloys could be prepared
with columnar structure and preferential crystal
growth c-axis orientation. Therefore the devel-
opment of the rapid cooling technology for the
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rare earth hydrogen storage alloy is another way
to enhance the comprehensive properties of the
alloy electrodes . By using the X ray diffraction
and electroche mical measure ments, the texture
growth character and its effects on the electro-
che mical properties have been explored under
controlled conditions , including high rate cooling
in the casting process for obtaining a columnar
structure, rapid solidification and prevention of
stoichiometric deviation in this paper.

2 EXPERI MENTAL

ABs-type rare earth hydrogen storage alloys
LadeyPrl_ vy Bs; and LadeyCeZPrl_ vy oz
Bs( B represents Ni, Co, Mn, Al) were pre-
pared as buttons by mixing appropriate amounts
of metals with a purity higher than 99 .9 %( mass
fraction) , and arc melting the mixtures under a
purified argon atmosphere. The buttons were
remelted 2 or 3 times to ensure homogeneity and
then cast in a water-cooled copper crucible.
Rapidly solidified samples were produced by us-
ing a melt-spinning technology . The alloy speci-
mens were pulverized mechanically below 300
mesh , the alloy powder mixed with fine copper
powder in the respective mass ratio of 1: 4 was
pressed into a pellet electrode of d 13 mmx 1 .1
mm at a pressure of 30 MPal8!. A glass cell with
three compartments was employed for electro
che mical measure ments. The electrolyte is a 6
mol/L KOH solution. A Hg HgO (6 mol/L
KOH) reference electrode was positioned closely
to the electrode in the working electrode com-
partment . For discharge capacity measure ments ,
the negative electrode was charged for 2 h at 200
mAh/ g and discharged to - 0.65 Vat 100 mA/g
against Hg/ HgO electrode . For cycle life experi-
ments the negative electrode was charged for
2.33h at 150 mA/ g and discharged at a current
of 150 mA/g to0.9 V.

The alloy ingots were mechanically cut into
two sections (i.e. parallel and perpendicular to
the columnar structure) , and then by using X
ray diffraction technique to determinate the
phase constituents and the intensities of all peaks
in the hydrogen storage alloys so as to attain the
inverse pole figures. The X ray diffraction mea-

sure ments were carried out on APD-10 diffrac
tometer with CuK,, graphite monochromator,
scanning speed 1(°)/ min, and measured range
from 20° to 75° (2 ¢) . The pole densities of the
inverse pole figures for rapidly solidified samples
were calculated by

t
Lt/ T
t
Z Ay s Dot/ T
I and Iy, represent textured and ran-

Py = (1)

where
dom intensities respectively, Ay are area weight
coefficients , and Py, are pole densities of ( hkl)

planes[ "

3 RESULTS AND DISCUSSION

The cast ingot shows a macrostructure con-
sisting of a columnar structure in the outer region
and an equiaxial structure in the inner region. A
higher cooling rate ( by pouring the melted alloy
into a water-cooled mould) results in an ingot
with only columnar structure . The sample pre-
pared by arc melting exhibits smooth and densi-
fied columnar structure , while the grain bound-
aries are cleart®’ .

Table 1 lists the texture analysis results of
the columnar structure of parallel and vertical
sections in the LadeyPrl ~x-yBs alloy ingots .
Table 2 lists the preferential crystal growth in
LadeyCezPrl _ x- y- zBs alloy ingots . It can be
seen that the

y
mainly preferential orientation

planes of the V-type texture (i.e. perpendicular
to columnar structure) are {110} +{200} , while
those of the P-type texture (i.e. parallel to
columnar structure) are {101} +{002} +{201} .
The preferential orientation planes depend on the
alloy composition, but columnar grains grow
preferentially in the direction perpendicular to
the c-axis of the hexagonal CaCus-type struc-
ture , leading to lattice strain and high resistance
to pulverization of the alloy . It is consistent well
with the results of c-axis texture about the
columnar structure in the rapidly cooled Mm-
Ni; 5Coy 7 Aly g hydrogen storage a110y[1]. In the
meanwhile the results also correspond to the uni-
directionally solidified microstructure and its
preferential orientation change from
{110} to {200} at different cooling rates'*) | i.e.

planes



Vol.9 Ne. 2

Texture growth characterization < 299 -

the preferential crystal planes rotate about 30°
around the c-axis. The high-rate discharge capa-
bility of unidirectionally solidified hydrogen stor
age alloy is associated with the anisotropic crystal
growth. This might be attributed to the fact
that the unidirectionally solidified alloy has bet-
ter homogeneity and crystallinity , and the pref-
erential precipitation of Ni and Co on the grain
boundaries, which could improve the electro-
catalytic activity of the alloy surfacel®?. It has
been shown that there are three main crystallo-
graphic features in the rapidly solidifed R. E.
based hydrogen storage alloy, i.e. preferential
grain growth, anisotropically deformed crystal
lattices ( decreased a-axis and increased c-axis) ,
and the change in atomic order. The (0002)
based pole texture is essential , and its inverse
pole figure is shown in Fig.l1 . The pole densities
of rapidly solidified sample and its annealing
samples (at 400, 600, and 800 C) are given in
Table 3. It can be seen that the (0002) based
pole texture is formed on the alloy surface and
the dendritic columnar grains also grow preferen-
tially in the direction perpendicular to the c-axis
of the hexagonal CaCus-type structure .

From the above texture analyses and the
discharge capacity measure ment, it follows that
the alloy having (101) +(002) planes parallel to
columnar structure shows high capacity and en-
durance. Fig.2 shows the active process of the
rapidly cooled alloys . It can be seen that, most
alloys were activated in the first few charge
discharge cycles , and some alloys see m to be eas-
ily activated ( only after two or three cycles) .
Fig .3 shows the relationship between the dis-

Fig .2

charge capacity and high rate discharge current .
From the slopes of the curves we can see that
No.7, 13 and 15 alloys show smoother slopes ,
even though their discharge capacities do not
reach the maxium value. In addition, No.1l1
and 15 alloys have relatively good cycle lifes
( with low rate decays capactiy of 16 % and 18 %
after 300 cycles) . The alloys with relatively
good high rate dischargeabilities were observed
with {201} +{101} type preferential orientation
planes in parallel to the columnar structure.
However, up to now there are not any reports to
clarify how the texture affects the electroche mi-
cal properties of the hydrogen storage alloy elec
trode yet. Based on the above results it seems to
draw a conclusion that the c-axis texture formed
in the direction perpendicular to the solidified
microstructure associated with grain size reduc-
tion and hence the columnar dendritic mi-
crostructure could be crushed into a fine grain
size during the initial step at the hydrogen actr

5.87
0002 qﬂq
0. 9%

Fig.l

1120

1010

Inverse pole figure of rapidly solidified
R. E. hydrogen storage alloy

Dependence of discharge capacity on charge- discharge cycles in No.l ~ No.16 alloys
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Table 1 Texture growth character and discharge capacity of
LadeyPrl Cx- y( NiCoMnAl) 5 alloy ingot
Sample Composition of A side in ABs Value Texture oriented planes ( hkl) Discha.zge
No. La Nd - of A Vertical to Parallel to " ;alz;(il Y Y
columnar structure columnar stracture g
1 0.65 0.10 0.05 0.80 (110) +(200) (301) +(101) 288
2 0.65 0.05 0.20  0.90 (110) +(200) (101) +(201) 300
3 0.85 0.20 0.20 1.25 (301) +(111) (201) +(101) 291
4 0.85 0.05 0.05 0.95 (110) +(112)  (002) +(101) +(211) 306
5 0.75 0.10 0.15 1.00 (110) +(200) (201) +(211) 261
6 0.75 0.20 0.15 1.15 (200) +(110) (201) 273
Table 2 Texture growth character and discharge capacity of
La,Nd Ce.Pr,. .., ,(NiCoMnAl) alloy ingot
Composition Texture oriented )
Sample of A side in AB; Value planes ( hkl) ?:;:;iie
No. of A i
La Nd ce Pr colu r\rlf‘::rlcjtlrltlzmre colu rzizarllzlr:::ture [(mabtg R
1 040 0.15 0.50 0.05 1.10 (201) +(110) (101) +(201) 322
2 040 035 0.05 0.10 0.90 (200) +(112) (101) +(201) 318
3 0.40 0.05 0.35 0.20 1.00 (110) +(301)  (101) +(002) +(201) 312
4 040 0.25 0.20 0.5 1.00 Random (301) +(201) +(101) 295
5 050 0.05 0.50 0.0 1.15 (110) +(200) (101) 326
6 050 0.25 0.05 0.05 0.85 (110) +(301) (101) +(111) 312
7 050 0.15 0.35 0.5 1.15 (200) +(110) (211) +(101) 286
8 050 0.35 0.20 0.20 1.25 (111) (211) +(101) 283
9 070 0.25 0.05 0.20 1.20 (111) +(301) (101) +(201) 311
10 070 0.05 0.05 0.15 0.95 (200) +(111) (112) 302
11 070 0.35 0.05 0.05 1.15 (110) +(200)  (211) +(101) +(002) 289
12 070 0.05 0.20 0.10 1.05 (200) +(110) (101) +(201) 296
13 060 035 0.05 0.5 1.15 (200) +(110)  (101) +(201) +(301) 305
14 060 0.15 0.05 0.20 1.00 (110) +(200)  (101) +(201) +(112) 291
15 060 0.25 0.05 0.10 1.00 (110) +(200)  (002) +(301) +(101) 300
16 0.60 0.05 0.20 0.05 0.90 (200) +(110) (101) +(201) 311

vation. Because of the refined grain size a large
amount of grain boundaries could provide diffu-
sion paths for the hydrogen during the charge-
discharge process, thus releasing the lattice
strain ( hydrogen induced homogenization) . The
high rate discharge efficiencies of the electrodes
depend mainly on the diffusion kinetics of hydro-
gen atoms in the alloys and electrocatalytic activ-
ities on the electrode surface!®’ . Among the oth-
ers the anisotropically preferential grain growth

also led to higher electrocalatic activity due to the
anisotropic diffusion of hydrogen on some crys-
tallographic planes . The detailed mechanism re-
mains to be further clarified .

4 CONCLUSIONS

The different texture growth characters
were observed in rare earth based hydrogen stor
age alloys with various compositions under comr
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Fig.3 Dependence of discharge capacity on high-rate discharge current in No.l ~ No.16 alloys

Table 3 Pole density of inverse pole figure
on surface in rapidly solidified alloy

Py

( hkl) Rapid 400 C 600 C 800 C
solidifi- anneal- anneal- anneal-

cation ing ing ing

001 2.40 2.27 2.43 2.36
101 0.90 0.99 1.03 1.05
110 0.46 0.57 0.51 0.60
200 0.57 0.49 0.52 0.50
111 0.50 0.64 0.63 0.67
002 2.40 2.25 2.64 2.34
201 0.45 0.39 0.50 0.40
112 0.87 1.01 0.88 1.06
211 0.57 0.64 0.54 0.68
202 0.70 0.78 0.75 0 .81
300 0.57 0.49 0.52 0.50
103 1.43 1.47 1.38 1.53

ventional fast cooling , and a columnar structure
was formed so that the caxis of the hexagonal
CaCus type structure was oriented parallel to the
cooling plane. It was observed that there are
preferential orientation planes {110} +{ 200} in
the direction vertical to the columnar structure
and {101} + {002} preferential orientation
planes were formed in the direction parallel to
the columnar structure . The unidirectionally so-
lidified alloy with a similar preferential orienta-
tion feature , i.e . dendriticcolumnar grains pref-
erentially in the direction perpendicular to the ¢

axis, but the preferred orientation plane rotated
from {110} to {200} about 30° around the caxis
at different solidified rates . The rapidly solidified
alloys exhibit mainly the {0002} based pole tex-
tures on the alloy surface and the grains grow
preferentially in the direction perpendicular to
the c-axis of the hexagonal structure. The high
rate discharge effeciency of the electrodes de-
pends mainly on the preferential c-axis orienta-
tion growth and the anisotropic hydrogen diffu-
sion .
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