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Generation of high oxygen pressure by the decomposition of oxidizing acids or NH4Cl04 under hydrothermal conditions : application to the preparation of CrO2

ABSTRJ\CT A new method for generating high oxygen pressures has led to a novel oxidative process for the preparation of Cr0 2 . In order to improve the magnetic properties, in particular the coercive field , of such a ferromagnetic oxide a substitution by rhodium +IV led to the new interesting material cr 1 _ x Rh x o 2 (H � � 500 Oe).

THE HIGH OXYGEN PRESSURES

High oxygen pressures can be obtained by three methods : -by compressing the gas, this can be used onl î up to 5 kb due to the danger of explosive combustion in pure oxygen Ll], -in the solid phase by thermal dccomposition of an unstable oxide such as KCl0 3 in a "belt" apparatus, 'JP to 80 kb, -in hydrothermal conditions using oxidizing solutions such as HCl04 HCl0 3 , H 5 Io6 , HI0 3 or NH 4 Cl0 4 with a maximum pressure of 5 kb. The first and the second methods have been the subject cf numerous studies aiming, in particular, at the synthesis of oxides containing a transition element in a high oxidation state (cobalt +III , nickel +III , copper +III ... [2,3,4 ]. The last method recently developed, has led to a novel oxidative process for the preparation of Cro 2 • \ N)VEL OXICATIVE PROC'':SS FOR THE F:3H PRESSURE PREPARATI0N OF CHROMIUM DIOXIDE The structural and ma gnetic properties of Cro 2 , which is metastable at ordinary pressure, were first described by A. MICHEL and J. BENARD [s}. Chromium dioxide can be used for magnetic recording, in particular at high frequencies where its recording performance is better than the comp etitive material Fe 2 03ydopcd with cobalt [6]. For recording appli cations Cr0 2 must have a high coercive field (He> 300 Oe) and a rema nence ratio or/os of about 0.5 for a random assembly of particles. Such characteristics require Cro 2 to be obtained in needle-like parti cles of a single magnetic domain.

Methods for the preparation of this oxide çan be classified into two types, those based on reduction and those using oxidation. �or the first Cro 3 is water-soluble and the preparation of Cro 2 thus de pends on the conditions of the nucleation and growth of microcrystals in the solution phase. These conditions are particularly delicate if CrO 2 is to be obtained as needles of magnetic single domain. In th e oxidative method as the starting material cr 2 o 3 is almost insoluble in the reaction medium, the particle size of tne chromium dioxide obtained will depend sensitively on that of the cr 2 o 3 . As the latter is more easily controlled than the experimental condi tions governing the nucleation in solution we have chosen to develop the oxidative method. The choice of the oxidizing agent is of parti cular importance here as it determines both the shape and the size of the Cro 2 particles. Most of the industrial processes, and notably that of DUPONT DE NEMOURS, involve reduction of cro 3 [7]. This company has also paten ted several processes involving oxidation of cr 2 o 3 , anhydrous or hydrated, by compressed oxygen or by oxidizing agents such as CrO 3 or H2O2 (a), but these methods are difficult to industrialize. In our method the starting material is very finely divided Cr 2 O 3 obtained by the thermal decomposition (between 150 and 250 °C) of (NH 4 ) 2 cr 2 o 7 . Oxidative methods using oxidizerscontaining metallic cations such as KClO 3 or BaO 2 , yield simultaneously chromates (VI). The use of agents such as HClO 4 , HIO 3 , H 5 ro 6 or NH 4 c1O 4 at low tempc(ature (350<t< 4 00 °C) ann moderated pressure (2 kb) for short times leads to a � ood acicular Cro 2 with a coercive field of about 360 Oe (table I 

--

A NEW FERROMAGNETIC MATERII\L Cr 1 _ x Rh :-:: O 2 For a significant improvement in the magnetic performance of the ma terial the acicularity and magnetic anisotropy must be increased. It is possible to accomplish this by doping with elements which fall, according to their mode of action, into one of the following catego ries: -the dopant acts as a crystallization nucleus for a Cro 2 microcrys tal in the solution � hase. This is the case of carbon in an aqueous solution of cro 3 [lOJ.

-the dopant favors ncedle-like growth of particles by crystal growth orientation. This is the case of some isostructural oxides such as ,. ). This solid io1&tion is ferromagnetic at room temperature for x � O.S. Since rhodium is expensive we have attempteù to obtain good magnetic performance at low rhodium concentration. Using as starting oxide Cr 2 O 3 finely divided and as oxidizing agent NH4ClO4 with addi tion of H 3 BO 3 as buffer agent it is possible to reach.in the same experimental conditions P, T as for pure CrO2 , coercive fields in excess of 500 Oe at very low rhodium contents (x = 0,001) [17]. The figure 1 shows the good acicularity of these particles and the absence of dendrites. ,. [17) 

  Cr 2 WO 6 [11] or A 2 TeO 6 (A= Al, Cr, Mn, Fe) [1 2 , 1 3 ] bath phases of the trirutile type. -the dopant inhibits crystal growth of CrO2 particles by adsorptio n to the surface [14]. -the dopant can enter into the rutile lattice forming a solid solu tion and thus enhancesthe desired magnetic properties [1s]. We have chosen to prepare the solid solution Cr 1x Rh x O 2 , CrO2 and RhO 2 being isostructural (16]. The rhodium +IV in an ox S gen lattice and in octahedral sites has a low spin configuration (t 2 e O ) and exhi bits magnetic anisotropy(ground state 2 T 2 9

  lµ

Fig. 1

 1 Fig. 1 Scanning �lectron microaraphs of cr 1 _ x Rh x o 2 (x = 0,001) prerarations New development� in magnetic recording particles have brought about a new oxidative process for synthesizing CrO2 and the improvement of its mag netic characteristics by substitution of rhodium +IV into the rutile lattice of chromium dioxide.
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			TJ\BLf. I			
	Variation of magnetic performancP w\.th rcaction time and tempcrature
	Starting material	oxid,rnt p(kb)	e < •c >	t (min.) H c COc)	Or os/3000 Oe)
	Cr 2 O 3 ,5H 2 O	NH 4 c1O 4	2	420	113	136	
	Cr 2 o 3	NH 4 ClO 4	2	420	112	145	0.36
	Cr 2 o 3	NH 4 Cl0 4	2	400	98	205	0.41
	Cr 2 O 3	N11 4 c1O 4	2	370	65	270	0.42
	Cr 2 o 3	NH 4 c10 4	2	3'>0	48	360	0.54
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