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Influence of hydrolysis in sulfate process on titania pigment producing
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Abstract: Using industrial titanyl sulfate solution as feedstock, titania white pigment was prepared by self-generated seeded thermal
hydrolysis method. The influence of some factors (such as F value, volume ratio of pre-adding water to TiOSOy, heating rate and pH
of pre-adding water) on the structure and pigment properties of the as-prepared slurry metatitanic acid and titania samples were
studied. The samples were characterized by XRD, particle size distribution, SEM and pigment properties test. The results show that
all samples show anatase phase, and the calcined samples prepared under suitable conditions are with narrow particle size
distribution and good pigment properties. All these influencing factors have great impacts on the hydrolysis velocity, nucleation rate,
crystal growth rate, particle size distribution, crystal structure and pigment properties. The suitable F value is 1.73—1.93, the volume

ratio of pre-adding water and TiOSOy solution is 0.28:1, the optimum heating rate is 0.94—1.33

water should be at near-neutral range.

/min and pH of the pre-adding
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1 Introduction

Titanium dioxide (TiO;,) is used in a wide range of
products, ranging from paints to foodstuffs. Due to its
high opacity, small crystal size, and inertness, it is the
best choice of white pigment. The
production of TiO, follows one of two routes, sulfate
process and chloride Process. There is abundant of
ilmenite in Panzhihua. However, due to its high content
of calcium and magnesium, only the sulfate process can
be adopted to produce white pigment. Hydrolysis of
industrial titanyl sulfate solution (TiOSOy solution, black
liquor) is the essential step of the process. And the
particle morphology, size and size distribution of the
hydrolyzed product, namely the hydrated titania or
metatitanic acid, determine the quality of titania at some
extent[1]. The hydrolysis of TiOSO, solution has been
widely studied, such as the formation mechanism[2—3],
the precipitation procedure[4—5], the growth of TiO,
hydrate[6] and the thermal hydrolysis kinetics[7], and all
the reports reached the point that the hydrolysis process
undergoes three steps, i.e. grain formation of
crystallization, nuclei growth and hydrated titania
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precipitation, hydrated titania aggregation and
composition changes of  the precipitation.
SATHYAMOORTHY et al[8] investigated the particle
formation process of anatase and the mechanisms behind
particle formation during anatase precipitation from
seeded concentrated titanyl sulfate solution. Recently,
HIDALGO et al[9] optimized thermal hydrolysis of
TiOSO, to prepare highly photoactive supported TiO,.
The hydrogen peroxide solution was also used at low
temperature to prepare anatase/rutile dual layer
deposition[10], and other methods such as detonation
method[11], homogeneous hydrolysis[12] and composite
templating method[13] were used to prepare functional
titania. GRZMIL et al[14—16] investigated the influences
of admixtures, TiOSO,; and free sulphuric acid
concentrations in the starting solution, as well as various
kinds and amounts of titanium dioxide nuclei addition on
the hydrolysis process and the products. All these reports
focused on the particle size and its distribution, as well as
the structure of the crystal and precipitation, but without
further investigation of its pigment properties and no
detail information of the precipitation. The particle size
and distribution, crystal structure, even the precipitation
process are the heart of pigment production and determine

Corresponding author: TIAN Cong-xue; Tel: +86-812-3380578; E-mail: tcx7311@163.com



s830 TIAN Cong-xue, et al/Trans. Nonferrous Met. Soc. China 19(2009) s829—s833

the final pigment quality and profits. In this paper, some
hydrolysis factors which influence the structure and
pigment properties in self-generated seeded hydrolysis
process were studied.

2 Experimental

Industrial titanyl sulfate (TiOSO,) solution was
taken from the sulfate process of ilmenite (Titanium
Dioxide Factory of Pangang Group, PRC), and the
composition was as follows: TiO, of 231.07 g/L, F=
m(effective H,SO,)/m(TiO,)=1.73, m(Fe)/m(TiO,)=0.26,
Ti*" of 2.01 g/L. The influencing factors, such as F value,
volume ratio of pre-adding water to titanyl sulfate
solution, heating rate from the end of feeding to the first
boiling point and pH of the pre-adding water were
investigated.

A typical procedure of preparing metatitanic acid is
as follows. The industrial titanyl sulfate solution and
pre-adding water (volume ratio 4:1) were warmed up to
(96+1) , respectively, and then the heated TiOSO,
solution was dropped into the pre-adding water at a
constant speed in 17 min. After feeding off, the mixture
solution was heated to the boiling point (called the first
boiling point) by controlling the heating rate. When the
solution turned into grey, heating and stirring were
stopped immediately. After 30 min, heating and stirring
were turned on again, then the solution was heated to
boiling point (called the second boiling point) in another
few minutes, and the mixture gradually changed into
milky white. After some time from the second boiling
point, distilled water was dropped into the system to
increase the hydrolysis ratio of titanium and maintain the
hydrolysis slurry concentration at some degree. The
hydrolysis process was over after 3 h from the beginning
of the second boiling point, then the slurry was filtered
and washed using diluted sulfate solution and distilled
water, obtained. The
as-prepared metatitanic acid was then treated by
phosphate and potassium salts, and so on. The salt

and metatitanic acid was

treated slurry was dried and calcined to prepare titania
pigments.

The as-prepared slurry, metatitanic acid and titania
were characterized by the following measurements.
X-ray diffraction (XRD, D/max-rC) was used to
investigate the crystal phase composition. Particle size
distribution test was carried out on a Malvern particle
size analyzer (Zetasizer Nano ZS90). Scanning electron
microscopy (SEM) studies were carried out on a JEOL
electron microscope (JSM-7100F, 15.0 kV). The white
pigment properties (achromic ability and whiteness)
were also tested.

3 Results and discussion

3.1 Influences of F value on structure and pigment
properties

F value was changed by adding concentrated sulfate
acid or sodium carbonate, adjusted to 1.53, 1.63, 1.73,
1.83, 1.93 and 2.03. The obtained metatitanic acids were
denoted as AM1, AM2, AM3, AM4, AMS5, AM6 and
titania samples were denoted as AA1, AA2, AA3, AA4,
AAS5, AAG6, respectively. The XRD patterns of the
as-prepared metatitanic acid are shown in Fig.1.

All the XRD patterns of the samples are clearly
consistent with anatase (JCPDS 21-1272), indicating the
presence of anatase nanocrystalline in the metatitanic
acid. As the F value increases, the intensity of the XRD
peaks increases, suggesting that the crystalline of anatase
is increased. Hydrolysis of hydrous titanium ion is a
rapid reaction, but can be inhibited by acidity. Higher
acidity may reduce the nucleation rate, and accelerate the
crystal growth rate, leading to larger microcrystal, then
aggregate smaller colloidal particle. The colloidal
particle with high surface energy then aggregates into
primary agglomerate (also called primary particle), and
the formed agglomerate re-aggregate into the aggregate
precipitation at last during the hydrolysis. The particle
size and pigment properties of titania influenced by F
value are shown in Table 1.

All the achromic ability of the calcined samples and
the whiteness of the products are higher than those of
PTA120 (the first grade anatase TiO, pigment) when the
F value higher than 1.73. Average particle size of titania
with F value of 1.73 is the smallest. It can be seen that
the suitable particle size is one of the key factors which
can affect pigment properties. Sample AA3 shows the
best achromic ability. While with the increase of F value,
more sulfate ion may be absorbed into the precipitation,
which may result in the forming of steric hindrance
during calcinations to hinder the crystal growth, and then

200(°)
Fig.1 XRD patterns of metatitanic acid influenced by F value
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Table 1 Particle size and pigment properties of titania
influenced by F value

Achromic . .
D,/ e Whiteness index
Sample a ability index
value nm
T S L* a* b*

AAl 153 360 1225 1.89 9496 —0.28 2.60
AA2 163 393 1231 141 9585 -0.39 140
AA3 1.73 320 1378 299 96.11 -0.39 1.50
AA4 183 381 1238 1.80 96.75 —036 1.41
AAS 193 333 1323 287 9620 —047 127
AA6 203 379 1204 0.62 96.04 —0.44 147

PTA120 1107 290 96.04 —0.62 1.11
R706 1940 3.85

Note: D,, is the average particle size; T is tinting carbon
strength; S is scattering carbon strength; L* is the lightness; a*
is color value from blue to red; b* is color value from green to

yellow.

cause larger particle forming. While with lower F value,
low ion strength of the hydrolysis system causes the
increase of effective concentration of TiO*', resulting in
secondary nucleation and wide particle size distribution,
worsening the pigment properties. The suitable F value is
from 1.73 to 1.93 in the experiments.

3.2 Influences of volume ratio of pre-adding water to

TiOSO, on structure and pigment properties

The volume ratios of pre-adding water to TiOSO,
solution are 0.20, 0.23, 0.25, 0.28, 0.30. The obtained
metatitanic acid samples are denoted as BM1, BM2,
BM3, BM4, BMS5 and prepared titania samples are
denoted as BA1, BA2, BA3, BA4, BAS, respectively.
The XRD patterns of the as-prepared metatitanic acid
and the calcined BA4 are shown in Fig.2 and Fig.3.

All the XRD patterns of the samples in Fig.2 are
clearly consistent with anatase (JCPDS 21-1272),
indicating the presence of anatase nanocrystalline in the
metatitanic acid. The calcined sample BA4 shows entire

Table 2 Particle size and pigment properties of titania samples
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Fig.2 XRD patterns of metatitanic acid with different volume
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Fig.3 XRD pattern of calcined titania (BA4)

anantase phase with high crystalline (Fig.3). After
calcination, the peaks become acuter and narrower,
indicating the rapid crystal growth, and high temperature
heat treatment accelerating crystal growth and decreasing
the lattice strain and crystal defects.

Table 2 lists the particle size and pigment properties
of the as-prepared samples. All the achromic ability of
the calcined samples are higher than that of PTA120, and
the whiteness of the products is higher than or close to

Volume ratio of pre-adding

Achromic ability index Whiteness index

Sample water to TiOSO, Dqy/nm T S L* a* b*
B Al 0.20 315 1368 2.36 96.05 —0.47 1.13
BA2 0.23 373 1315 2.12 96.23 —0.47 1.31
BA3 0.25 368 1315 1.89 95.82 —0.43 1.11
B A4 0.28 326 1420 2.98 96.10 —0.44 1.10
BAS 0.30 352 1339 2.71 95.97 —0.46 1.03

PTAI120 1107 2.90 96.04 —0.62 1.11
R706 1940 3.85
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that of PTA120. The volume ratio of pre-adding water to
TiOSO, is 0.28. The SEM image of sample BA4 is
shown in Fig.4.

Fig.4 SEM image of sample BA4

The size of anatase titania particle arranges from 80
nm to 350 nm (Fig.4) and the average particle size is 326
nm. The smaller particle may congregates together to
form the larger one.

It can be also observed that the dissolving-clear
time increases as the ratio increases when the first added
TiOSO, solution causes the system milky white. The
hydrolized Ti dissolves into the solution to form nuclei,
the amount of nuclei increases with the increase of water
content. The ratio affects the hydrolizing rate, the
number of nuclei, the particle size distribution and
crystal structure of titania. Because the hydrolysis of
TiOSO, solution are the essential step of sulfate process,
and the number, activity and quality of the nuclei is the
essential parameters in the hydrolysis process, suitable
pre-adding water ratio is convenient to produce suitable
nuclei and control the hydrolysis rate, resulting in better
pigment properties. In order to obtain higher pigment
property, the volume ratio of pre-adding water to
TiOSO; solution should be selected at 0.28:1.

3.3 Influences of heating rate on structure and
pigment properties

The heating rates are at 0.49, 0.94, 1.07, 1.33, 1.68,
and 4.00 /min. The prepared titania samples are
denoted as CAl, CA2, CA3, CA4, CAS5, CA®,
respectively. Table 3 lists the particle size and pigment
properties of the as-prepared samples.

Heating rate influences the hydrolysis rate of
TiOSO,, namely the nucleation rate and crystal growth
rate, as well as the aggregating rate. The Rietveld refined
results show that when the heating rate is 1.07  /min,
the particle has suitable crystal size and the lattice strain
is the smallest. All the samples with the heating rate
range of 0.94-1.33  /min have the narrowest particle
size distribution. The achromic ability (T) of the samples
is higher than 1 300, and their scattering carbon strength

Table 3 Particle size and pigment properties of titania
influenced by heating rate

Achromic . .
D,/ o Whiteness index
Sample  rate/ ability index

Heating

( mny 7T s L*  ar b

CAl 0.49 312 1351 3.11 96.19 —0.47 1.36
CA2 0.94 274 1313 281 96.19 —0.43 1.50
CA3 1.07 338 1352 225 96.11 —0.44 1.24
CA4 1.33 302 1314 3.05 9637 —0.49 1.39
CAS 1.68 388 1328 1.83 95.63 —-0.11 1.79
CA6 4.00 353 1315 295 9633 —0.49 1.29

PTA120 1107 290 96.04 —-0.62 1.11
R706 1940 3.85

is close to that of PTA120, showing good pigment
properties except sample CAS. Slow heating rate may
induce slow crystal growth and hydrolysis rate, although
with better crystal structure, easily inducing secondary
nucleation due to its high supersaturation. While higher
heating rate may increase crystal defects as hydrolysis
rate is accelerated, also the collision frequency, resulting
in wide particle size distribution. So, the heating rate
should be kept at 0.94—1.33  /min. And this is also
consistent with other researchers’ reports[8].

3.4 Influences of pH of pre-adding water on structure

and pigment properties

The pH values of pre-adding water adjusted by
sulfate acid and sodium hydroxide are 0, 1.0, 2.0, 4.0, 5.0,
10.0. The prepared titania samples are denoted as DAI,
DA2, DA3, DA4, DAS, DAG, respectively. Table 4 lists
the particle size and pigment properties of the
as-prepared samples.

Table 4 Particle size and pigment properties of samples
influenced by pH of pre-adding water

Achromic . .
D../ Whiteness index

Sample pH ability index

nm
TCS SCX L* a* b*

DAl O 862 779 0.64 9557 —-032 210
DA2 1.0 1480 1329 219 96.12 —044 1.13
DA3 20 1150 1153 2.07 96.12 —-042 1.39
DA4 40 944 1264 268 9634 —043 1.28
DAS 50 818 1308 234 96.16 —0.41 1.19
DA6 10.0 801 1286 3.99 96.11 —0.47 1.03

PTA120 1107 290 96.04 -0.62 1.11
R706 1940 3.85

The pH of pre-adding water also influences the
hydrolysis rate of TiOSO,, namely the nucleation rate
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and crystal growth rate, as well as the aggregating rate,
just like the pre-adding water ratio. The average particle
size of metatitanic acid increases firstly and then
decrease. Higher pH brings the hydrolysis system with
higher acidity, which can hinder the hydrolysis rate,
forming less nuclei, resulting in smaller precipitation
particle. With the pH rising, more nuclei formed at the
beginning and lower acidity of the system will raise the
hydrolysis velocity, leading to the precipitation particle
size increasing. When pH is higher than 1.0, the
precipitation particle size gradually decreases for that
secondary nucleation is aggravated. All the pigment
properties of the samples except DA1 are higher than
those of PTA120. In order to obtain better particle size
distribution and higher quality white pigment, the pH of
pre-adding water should be kept at near-neutral range.

4 Conclusions

1) The factors, such as F value, pre-adding water
volume ratio, heating rate and pH of pre-adding water,
have great influences on the structure and pigment
properties of the as-prepared samples produced by
self-generated seeded hydrolysis process.

2) All the samples show anatase phase, and the
calcined ones are with narrow particle size distribution
and good pigment properties.

3) All these factors have great impacts on the
hydrolysis velocity, nucleation rate, crystal growth rate,
as well as particle size distribution, crystal structure and
pigment properties of the samples.

4) The suitable condition are as follows: F value is
1.73—-1.93; volume ratio of pre-adding water to TiOSO,
solution is 0.28:1; heating rate is 0.94—1.33  /min; pH
of the pre-adding water is near-neutral range.
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