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Effect of hydrolysis rates on the morphology of sol-gel derived

SrFeCo0.5Ox powder

I . R. ABOTHU, W. JIN∗
Institute of Materials Research and Engineering, National University of Singapore, 3 Research Link,
Singapore 117602, Singapore
E-mail: wanqin.jin@uni-koeln.de

R. WANG
Environmental Technology Institute, 18 Nanyang Drive, Singapore 637723, Singapore

T.-S. CHUNG‡

Department of Chemical & Environmental Engineering, National University of Singapore,
10 Kent Ridge Crescent, Singapore 119260, Singapore
E-mail: chencts@nus.edu.sg

Mixed-conducting (electronic and ionic) oxides with
high oxygen ion conductivity have been investigated
extensively for ion transport membranes used in the
separation of oxygen from air and the conversion of
natural gas to syngas [1]. SrFeCo0.5Ox (SFC) is con-
sidered to be a technologically important material due
to its high oxygen permeability as well as structural
and chemical stability in reducing atmospheres [2–5].
Conventionally, the SFC oxide is synthesized by the
solid-state reaction of the constituent metal oxides [2–
7], but this method often requires higher sintering tem-
perature and longer heating schedule, and thus leads
to poor chemical homogeneity and large particle size.
Recent research [8, 9] has shown that the grain mi-
crostructure strongly influenced the oxygen permeation
flux for mixed-conducting membranes and the oxygen
flux increased considerably with decrease in grain size.
The microstructure of a sintered material such as grain
morphology (size and shape) depends mainly on the
synthesis methods and conditions used.

The sol-gel process is a versatile technique for the
synthesis of sub-micron sized ceramic powders of
high purity and homogeneity [10, 11]. This sol-gel
processing involves hydrolysis and condensation of
metal alkoxides. By controlling some variables such
as precursor, reaction temperature, hydrolysis and con-
densation, and catalyst, it is possible to change the
microstructure of gel and, as a consequence, of the re-
sulting ceramic. In our previous study [12], we have
used the sol-gel process to synthesize SCF powders
using alkoxide precursors. However, the effect of the
preparation conditions on the morphology has not been
studied yet. Therefore, this letter deals with the effect of
hydrolysis rates on the morphology of the as-prepared
powders.

To synthesize SFC powder, strontium granule (99%),
iron (III) acetylacetonate [CH3COCH C(O )CH3]3Fe
(97%), and cobalt (III) acetylacetonate [CH3COCH
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C(O )CH3]3Co (98%) (all Aldrich Company) were
used as starting materials. The scheme of preparing SCF
powder has been described elsewhere [12]. Initially, a
stoichiometric amount of strontium granules was dis-
solved in 2-methoxy ethanol (2-MOE) as a solvent and
refluxed at 125 ◦C for 8 h in argon atmosphere. This re-
sultant strontium precursor solution was cooled to room
temperature and then added with the required amount
of iron (III) acetylacetonate and 2-MOE and refluxed
again at 125 ◦C for 8 h in argon atmosphere. The resul-
tant Sr-Fe double alkoxide solution was then cooled to
room temperature and added with cobalt acetylaceto-
nate along with 2-MOE and finally refluxed at 125 ◦C
for 12 h in argon atmosphere to obtain a clear Sr-Fe-
Co precursor solution. The resultant Sr-Fe-Co complex
solution was cooled to room temperature and adjusted
the pH value. The solution was hydrolyzed at three dif-
ferent rates by adding different amount of water diluted
with 2-MOE (1:4 ratio of water to 2-MOE) to form ho-
mogenous SFC gels. The three amounts of water are be-
low: first is 8 times stoichiometric water value, second
6 times stoichiometric water value, and third 4 times
stoichiometric water value. These hydrolysis rates are
designated as fast hydrolysis (FH), normal hydrolysis
(NH) and slow hydrolysis (SH). The obtained gels were
dried at 60 ◦C in air oven. The dried gels were crushed
into powders with a mortar and pestle, and then cal-
cined at 850 ◦C in air for 4 h to produce the final SFC
powders.

Fig. 1 shows the X-ray diffraction patterns of
the SFC powders synthesized at three different hy-
drolysis rates, using a Philips X’Pert diffractometer
(Cu Kα radiation at a scan rate of 3 ◦2θ /min and
45 kV/40 mA). The powders obtained from the three
different hydrolysis rates consist of a dominant per-
ovskite phase SrFe1−x Cox O3−δ , an amount of layer
phase Sr4Fe6−x Cox O13−δ and a trace spinel phase
Co1−x Fex O4, however, the ratios of three crystal phases
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Figure 1 X-ray diffraction patterns of SFC powders synthesized at three hydrolysis rates. P: perovskite phase; L: perovskite-related layered phase;
S: spinal phase: (a) FH, (b) NH, and (c) SH.

Figure 2 SEM images of the synthesized powders calcined at 850 ◦C in
air: (a) fast hydrolysis, (b) normal hydrolysis, and (c) slow hydrolysis.

are different. This result is in consistent with observa-
tion of Kim et al. [13], indicating that the amount of the
perovskite phase in the composition of SFC depends on
the preparation conditions in the sol-gel processing.

The morphologies of three kinds of powders synthe-
sized at three different hydrolysis rates were studied us-
ing a scanning electron microscopy (Jeol JSM-6700F
SEM, with accelerating voltage 5 KV, emission cur-
rent 10 µA). As shown in Fig. 2, the powder obtained
from fast hydrolysis exhibits rod-shape morphology,
the powder from slow hydrolysis cubic morphology,
and whereas the powder from normal hydrolysis is
of irregular morphology. These results are in agree-
ment with the fact that the hydrolysis rate is very im-
portant in determining the particle morphology [11,
14]. The average particle sizes estimated from the
SEM images in all cases are about 300 nm. The ag-
glomerate size distributions of the synthesized pow-
ders were examined on a N4 Plus Submicro Parti-
cle Sizer (Coulter). As shown in Fig. 3, the agglom-
erate size distributions are narrow in all cases, and
the maximum size of the agglomerates as seen from
the agglomerate size distribution curve was 20 µm in

Figure 3 Agglomerate size distribution of the synthesized powders. FH:
fast hydrolysis; NH: normal hydrolysis; SH: slow hydrolysis.
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the normal hydrolysis case. The average agglomerate
particle sizes are 2.5 µm for fast hydrolysis, 3.3 µm
for normal hydrolysis and 0.7 µm for slow hydrol-
ysis, respectively. Compared with the conventional
solid-state reaction method, which requires the milling,
grinding and prolonged calcination at high tempera-
tures [3–5], the sol-gel processing possesses the ad-
vantages of low temperature calcinations, sub-micron
particle size and a small degree of agglomeration of
particles.

In summary, we successfully synthesized sub-micron
size SFC powders via a sol-gel processing from metal
alkoxides. The hydrolysis rates influenced significantly
the morphology of the SFC powders. The results indi-
cated that the slow or fast hydrolysis fast rate is bene-
ficial to form SFC powders of 300 nm average particle
size with different regular morphology.
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