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Preparation of metallic cobalt and cobalt-barium titanate spheres
as high temperature media for magnetically stabilized fluidized
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Fluidized bed reactors are extremely efficient whenof water containing 0.5% (w/w) tannic acid, as a dis-
mass transfer limitations dominate global reactionpersion aide and the pH was raised to 10 with ammo-
rates, such as in combustion or incineration [1, 2]. Be-hium hydroxide. Following milling, the slurry was dried
cause fluidized beds operate using a balance betweemd calcined at 1100C, forming a cobalt oxide-barium
direct fluid dynamic forces and the gravitational restor-titanate solid solution. The calcined material was then
ing force, the maximum mass transfer rates for a givememilled far 4 h and dried.
reactor configuration are limited by gravity. This lim-  Spheres containing the solid solution were formed
itation has been overcome using magnetic fields actby gelation as calcium alginate. The oxide mixture was
ing upon magnetically susceptible fluidization mediadispersed in 1.2—1.4 times its weight of water contain-
to augment the force of gravity [3—7]. However, the ing 0.25% (w/w) tannic acid at pH 10. Then a 3% (w/w)
use of magnetically stabilized fluidized beds in highsolution of high viscosity sodium alginate binder was
temperature reactions has been limited by the lack oflowly added until a homogeneous mixture was ob-
suitable media. Three magnetic properties are requirethined. After mixing, the viscosity was adjusted by
to obtain suitable media: high magnetic susceptibil-addition of water and by heating. Spherical particles
ity, high Curie temperature, and low coercivity. Cobalt, between 1.5 and 4 mm in diameter were formed by
with a Curie temperature of 112C, meets these re- gelation of droplets issuing from a syringe into a 5%
quirements. We have investigated the preparation of tw@w/w) CaC} solution. The beads were dried at room
forms of cobalt containing spherical fluidization media: temperature for 24 h followed by 12 h at 8D. The
metallic cobalt, and cobaltimpregnated barium titanatebeads were heated to 500 at 1°C/min in air to re-
Novel ferromagnetic media including cobaltimpreg- move the alginate binder, and then heated &t@/&in
nated barium titanate and metallic cobalt spheres havete to 1100C under a reducing atmosphere consisting
been prepared for high temperature application in magef 5% H, in nitrogen and saturated with water vapor at
netically stabilized fluidized beds. Spherical polymeric25°C to reduce cobalt oxide to the metallic state. To en-
beads were initially formed by gelation of an alginate-sure complete conversion of cobalt oxide, the maximum
precursor oxide suspension. Water was then eliminatettmperature was maintained for 10 h. Due to insuffi-
from the hydrous gel at low temperature and the or<cient densification, the beads were subsequently placed
ganic polymer was removed by oxidation in air. Thein a high temperature furnace and fired at 1325or
temperature was then raised and the firing atmosphef2h using the same reducing atmosphere.
changed to a reducing mixture containing hydrogen. The resulting cobalt impregnated barium titanate
Under these conditions, cobalt oxide was first reducedbeads were-1-2 mm in diameter. A scanning electron
to the metallic form, and at a sufficiently high temper- microscopic (SEM) photomicrograph of the surface of
ature, densification occurred via sintering. one of these beads is shown in Fig. 1. The bead is com-
Cobalt impregnated barium titanate was prepared byposed of interconnected barium titanate/cobalt grains,
intimately mixing BaCQ, TiO,, MgSQ,, SiO;, and  between 0.75 and @m in diameter. This composite
C0304 in a ball mill using zirconium oxide milling me-  structure, with thin necking regions between individ-
dia, with molar ratios corresponding to one mole ofual grains, represents the initial stages of sintering. The
Bag 9sMgo.05TiO3, 0.064 moles of TiQ, 0.311 moles porosity in this bead is clearly interconnected. Based on
of Co, and 0.0207 moles of S)OThe excess Ti@ a linear point count methodology applied to polished
and SiQ form a low melting eutectic, predominately sections, porosity for this sample was. 2% + 2.5%.
BaTiSkOy;, which melts at 1245C and acts as a sinter- For application in gas phase fluidization processes this
ing aide. The cobalt content corresponds to 10% (w/w}ype of morphology can serve as an excellent catalyst
of the resulting BaTi®@. The oxides, carbonates, and support by providing high surface areas with rapid gas
sulfates were initially added to 1.4 times their weightexchange to interior surfaces.
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Figure 1 Surface SEM photomicrograph of a cobalt impregnated Figure 3 Surface SEM photomicrograph of cobalt bead gelled in GoCl
BaTiOs bead (330R). and reduced at 1100 (350x).

Metallic cobalt beads were prepared fromzO@  chloride solution. The rate at which these droplets
using two variations of the alginate gelation method.gelled was slower than when using calcium chloride.
First, cobalt oxide was dispersed in aqueous 0.25% he resulting alginate beads were processed similarly,
(w/w) tannic acid at pH 10-11. The suspension wasut with the omission of the final thermal treatment at
heated to 50C and 5% (w/w) of medium viscosity 1200°C. As before, the cobalt beads werd—2 mm
sodium alginate was slowly added until a homogeneou# diameter. An SEM image is shown in Fig. 3. Porosity
slurry was obtained. Droplets of this slurry were thenof the resulting beads was estimated a$%/+ 2.8%.
gelled by addition to a 5% (w/w) calcium chloride so- The pores in these cobalt chloride gelled beads were
lution using the methods described above. Sphericakolated and larger than those in the calcium chloride
cobalt oxide impregnated calcium alginate particles begelled beads. The observed differences in relative den-
tween 3—4 mm in diameter were formed. Removal ofsities achieved by the two methods at the same firing
the organic binder and the initial reduction were con-temperature indicates that calcium residue left from the
ducted as described above. The beads were then firgglation process inhibits densification. The grain size
at 1200°C for an additional 5 h under the reducing at- distribution increased from 5-10m in the calcium
mosphere to achieve further densification. The resultingjelled batch to 20-5m in the cobalt chloride gelled
cobalt beads were-1-2 mm in diameter with a poros- batch. These differences can be explained by an in-
ity of 8.8% =+ 2.7%, the majority of which was notin- crease in grain boundary mobility for the cobalt chlo-
terconnected. As shown in the SEM photomicrograplride gelled samples. This also produced larger pores,
of Fig. 2, the surface exhibited an undulating granu-due to rapid grain growth during sintering.
lar morphology containing many porous cavities. The
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