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STRUCTURAL STUDIES OF NICKEL-BASED RANEY CATALYSTS
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Electron microscopy and Mdssbauer spectroscopy studies of nickel-based Raney cata-
lysts have revealed that the catalysts are formed through the successive aggregation of
their structural elements. Catalyst particles are covered by a thin layer of nickel oxide.

MetopaMu 3NEKTPOHHON MMKPOCKOIMM H SfIepHOA TaMMape30HAHCHOM CHeKTpPOCKO-
TIMM HCCTIEHOBAaHNI Karanu3aTopsl Peres Ha ocHoBe HHKENA. Y CTAHOBJIEHO, UT0 hopMi-
pOBaHHE KaTAM3aToOpa OCYLIECTBISIETCA MNyTEM MNOCICHOBATEIIbHOM arperalmM ero
CTPYKTYPHBIX 37i€MeHTOB. YacTHIB! KaTanu3aropa MOKPHITEI TOHKHM CIIOEM OKHCH
HHKEIA .

The activity, selectivity, stability and other properties of Raney catalysts are
known to be greatly influenced by their chemical and phase composition, type
of crystal aggregation and dispersity. We have carried out electron microscopy
and Mo0ssbauer spectroscopy studies of the structure and phase composition of
these catalysts prepared from nickel- and aluminium-based alloys with Mo, Fe, Cr
and Cu additives for the alkylanthraquinone hydrogenation in the production of
hydrogen peroxide /1/. Both freshly prepared catalysts and those additionally
treated by alkali in an autoclave at 433 K have been studied. This treatment
increased the selectivity of the process up to 100%. Iron and nickel contents in
the catalysts were 2—15 and 75-90%, respectively. For Mossbauer studies *7Fe
isotope instead of usual iron was introduced into the catalysts. Mossbauer spectra
were recorded on an electrodynamic-type spectrometer at constant acceleration of
the 100 mCi 3 7Co(Cr) source with an accuracy ranging within 0.02—0.03 mm/s.
The maximum rate of pulses was 10° pulses/channel. Spectra were recorded at the
temperature of liquid nitrogen in a special cryostat. Mossbauer spectra were pro-
cessed on a BESM-6 computer according to the leastsquares method.

Electron microscopy studies were carried out on a UEMV-100 LM microscope.
Catalysts were first dispersed in a UZDN-2 ultrasonic apparatus in 100% ethanol
and then one drop of the suspension was placed on a grid covered by a collodion
film.

25



MIKHAILENKO et al.: NICKEL-BASED RANEY -

Fig. 1. a, b Electron micrograph and electron diffraction pattern of the freshly prepared cata-
lyst, x 40 000

The micrograph of the freshly prepared catalyst and the respective microdiffrac-
tion pattern are illustrated in Fig. 1a, b. The electron diffraction pattern (Fig. 1b)
indicates that the catalyst particle is a nickel polycrystal. The spots originate from
NiO, and the particle in Fig. la can be suggested to be a porous agglomerate of
smaller particles with interlayers of NiO and other metal oxides /2/. A micrograph
of the passivated catalyst is illustrated in Fig. 2a together with a thin layer with
attached particles.

From the electron diffraction pattern (Fig. 2b), it is evident that these are poly-
crystalline nickel particles on a thin layer of NiO detached from the catalyst par-
ticle under ultrasonic treatment. One of the typical objects revealed by the electron
microscopy is a needle-shaped structure (Fig. 3). Apparently, it is an oxide with
dark spots of -a metal phase over it (unfortunately, ring patterns of this structure
have not been obtained). v

The Mossbauer spectrum of the passivated catalyst is illustrated in Fig. 4. It is
a relaxation spectrum of magnetic origin having an effective magnetic field Hegr =
= 215 kOe with a superimposed paramagnetic component whose Méssbauer para-
meters are §E; = 0.65 and AEq = 0.84 mm/s. A comparison of the magnetic and
the paramagnetic components /3/ permits to draw the conclusion that iron is pre-
sent in the catalyst in the form of two modifications of Fe, 03, ie. Fe,03/A1,0,
and Fe,04/NiO in the ratio of 30 : 70 (according to the calculated ratio of the
areas of paramagnetic and magnetic components).
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Fig. 2. a, b Electron micrograph and electron diffraction pattern of the passivated catalyst,
x 40 000

Fig. 3. Micrograph of the passivated catalyst x 50 000

A comparison of Mdassbauer spectroscopy and electron microscopy data (Figs 1
and 2) leads to the conclusion that the catalyst particles whose size is greater than
1 u are covered by a thin layer of NiO. According to the Mdssbauer studies, this
serves as a support for the dispersed Fe,0; and appears to be more extended than
the oxide with the metallic nickel particles on it. A part of nickel together with
the particles of oxides of the alloying additives is bound with Al,Q; (Fig. 3). The
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Fig. 4. Mdssbauer absorption spectrum of the passivated catalyst

catalyst particle itself is an agglomerate of smaller particles (~ 500 A) (Fig. 2).
These granules are loose particles formed due to the coalescence of nickel crystals
and the oxides of the alloying additives. According to the Mdssbauer data, the size
of iron oxide particles is ~90 A /4/. According to Ref. /5/, the error in the dis-
persity determination can be #20 A. The sizes of granule-producing nickel crystals
(Fig. 2a) are ranging within 40—100 A. Hence, the model of Raney catalyst for-
mation that has been discussed recently /6/ appears to have been proved. Accord-
ing to this model, the successive aggregation of structural elements, i.e. crystals
(10-100 A) to granules (500—50 000 A), and granules to agglomerates (1 u) and
then to particles of more than 1 u in size takes place. The specific feature of the
passivated catalysts is their higher stability. Moreover, the oxide layer on these ca-
talysts is more stable, which permits to observe the NiO layer detached from the
catalyst particle, that serves as an extraction replica.
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