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Formation Mechanism of Hydrous-Zirconia Particles Produced by Hydrolysis
of ZrOCl: Solutions] Effects of ZrOCl. Concentration and Reaction
Temperature on the Formation Process of Hydrous-Zirconia Particles

Koji MATSUI
Michiharu OHGAI

The crystal phase and rate of formation of hydrous zirconia particles have been investigated under a variety
of conditions in regard to concentration (0.1-0.4molJ dm?®) and temperature (358-373 K) to know the effect of
ZrOCl, concentration and reaction temperature on the process of particle formation. Chemical analysis and X-
ray diffraction measurement revealed that the hydrous zirconia particles obtained under all the conditions
examined were similar to those of crystalline monoclinic ZrO,, except that the crystal structure changed with
the increase of chlorine content under the preparative conditions of 0.4 moll dm® and [0 363K. The rate
constant kfor the formation of hydrous zirconia particles at the concentration of 0.1-0.4 mol dm?* were
determined experimentally by assuming the appropriate elementary steps for acid dissociation of hydrous
zirconia and estimating the corresponding dissociation constants. The observed k values exhibited the tendency
to decrease according to the increase of ZrOCI, concentration and decrease of reaction temperatures. From the
Arrhenius plot of k[ the activation energy for the elementary step of acid dissociation was estimated as 1.3x
10%kJO mol* for the hydrous zirconia particles of monoclinic phase and 7.7x 10kJO mol* for the one of high
chlorine content. Under the conditions in which the monoclinic hydrous zirconia particles were formed, the
decrease of k value against the increase in concentration of ZrOCI, may be attributed to the decrease of the k,
(I) term in ionic strength function contained in the rate constant. Based on the experimental results, the
mechanism for the formation of hydrous zirconia particles has been discussed briefly.
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Tabled O Synthetic conditions and rate constants for the formation of hydrous-zirconia particles

Synthetic condition pH(at 3000) Acid-dissociation constant Rate constant
0 ZrOCla O Reaction Heating ko
temp. time Start End logK® logKn

0 molO dm®*0 0O KO OhOo Oh"0
0.1 298 0.13% 0.078*
0.1 358 391 0.9600 0.910 0.035
0.1 363 215 1.020 0.970 0.068
0.1 368 120 1.080 1.030 0.12
0.1 373 095 13 0.9 1.130 1.080 0.200
0.2 298 0.028* 0 0.045*0
0.2 358 576 0.860 0.790 0.024
0.2 363 305 0.920 0.850 0.046
0.2 368 192 0.9800 0.9000 0.076
0.2 373 142 1.0 0.7 1.030 0.960] 0.14
0.4 298 -0.12%g 00.20% O

358
363
368
373

1128
480
335
165

0.4
0.4
0.4

0.4 0.7

0.4

0.710
0.770
0.830
0.880

0.630
0.690
0.7500
0.800

0.024
0.034
0.053
0.093

*Acid-dissociation constants from ref. 15).
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Fig.O O Relationship between the conversion and heating
time for hydrous zirconia particles formed from
a ZrOCls solution of 0.1 mold dm"" concentration
at various reaction temperatures. The symbols [0,
A\, O, and O denote the data obtained at 358,
363, 368, and 373 K, respectively. The solid line
indicates the calculated formation rate.
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Fig.O O Relationship between the conversion and
heating time for hydrous zirconia particles
formed from a ZrOClI. solution of 0.2 mol
00 dm"”" concentration at various reaction
temperatures. The symbols O, A, O, and
0 denote the data obtained at 358, 363, 368,
and 373 K, respectively. The solid line
indicates the calculated formation rate.
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Fig.O O Relationship between the conversion and heating

Intensity, 10 a.u.l

time for hydrous zirconia particles formed from a
ZrOClo solution of 0.4 molO dm”" concentration
at various reaction temperatures. The symbols O,
A, O, and O denote the data obtained at 358,
363, 368, and 373 K, respectively. The solid line
indicates the calculated formation rate.
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Fig.0 O XRD profiles of hydrous zirconia particles

synthesized at different ZrOCls concentrations
and reaction temperatures.
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Fig.O O Chemical analysis of chlorine in hydrous

zirconia particles synthesized from a ZrOClo
solution of 0.4 mold dm"® concentration at
different temperatures.
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Table 0 Activation energies and apparent frequency factors determined for various
ZrOCls concentrations and reaction temperatures

0 ZrOClnO Temp. range Activation energy Apparent
frequency Factor
O mold dm?*0 OKO Eo O kJO mol*O k0100 AO h*O
0.1 35801 373 1.3x 10° 3.4x 107
0.2 35801 373 1.3x 10° 2.3x 107
0.4 36601 373 1.3x 10° 1.5x 10"
0.4 35801 366 7.7x 10 4.2x 107
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