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Hydrothermal Soft Chemical Synthesis of Ni(OH),—Birnessite Sandwich Layered Compound and
Layered LiNiy3sMn,50,
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A layered lithium nickel manganese oxide, Li;Nij;sMn,;0,,
has been hydrothermally prepared from a sandwich nickel
manganese hydroxide-oxide precursor, Ni;Mn,,O0,7(OH);,:nH,0,
which has been hydrothermally synthesized at 200 °C by inter-
calating Ni(OH), into layered birnessite. In this precursor,
MnO, layer and Ni(OH), layer alternately pack together to
form sandwich-like layered structure. The compounds were
characterized by XRD and IR spectrum.

Layered oxide LiCoO, has been commercially used as
cathodic material in secondary lithium battery,* but it is well
known that the cobalt is expensive and toxic.2 To overcome
this drawback, many attempts for searching new excellent sub-
stitutes have been made.® Among these potential materials,
manganese oxides are most attractive materials due to the low
expense and high average redox potential of manganese.*® In
particular, the layered LiMnO, in orthorhombic (Pmnm) or
monoclinic (C2/m) phase, is a promising material because of its
high discharge capacity (Li/Mn= 1).”-° However, the
orthorhombic LiMnO,, which is usually prepared by solid-state
reaction method,© is partly transformed into Li-Mn-O spinel
phase during charge—discharge process resulting in the decrease
of the discharge capacity. The monoclinic LiMnO,, which was
synthesized by ion-exchange or hydrothermal reactions,®1112
shows high discharge capacity and higher stability than the
orthorhombic phase, but it is still partly transformed into the
spinel phase after charge—discharge process. Recently, two
types of layered lithium transition metal oxides O3- and T2-
Li,5[NiysMny5]O, (O = octahedral, T = tetrahedral) have been
reported, and the T2 phase exhibits a large reversible capacity
of 180 mAh/g during cycling.’31* These materials were pre-
pared by Li*/Na" ion-exchange from P3- and P2-
Nay5[Ni;sMn,5]O, (P = prismatic), respectively, which have
an in-plane ordering of transition metal in the transition metal
layer.'* To our knowledge, there is no report on the synthesis
of LiNiysMny50,. This maybe due to that such materials are
not easy to be prepared by a normal method.

Recently, we have prepared a LiAl,(OH)s—birnessite sand-
wich layered compound from a Na-birnessite (NaBir,
Na,Mn,,0,,9H,0) with alayered structure by using both inter-
calation and hydrothermal reactions, which is named hydrother-
mal soft chemica process.’> We think such sandwich layered
compound would be a useful precursor for the soft chemical
synthesis of lithium transition metal oxides, such as
Li-M-Mn-O (M = Ni, Co, Fe, etc.) compounds. Here we report
preparation of a Ni(OH),—birnessite sandwich compound from
NaBir by hydrothermal soft chemical process, and hydrother-
mal synthesis of LiNi;sMn,,;0, using the sandwich compound
as precursor.

The Ni(OH),—birnessite sandwich layered compound was
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Figure 1. XRD patterns of the samples. (A) NaBir, (B)
NiBir, (C) Ni(OH),+ NiBir, (D) Sample obtained by
hydrothermal treatment of sample C (Ni/Mn = 1/2).

stepwise synthesized. The processisas follows. Firstly, NaBir
was synthesized similarly as mentioned in the literature, 16 then
Ni-birnessite (NiBir, Ni,Mn,;,0,,nH,0) was prepared from
NaBir by ion-exchange with Ni(NOs), solution (1 M). This
NiBir (1.6 g) was mixed with a fresh Ni(OH), (0.42 g), which
resulted in the Ni/Mn molar ratio of the mixture corresponding
to an ideal formula Ni;Mn;4,0,,(OH),ynH,0. The mixture with
water (30 g) was put into a Teflon-lined autoclave, and heated
at 200 °C for 3 days. Figure 1 shows the powder X-ray diffrac-
tion (XRD) patterns of the samples recorded on Rigaku
RTP300 RC diffractometer with Cu Ka (A = 1.5418 A) radia-
tion. The as-synthesized NaBir is a pure phase with a basal
spacing of 7.2 A (Figure 1A), which has layered structure with
Na" and crystal water in the interlayer space.’>7 NiBir remains
the layered structure with a basal spacing of 9.7 A after the ion-
exchange (Figure 1B). Before the hydrothermal treatment,
Ni(OH), in the mixture of Ni(OH), and NiBir is easy to be dis-
tinguished by XRD (Figure 1C). After the hydrothermal treat-
ment, no Ni(OH), can be detected in the product (Figure 1D),
and the product is a pure phase with XRD profile similar to that
of asbolane, a natural Ni(OH),—birnessite sandwich layered
compound.’® This result indicates that Ni(OH), was intercal ated
into the interlayer space of NiBir under the hydrothermal condi-
tions, and a sandwich-like compound was formed. In the com-
pounds, Ni(OH), layer and MnO, layer are dternately packed
together, and the ideal formulais Ni;Mn;,0,,(OH);;nH,0.

It has reported that NiBir can be transformed to todorokite
with a (3 x 3) tunnel structure, or to both todorokite and
asbolane by hydrothermal treatment in distilled water,18-20
Since the todorokite and the asbolane show similar XRD pat-
terns, it is difficult to confirm whether the product prepared
here has a layered or atunnel structure only from the XRD pat-
tern. To clear this question, we prepared a Ni(OH),—birnessite
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Figure 2. XRD patterns of (A) Sandwich compound (Ni/Mn =
1/7), (B) mixture of sample A and Ni(OH),, (C) hydrothermal
reaction product of mixture B.

compound with less Ni(OH), content (Ni/Mn = 1/7 in molar
ratio) (Figure 2A) by the hydrothermal treatment of NiBir at
200 °C. Then this Ni(OH),—birnessite was mixed with Ni(OH),
and hydrothermally treated in distilled water at 200 °C. The
final product is a pure phase with Ni/Mn = 2/7 in molar ratio
(Figure 2C), implying that Ni(OH), can be intercalated into the
Ni(OH),—birnessite (Ni/Mn = 1/7 in molar ratio) compound.
This result suggests that the Ni(OH),—birnessite sample would
be a layered compound rather than a tunnel compound. If the
compound was a tunnel compound, it would be difficult to
intercalate further Ni(OH),, because there is no more space in
the tunnel structure for accommodating more Ni(OH),.
The Ni(OH), intercalation can be also confirmed by IR,
TG-DTA, and SEM analyses (no shown).
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Figure 3. The XRD pattern of LiNi, ,Mn, ,0,.

The Ni(OH),—birnessite sandwich layered compound can
be used as a precursor for synthesis of LiNiysMn,50,. Figure
3 shows XRD pattern of a product obtained by hydrothermal
treatment of Ni(OH),—birnessite sandwich layered compound
with Ni/Mn = 0.5 in a LiOH solution with LiOH-H,O/H,O =
1/2 in mass ratio at 200 °C for 3 days. The XRD profile corre-
sponds to O3-Li,;5NiysMn,50, with alayered hexagonal struc-
ture.* A chemical composition analysis indicates the
LiNiy3Mn,;0, product with molar ratios of Li/Mn = 1.4 and
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Ni/Mn = 0.47. Above factsreveal that Ni(OH),—birnessite sand-
wich compound is easily transformed to O3-LiNi;;3sMn,,50,
layered compound under the hydrothermal conditions in LiOH
solution. The interlayer space of the sandwich compound pres-
ents a pathway for Li* diffusion into the bulk crystal in the
transformation reaction. Furthermore, a series of layered
Li-Ni-Mn—O compounds can be prepared by adjusting Ni con-
tent and Ni valence in the sandwich layered precursor. More
detailed discussion about this will be published elsewhere.
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