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Abstract

The chemical and physical processes occurring during the grinding of nickel hydroxocarbonate and
mixtures of nickel hydroxocarbonate with aluminium and aluminium oxide were discussed. For me-
chanical treatment a planetary ball mill was used. The phase analyses of ground products were car-
ried out using thermogravimetry and X-ray diffraction methods. The amount of Ni(OH),COs
undecomposed and Al,05:xH,0, xNiO, Ni°, Ni,Aly alloys and remained Al in the systems strongly
depends on the proportion of components and on the duration of grinding in a mill which was used in
the study. The comparative results are presented.
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Introduction

Reactive milling has opened new ways for the solid state reactions and the alloy syn-
theses. Mechanical activation is usually carried out in high-energy devices such as vi-
bratory, planetary or attritor mills. The energy transfer to the particles in these mills
takes place by shearing action and impact of the high velocity balls with the pow-
dered reagents. Therefore, the mechanical treatment can cause physical and/or chem-
ical changes in materials [1-4], which can be identified by analysis of the solids
formed during milling.

An important application of mechanical activation can be obtaining of a catalyst.
For example, the ground mixtures of hydroxocarbonate of Ni with powdered alu-
minium are a catalytic agent in some organic syntheses. Literature data [5] confirmed
by our preliminary investigations indicate that such type of catalysts can be used in-
stead of Raney’s catalyst in the reactions of hydrogenation of some unsaturated or-
ganic compounds.
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Elucidation of the mechanism of reactions occurring during grinding is not a simple
task. Phase transformations, changes in crystalline structure and formation of new solid
phases in mechanically activated mixtures can be examined by thermal analysis and
X-ray diffraction methods [6-9]. However thermonalytical techniques are only very use-
ful in this case because of their simplicity in qualitative and quantitative phase analysis.

The aim of this research was to show the influence of aluminium and aluminium
oxide in powder form on mechanical activation of nickel hydroxocarbonate.

Experimental
Materials

Ni-hydroxocarbonate (Ni,(OH),CO;) was obtained by precipitation from aqueous so-
lution [7]. The aluminium powder and aluminium oxide was nominally >99% Al° and
a-AlO;, respectively.

The systems of Ni,(OH),CO, with Al’ were prepared as physical mixtures at (%)
proportions of 80:20, 90:10 and 20:80, respectively and the system of Ni,(OH),CO,
with AL O, at a (%) proportion of 50:50.

A planetary laboratory mill with balls made of W—Co alloy was used for me-
chanical activation. The two vials were rotated at 1130 rev min™. The velocity of the
ball was of 3.20 m s™'. The mass proportion of balls to sample mass was of 14:1.

Mechanical grinding was carried out in the range of 5—15 min in air at ambient
temperature and under atmospheric pressure.

Methods and instruments

Thermogravimetric analyses of the samples were carried out on a Mettler thermo-
balance TG-50 in a Mettler TA-4000 System. Records were obtained with samples
heated at a rate of 24°C min ™', up to 950°C, in an open platinum crucible. The sample
size was about 20 mg.

X-ray powder diffraction patterns were obtained using a Philips X’ Pert
Diffractometer (CuK,) in the 26 range of 10—60°.

Results and discussion

The results of our preliminary investigations indicated that hydroxocarbonate of
nickel remains almost undecomposed after 15 min of mechanical treatment, unlike
Cu,(OH),CO,, which decomposes in over 60% under the same treatment [6]. The rea-
son for this is probably a difference in crystalline state of these two mentioned com-
pounds. It is evident from the previous study that Cu,(OH),CO, is crystalline and
whereas Ni,(OH),CO, is amorphous as can be seen in Fig. 1a.

The two-component systems, i.e. Ni,(OH),CO, with Al’, become more compli-
cated. The TG/DTG curves for the systems with a different content of Al’and after
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milling time for 5 and 15 min are shown in Figs 2 and 3, respectively. The mass
changes, generally accomplished in four steps, can be attributed to:

I — a dehydroxylation of hydrated aluminium oxide (-=Am, ),

II - the decomposition of Ni,(OH),CO, (-Amy .0, ),

IT1 — the rapid Al” oxidation (+Am,, ),

IV — the oxidation of Ni-Al alloys (+Am,, ).

A reliable identification of solids present in ground products made on the basis
of results of thermogravimetry and X-ray powder diffractometry (Fig. 4) was essen-
tial to elucidate the processes (1-6) occurring during mechanical activation, which is
schematically shown in Fig. 5.

Ni,(OH),CO; — 2NiO+CO,+H,0 (1)
4A1°430, — 2A1,0; AH,=—1675 kJ mol™' )
3NiO+2A1° — ALOs+3Ni’ AH3=-955 kJ mol™ (3)
2A1°%46H,0 — Al,05-3H,0+3H, AH=-949 kJ mol ™ 4)
NiO+H, — Ni’+H,0 AHs=-46 kJ mol™' (5)
xNi"+yAl” — Ni,Al, (6)

It is worth-while to notice that an oxidation of aluminium (process 2) with great
heat evolution may initiate further reactions, e.g. the metalothermic reduction [10] of
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Fig.1 X-ray diffraction patterns for the systems after grinding for 15 min:
a— Niy(OH),COs; b — Niy(OH),COj; and Al° (90:10); ¢ — Niy(OH),CO; and
ALLO5(50:50)
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Fig. 2 Three sets of TG/DTG curves for ground (15 min) mixture of Ni,(OH),CO; with
Al’ with different component proportions: a — 20:80, b — 80:20, ¢ —90:10
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Fig. 3 Two sets of TG/DTG curves for of Ni,(OH),CO; with Al’mixture (80:20) after
grinding: a — for 5 min, b — for 15 min
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Fig. 4 X-ray diffraction patterns for Nio(OH),CO; and Al° system (80:20) after grind-
ing: a — for 5 min, b — for 15 min

nickel oxide by Al’ (process 3) and accelerates decomposition of Ni-hydroxo-
carbonate with water and carbon dioxide evolution (1). The water in turn may react
with aluminium producing a certain amount of hydrogen and Al,0,-:3H,0 (4). The
hydrogen can be an agent for nickel oxide reduction (5), however the aluminothermic
reaction (3) is more favourable from the thermodynamic standpoint. The presence of
nickel-aluminium alloys in the system suggests an interaction between the solid
components, which have formed during mechanical activation. In this system, alu-
minium and aluminium alloys are only crystalline phases, while aluminium oxide and
Ni-hydroxocarbonates are amorphous (Fig. 4). The results of the complete phase
analyses of the system of Ni,(OH),CO, and Al’ (20:80) calculated from thermo-
gravimetric data are listed in Table 1.

Table 1 Phase composition of Ni;(OH),COs and Al° mixture (80:20) during 5 and 15 min of

grinding
Phase composition/%
Time/min  AL,033H,0  Niy(OH),COs NiO+Ni ALOs+AL Al
(in alloy) (in alloy)
5 22.5 36 27 6.5 8
15 S 9.5 52 29.5 4

In order to indicate an action of aluminium in Ni,(OH),CO,~Al’ system during
mechanical treatment, different proportions of salt to metal were applied. Thus, in the
systems with Al” in amount of 80-20%, the oxidation of aluminium and alloy forma-
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Fig. 5 The scheme of the chemical processes in the system of Niy(OH),CO5—Al° during
mechanical treatment
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Fig. 6 TG/DTG curves for Ni,(OH),CO5 with Al,O, mixture after grinding for 15 min

tion are observed in Fig. 2a-b, effects III and IV, respectively. In the systems which
contain smaller amounts of Al (e.g. 10%), alloys do not occur (Fig. 2¢). In such cases
the effects III and IV are negligible. The final solid products (Al,0,-xH,O and re-
maining Ni,(OH),CO,) are amorphous (Fig. 1b).

Our investigations indicated that the influence of aluminium oxide for mechani-
cal activation on Ni-hydroxocarbonates is not substantial. There is no chemical inter-
action between Al,O, and Ni,(OH),CO,, however, TG/DTG curves in Fig. 6 reveal
that a certain amount of water from salt decomposition during milling has combined
with aluminium oxide forming the hydrated aluminium oxide [11] so, the step I corre-
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sponds to AL,O,xH,O dehydroxylation and effect II — Ni,(OH),CO, decomposition.
Al O, is only crystalline (Fig. 1c).

Conclusions

The final solid products of mechanical activation of Ni,(OH),CO,—Al strongly de-
pend on the amount of aluminium in the system; if there is more aluminium than
about 10%, the Ni Al alloys appear. The reduction process of Ni(Il) by Al is
mainly responsible for alloying (aluminothermic reaction).

There are not specific interactions between Al,O, and Ni,(OH),CO,.
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