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Effect of ultrasonic treatment on ripening
of titanium oxalate salt from solution
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Titanium oxalate was precipitated by the addition of TiIO(NQO3), solution to an ethanol
solution of oxalic acid and then ripened in the mother solution with/without ultrasound at
various temperatures. The influence of various factors such as reaction temperature and
ripening time, as well as the effect of ultrasonic treatment in the solution, was investigated.
During the ripening reaction of the titanium oxalate, a new crystalline phase was found. The
chemical formula and the crystal system of the new phase were as follows: (1) Chemical
formula—Ti,0,(C,04)(OH),H,0, (2) Crystal system—orthorhombic with lattice constants of
a=1.0503 nm, b=1.5509 nm, and ¢=0.9700 nm. The treatment of ultrasound during the
ripening reaction accelerated the dissolution rate of the initial precipitated particles, so that
the formation of the crystalline phase was hastened. © 17999 Kluwer Academic Publishers

1. Introduction are also evaluated by comparing the ripening reactions
It is known that a precipitation reaction [1] which does which are done with/without ultrasound.
not take place under normal conditions proceeds with
the ultrasonic treatment [2], although the mechanism of
the effect is not yet fully understood. Ultrasonic treat-2. Experiments
ment of fluid may produce acoustic cavitation. Cavi- The flow chart of the preparation sequence is shown
tation can be divided into three stages: (1) formationjn Fig. 1. As a starting material, 0.028 mol/l solution
(2) growth, and (3) implosive collapse [3]. In sono- of TIO(NO3), [8] was prepared by dissolving titanium
chemistry, the energy of ultrasound induced by cavitahydroxide in nitric acid. The titanium hydroxide pre-
tion is applied to chemical reactions and fine powdercipitate was previously obtained by titration of ammo-
processing. nia solution to TiCj solution and subsequent filtration.
Oxalate precipitation is widely used in the synthe-Titanium content in the TiO(Ng), solution was de-
sis of titanate raw materials. These oxalates are genetermined by gravimetric analysis. TiQvas used as a
ally highly insoluble, and they form particles that are weighing form. TIO(NQ), solution was poured into
readily filtered from the liquid and easy to handle [4]. 0.028 mol/l solution of HC,04 in EtOH, and then ag-
Titanium oxalates are often used as precursors for thi#ated with a magnetic stirrer and kept at various tem-
preparation of titanium-based perovskite oxides such ageratures. The merit of using a ethanol solution is that
BaTiOs, Pb(Zr,Ti)G;, etc [5]. Most researchers focus oxalic acid is easily dissolved in ethanol and oxalates
their attentions on oxides from the precursors, whileof alkaline earths and titanium are almost insoluble in
the process of the precipitation reactions is scarcely reethanol [9]. The precipitate was ripened in the mother
ported. solution at 40 and 60C for various periods, agitated
On the other hand, it is essential, in order to bettemwith a magnetic stirrer. The ripened products were fil-
understand the effect, to learn the systems, in which théered and washed with pure ethanol several times, and
precipitation phenomena without ultrasound are well-then dried for 1.5 days in air at room temperature.
known. In this mono-component system, which is fun- The products were evaluated by X-ray diffractom-
damental for the multi-components systems containingtry, Thermogravimetry/Differential Thermal Analy-
the titanium oxalates, an enhancement of the reactiosis (TG/DTA), Scanning Electron Microscope (SEM)
rate and a new reaction which does not follow a rou-and Fourier Transform Infrared Spectroscopy (FT-
tine reaction path are expected with ultrasonic treatiR). The average particle size was analyzed with-
ment. We have been exploring the possibility of sono-out the drying process. The components of the prod-
chemical powder processing [6, 7], which involves theucts were determined by various chemical analysis
powder preparation via precipitation in solution undermethods: (1) absorbed water—gravimetric analysis,
ultrasonic treatment. (2) constitution water—Karl Fischer's Method, (3)
In this work, the precipitation and ripening reactionsCzoﬁf—potassium permanganate titration method
are investigated. And the effects of ultrasonic treatmenand combustion-infrared spectroscopy, (4)NGion-
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TABLE | Chemical analysis of the precipitates

(TiCl) .
; LICoohng to0C| | 105°C 800°C
: s : H,0 H,O GOy Ti NO; TiO
L (TiClsoD) (Distilled water) 2 2 4 3 2
: : Initial 18.6% 10.8% 30.1% 23.8% 4.0% 39.7%
: ~—— (NH.OH : precipitate
(T1(OH)4-nH20 ) § Y-phase 65% 13.0% 32.6% 31.3% 0% 52.2%
] E. |WaSh Cl free I ' 105°C H,0 (absorbed water)—Gravimetric analysis.
: Filtering : 800°C H,0 (constitution water}—Karl Fischer's Method.
: +<——-— onc. HNO:s _CgOf(—POtassium permanganate titration method and combustion-
brmemeoeses e N : infrared spectroscopy.
TIO(NO3)2 NO; —lon-exchange chromatography.
* Ti—Hydrogen peroxide absorption spectrophotometry.

40C M.S.

(H2C204-EtOH ) (40°C,60°C,70C)
¥

| Precipitation |

y <—{Ultrasound] (d) 5days

Aging |

|Centrifugation |

|Drying in room temperature

(cy4days

exchange chromatography, (5) Ti—Hydrogen peroxide

absorption spectrophotometry. MMWMW )3
N

3. Results and discussion

3.1. Precipitates

When TiO(NQ), solution was poured into #£,04- M

EtOH solution, white powder was precipitated. After ‘ : ; .

4 days of ripening at 40C, the powders was trans- 10 20030 40 50 60

formed to an unknown crystalline phase, which was Diffraction angle 28 / degree

nameoY—phasen '[h.IS paper. |t$ crys_tal system and l?'t' Figure 2 X-ray diffraction patterns of the precipitates with various

tice parameters will be described in the next sectionyipening times at 40C: (a) 1 day, (b) 3 days, (c) 4 days, (d) 5 days.

No more changes were observed in the XRD patterns

of the crystalline phase even after 15 days under this

condition. not in the crystal. The initial precipitate has more ab-
sorbed water than the crystal, and the ratio of titanium
to oxalate is different from that of other two samples.

3.2. Ripening reaction Judging from these results, it is obvious that the reac-

Fig. 2 shows X-ray diffraction patterns of the samplestion is not a phase transformation reaction between the

prepared from various ripening periods at°@ The allotropes, but a dissolution-precipitation reaction.

initial precipitate ripened for 1 day has a poor crys- X-ray diffraction patterns of the samples at €D

tallinity. As the ripening time increases, the XRD pat- are given in Fig. 4. As ripening temperature increases,

tern goes to the phase with good crystallinity. Fig. 3the time required for the formation of the crystal is

shows scanning electron micrographs of these prodshortened.

ucts. The precipitate of the 1 day exposure (Fig. 3a)

consists of clusters of the particles, which disappear

with the ripening time. On the other hand, the amount3.3. Characterization of Y-phase

and size of the round shape particles also increase &om chemical analysis in Table Y-phaseseems to

ripening time increases (Fig. 3b). From these figuresbe a titanium salt which contains;goi‘ and OH". As

it is believed thaty-phasewvas formed after the disso- shown in Fig. 5, the DTA of Y-phase shows two en-

lution of the initial particles, which formed the clusters dothermic peaks at 120 and 280, and two exother-

at first. mic peaks at 300 and 39C. Fig. 6 shows XRD pat-

The result of the chemical analysis for the productgtern of Y-phase quenched from various temperatures.
ripened with various times is given in Table I. It can be The pattern of Y-phase remained unchanged by heat-
seen that N@ is contained in the initial precipitate, but ing below 180°C. When heated to temperature between

Figure 1 Flow chart of experiment.

Intensity ( arb. unit )
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(A)
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Figure 3 Scanning electron micrographs of the precipitates &CGi@a) 1 day, (b) 3 days, (c) 6 days, (d) 15 days.
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: : : : : 10 20 30 40 50 60
10 20 30 40 50 60 ) ,
Diffraction angle 26 / degree Diffraction angle 20 / degree
Figure 4 X-ray diffraction patterns of the precipitates with various Figure 06 X-ray diffraction patterns at various temperatures: (af1B0
ripening times at 66C: () 1 h, (b) 3 h, (c) 6 h, (d) 9 h. (b) 330°C, (c) 430°C.
0 ——s , , . [ , ‘ ‘ and constitution water, 30@€C—the combustion of car-
. bon monoxide, and 39@—crystallization to anatase.
107 DTA Tg About 30% weight loss between 200 and 3@was
< 20t m contributed to the breakdown of the constitution water
Ol o and oxalate into carbon dioxide and monoxide. Fig. 7
30 l% illustrates the FT-IR spectra of the material. With the
40t TG ¥ band at 1700 cmt, which is ascribed to €0, the
50— . . . . . , , presence of €05 is predicted [10]. The high wave
200 400 600 800 numbers, 3100-3650 cm, show the bands due to the
Temperature / C presence of water. The sharp band at 3600 cis
stretching vibration of constitution water. The broad
Figure 5 TG/DTA curves of Y-phase. band at 3200 cmt is deformation vibration of hydra-

tion water. And it can be thought that the material con-
310 and 380C, the material showed an amorphoustains the two types of water. The water below 160
state. Heat treatment above 4Mshowed the anatase- was excluded as an adsorption water.
type titanium dioxide. The attribution of each peak in  With the result of chemical analysis, molecular ra-
the DTA curve is as follows; 120C—the evaporation tio was determined to be 2:1.12:2.18 from the weight
of absorbed water, 25@—the breakdown of oxalate ratio of Ti, GO4, H2O over 1053 C, respectively. From
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TABLE |l Experimental conditions
Radiation type, source, power  X-ray, Cu, 40 kV and 30 mA
Wavelength 1.5405\(K(,)
/\V Discriminator monochromator
Detector scintillation counter
Instrument description 17 cm radius, vertical diffractometer
Philips PW 105025
. Divergence angle 1
8 (b) Receiving-slit width 0.2mm
g Temperature room temperature
g External 2 standard Sidp =5.4307%A)
‘g s Range of 2 from 4° to 70°
4 \/ Scan technique step-scanning, step siz207°
s Specimen preparation acked
& \ @) p prep p
\ /‘\
) oxalate. Observation of Y-phase by SEM showed that
/ \ the grains exhibited an oval shape of approximately
several micrometers in size with a slightly convoluted
surface (Fig. 3d). X-ray diffraction data of the pow-
der sample were collected at room temperature us-
ing a Philips PW1700 diffractometer (Table I1). Pow-
200530553050 s T =55 der diffraction data are given in Table Ill. The data

were indexed on an orthorhombic unit cell using the
program ITO [11]. Systematic absences suggest that
Figure 7 FTIR spectra of Y-phase at various temperatures: (a) roomthe space group is C222hkl: h+k=2n, h0l: h=2n,
temperature and (b) 33C. h00:h=2n, 00:1 =2n, Okl: k=2n, hkO:h +k=2n,

0kO: k = 2n. More confirmable works are needed for a

. verification. Lattice constants were refined by the least-
the result of TG, one mole of water (about 7%) which squares method from 31 reflections using the program
does not affect the structure exists at temperatures b?iCL?; [12]. The figure of merit M20 defined by de Wolff
tween 105 and 18@. With X-ray diffraction analysis 11 31ya¢ 43 6 suggesting reliable indexing. Fig. 8 shows
itwas known that the structure did not change with tem-—rem micrograph and the electron diffraction pattern.

perature up to 180C. Adjustingthe eIectrlc_aI neutrality The diffraction pattern coincides with the orthorhombic
with oxygen, we assumed that the chemical formula of

the crystal is TiO,(C204)(OH); - H,0. lattice.
The calculation of the density was used for the fol-
lowing formula.

Wave number / coo’!

3.4. Ultrasonic treatment
A The emitting titanium horn was dipped into the liquid as
shown in Fig. 9. Ultrasound of 20 kHz with an acoustic
intensity of 1.9 W/cri, was applied just after the ini-
A ZM tial precipitates appeared. The precipitates continued to
= 1.66042x 10°° x Z V_ Vv @ e ripened in the mother solution with ultrasound after
that. This has nothing to do with initial precipitation
o: density, N: Avogadro numbe¥/: Volume of a unit  reactions. The power of ultrasonicator was calorimet-
cell by nn?, S"A: Sum of atomic weight in a unit rically estimated by an adiabatic measurement of the
cell (for the compound) A=ZM, Z: The number temperature rise in water exposed to the ultrasound.
of molecular in a unit cell, M: Molecular weight). The temperature of the reaction chamber was kept con-
The density of Y-phase measured with an picnometestant by using a cooling-circuit to exclude the influence
was 2.21 g/cr The volume of a unit cell calculated of the temperature rise caused by the ultrasound.
from lattice constants was 1.58 Apand the molecular Fig. 10 shows the X-ray patterns of the ripening prod-
weight of the Y-phase was 267.82. With these valuesucts obtained by ultrasonic treatment at 60 The for-
Z could be determined. Because Z value is usually amation of Y-phase was completed after 6 hours of ripen-
integer except for the material which has a structuraing with ultrasound, while it had just begun to form
defect, it is determined to be 8. The theoretical densityafter 6 hours of ripening without ultrasound at @D
calculated from above Equation 1 was 2.25 gicm (Fig. 4). The effects of the ultrasound and the reaction
The absorbed bands at 1650-1700"énwhich is  temperature on the ripening reaction are summarized in
the vicinity of carbonate band range [10] shown FT-Table IV. In this reaction, the ultrasonic treatment effec-
IR spectrum of the Y-phase at 330 in Fig. 7b were tively promoted the ripening process; in other words,
not clearly identified yet. It is confirmed that the con- it extremely hastened the formation of Y-phase. The
stitution water bands in the Y-phase were completelyreaction of this system proceeds through three stages:
disappeared at 33C. It is suggested that the mate- (1) precipitation of the initial particles; (2) dissolution
rial of the amorphous state between 310 and 830 of the initial particles; (3) formation of Y-phase. It can
is a kind of carbonate formed from the breakdown ofbe considered that the acceleration of the formation of

A
P=d =2 (6.02257x 10%%) x (V x 10-2%)
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TABLE Il X-ray diffraction data of Y-phase

hkl 26 obs 1/1g dobs dcalc A20 hkl 26 obs 1/l dobs dcalc A20

020 11.39 24 7.763 7.755 0.012 243 40.11 2 2.246 2.245 0.023.
111 13.65 65 6.482 6.475 0.014 333 41.83 4 2.158 2.158 —0.009
200 16.86 12 5.254 5.251 0.010 441 42.60 3 2.121 2.121 -0.018
002 18.25 19 4.857 4.850 0.027 171 42.70 2 2.116 2.116 0.008
201 19.19 90 4.621 4618 0.014 262 43.20 10 2.092 2.092 0.002
220 20.38 5 4.354 4.348 0.028 403 44.42 12 2.038 2.038 —-0.011

112 20.93 62 4.241 4.236 0.025 423 46.01 4 1.971 1.971 -0.005
131 21.19 26 4.189 4,185 0.025 080 46.85 6 1.938 1.939 -0.022
022 21.58 1 4,115 4112 0.013 512 47.49 4 1.913 1.913 0.003
221 22.36 7 3.973 3.968 0.029 263 48.26 44 1.884 1.885 —0.005
040 22.91 1 3.879 3.877 0.008 334 48.94 4 1.860 1.860 —-0.010
202 24.94 5 3.567 3.563 0.031 460 49.46 6 1.841 1.842 —-0.016
132 26.57 100 3.352 3.352 —0.001 532 50.51 18 1.806 1.806 —0.013
311 27.67 78 3.221 3.221 0.001 135 50.95 10 1.791 1.790 0.033
241 30.07 16 2.969 2.969 0.000 404 51.26 15 1.781 1.781 —-0.016

151 31.42 45 2.845 2.844 0.009 064 51.66 15 1.768 1.769 —0.015

312 32.00 14 2.795 2.792 0.028 513 52.24 9 1.750 1.750 -0.012
203 32.49 21 2.754 2.753 0.003 424 52.69 6 1.736 1.736 —0.018
133 33.74 1 2.654 2.653 0.024 462 53.16 9 1.722 1.722 -0.016
242 34.13 26 2.625 2.624 0.019 315 54.37 1 1.686 1.687 —0.023
223 34.54 36 2.595 2.595 0.000 191 54.74 2 1.676 1.675 0.020
004 37.04 6 2.425 2.425 0.000 245 55.75 2 1.647 1.647 0.002
421 37.26 3 2.411 2.409 0.036 552 56.16 9 1.637 1.637 -0.021
313 38.26 7 7.351 2.348 0.044 155 56.56 2 1.626 1.625 0.031
114 38.51 9 2.336 2.336 —0.002 335 57.01 23 1.612 1.612 -0.016
024 38.89 11 2.314 2.315 -0.012 463 57.55 2 1.600 1.601 -0.012
402 38.99 10 2.308 2.309 —0.015 283 58.16 4 1.585 1.585 -0.013
351 39.87 2 2.260 2.258 0.030 026 58.28 3 1.582 1.583 —0.030

Figure 8 Tem micrograph (left) and the electron diffraction pattern (right) of Y-phase.

Y-phase is due to the promotion of the dissolution of thelt is concluded that ultrasound is responsible for the

initial particles by ultrasonic treatment. And the promo-dispersion of the initial particles by the difference of

tion by ultrasonic treatment is ascribed to the followingaverage partilce size.

effects: (2) The effect of the microstream generated by the
vibration of bubble.

(1) The effect of increasing surface area of the pre- (3) The effect of the dance of particles in the mother
cipitates by the action of bubble collapse; The averagsolution by a straight flow generated by ultrasonic wave
secondary particle sizes of the powders ripened for ongulse.
hour with and without ultrasonic treatment are approx-
imately 3um (U.S.) and 9um (M.S.) respectively. The The ripening reaction is further accelerated by
powders were not dried before measuring particle sizesncreasing input power. It is obvious that the cavitation,
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TABLE IV Apperance and occupation of Y-phase with various ripen- which is the origin of ultrasound energy in liquid state

ing conditions

Appearance Occupation
Ripening condition of Y-phase of Y-phase
40°C, M.S. 48 h 96 h
60°C, M.S. 6 9
70°C, M.S. 2 4
60°C, 20 kHz 2 4
(1.9 Wicn?)
60°C, 20 kHz <1 <1
(25.4 Wicnf)
70°C, 20 kHz 15 25
(1.9 Wicn?)
M.S.: Mechanical Stirring.
Branson, Sonifier Model 450
0 Converter
(PZT)
o n
Horn
Power Supply (Ti)
4 \-{ < \_Rosett
Cooling / Cooling Cell
Heating
System k » d
-30C~70C
Cooling / Heating
Media
- 4
Figure 9 A schematic illustration of the apparatus.
20kHz 60T
(d)12h
=
S
=
z (c)6h
&
2
A=

MW
MM

10 20 30 40 50 60

Diffraction angle 26 / degree
Figure 10 X-ray diffraction patterns of the precipitates with various

ripening times at 60C, 20 kHz ultrasound (a) 1 h, (b) 3 h, (c) 6 h,
(d) 12 h.
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becomes more active with the input power [14], so that
the enhancement of dissolution occurs.

4. Conclusions

The initial precipitate has a poor crystallinity and con-
tains NG; aswellas @oﬁ—. Ripening changes this pre-
cipitate to a crystalline phase. The crystalline phase has
the chemical formula $0,(C,04)(OH), - H,O. The
crystal system is orthorhombic with lattice constants
of a=1.0503 nmp=1.5509 nm an@& =0.9700 nm.

It was found that the treatment of ultrasound during the
ripening reaction accelerated the dissolution rate of the
initial particles, so that the formation of the crystalline
phase was hastened.
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