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Particle Growth in Oxalate Process 1
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Barium titanyl oxalates, strontitm titanyl oxalates and calcium zirconyl oxalates were prepared with vamation of
gohition conceniration and method of adding mized metsl ion solution mto oxalic acid. Then they were aged in dis-
tilled water, ethanol or methanol, respectively. Barium titanyl oxalates and calcium zirconyl oxalates were grown
in water and strontium titanyl oxalates were grown in both water and methanol. They were supposed to be grown
through the solution and reprecipitation mechanizsm. Nonuniform dispersion of particles m liquid phase is thought

to cause abnormal particle growth
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I. Introduciion

he advantages of the nonconventional processes over
T conventional routes for ceramic powders are: high
purity, chemical homogenegity, small and uniform par-
ticle size, and controllability of particle shape. Solwtion
technigues have been widely adopted in the preparation
of multicomponent oxide systems. This derives from the
ease of mixing at the molecular level using soluble salts
or chmicals for sources of metal ions. Ceramic powders
or the ceramic preforms are directly synthesized from
the solulion and thus show excellent chemical uniformity
and controlled particle size and shape.'™

Oxalate process is a kind of coprecipitation method and
has been widely investigated in the solution technique
field. In this process, a mixed solution containing metallic
cations is added into oxalic acid solution where metal ox-
alate precipitates. The oxalate process iz simple and its
product yield is very high*” But, there is few studies
about the control af particle size and interparticle ag-
glomeration, Barium tfitanate is one of the most widely
studied system. Gallagher et. al.” prepared sore barium
and strontium titanates and studied their electric pro-
perties. F. Schrey” reported about an effect of pH on bar-
ium-strontium titanate prepavation by oxalate process.

As shown in figure 1, particle size and shape of barium ti-
tanates decomposed from the barium titanyl oxalates
|BT-oxalates] retains the size and shape of BT-oxalate.
Thus, it is necessary to control synthesis of BT-oxalate
in order to control particle size and shape of decomposed
BT. Although BT, doped (Ba, Sr)TiO, for PTC materials
and so forth are produced commercially using oxalate
process for a long time, process variables or mechanism
for controlling particlr size and shape are not well do-
cumentd and are kept as company expertise.
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In this experiments, the growth of BT-oxalate during
aging has been studied in various aging media with vary-
ing metal ion concentration and oxalic acid equivalent
volume. From the experimental chservatian, the growth
mechanism has been inferred.
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Fig. 1. SEM photographs of a) BT-oxalates, and b) barium
titanate decomposed at 600°C for 3 hours.
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II. Experimental Procedure

1. BT-Oxalates

TiCl, (SHOWA Chemicals Ing., dapan, 99%), BaCl,-2H,0
(JUNSEI Chemical Co. Ltd., Japan, 99%) and H{C,0,)
9H,0 (SHINY(Q Pure Chemicals Co. Lid, Japan, 99.5%)
were chosen as starting materials. To prevent hydrolysis
of TiCl,, TiCl, was dropped into agitated distilled water at
2'C in nitrogen atmosphere. Some of this TiCl, solution
was fired at 600°C for 3 hours 1o examine precise titanim
comtent in the selution. BaCl, 2H,0 was solved in this solu-
tion to the ratio, Ba*Ti*=1:1. Concentration of mixed bar-
ium and titanium sclution was fixed at 0.5 M. HA(C.Ou):
2H,0 was solved in methanol to excess 50% stoichiometry
to a concentration of metal ions. Conecentration of oxalic
acid solution was varied from 0.5 to 2.0 M. Basic con-
centration for reference was 0.5 M for mixed barium ti-
tanium solution and 1 M for oxalic acid solution. Mixed
metal ion solution was added into oxalic acid solution by
hurette-dropping or two-flow-spraying. In spraying, wni-
irogen wag used as a carrier gas. Precipitated BT-oxalates
were aged in distilled water, methanol or ethanol respec-
tively at room temperature {25°C). Aging time was varied
from 0 to 24 hours. Aged BT-oxalates were dried at 80°C
for 12 hours.

2. 8T- and CZ-Oxalates

TiCL, SrCly 8H:0 (SIGMA Chemical Caorp., 99%), Zr(l;-
8H,0 (Fluka, 98%), CaCl2H.O (Avondale Lab. Litd.,
England, 99%) and H,(C,Q)- 2H.O were chosen as start-
ing materials, TiCl, solution, prepared by the same pro-
cedure as that of preparation of BT-oxalates, was used
in the preparation of ST-oxalates. Calcium and zir-
conium chlorides were made to aqueous solutions, and
some of these solutions were fired at 600°C for 3 hours,
to examine precise metal ion content of each soluiion.
Concentrations of both mixed strontium titanium solu-
tion and mixed caleium zirconium solution were fixed at
0.5 M. Cancentration of axalic acid solution was also fix-
ed at 0.5 M, but excess 50% stoichiometry to a con-
centration of metal ions was maintained. Mixed metal
ion selutions were added inte oxalic acid by two-flow-
spraying with nitrogen gas as a carrier gas. Kach oxalate
precipitated was aged in distilled water, methanol,
ethanol or acetone at room temperature (25°C). The ox-
alates were also aged without adding any fluid just after
spraying. Aging time was varied from 0 1o 4 hours. Aged
oxalates were dried at 8G°C for 12 hours. Figure 2 shows
schematics of experimental procedure.

3, Evaluation

Centrifugal particle size analyzer (SHIMADZU, SA-CP
3) was used for particle size distribulion of each oxalate.
Shapes and sizes of each oxalate was examined by scan-
ning electron microscope (JEOT, JSM-5400).
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Fig. 2. Experimental procedure of preparing metal-oxalate.
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Fig. 8. SEM photographs of BT-oxalates by a} burette-drap-
ping and b) two-flow-spraying.

III. Results and Discussion

1. BT-Oxalates
Figure 3 a) and b) are ithe SEM photographs of BT-ox-
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by 20 M, and c¢) 1.0 M with

graphs of BT-oxalates with variation of oxalic acid solution condition. a) 0.5 M,

twice as normal valume. All of them have been aged in water for 12 hours.
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Fig. 5. SEM photographs of BT-oxalates with variation of aging time. a) 0 minute, b) 30 minutes, ¢} 60 minutes, and d) 90
minules,
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Fig. 6. SEM photographs of RT-oxalates aged for a) 3.5 hours, and b) 24 hours,

alates by burette-dropping method and two-flow-spray- phatagraphs, but sprayed particles shows more uniform
ing method, respectively. These BT-oxalates were not arrangement. This figure also shows that it is necessary
aged. Primary particle sizes are about 0.2 pm in both to control the size of liguid droplet and therefore all mix-
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ed metal ion sclutions were sprayed in the following ex-
periments.

Figure 4 shows SEM phatographs with condition of ox-
alic acid solution. a) is for 0.5 M oxalic acid solution, b)
is for 2.0 M, and ¢) is for 1.0 M but in double volume.
These BT-oxalates were aged for about 12 hours in wat-
er. Particle sizes in these phetographs show much diff-
erences with condition of oxalic acid .solution. It shows
that the growth of BT-oxalates strongly depend on the
concetration and equivalent of solutions. Furthermore, it
can be thought that selubility of BT-oxalates in reacted
solution is related to growth of particles and the solution
and reprecipitation mechanism 1s the mechanism of par-
ticle growth.

To examine this assumption, BT-oxalates were aged in
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Fig. 7. Cumulative particle size distribution of BT-oxalates
with variation of aging time.
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distilled water, and were observed by SEM at every 30
minutes up to 90 minutes. Figure 6 shows the SEM pho-
tographs. In a), which is for BT-oxalates not aged, pri-
mary particle sizes ave about 0.2 um, and pretty uniform
arrangement appears. After a 30 minute aging, particle
grew to about 0.3 pm, and abnormal particle growth ap-
peared in b). In ¢ and dj, the abnormal particle grew
more and the smaller particles remained not grown
These nonunifarm size distribution is thought to be cans-
ed by nonuniform solubilities among primary particles
leading ta different growth rates.

BT-oxalates were aged for longer time. Figure 6 a) is
SEM photographs after 3.5 hour aging, and shows sim-
ilar state as in figure 5 ¢) and d). Figure 6 b) is SEM pho-
tograph after 24 hour aging, where every particle has
grown to about 10 um and the shapes are nonspherical.
This indicates that mass transportation occurs from
gmaller particies to larger particles with solubility diff-
erence between those particles and therefore larger par-
ticles hecome larger, while smaller particles become
smaller Ii can be inferred that BT-oxalate grows in wal-
er during aging through abnormal particle growth.

Figure 7 is particle size distributions of BT-oxalates
aged in water. Till 3.5 hours, little differences was oh-
servable, but after 24 hour aging, particle growth pro-
gressed markedly, which agrees well with figures 5 and
6. The agglomeration between fine primary particles is
accounted for the large particle region over 1 um in the
cases of short aging time.

Precipitated BT-oxalates were aged in ethanol and

Bin

Fig. 8. SEM photographs of BT«c;;a.lates with variation of aging fluids and aging lee _e_tj 0 hour in ethanol, b} 25 hours in

ethanol, ¢) 0 hour in methanal, and d) 2.5 hours in methanol.
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methanol, and shown in figure 8. In hoth cases, there ticles have low dissolving rate. Hence, dissolved material

are no notable growth, and BT-oxalates may have proper moves through solution to large particles and then pre-

solubilily only in water. cipitates. A relation between supersaturation and par-
Figure 9 is a model of growing particles in water, ticle size was proposed as eqn. (1).¥

Small particles have high dissolving rate and large par-
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Fig. 11. Particle size distribution of ST-oxalates aged in
varions fluids for 4 hours.

Fig. 10. SEM photographs of 8T-oxalates. a} not aged, and aged in b} water, ¢ ethanol, d) acetone, and &) without any fluid,
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Sz i =T M 2 (1)

d =degree of supersaturation

C, = concentration of particle

C..= concentration of infinitely large plate

¥ =liquid-solid interface energy of the material
M = molecular weight.

E =ideal gas constant

T =absolute temperature

p =density of material

r =radius of particle

Degree of supersaturation is inversely proportional to
particle size in the same material, so the smaller the par-
ticles, the better they sclve. This explains mass tran-
sportation threugh liquid phase and particle growih.

2. ST- and CZ-Oxalafes
Precipitated ST-oxalates were aged in various fluids,
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and shown in figure 10. There iz no notable growth in
water, ethanol, acetone, compared with ST-oxalates not
aged. ST-oxalates solved in methanol completely, For ihe
case of ST-oxalate, where the solvent was composed of
water and methanol, particles have grown a little This
can be verified in particle size distributions of these ST-
oxalates, figure 11. In the cases of water and methanol,
fractions over 1 m appear to increase. For aging in water,
ST-oxalates are known to have considerable solubility in
water, so ST-oxalates may grow in water, too. As a result,
B8T-oxalates appear to grow in water and methancl
through the solution and reprecipitation mechanism.
Figure 12 shows SEM photographs of CZ-oxalates
aged in various fluids. There is a notable growth only in
the case of e), where zolvent is composed of water and
methanol by the mixed solvents from the starting pre-
cursors. CZ-oxalates solved in water completely, CZ-ox-
alates appear to grow in water. In figure 13, particle
size distributions of CZ-oxalates, this can be approved.
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Fig. 12. SEM pholaographs of CZ-oxalates. a) not aged, aged in b) methanol, o ethanol, d) acelone, and ¢) without adding any fluid.
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Fig. 13. Particle size distrioution of CZ-oxalates aged in
various fluids for 4 hours

Agglomerated particles appear in these particle size
distributions for short aging times CZ-oxalates grow
in water through the solution and reprecipitation me-
chanism.

IV. Conclusion

Oxalates grow in fluids in this experiment as follows;
BT-oxalales grow in water, ST-oxalates grow in both wat-
er and methanol, and CZ-oxalales grow in water. All of
them grow through the solution and reprecipitation
mechanigm. Nonuniform distribution of particles in
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fluids leads to nonuniform particle growth.
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