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SYNTHESIS OF SODIUM TITANATE

RELATED APPLICATIONS
[0001] This application claims priority to U.S. Application No. 12/916,002 filed
October 29, 2010, currently pending.

BACKGROUND

[0002] The present technology relates to a process for producing sodium titanate and
sodium titanate ion exchangc media, preferably from nano-crystalline titanium
dioxide. The sodium titanate ion exchange media can be subsequently used to remove

- contaminants such as metals from water in a variety of applications.

[0003] Various methods of producing sodium titanates from liquid, solid and semi-
solid titanium sources are known. When a solid source has been used, it has required
an “exotic” solid sesqui-oxide of titanium as well as autoclave temperatures and

pressurcs.

[0004] The removal of metals from water and process solutions is currently achieved
through many means including the use organic or inorganic ion exchange as well as
adsorbent media. Lead reduction in drinking water is specifically accomplished
through the use of weakly acidic acrylic-based cation exchange resins when a large
particle (500+ um) can be employed. When a powdered adsorbent/exchanger is
empioyed (<100 um}, as in a carbon block filter, this same ion exchange resin is
avoided due to its propensity to shrink and swell upon hydration and when changing
ionic forms. Inorganic exchangers and adsorbents experience less “size changc”‘
under these conditions. These materials include but are not limited to titano-silicate
and metal oxide media. Sodium titanates have not traditionally been used in this

application.

BRIEF SUMMARY

{0005} The present technology relates to a process for producing sodium titanate and
sodium titanate ion exchange media. Preferably, the sodium titanate ion exchange

media can be used for water and process solution treatment.



{0006] In one aspect, a method of synthesizing sodium titanate is provided that
includes: providing at least one source of titanium that includes nano-crystalline
titanium having a mean primary crystallite diameter of about { nm to about 30 nm;

providing at least one source of sodium oxide; forming a reaction mixture that
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ncludes the at least one source of 4 icast one source of sodium oxide
in a suitable solvent; and reacting the components of the reaction mixture to produce a
reaction product that includes sodium titanate having a particle size ranging from 1
micron to 100 microns.
[0006a] In another aspect, there is provided an ion exchange medium comprising sodium titanate
produced by the method as defined herein.
[0006b] In another aspect, there is provided a method of removing contaminants from water, the
method comprising the steps of:
providing an ion exchange medium to a treatment vessel, the ion exchange medium

comprising sodium titanate synthesized by:

providing at least one source of {titanium that includes nano-crystalline
titanium having a mean primary crystallite diameter of 1 nm to 30 nm;

providing at least one source of sodium oxide;

forming a reaction mixture that includes the at least one source of titanium and
the at least one source of sodium oxide in a suitable solvent; and

reacting the components of the reaction mixture to produce a reaction product

that includes sodium titanate having a particle size ranging from 1 micron to 100 microns;
providing water from a water source to the treatment vessel; and

passing the water through the sodium titanate ion exchange medium in the treatment

vessel to remove at least one contaminant.

{0007} In another aspect, a method of removing contaminants from water is provided
that includes: providing an ion exchange medium to a treatment vessel, the ion
exchange medium comprising sodium titanate; providing water from a water source 1o
the treatment vessel; and passing the water through the sodium titanate ion exchange
medium in the treatment vessel to remove at least one contaminant. The sodium
titanate as the ion exchange medium can be synthesized by: providing at least one
source of titanium that includes nano-crystalline titanium having a mean primary
crystallite diameter of about 1 nm to about 30 nm; providing at least one sourcc of
sodium oxide; forming a reaction mixture that includes at least one source of titanium
and the at least one source of sodium oxide in a suitable solvent; and reacting the
components of the reaction mixturc to produce a reaction product that includes
sodium titanate having a particle size ranging from | micron to 100 microns and

subsequent agglomeration products having a particle size range from | mm to 4 mm.



BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0008] Specific cxamples have been chosen for purposes of iitusSiraiion and
description, and are shown in the accompanying drawings, forming a part of the

specification.

[0009] Figure 1 illustrates an XRD plot of titanium diodixe (TiO;), showing the peaks

associated therewith,

[0010] Figure 2 illustrates an XRD of sodium titanate, showing a sodium titanate

peak at 10 degrees 2 theta, and indicating that synthesis is complete.
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[0011] Figure 3 illustrates a graph of lead removal as a function of time for differcnt

types of ion exchange media.

[0012] Figure 4 tllustrates a graph of lead removal as a function of time for sodium
titanate ion exchange media produced at varying reaction temperatures, reaction

periods and types of mixing.

DETAILED DESCRIPTION

10013) Sodium titanate of the present technology can be prepared by providing at
least one source of titanium, providing at least one source of sodium oxide, and
recacting thc source of titanium and the source of sodium oxide under suitable

conditions to produce sodium tiltanate.

[0014] The titanium source can include or consist essentially of solid nano-crystalline
titanium, which can be a titanium oxide or a titanium hydroxide. Nano-crystalline
refers to a solid having a mean primary crystallite diameter within the range of about
1 nm to about 30 nm. One éxample of a preferred source of titanium that is a titanium
oxide is nano-crystalline titanium dioxide. Nano-crystalline titanium dioxide can be
prepared in any suitable manner, including, but not limited to the methods described
in U.S. Patent No. 6,919,029 to Meng et al, the disclosure of which is hereby
incorporated by rcference in its entirety, which can provide a surface activated
titanium oxide product having an anatase crystal structure. Such methods for
producing nano-crystalline titanium dioxide can include, for example, preparing a
titanium oxide precipitate from a mixture comprising a hydrolysable titanium
compound and heating (or drying) the titanium oxide precipitate at a selected drying

temperature of less than 300° C, without including a calcining step.

[0015] The source of sodium oxide can include sodium hydroxide, sodium silicate, or
an atkali mctal hydroxide. For example, suitable commercially available sources of
sodium oxide can include from about 37 wt% to about 45 wi% solutions of sodium
silicate with a silicon dioxide to sodium oxide ratio of from [:1 to 4:1, which are
available under the trade names StixsoRR, Star, $S-22 , RU, OW, O, N, M, E, and D

brands from PQ Corp, as well as Sodium Silicates from Dow Chemical, Spectrum
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Chemical and OxyChem. Another source of sodium oxide can be a solution or solid

having sodium hydroxide in an amount from about 4 wit% to about 100 wit%.

[0016] Prior to being reacted, the source of titanium and the source of sodium oxide
can be combined by forming a reaction mixture that includes both the source of
titanium™ and the source of sodium oxide in a suitable solvent. The synthesis
procedure can include reacting the components of the reaction mixture under

conditions suitable to produce a reaction product that includes sodium titanate.

[0017] For example, the reaction step of the synthesis procedure can include heating
the reaction mixture to a reaction temperature for a reaction period having a suitable
length of time, and can also include stirring the reaction mixfure during the reaction
period, preferably with high shear mixing. The high sheer mixing can be conducted
by utilizing any suitable high shear mixer, including, for example, an inline high shear
mixer or a batch high shear mixer. The reaction temperature is preferably from about
50° C to about 140° C, or from about 70° C to about 110° C, including but not {imited
to 75° C, 80° C, 85° C, 90° C, 95° C, 100° C, 105° C, and 110° C. The reaction
period can be, for example, from about | hours to about 60 hours, or from about 2 to
30 hé)urs, including but not limited to 4 hours, 6, hours, 8 hours, 10 hours, 12 hours,

14 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 26 hours, and 28 hours.

_[0018) Analysis of the reaction product by X-Ray Diffraction (XRD) can be utilized
to determine whether sodium titanate synthesis is complete, and incomplete synthesis
can be evidenced by remaining titanium diodixe (TiO2) peaks and an absence of a
sodium titanate peak at 10 degrees 2 theta. Figure | illustrates an XRD plot of
titanium diodixe (TiO;), showing the peaks associated therewith. Figure 2 illustrates
an XRD of sodium titanate, showing a sodium titanate peak at {0 degrees 2 theta, and

indicating that synthesis is complete.

[0019] After the reaction is complete, the process can also include additional steps,
including, but not limited to, adjusting the pH of the reaction product with sulfuric
acid or another suitable mineral acid, rinsing the reaction product, and drying the
rinsed reaction product. The drying can be accomplished by any suitable manner, and

can be at a temperature of at least about 80° C.
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[0020] The resulting sodium titanate product can be a solid, such as a powder or
granule. Products in powder form preferably have an average particle size ranging
from about 1 micron to about 100 microns, including for example from about 20
microns to about 70 microns. In somc cxamples, the average particle size can be
about 25 microns, about 30 microns, about 35 microns, about 40 microns, aboui 45
microns, about 50 microns, about 55 microns, about 60 microns, or about 65 microns.
Products in granular form preferably have an average particle size ranging from | mm
to 4 mm, including but not limited to average particle sizes of about 2 mm, or about 3
mm. It should be understood that the size of the individual particles producéd by the
process will vary to some extent, and will include individual particle sizes below and
above the average pa;'ticie size. Additionally, the sodium titanate can have a high
surface area, which can be up to about 200m%g, or greater than 200m%/g. In one

example, the surface area can be from about 150 m™/g to about 350 m%/g.

[0021} In onc example, sodium titanate can be synthesized in accordance with the

following reaction formula:

2 TiO; +2 NaOH + Na,;SiO; = 2 Na;TiO; + HyO + Si0,

[0022] In the formula presented above, the source of titanium is a titanium dioxide,
which can be solid nano-crystalline titanium dioxide. The source of sodium oxide
includes sodium hydroxide and sodium silicate. The sodium titanate can be
synthesized by forming a reaction mixture that includes the titanium dioxide, sodium
hydroxide, sodium silicate, and a solvent such as water. The synthesis procedure can
then include reacting the components of the reaction mixture under suitable

conditions to produce the sodium titanate.

[0023] if desired, additional components may be added to the reaction product. For
example, a binder, such as, for example, sodium silicate, can be added to the reaction
product, particularly in examples where the sodium titanate is going to be utilized as
an ion exchange product composition. One example of an ion exchange product
composition comprising sodium titanate synthesized in accordance with the methods

provided herein can include from about 20 wt% to about 90 wt% sodium fitanate,
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from about 0 wt% to about 60 wt% sodium hydroxide, from about 0 wt% to about 20
wi% sodium silicate, from about 0 wi% to about 10 wt% sodium sulfate, and from
about 5 wi% to about 10 wt% water. Preferably, an ion exchange product
composition can inciude at least about 75 wit% sodium titanate, including but not
fimited to about 80 w1 % sodium titanate, or about 85 wi% sodium titanate. In such
an example the jon exchange product composition can include up to about 10 wt%
sodium silicatc as a binder, up to about 5 wt% sodium sulfate, and up to about 10%

residual water.,

{00241 lon exchange products including sodium titanate synthesized in accordance
with the methods provided herein can be used as ion exchange mcdia for removing
contaminants from water. For example, the sodium titanate ion exchange products
can be utilized to remove contaminants such as metals from a water source, such as
drinking water and ground water, as well as industrial process streams, effluent
streams and other waste water. Table | below provides a list of various metals that
can be removed from water by sodium titanate ion exchange products. Removal of
such metals can include in any amount of reduction in the amount of the metal
contained in the water after being treated with the jon exchange product as compared
to the amount of the same metal that was present in the water prior to the treatment.
Preferably, the sodium titanate can remove a substantial portion of, or substantially all

of, a metal from the water during treatment.

{00257 A process of water treatment uﬁii.zing a sodium titanate ion exchange medium
including sodium titanate synthesized in accordance with the methods provided herein
can include providing water from a watcr source to a treatment container that includes
the sodium titanate ion exchange medium, and passing the water through the sodium

titanate ion exchange medium to remove onc or more contaminants.

EXAMPLE I: SODIUM TITANATE SYNTHESIS

Preparation

10026} A solution of 100 pounds of 40 wt% sodium silicate in water was added to a

heated vessel having a temperature of about 85° C. About 350 pounds of a 50 w1%
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solution of sodium hydroxide in water to the sodium silicate solution to form a

solution of sodium silicate and sodium hydroxide.

[0027] In a scparate vessel, 750 pounds of a slurry of anatase phase titanium dioxide
(TiO,) in water having about 35 wt% TiO, (11.18 lbs/gallon) was neutralized with a
solution of sodium hydroxide and water having about 50 wt % sodium hydroxide to
form a neutralized slurry having a pH from about 6.0 to about 7.0, the neutralizcd

slurry was agitated to maintain the suspension.

Product Production

[0028] Neutralized slurries as described above were subjected to reaction conditions

that included varying reaction temperatures and reaction periods.

[0029] In each instance, the neutralized slurry was added to the solution of sodium
silicate and sodium hydroxide with high shear mixing to form a reaction mixture.
Under high shear mixing, the temperature of the rcaction mixture was raised to a
temperature from about 80° C to about 110° C. Specifically, for individual runs, the
reaction tempcerature was about 80° C, about 85° C, about 90° C, about 95° C, about
100° C, about 103° C, and about 110° C. The reaction temperaturc and high shear
mixing were maintained for a reaction period that was between 2 hours and 30 hours.
Specifically, for individual runs, the reaction period was 2 hours, 4 hours, 6 hours, 12

hours, 24 hours, and 30 hours.

[0030] Afier the reaction period in cach run, the pH of the reaction product was
reduced to from about 9.0 to about 11.0 using a solution of sulfuric acid.
Alternatively, other suitable mineral acids can be utilized, including, for example
hydrochloric acid. The reaction product was then de-watered while rinsing with water

to reduce residual salts, and then re-slurried with water.

{0031] For each run, sodium silicate was then added in an amount of about 5 wt% to
about 20 wt% of the total weight of the product composition to act as binder, The
product was then dried to produce the final ion ¢xchange product composition, which
was a powder sodium fitanate having a target particle size ranging from about 20

microns to about 50 microns.



WO 2012/058583 PCT/US2011/058371

- EXAMPLE 2: LEAD REDUCTION USING SODIUM TITANATE ION
EXCHANGE MEDIA

[0032] In laboratory analyses, the sodium titanate ion exchange media prepared using
the methods described herein exhibited better kinetic performance and total capacity
when cémpared to two conventional products. In particular, 3 liters of challenge
water were provided for treatment to each of three treatment vessels. The water
contained lead in an amount of 50 ppm. To each treatment vessel, 1 dry g:;am of ion
exchange medium was added. The first ion exchange medium was a sodium titanate
ion exchange medium prepared in accordance with the procedure described in
Example | above. The second ion cxchange medium was a commercially available
ceramic (titanium silicate) ion exchange medium known as ATS, available from
BASF, The third ion exchange medium was a commercially available zinc containing
jon exchange medium known as Alusi™ Nano-zinc. The level of lead in the water
over time for each ion exchange medium is shown in the graph of Figure 3. The data
points for the first ion exchange medium are shown as squares, the data points for the
second ion exchange medium are shown as triangles, and the data points {or the third

FTERt)

ion exchange medium are shown as “x”’s.

{0033] As can be scen in Figure 3, the sodium titanate ion exchange medium taught
herein removed more lead in a shorter period of time than cither of the other two ion

exchange media.

[0034] Laboratory testing for lead removal showed less favorable results when the
titanate synthesis was performed outside of the preferred conditions with respect to
temperature, time, and high shear mixing. For example, Figure 4 shows less
favorable results when high shear mixing is not used. Figure 4 also indicates that
higher reaction temperature and longer reaction time méy also contribute to more

favorable results.

{0035] From the forcgoing, it will be appreciated that although specific examples
have been described herein for purposes of illustration, various modifications may be
made without deviating from the spirit or scope of this disclosure. It is therefore
intended that the foregoing detailed description be regarded as illustrative rather than

limiting, and that it be understood that it is the following claims, including all
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equivalents, that are intended fo particularly point out and distinctly claim the claimed

subject matter,



CLAIMS

1. A method of synthesizing sodium titanate, the method comprising the steps of:

providing at least one source of titanium that includes nano-crystalline titanium

having a mean primary crystallite diameter of 1 nm to 30 nm;
providing at least one source of sodium oxide;

forming a reaction mixture that includes the at least one source of titanium and the at

least one source of sodium oxide in a suitable solvent; and

reacting the components of the reaction mixture to produce a reaction product that

includes sodium titanate having a particle size ranging from 1 micron to 100 microns.

2. The method of claim 1, wherein the nano-crystalline titanium has a mean

primary crystallite diameter of 1 nm to 10 nm.

3. The method of claim 1, wherein the nano-crystalline titanium is a titanium

oxide or a titanium hydroxide.

4. The method of claim 3, wherein the nano-crystalline titanium is titanium

dioxide.

5. The method of claim 1, wherein the at least one source of sodium oxide is
selected from the group consisting of sodium hydroxide, sodium silicate, and alkali metal

hydroxide.

6. The method of claim 1, wherein the sodium titanate has an average particle

size from 20 microns to 70 microns.
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7. The method of claim 1, wherein the sodium titanate has a surface area of at

least 200m?/g.

8. The method of claim 1, wherein the step of reacting comprises reacting the
components of the reaction mixture for a reaction period having a length of time from 1 hours

to 60 hours.

9. The method of claim 1, wherein the step of reacting comprises heating the

reaction mixture t0 a temperature from 50° C to 140° C.

10.  The method of claim 1, wherein the step of reacting comprises stirring the

reaction mixture with high shear mixing.
11.  The method of claim 1, wherein the step of reacting comprises:

reacting the components of the reaction mixture for a reaction period having a length

of time from 1 hours to 60 hours;

heating the reaction mixture to a temperature from 50° C to 140° C for the reaction

period; and
stirring the reaction mixture with high shear mixing for the reaction period.
12.  The method of claim 1, wherein the method further comprises:
adjusting the pH of the reaction product with an acid;
rinsing the reaction product with deoinized water; and
drying the reaction product.

13, Anion exchange medium comprising sodium titanate produced by the method

of claim 1.

14. A method of removing contaminants from water, the method comprising the

steps of:
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providing an ion exchange medium to a treatment vessel, the ion exchange medium

comprising sodium titanate synthesized by:

providing at least one source of titanium that inciudes nano-crystailine
titanium having a mean primary crystallite diameter of 1 nm to 30 nm;

providing at least one source of sodium oxide;

forming a reaction mixture that includes the at least one source of titanium and
the at least one source of sodium oxide in a suitable solvent; and

reacting the components of the reaction mixture to produce a reaction product

that includes sodium titanate having a particle size ranging from 1 micron to 100 microns;
providing water from a water source to the treatment vessel; and

passing the water through the sodium titanate ion exchange medium in the treatment

vessel to remove at least one contaminant.

15.  The method of claim 14, wherein the nano-crystalline titanium is a titanium

oxide or a titanium hydroxide.

16.  The method of claim 15, wherein the nano-crystalline titanium is titanium

dioxide.

17.  The method of claim 14, wherein the sodium titanate has an average particle

size from 20 microns to 70 microns.

18. The method of claim 14, wherein the sodium titanate has a surface area of at
Jeast 200m*/g.

19. The method of claim 14, wherein the at least one contaminant comprises a
metal.

20. The method of claim 14, wherein the metal is lead.
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