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In this article, we report the synthesis of metastable chromium dioxide at ambient temperature and
pressure. The formulation of this method is based on the fact that the gaficles used in
magnetic recording tapes are chemically unstable and react with the organic binder, leading to a
disproportionate reaction that produces nonmagnetia 383OH and HCr(vi)O, compounds. This
suggests that it is also possible to synthesize ,Grreacting Cfii) with Cr(vi) under appropriate
conditions. Thus, metastable chromium dioxide (Qr@owder was synthesized by mechanically
grinding a mixture of Cr@ and Cr(OH)} to induce a solid—solid reaction at atmospheric
temperature and pressure. The characteristics of the product obtained after mechanical grinding of
the above mixture depended on parameters such as the preparation conditions for the starting
material Cr(OH}, the grinding time, the rotational speed of the mill and the mole ratio of@r@
Cr(OH);. An x-ray diffraction pattern of the product obtained under optimum conditions was in
excellent agreement with the profile of GrO~urthermore, the powder was strongly ferromagnetic,
with saturation magnetization of 63 emu/g in an applied field of 1 T.2@D3 American Institute

of Physics. [DOI: 10.1063/1.1555988

I. INTRODUCTION II. EXPERIMENT

Of several oxidation states of chromium, Gr@ the The raw materials for Qvi) and Cfil) were reagent
only chromium oxide that is strongly ferromagnetic at roomgrade CrQ and Cr(OH)-nH,O, respectively(supplied by
temperature (Cr" is a 3d? ion). And this has been of some Wako Chemical Co. Ltd., JapanA planetary ball mil
interest technologically as a magnetic recording medium. (Fritch Pulverisette-7, Germanith two zirconia vials was
However, CrQ is metastable at atmospheric pressure andised to mechanically mill the mixture of reagents. The inner
temperature and synthesis with these requires stringemfiameter and volume of each vial were 80 mm and 45,cm
conditions®® Recently, it was reported that C;@ould be  respectively. In our experiments, zirconia balls 15 mm in
prepared by decomposing Cr(N)@ impregnated in a poly- diameter were used as the grinding media, and ebaguof a
crystalline rutile (TiQ) support under ambient pressdre. Cr(vi) and Cfiir) mixture was used as the starting material.
Another report claimed that CgQzould be produced by re- The ball/powder ratio was about 35:1. The phases present in
ducing CrQ with NH4I/NH4Br at temperatures between 120 the ground products were identified by x-ray diffraction
and 150 °C and annealing the solid product at temperaturgXRD) (Cu-MultiFlux, Rigaku, Japananalysis. The mag-
below the decomposition point of CsG& However, further  netic properties were determined by a vibrating sample mag-
simplification of the synthesis process is very much desireghetometefVSM) (Tamakawa model TM-VSM1230-HHHS
to study the intrinsic properties of this oxide and also theThermal gradient/differential thermal gradiefTG/DTG)
effect of potential dopants that could enhance the abovanalysis of the samples was performed at various stages of
properties. In this article, we report a method by which togrinding in a thermal balancéRigaku Thermoplus TG-
synthesize Cr@by reacting Cfili) with Cr(vi) compounds  8120. The morphology of the product was monitored by a
mechanochemically. It was found that Gr@an be synthe- scanning electron microscog8EM) (Hitachi S-4100.
sized by grinding a mixture of CrQand Cr(OH)-nH,0 at
ambient pressure and temperature conditions. The product
obtained was strongly ferromagnetic and its x-ray diffraction!!l: RESULTS AND DISCUSSION

pattern was in excellent agreement with the pattern reported |1 nas peen report&dthat the CrQ particles used in

for CrG; in the literature. magnetic recording tapes are chemically unstable and react
with the organic binder, leading to a noticeable loss in mag-

dElectronic mail: jeya@ni4.earth.tohoku.ac.jp netization. Although the mechanism is yet to be completely
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FIG. 1. X-ray diffraction patterns of ground products obtained for different
grinding times.
However, diffraction peaks corresponding to,Cf ap-
peared for powders groundrf@ h or more, irrespective of

understood, it is well established that a disproportionate rethe rotation speed. The formation of Cg could have been
action produces nonmagnetic compounds given by due to overannealing of Cr(Okl)nH,O, nonstoichiometric
ratio between the starting material in E@) and/or the re-
3Cr0,+2H,0=2CrOO0OH+ H,CrO;,. (1)  duction of CrQ. In order to inhibit the formation of GO,
milling was carried out under varying initial molar ratios of
It can be noticed that part of Gv)O, is converted into  CrO;:Cr(OH); and the XRD patterns of the ground product
Cr(11)OOH and the rest into }Cr(vi)O,4. This implies thatit  are given in Fig. 3. It is clear that the intensity of the peak
is also possible to synthesize Gr@y reacting Cfill) with  corresponding to GO; was due to the nonstoichiometry of
Cr(vi) under appropriate conditions. reaction(2). The addition of Cr@ in quantities slightly over
According to the reverse reaction in Ed), an oxidizing  the stoichiometric requirement effectively inhibited the for-
agent, HCrQ,, and a reducing agent, CrOOH, were neces-mation of CsO; in the ground product. It is believed that
sary to synthesize CrO Here, we selected CQwhich can  when there was an excess of Cr(QH)dehydration of it
form H,CrO, easily in the presence of water. Furthermore,would form C,O; according to the reaction.
Cr0O; has a high electron affinityfEA) and could act as a
strong oxidizing agent. As for CrOOH, Cr(Ok)nH,O was 2Cr(OH)5=Cr205+3H,0. 3)
annealed at a predetermined temperature for a specified pe- The SEM analysis of the samples ground for different
riod of time. Based on the reaction Cr+2CrP* =3Cr", durations clearly showed the progress of size reduction in the
the mixture of CrQ and Cr(OH) with molar ratio equiva- mechanochemical reaction. Although the particle size of the
lent of 1:2 was ground in the mill. ground powder was reduced to submicron size with the
The XRD patterns of the ground powders obtained forgrinding time, agglomeration of the particles became very
different grinding times are shown in Fig. 1. The diffraction pronounced as shown in Fig. 4. TG/DTG analysis of the
peaks corresponding to Cs®egan to appear within 15 min sample ground at 700 rpmif@ h revealed that the product
of grinding, and their intensities rose according to thewas thermally stable until 400 °C and the loss of weight be-
amount of grinding. However, it should be noted that forlow this temperature was due to the loss of water. However,
grinding periods longer than 2 h, peaks corresponding t@t temperatures higher than 400 °C, the g€id@composed
Cr,05 and ZrG (grinding media began to appear. On the
other hand, the peak intensities of Gr&@lso depended on the

rotation speed of the mill for a fixed grinding time of 2 h, —_ g, g =
and reached a maximum at 700 rpm. 'g E't =~ & &
The saturation magnetizatidis in 1 T applied field as a S j (‘ 356 ] g
function of the grinding time is shown in Fig. 2. The ferro- E‘ 1.05:2 A ] 1=
magnetic fraction in the ground powder increased with B e ] Y . WA
grinding time with Mg reaching a maximum of 48 emul/g 'g \ ”»‘ |
after 2 h. On the other hand, tiv; of the products obtained = 1:2 A Loy ul X
for different rotation speeds reached a maximum of 48 emu/g g [t [P St ~
at 700 rpm. Thus, the optimum grinding time and rotation 0.95:2 i i p
speed were fixedsa2 h and 700 rpm, respectively. B A wau [V
Based on the above results, it is reasonable to assume . .

that the following solid—solid reaction has taken place during 0 2 %0 40 0 &
o 20/degrees
milling:
FIG. 3. X-ray diffraction patterns of ground products obtained for different
CrO;+2CrOH)3=3Cr0O,+ 3H,0. 2 CrO; and CfOH);- nH,O mole ratios.
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FIG. 5. Magnetic hysteresis loofg) before and(b) after annealing the
product obtained by grinding a Cg@nd C{OH)3- nH,O mixture with ratio

FIG. 4. SEM micrograph of the Ce3sample synthesized by ball milling for of 1.05:2 fa 2 h at 700 rpm.

2 hours at 700 rpm.

into Cr,O5 and the corresponding weight loss was recordedfirmed the formation of Cr@. The quality of the product
This was confirmed by XRD of the sample treated at 500 °cdepended on the mole ratio of Gy@nd CrOOHNH,0, the

It is known that bound water in raw material of CrOOH 9rinding time, and the speed of rotation of the mill. Further
-nH,O is necessary in order for it to react with Gr@nd enhancement of the magnetic properties of the powder was
form CrO, magnetic powder. And 16% of the water is con- obtained by annealing the sample at temperatures below the
tained in Cr(OH}. Therefore, the saturation magnetization d€composition temperature of CyOThis synthesis method

of the powder could be improved by drying it at a specificis Of p_ract|cal importance for its s_|mpI|C|ty, espeC|aIIy_ since
temperature. Thus the sample was annealed at 300 °C for 5 H1ere is no requirement for the high pressure used in tradi-
The magnetic hysteresis loops of the samples before and dfonal methods.

ter drying are shown in Fig. 5. The magnetization improved

by about 30% and thil increased from 48 to 63 emu/g and ACKNOWLEDGMENT

H. from 128 to 190 Oe. However, the change in weight was . - L
or?Iy 6%. The additional increase in magnetization is be- The E(;Iucgnon M|n|stry of China is gratefully acknowl-
lieved to be due to Cr@crystal grain growth induced by edged for its financial support.

thermal annealing.
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