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& (57) Abstract: According to the present invention there is provided a process for the agglomeration of titania slag particles compris-
e\ ing providing titania slag at a dso particle size of below 106 um; mixing the slag particles with an organic binder; and agglomerating
the mixture of the slag particles and organic binder into agglomerated particles with a dsg particle size in the range from 106 um
to 1000 um. The agglomerated particles have a (110, and FeO)/C mass ratio of more than 3.4. The invention also relates to such
agglomated slag particles and a chloride process for the production of TiO, wherein such agglomerated titania slag particles are used.
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AGGLOMERATION OF TITANIA

FIELD OF THE INVENTION

This invention relates to the agglomeration of titania slag.

BACKGROUND ART

Titanium is widely known for its use as a metal, but the primary use of titanium is
in the form of titanium dioxide (TiO,). TiO2 is used as a white pigment in paints,

plastics and paper.

There are two commercial processes for the production of TiO, pigment namely,
the sulphate process and the chloride process. The sulphate process comprises
dissolving the feedstock in the form of fitanium ore (such as iimenite) or titania
slag in concentrated sulphuric acid. The liquid containing dissolved TiOs is then
subjected to hydrolysis to yield solid TiO.. In the chloride process, the feedstock
in the form of titanium ore or titania slag is fluidized at a high temperature (for
example 950 - 1200°C) in chlorine gas to produce a gas including TiCls. The
TiCls is then selectively condensed from the gas and is mixed with oxygen at high

temperatures to yield TiO..

A sulphate process plant is easier to operate and monitor than a chloride process

plant, and is capable of using feedstock with a relatively low TiO, content.

PCT/IB2005/053012
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However, capital costs of a modern sulphate process plant can be higher than
that of a chloride process plant of the same pigment capacity. Furthermore there
is a higher volume of waste products to be treated and disposed of due to the
use of more impure feedstock and the fact that the sulphate used in the process
cannot be easily recovered and recycled. Accordingly the chloride process is a

more favourable process and is growing in popularity.

One of the requirements of the chloride process is that the patticle size
specification of the feedstock must be suitable for use in a fluidized bed reactor.

This particle size Is typically in the range of 106um to 850um + 5% (by mass).

As mentioned above the feedstock is either titanium ore or titania slag. In recent
developments titania slags are upgraded and the upgraded slag is then used as

a feedstock.

Titania slag is generally produced by reduction of ilmenite ores in an electric arc
furnace to form pig iron and titania rich slag. The titania rich slag so formed is
cast in a molten state into ladles whereby solid blocks are produced ranging from
a few tons to as much as forty tons. After cooling, these blocks are crushed and
then milled down to a particle size in the range of 106 to 850um rendering it
suitable for use in the chloride process. It has been found that during this milling

process some of the slag is reduced to a particle size below 106um rendering it

too fine for use in the chloride process.



10

15

20

WO 2006/033051

CA 02558248 2006-08-30

Agglomeration of titania slags is known in the art. US 2,723,903 discloses a
process wherein a densified, briquetted mixture of titaniferous material (including
Sorel type slag containing approximately 70% by mass Ti0,), coking coal (some
non-coking coal can also be added) and a carbonaceous binding agent Is
chlorinated in a shaft .furnace. Briqueties were produced with dimensions of
50.8mm by 50.8mm by 31.8mm. The briqueﬁes as exemplified had an estimated

(TiO- and FeQ)/C mass ratio of 0.7 to 1.3.

US 2,805,120 discloses a similar process as in US 2,723,903.

US 4,117,076 and 4,187,117 disclose pelletised Sorel slag with bituminous

coking coal and a suitable binder. The pellets were of a suitable size to be used

-in a fluidized bed reactor. These pellets again had a high carbon content and the

pellets exemplified typically had a (TiO. and FeO)/C mass ratio of between 2 and

3.2.

It is known that the coal used in the briquettes and pellets described above serve
as a binder and a reductant. One disadvantage of using coal in agglomerates can

be a decrease in strength if a coal with a high volatile content is used.

The present inventors have now developed an economically viable process for
the agglomeration of titania slag particles smaller than 106um thereby rendering

it suitable to be used in the chloride process. It has been found that the carbon

PCT/IB2005/053012
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content in the agglomerates can be reduced and still provide agglomerates with a

suitable strength.

DESCRIPTION OF THE INVENTION

According to the present invention a process for the agglomeration of titania slag

particles comprises

- providing titania slag at a dsg particle size of below 106um;

- mixing the slag particles with an organic binder; and

- agglomerating the mixture of the slag particles and organic binder into
aggiomerated particles with a dsg particle size in the range from 106 um to
1000um and the agglomerated patrticles having a (TiO2 and FeO)/C mass

ratio of more than 3.4.

The titania slag may be any suitable titania slag, but preferably it comprises slag
fines with a particle size below 200 um and preferably with a TiO»> content of
above 70% (by mass), preterably above 75% (by mass), and more preferably
above 80% by mass. The titania siag may have a composition rendering it
suitable to be used in a fluidized bed reactor of a chloride process for producing
TiO2. Alternatively, the titania slag may be treated to render the slag suitable for
use in the said chloride process. In one embodiment of the invention the titania

slag may be treated to remove unwanted compounds and preferably increasing
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the titanium concentration of the slag. In one embodiment of the invention the

titania slag may be subjected to magnetic separation to remove unwanted
compounds. This treatment may take place before or subsequent to the sizing

described below.

If CaO is present in the slag, it is preferably present at below 0.5% by mass,
preferably below 0.3% by mass. If MgO is present in the slag it is preferably

present at below 3% by mass, preferably below 1.2% by mass.
The slag may be slag derived from beach sand ilmenite.

The process may also include a step of sizing the titania slag to a dsp particle size
below 106um. The sizing of the titania slag may be by any conventional method.
Screening may, for example, be considered. Preferably the titania slag is
comminuted, more preferably the titania slag is milled. Preferably a ball mill,

preferably a dry ball mill is used for milling the titania slag.

Preterably the slag has a dgg particle size of smaller than 75um, preferably a dsg
particle size of smaller than 40um. Preferably the dsg particle size is 20pum or
17um or even smaller. It is believed that the finer the patticle size, the better the

agglomeration will be.
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Any suitable organic binder may be used. The organic binder may be selected
from the group consisting of a cellulose product; a dairy waste product (such as
lactose and whey products); a natural gum (such as guar gum); a starch product

(such as corn, potato and wheat starches); a starch acrylic copolymer; a wood

related product (such as hemicellulose) and a mixture of one or more thereof.
Preferably the binder comprises starch, preferably gelled starch and more

preferably gelled corn starch. It has been found that the starch not only provides

sufficient binding strength, but the use thereof also does not result In

unacceptable contamination of the agglomerated product.

The titania slag and binder may be mixed in any suitable ratio. In the case of a-
starch binder, 1 to 5% (by mass) starch may be added. Preferably 2 to 3% (by
mass) of starch is added and more preferably about 2.5% (by mass) starch is.

added.

The titania slag and binder may be mixed in any suitable manner. In one

‘embodiment of the invention the binder may be added during the process of

sizing of the slag thereby to obtain mixing of the binder and the slag. In another

embodiment of the invention any suitable mixer, e.g. a high rate mixer can be

used to bbtain mixing of the already sized slag and the binder.

As moisture content plays an important role in agglomeration, steps can be taken

to obtain the desired moisture level prior to agglomeration. The moisture content

PCT/IB2005/053012
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prior to agglomeration may be 1 to 8% (by mass). Steps can be taken to adjust

the moisture content upwardly.

The mixture of sized slag and binder may be agglomerated in any suitable
manner. Preferably said mixture is pelletised. The pelletising may be by any

suitable manner, but preferably a disc pelletiser is used.

Preferably water is added during the pelletising process. The amount of water

added is suitable to obtain acceptable pelletising.

Preferably at least 60% (by mass), preferably at least 75% (by mass), preferably
at least 90% (by mass) of the agglomerated particles are in the size range of 106
to 1000um, preferably in the fange of 106 to 850um. In the preferred
embodiment of the invention the dso particle size of the agglomerated particles is

in the range of 150 to 1000 um, preferably 150 to 850 um.

The (TiO> and FeQ)/C mass ratio is preferably above 4, more preferably above 5,
and more preferably above 10. |t is foreseen that a suitable reductant such as
carbon (for example) may be incorporated into the agglomerated product, but
even then the above ratios are valid. In a preferred embodiment of the invention

the (TiO» and FeQ)/C mass ratio is preferably at least 20, preferably at least 25,

preferably above 40 and even above 80.

PCT/IB2005/053012



10

15

20

WO 2006/033051

CA 02558248 2006-08-30

Preferably the agglomerated particles have a density of above 1g/cm®, preferably

above 1.1g/cm?®, preferably above 1.2g/cm® and more preferably above 1.3g/cm®.

The agglomerated particles/pellets formed may be subjected to heat treatment.
In one embodiment of the invention the agglomerated particles/pellets may be
merely .dried, for example at 60°C. Alternatively the pellets may be treated at
higher temperatures, typically at about 160°C or 200°C and even 250°C 1o obtain

drying and hardening of the pellets.

The pellets may also be sized to fall in a range of 106 - 850um. The oversized

pellets (+850um) and the undersized pellets (-106pm) may be recycled.

The pellets or agglomerates so formed may be suitable to be used in the chloride
process for the production of TiO, which process includes a fluidized bed reactor.
According to another aspect of the present invention there is provided
agglomerated ftitania slag particles having agglomerated particles with a dsp
particle size in the range of 106 to 1000um, and the agglomerated particles
having a (TiO2 and FeQ)/C mass ratio of more than 3.4. Preferably it comprises
pelletised titania slag paricles. Preferably the aggiomerated particles are

prepared by the process substantially described hereinabove.

PCT/IB2005/053012
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According to another aspect of the present invention there is provided a chloride
process for the production of TiO, wherein agglomerated titania slag particles as
described above is used. The chloride process may include the steps of:

- providing agglomerated titania slag particles substantially as described

5 hereinabove;

- feeding the agglomerated titania slag with a reductant and chlorine
gas into a fluidized bed reactor to produce gaseous titanium
tetrachloride;

- condensing the gaseous titanium tetrachioride; and

10 - oxidizing the condensed titanium tetrachloride to form TiOo..

The agglomerated titania slag may be prepared by the process substantially as
described herein above. The fluidized bed reactor may be operated at an
elevated temperature, typically in the order of 900 to 1200°C. A suitable
15 reductant may be a carbonaceous product. The reductant may be incorporated
into the agglomerated titania slag. Alternatively, it may be separately provided
for. The gaseous titanium tetrachloride produced in the fluidized bed reactor is
part of a gas stream also containing a number of other chloride products. The
said gas stream is usually cooled as it leaves the fluidized bed reactor and is
20 then condensed. Separation of the titanium tetrachloride product from the other
chloride products (such as iron chlorides) is possible due to differences in boiliné

points of the various chloride products. The separated titanium tetrachloride may
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be cooled and may be cleaned before being oxidized to form TiOz. The TiO2 so

formed may then be further processed to produce the final pigment product.

The invention will now be further described by means of the following non-limiting

examples.

EXAMPLE 1

Three different sized slag fines products were obtained from a single high titania
slag bulk sémple (slag derived from beach sand ilmenite) for pelletisation test
work. The first sample (SF1) was milled in a ball mill to a dso of 17um. The
second sample (SF2) was screened on a 106 um sieve, with the -106pm size
fraction used for pelletisation test work. The dsg of this sample was 62 um. The
third sample (SF3) was representative of the bulk sample and was used as
received. The dgg of this sample was 126 um. A typical chemical composition of

the bulk sample is given below (Table 1):

% are mass %

o S ~_Table 1
H SiOs AloQ4 FeTotal TiOs CaO MgO MnO Cro0s Vo0
%) | (%) | (%) | (%) | (% % | (%) | (% %
2.52 1.27 8.63 | 85.2 0.25 1.08 2.00 | 0.16 0.37
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Gelled corn starch was used as binder in all the pelletisation tests. For each of
the tests, samples were mixed with the binder in a high intensity mixer prior to the
pelletising step. A disk pelletiser (1.2 m diameter) was used for the pelletising of
the different mixtures. During the pelletisation step sufficient water was added to
each mixture to ensure the production of the required pellets. The pellets

produced in this way were dried overnight at 60°C. From each of the tests a -3+1

mm fraction was screened out and used for the physical strength determinations

of the pellets.: For the determination of the micro-pellet strength, 500 g of the -3+1

mm fraction was used. This sample was then sieved on an orbital shaker for 4
minutes and the amount of -0.5 .mm material determined. This was used as a
quantitative measurement for the cold strength of the pellets. Samples from each
test (-3+ 1 mm pellets) were also subjected to high temperature shock tests at
1100 °C in a muffle furnace to simulate the breakdown of the pellets during
loading conditions into a furnace. After the shock tests the samples were again
subjected to a screening test at 0.5 mm for 2 minutes to determine the extent of
the breakdown of the pellets. The high temperature shock tests were carried out
in air and nitrogen atmospheres. The results of the pelletisation tests on the
milled slag fines (sample SF1) are shown in Table 2. These results show that a
binder addition of approximately 2 to 4 % gave the best results regarding the cold

strength and high temperature shock test properties of the pellets.
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Table 2
 Pelletfeed mixture | Pellet properties
Slag | Binder | Binder Calc | Cold | High | High
fines— | (kg) | addition | (TiO2+FeQ)/C | strength: | temperature | temperature
sample (%) mass ratio | Air dried | shock tests: | shock tests:
SF1 pellets Pellets Pellets
(kg) | screened | heated to heated to
" at—0.5 | 1100°Cin | 1100°Cin
mm(%) | nitrogen for | air for 2 min
2 min and and then
then screened at |
' screened at | -0.5 mm
; _i -0.5 mm (cyo)
~ 5.00 [0.0561 ] 1.01 I 100
5.00 [ 0.102 | 2.04 50

3.09 33
417 25
526 20

% are mass %

In addition to these tests, similar tests were carried out on the different size
fractions of the milled slag (samples SF1, SF2 and SF3). These tesis were
carried out with a binder addition of 2.56 % by mass. The results of these tests
are shown in Table 3. These results show that milling of the slag is preterred to

obtain pellets with sufficient high temperature strength.
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Table 3
[ Slag Pellet feed mixture -
' sample | Slag Binder Binder Cold
| " ,
(kg) (kg) addition | strength:
(%) Air dried
pelleis
screened
at —0.5
mm(%)

High

shock tests:
Pellets

heated 1o
1100 °C in
nitrogen for
2 min and

then

screened at
-0.5 mm
%

temperature | temperature

SF1 5.00 | 0.1282 | 2.56
| SF2 5.00 | 0.1282 | 2.56
| SF3 5.00 | 0.1282 | 2.56

High il

shock tests:
Pellets
heated to
1100 °C in
air for 2 min
and then

screened at
—0.5 mm

(%)

% are mass %

— - —]
1.0 | 4.0 3.0 ]
2.9 | 42.7 - 46.6

1.8 49.5 58.4 l

The carbon content of pellets produced in this way is typically in the order of 1%

by mass.

approximately 85.

Example 2

This results in a calculated (TiO. and FeQ)/C mass ratio of

Titania slag fines (dsg of 125 um) were milled to a dsg of 17 um (sample SF1 from

example 1).

These milled fines were than agglomerated in a disk pelletiser,

using a gelled corn starch as binder (binder addition of 2.56 % by mass). During

the agglomeration process sufficient water was added to assist with the

agglomeration process. After agglomeration, the product was dried overnight at

60 °C. A —850+106 um size fraction of the dried agglomerated product was then

used for chlorination test work. The agglomerated product had a bulk density of

1.41 g/cm® and the (TiO» and FeQ)/C mass ration was again approximately 85..
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The composition of the agglomerated product after drying was as follows (Table

4):

Table 4

Cab MéO MnO C.I'éOQ | V205

 SiO, | AlOs | Feroa | TiO
(%6) | (B) | (%) i (%) | (%) | (%

(%) | (%) | (%) | (%)
245 | 1.20 | 8.45 | 825 | 0.17

% are mass %

1.12

O
O
=
—
o
' OO
O
—
N
- |
L)
~J
@

Chlorination of the agglomerated product was carried out in an externally heated
10  fluidised bed reactor (inner diameter of 50 mm). Nitrogen (6.5 | per minute) was
used to fluidise the agglomerated sample (20g) while the reactor was heated to
1000 °C. As the temperature reached 1000 °C, CO (2.8 | per minute) and Cl, (4.0
| per minute) gases were introduced into the reactor in addition to the nitrogen.
The product gases were cooled in a water-cooled condenser. Chloride :products
15 and excess chlorine gas were absorbed in sodium hydroxide solutions. The
reaction was allowed to continue for 15 minutes, after which the CO and Clé gas
flows were discontinued and the furnace power switched off. The fluidised bed
reactor was flushed with nitrogen for 5 minutes, after which the residue was
removed from the reactor. The composition of the residue was as follows (Table
20  5).

Table 5

[ SiO, | AbOs | Feram | TiO2 | CaO | MgO | MnO | CrOs | VoOs | C
(%) | (%) %) | (%) | (%) | (%) (%) | (%) (%) (%)
| 313 | 1.02 | 0.11 | 953 | 0.19 | 0.24 | 0.06 | 0.04 | 0.02 | 0.004
% are mass %
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Inspection of the residue revealed that the color of the agglomerated particles

had changed from black to off-white. It was also noted that the agglomerated
particles had maintained their integrity and had not broken up into fines,

indicating the suitability of the agglomerated product as feedstock for

5  chlorination.

Example 3

High titania slag fines derived from beach sand ilmenite (analyses similar to that
of Example 1, Table 1; 80% by mass of slag - 75um) were subjected to

10 pelletising tests using various types of organic binders. The following binders

were used:
e Gelled corn starch
e Peridur (a carboxyl methyl cellﬁlose product) (Peridur is a trade name and
it is supplied by Akso Nobel).
15
In each instance slag fines (2.5kg) were mixed with the binder in a high intensity

mixer prior to the pelletising step. A disk pelletiser was used for the pelletising of

the materials. The produced micro-pellets were dried overnight at 60°C. From
each of the tests a — 1+0.5mm fraction (500g) was screened out. This sample
20 was then sieved for 4 minutes on an orbital shaker and the amount of —0.5mm
material determined. This was used as a quantitative measurement for the cold

strength of the pellets. The resulis of these tests are shown in Table 6.
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Table 6
~ Binder Binder addition (% by | Cold strength: Air dried |
| mass) pellets screened at —
) _ - L 0.5mm
Starch 2.00 1.56

Peridur | 1.00 - 154 ’

- — e e o e S et e e e B B Bl e Bt e S~ R A =" !

It was noted that the starch as well as the Peridur gave overall binding properties

to the pellets (cold strength values similar). Physical binding during the ball

5 formation was easier with the starch as binder if compared to the pellets where

Peridur was used as a binder.

Example 4

10  This example illustrates the chlorination behaviour of agglomerated titania slag

(pellets) with that of slag milled to a -850+106 um size fraction (chloride grade:

slag)

Titania slag fines (dgp of 125 um) derived from beach sand iimenite were miiled to
15 a dsp of 20 um. These milled fines were then agglomerated in a disk pelletiser,
using gelled corn starch as binder (binder addition of 2.56 % by mass). During
the agglomeration process sufficient water was added to assist with the
agglomeration process. After agglomeration, the product was dried overnight at
60 °C. A —1+0.5 mm size fraction of the dried agglomerated product was then
20 used for chlorination test work. The dsg of the agglomerated product was

measured at 690 um, while the product had a bulk density of 1.47 g/cm®. The
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(TiO2 and FeQ)/C mass ratio was 114. The composition of the agglomerated

product after drying was as follows (Table 7):

5 Table 7

SiO, | ALOs | Ferom | TiO2 | CaO | MgO | MnO | Cr04
(%) | (%) | (%) % (%) | (%) | (%) | (%) |

254 | 121 | 83 [ 814 ] 012 | 094 | 179 | 0.22
% are mass %

10  Titania slag was milled down to a -850+106 um size fraction. The dsg of this
sample was measured.as being 370 um, with a bulk density of 2.03 g/cm®. The

composition of this sample was as follows (Table 8):

Table 8
15

SiOz | AlOs | Feroa | TiO2 | CaO | MgO | MnO | Cr:O5 | V205 | C |
(%) | (%) %) | (L) | () | () | (%) | (%) | (%) | (%
212 | 126 | 75 [ 85.2 | 012 | 0.97 [ 1.75 | 0.22 | 0.46 | 0.03
% are mass % |

Chlorination of these products were carried out in a quartz tube (27 mm
diameter). A porous frit supporied the bed of sample, consisting of a mix of one
20  of the slag samples together with a carbonaceous reductant (Sascarb LS). Tests
were carried out by placing the charge (40 g of slag sample and 8 g of Sascarb
LS) in the reactor. Nitrogen was run through the reactor during the period it took
to reach the reaction temperature of 1200 °C. When the bed reached 1200 °C
chlorine was introduced in addition to the nitrogen. After completion of the test

25 the bed was cooled in nitrogen.
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Comparative chlorination resuits for the slag pellets and chloride grade slag are

shown in Table 9. Table 9 shows the fraction of FeO and TiO- removed from the

reactor bed.

FeO chlorinates rapidly, while the chlorination of TiO2 in the

samples is slower. These results show that the rate of chlorination between the

two samples is similar.

Type of materiarl

Slag pellets

Chloride grade

slag

Table 9
Time reacted Fraction TiO. | Fraction FeO
| reacted reacted
0o 0.00 I ~0.00
20 | 0.31 0.99
40 | 057 | 0.99
60 | 053 0.99
90 . 0.88 1.00
0 - “0.00 | 0.00 |
15.4 ~ 0.46 ~0.99
40 | 070 |  1.00 _l
680 1 072 1.00 |
90 0.71 1.00

The dso of the slag remaining in the bed after chlorination was also measured.

For the slag pellets the dso after chlorination for all the tests ranged between 400

and 700 um, indicating that minimal breakdown of the pellets occurred during the

chlorination process. For the chloride grade slag the typical dso after chlorination

was 300 to 400 um, indicating minimal breakdown of the chloride grade slag.

It is concluded from these results that slag pellets can be used as a substitute for

chloride grade slag.
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Claims:
1. A process for the agglomeration of titania slag particles comprising:

- providing titania slag at a dso particle size of below 106um;

- mixing the slag particles with an organic binder; and

- agglomerating the mixture of the slag particles and organic binder into
égglomerated particles with a dso particle size in the range from 106
um to 1000um and the agglomerated particles having a (TiO, and

FeQ)/C mass ratio of more than 3.4.

2. The process of claim 1 wherein the titania slag has a TiO, content above

75% (by mass).

3. The process of either one of the preceding claims wherein the slag is slag

derived from beach sand ilmenite.

4, The process of any one of the preceding claims which includes the step of

sizing the titania slag to a dso particle size below 106um.

5. The process of claim 4 wherein the sizing is by means of milling.

6. The process of any one of the preceding claims wherein the slag has a dsg

particle size of smaller than 40pm.
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7. The process of any one of the preceding claims wherein the organic
binder may be selected from the group consisting of a cellulose product; a

dairy waste product; a natural gum; a starch product; a starch acrylic

5 copolymer; a wood related product and a mixture of one or more thereof.
8. The process of claim 7 wherein the binder is gelled corn starch.
Q. The process of claim 8 wherein the titania slag and starch are mixed
10 to contain 1 to 5% (by mass) of the starch.

10. The process of any one of the preceding claims wherein the mixture of

sized slag and binder are agglomerated by means of pelletizing.

15 11. The process of any one of the preceding claims wherein the dsy particle

size of the agglomerated particles is in the range of 150 to 1000 pum.

12. The process of any one of the preceding claims wherein the (TiO; and

FeO)/C mass ratio is above 4.

20

13. The process of claim 12 wherein the (TiO2; and FeO)/C mass ratio is at

least 20.
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The process of claim 13 wherein the (TiO. and FeQO)/C mass ratio is

above 40.

The process of any one of the preceding claims wherein the agglomerated

particles formed are subjected to heat treatment.

Agglomerated titania slag particles having agglomerated particles with a
dso particle size in the range of 106 to 1000um, and the agglomerated

particles having a (TiO, and FeO)/C mass ratio of more than 3.4.

A chloride process for the production of TiO, from titania slag wherein
agglomerated titania slag particles prepared by the process of any one of

claims 1 to 15 is used.

A chloride process for the production of TiO, from fitania slag wherein

agglomerated titania slag particles of claim 16 Is usea.

The chloride process of either one of claims 17 or 18 which includes the
steps of:
- providing the agglomerated titania slag particles;

- feeding the agglomerated titania slag with a reductant and chlorine
gas into a fluidized bed reactor to produce gaseous titanium

tetrachloride;
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- condensing the gaseous titanium tetrachloride; and

. oxidizing the condensed titanium tetrachloride to form TiOo.
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