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Preparation and characterization of uniform
coated particles (Cobalt compounds on
cadmium compounds)
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Uniformly dispersed particles of CdCO3; were prepared by homogeneous precipitation from
aqueous solutions of cadmium sulphate and urea at the elevated temperatures. These
particles were then employed as cores for coating with 2CoCO3-Co(OH),-H,0 from cobalt
nitrate and urea solutions at 85°C. In the absence of cores, when heated under similar
conditions, the coating solutions produced nearly uniform particles of
2Co0CO03-Co(0OH),-H,0. On calcination at 700 °C, the core [CdCOz], coated
[CdCO3/2CoC03-3Co(0OH),1, and coating precursor [2CoCO3-Co(OH),-H, 0] particles
transformed into CdO, CdO/Co30,, and Co30,, respectively. No sintering occurred during
calcination and the particles preserved their morphological features to a significant extent.
© 2000 Kluwer Academic Publishers

1. Introduction 2.2. Particles preparation
Fine powders of inorganic compounds are widely usedParticles of cadmium carbonate were prepared by aging
in the fabrication of superconductors [1,2], sensorsaqueous solutions, containing 0.04—0.09 motdoad-
[3, 4], adsorbents [5, 6], advanced ceramic productsnium sulphate and 0.1-0.9 mol dfurea for different
[7, 8], etc. In recent years, scientists have tried a numperiods of time [30-150 min] and temperatures [70—
ber of techniques, such as sol-gel [9], spray pyrolysi®0°C] in a preheated thermostated water bath. Teflon
[10], induced plasma synthesis [11], and homogeneousoated capped 50 ciPyrex glass tubes were employed
precipitation [12], for the preparation of various typesas reaction vessels. The dispersions resulted at the end
of fine powders. Among these techniques, the homoef the aging periods were quenched to room tempera-
geneous precipitation appears to be the most versatil@re in the ice water bath in order to stop the thermal
method, since it has been adopted by many researchedgcomposition of urea, and then the solids were sep-
for the preparation of fine powders, comprised of simplearated by centrifugation, washed with doubly distilled
and coated particles of various morphological featuresvater, and finally kept in a desiccator for drying.
and chemical compositions [13—24].

This work describes the preparation of cadmium car-
bonate particles and their coating with cobalt basicy 3. Coating of particles

carbonate by homogeneous precipitation method. Thgniform particles of cadmium carbonate were em-
as prepared particles are transformed to their respegioyed as cores for the coating purposes. For
tive oxides by controlled calcination at high temper- ;g purpose, aqueous dispersions containing 0.2—
atures without sintering and significant change in the; g dnr3 cores, 0.01-0.05 mol drd cobalt nitrate,
morphology. and 0.5-1.5 mol dm® urea were aged at different
temperatures [75-9] for different periods of time
[25—-90 min] with and without stirring. 500 chaouble-
2. Experimental procedures walled Pyrex glass container was used as a reaction
2.1. Materials vessel and magnetic stirrer was used for stirring, when-
Reagent grade cadmium (ll) sulphate, cobalt (Il) ni-ever desired. In some cases, the above mentioned coat-
trate, and urea were used without further purificationing mixtures were treated under similar conditions in
All the stock solutions were prepared with doubly dis-the absence of cores which also produced dispersed
tilled water and were filtered through membrane filterssolids. In all cases, the solids were separated from
before use. the mother liquors by centrifugation, washed with
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sufficient amount of distilled water and then stored in2.5. Characterization
desiccator for drying. All the powder samples were characterized by scanning
electron microscopy [SEM, JEOL, JSM-6300, com-
bined with a Noran Voyager x-ray microanalysis sys-
2.4. Calcination tem], x-ray diffractometry [Siemens D500, with using
Calcination of the selected powder samples was carriea radiations], and thermogravimetry [TGA, Perkin-
out in a tube furnace, equipped with a programmableéElmer 7]. Metal content of the desired samples was
controller, at 700C for 1 h at theheating rate of estimated by atomic absorption spectrometry [Pye-
5°C min 2. Unicam, SP-190]. For this purpose, known amount

Figure 1 Scanning electron micrographs (SEM) of particles obtained, when (A) an agueous solution containing 0.04 }r@i8@, and 0.4 mol
dm~3 urea was aged fdl h at 85°C, (B) particles in A were calcined at 70Q.
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[250-400 mg] of the solid was dissolved 110 cn?
aqua regia and then diluted to 100%with doubly dis-
tilled water before analysis. The carbonate content o
the desired samples was estimated from the weight dif
ference by dissolving a known weight of the dry powder
in a weighed sample of nitric acid. Similarly, the base A
content of the desired samples was estimated by dig
solving a known quantity [400—-800 mg] of the sample
in hydrochloric acid (0.4 mol dm?) and back titrat-
ing the excess acid against standard solution of sodiur
hydroxide.

3. Results and discussion B
3.1. Core particles

A systematic study was carried out to produce uniform
particles of cadmium carbonate by homogeneous pre
cipitation. Following this method, aqueous solutions

containing various amounts of urea and cadmium sul WN’\JW

phate were heated at the elevated temperatures for ve . : ‘ ' ) | .
ious periods of time which produced the precipitated

solids. The precipitation reaction was launched by the 20 40 60 80
progressive increase in pH and carbonate content ¢ 29/degree

the reactant solutions, caused by the thermal decompo-

sition of urea[22]. It was observed that the precipitationFigure 2 X-ray diffraction (XRD) patterns of the particles shown in
reaction was sensitive to the experimental conditions’9- 1A (4). and in Fig. 1B (B).

i.e., temperature, heating time, composition of the re-
actant mixtures, etc. In most of the trials, describec

in the experimental Section 2.2, gelatinous or agglom 100
erated solids were generated. Particles with uniforn
morphological features were obtained only under lim- %
ited experimental conditions. For example, the particle:
displayed in Fig.1A were produced when aqueous sc¥ g
lution, containing 0.04 mol dr? cadmium sulphate, =
and 0.4 mol dm® urea was heated at 86 for 1 h. 3
In this case, pH of the reactant mixture increased fronB
5.37 to 6.24. These particles were identified by XRD
analysis [Fig. 2A] to be crystalline CdGQOIt is worth
mentioning that CdC@was precipitated out in cubic

morphology from aqueous solutions of cadmium chlo- 50 = — = — ——— —— —— ————,
ride and urea under different experimental condition: .

[22]. Thus these findings clearly pointed to the depen Temperature / 'C

dence of morpholog!c_al features of the reSl_'"tmg partl_Figure 3 Thermogravimetric analysis (TGA) curves obtained with par-
cles on the composition of the reactant mixtures, Nagcies shown in Fig. 1A (a), Fig. 4A (b), Fig. 7A (c).

ture of the starting materials, and other experimental

parameters.

Thermogravimetric analysis [Fig. 3a] demonstratedsince the indicated theoretical weight loss [Equation 1]
that the CdC@particles, displayed in Fig. 1A, lostsig- agreed with the practical loss of 26.1%. Moreover, the
nificant weight in the temperature range 300-350  calcined particles acquired rather rough surfaces due to
beyond which temperature the weight loss becamehe loss of material while preserving their morphol-
small, and in the vicinity of 700C, it was nearly con- ogy [SEM, Fig. 1B]. Similarly, these particles were
stant. The observed weight loss was ascribed to thgedispersable in aqueous medium and stayed as CdO
phase transformation, which apparently completed ajyith the same shape and size for nearly two months.
700°C. As such, these particles were then calcined athis pointed to the absence of (a) sintering during cal-
700°C at the rate of 5C min~* and held them at this cination and (b) interaction with water. In contrast to
temperature fiol h in atube furnace. The calcined par- (b), in aqueous dispersion the CdO particles, reported
ticles [SEM, Fig. 1B] were identified by XRD [Fig. 2B]  elsewhere [22], interacted with water and transformed

as CdO. into CACQ particles with irregular morphology. In
The phase transformation of the Cd@}@articleswas  fact, the precursor particles [CAGI®f CdO [22] were
described by the following reaction: produced instantly by mixing the reactant solutions at
05506 room temperature, while in this study they were gen-
CdCQG; — CdO+ CO; (1) erated by aging the reactant mixture for 1 h af85
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[Fig. 1A]. As such, it is believed that in this study due particles. In these attempts, varying amounts of core
to the elevated temperature and relatively long agingparticles were dispersed in agueous solutions, contain-
period, the precipitated particles of Cdg@ight have ing cobalt nitrate and urea and then heated at the ele-
acquired sufficient structural stability in the growth pro- vated temperatures for different periods of time, with
cess and which on calcination ended with rather stabland without stirring. Finding appropriate conditions for
CdO particles. uniform coating were in fact difficult because in most of
these trials cobalt compound precipitated out indepen-
dently and ended with the mixture of cores and coat-
3.2. Coated particles ing precursors. The inception of coating appeared to
CdCQ; particles, depicted in Fig. 1A were employed asbe effective only in case of stirred dispersions, com-
cores for the coating purposes. Different experimentaposed of the starting materials in the limited amounts.
strategies were adopted for obtaining uniformly coatedAs such, experimental parameters were then changed

Figure 4 Scanning electron micrographs (SEM) of the particles obtained, when (A) an aqueous dispersion, 038m@dCQ; cores (Fig. 1A),
0.8 mol dnt3 urea, and 0.04 mol di? Co(NQs),, was aged for 40 min at 8%; (B) particles in A were calcined at 70C.
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Figure 5 Energy-dispersive X-ray (EDX) analysis pattern of the parti-
cles, shown in Fig. 4A.

systematically in order to establish conditions for uni- 20 40 60 30
form and reproducible coating. In fact, shells of variable 0
thickness were generated on the dispersed cores whe.. 20/degree

the aqueous dispersions, 0.7—1 gdrin cores, 0.03— _ I , .
0.06 mol dnt? in cobalt nitrate, and 0.3-0.6 mol drh E}gf’;ii,f)fzzdd;ﬂfg?‘j‘g’ ?nggf%goﬁge;nzgége 832'?'52;@“,”” "
in ureawere heated at 8€ for different periods of time
[25—-40 min] with constant stirring. Fig. 4A showed a
typical example of the coated particles obtained, whemvhich showed the absence of chemical association of
a dispersion 0.8 g dn# in cores, 0.04 mol dm® in  core and coating materials in the precursor solid. It is
cobalt nitrate, and 0.8 mol dmi in urea, was heated at likely to mention that during calcination, core and coat-
85°C for ~30 min with constant stirring. In this case, ing materials also stayed mutually inert in the coated
cores acquired 40.5% increase in weight as a result afystems, described elsewhere [14, 18].
coating. Similarly, the surfaces of the calcined coated particles
Inspection of Fig. 4A revealed that coating appar-[SEM, Fig. 4B] turned out rather smooth which was
ently took place by two consecutive processes, i.eobviously due to the loss of material during calcination.
surface precipitation which produced uniform skin
and heterocoagulation in which the tiny particles of
the precipitated cobalt compound coagulated with th
formed coated particles. Energy-dispersive x-ray anal-
ysis [Fig. 5] showed the presence of cadmium and®
cobalt in the coated particles. The peak, assigne

to Au in Fig. 5, corresponded to gold sputtered on(”) basic carbonate [XRD, Fig. 8A] and composed

the powder sample before microscopic examination, ) X
Chemical analysis revealed that the coating materiaIQIc 2C0oCQ-Co(OHP-H,0, as confirmed by chemical

composed of 2CoCEC0(OH)-H,0 which resulted analysis. Cobalt (Il) basic carbonate particles were pre-
[Co)/[Cd] molar ratio of 0.6 in these particles. cipitated in needle-type morphology from cobalt sul-

XRD analysis showed that coating of the coated parphate and urea solutions under different experimental
ticles [Fig. 4A] was amorphous, since their XRD pat- conditions [24].' . R .
tern [Fig. 6A] was identical to that of the cores [XRD, Thermograwmetrlc_ a’?"?"ys's [F'.g‘ 3c] of these parti-
Fig. 2A]. The amorphous nature of the coating on crys—CIﬁs gemonst'irage? 3'?nfr']ca|nt We'?ht Itoss\éloto Ct: q
talline cores pointed to the possibility of the fact that theWh Ic vtvas '?t.” u'l('ah 0 _eh?lss 0 t\)/va er con enls an
deposition of the coating precursor monomeric specieE ase transition. The weight 10Ss became nearly con-

on the cores was too fast for the surface nuclei to ac§tant around 700C which indicated the completeness

: ; . . : of the transition process. When calcined at 70Gor
quire proper orientation of their own or like the core ] .
crystal lattice and grew as crystalline phase. %1 h atjthe:[ raCt:e OOf S)C(iRerF_, thgese p?t:tlcltes_trtans-
Thermogravimetric analysis [Fig. 3b] demonstrated.0'Med Nto @ [ » F19. ] without sinter-
prominent weight losses around 200 and 350which ing and §|gn|f|cant change in the partlcle.morphology
was attributed to the phase transition of the coating anéSE.g/"dF'g' 7B]. The phase transformation was de-
core materials, respectively. scribed as,

.3. Coating precursor particles

n the absence of cores, the reactant mixture de-
cribed in Fig. 4A, produced particles [SEM, Fig. 7A]
hen heated under similar experimental conditions.
hese particles were found to be amorphous cobalt

On calcination at 700C, the coating and core mate- 30.96%
rials transformed independently into £y and CdO, 2CoCQ-Co(OH)-Hz0 =" C0304 + CO;
respectively [XRD, Fig. 6B] without any interaction, 4+ CO+ 2H,0 2
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Figure 7 Scanning electron micrographs (SEM) of the particles obtained when (A) the coating solution of the particles, shown in Fig. 4A, was heated
in the absence of cores under the conditions mentioned in the same figure; (B) particles shown in A were calcirfgel at 700

The indicated theoretical weight loss [Equation 2] Moreover, it is worth mentioning that precipita-
agreed well with the experimental loss of 31.8% whichtion of 2CoCQ-Co(OH)-H,0 as coating in the pres-
supported the correctness of the given composition oénce of cores and uniform particles in the absence of
this compound. cores demonstrated the fact that the presence of cores
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Figure 8 X-ray diffraction (XRD) patterns of the particles shown in
Fig. 7A (A), and Fig. 7B (B). 18

did not affect the precipitation process of the cobalt20.

compound.
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