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Fuel Additive

Field of the invention

The present invention relates to a fuel additive. In a more specific

embodiment, the present invention relates to a fuel additive that is effective even with

high sulphur content in the fuel.

Background to the invention

Cerium oxide has been extensively used as a component in the catalyst of

three-way converters for the elimination of toxic exhaust emissions in automobiles.

The cerium oxide contained within the catalyst can act as a chemically active

component, working as an oxygen store by the release of oxygen in the presence of

reductive gases, and removal of oxygen by interaction with oxidised species. Cerium

oxide may store and release oxygen by the following processes:

2CeO2 <=> Ce2O3 + 0.5 O2

Cerium oxide has also been used as an additive to be added to fuels. In such

uses, the cerium oxide provides a catalytic effect that has been found to reduce the

emission of toxic exhaust gases. Addition of cerium oxide has also been found to

improve the combustion of the fuel as it passes through an internal combustion

engine. Due to improved combustion, far less pollutants are formed. For example,

when cerium oxide is used as a fuel additive for diesel engines, an increase in

efficiency of approx 10% has been achieved and a reduction in emissions of NOx

gases of up to 65% has also been measured [ref Oxonica Website].

In order to keep the cerium oxide particles suspended in the fuel, it is usually

necessary to prepare a colloidal dispersion of the cerium oxide particles which

requires the cerium oxide particles to be very fine, for example, sub-micron particles

having a maximum particle size of up to 300nm.

There have been several documents described in the patent literature that

discuss the use of cerium oxide, or modified forms of cerium oxide, as fuel additives.

WO 03/040270 (the entire contents of which are herein incorporated by cross

reference) describes a fuel additive which comprises a particle of cerium oxide which

has been doped with a divalent or trivalent metal or metalloid which is a rare earth



metal, a transition metal, including a noble metal, or a metal of groups HA, IHB, VB,

or VIB of the periodic table, and a polar or non-polar organic solvent.

The doped cerium oxide particle described in this patent application may have

the following formula:

Ce
1-X

MXO2,

where M is the metal or metalloid as described above, particularly Rh, Cu, Ag,

Au, Pd, Pt, Sb, Se, Fe, Ga, Mg, Mn, Cr, Be, B, Co, V and Ca as well as Pr, Sm, and

Gd and x has a value of up to 0.3. Copper is particularly preferred.

Alternatively, the doped cerium oxide particle may have following formula:

[(CeO2)1-n(REOy)n] ,-kM'k

where M' is said metal or metalloid other than a rare earth, RE is a rare earth,

y is one or 1.5 and each of n and k has a value up to 0.5, preferably up to 0.3.

Copper is the preferred metal or metalloid.

WO 2004/065529 (the entire contents of which are herein incorporated by

cross reference) has a similar disclosure, but it relates to a method of improving the

efficiency of a fuel for an internal combustion engine which comprises adding to the

fuel prior to the introduction of the fuel to a vehicle or other apparatus comprising an

internal combustion engine, cerium oxide and/or doped cerium oxide and, optionally,

one or more fuel additives.

The doped cerium oxides that may be used in the invention described in this

patent application will have the formula Cei -xMxθ 2, where M is the metal or metalloid

as described above, particularly Rh, Cu, Ag, Au, Pd, Pt, Sb, Se, Fe, Ti, Ga, Mg, Mn,

Cr, Be, B, Co, V and Ca as well as Pr, Sm, and Gd.

The fuel additive may be provided in the form of a product to be mixed with

the fuel at the point of dispensing the fuel (for example, at a service station). In these

embodiments, the fuel additive may be poured directly into the fuel tank of a motor

vehicle prior to or just after filling up the fuel tank of the motor vehicle.

Alternatively, the fuel additive may be mixed with the fuel in the fuel storage tanks at

the service station. However, it is even more desirable to have the fuel additive mixed

with the fuel at the point of production of the fuel, which is typically at an oil refinery.



In our copending international patent application number PCT/AU

2007/000488, the entire contents of which are herein incorporated by cross reference,

we describe a material that is useful as an exhaust emissions catalyst.

The present applicant does not concede that the prior art discussed here in

forms part of the common general knowledge in Australia or elsewhere.

Throughout this specification, the word "comprising" and its grammatical

equivalents shall be taken to have an inclusive meaning unless the context of use

clearly indicates otherwise.

Brief description of the invention

The present inventors have now discovered that the catalytic material

described in our copending international patent application number PCT/AU

2007/000488 is also especially useful as a fuel additive.

In a first aspect, the present invention provides a fuel additive comprising one

or more complex oxides having a nominal composition as set out in formula (1):

AxB1-yMyOn (1)

wherein

A is selected from one or more group III elements including the lanthanide

elements or one or more divalent or monovalent cations;

B is selected from one or more elements with atomic number 22 to 24, 40 to

42 and 72 to 75;

M is selected from one or more elements with atomic number 25 to 30;

x is defined as a number where 0<x<l ;

y is defined as a number where 0<y<0.5.

In one embodiment, the one or more complex oxides have a general

composition as set out in formula (2):

AxA'wB,-yMyOn (2)

wherein

A is one or more group III elements including the lanthanide elements;



A' is one or more divalent or monovalent cations;

w is defined as a number where O≤w≤ l ;

0.5< x+w < 1 and

B, M, P, x and y are as set out in formula (1).

In a preferred embodiment A is selected from La, Ce, Sm and Nd, A' is

selected from Sr, Ba, and Ca, B is selected from Ti, V, W and Mo, and M is selected

from Cu and Ni.

In a more preferred embodiment A is La and/or Ce, A' is Sr, B is Ti, and M is

Cu and/or Ni.. In this embodiment, the complex oxide has the general formula as set

out in formula (3):

(La,Ce)xSrwTi 1-yMyOn (3)

In a further preferred embodiment at least one of the complex oxide phases is

a perovskite with a general formula (4):

AχA wB1.yMyO3 (4 )

and more preferably of formula (5):

(La,Ce)x Srw Tii-yMyO 3 (5)

where the terms in (4) and (5) are as defined in (1) and (2) above.

The perovskite component of the formula may suitably exhibit substantially

homogenous and phase-pure composition.

The complex oxide material may have an initial surface area greater than

approximately 15m2/g, preferably greater than approximately 20m2/g, more preferably

greater than approximately 30m2/g, and a surface area after aging for 2 hours at

1000°C in air greater than approximately 5m2/g, preferably greater than

approximately lOmVg, more preferably greater than approximately 15m2/g.

The complex oxide material may generally exhibit an average grain size of

approximately 2 nm to approximately 150 run, preferably approximately 2 to 100 nm

and has pores ranging in size from approximately 7 nm to approximately 250 nm,

more preferably approximately l O nm to approximately 150 nm. However, the



average grain and pore size of the complex oxide materials may vary, depending on

the specific complex oxide selected.

More preferably, the complex oxide material may exhibit a substantially

disperse pore size range.

The complex oxide material of the invention may be formed by mixing

precursors of the elements described above in the general formula (1) followed by

appropriate heat treatment to form the target phases. The precursors may be of any

suitable form such as salts, oxides or metals of the elements used. The precursor

mixture may be in the form of a mixture of solids, a solution or a combination of

solids and solutions. The solutions may be formed by dissolving salts in a solvent

such as water, acid, alkali or alcohols. The salts may be but are not limited to nitrates,

carbonates, oxides, acetates, oxalates, and chlorides. Organometallic form of elements

such as alkoxides may also be used.

Solid dispersions may also be used as suitable precursor materials.

Various methods of mixing precursors to produce the complex oxide may

include but are not limited to techniques such as, mixing and grinding, co-

precipitation, thermal evaporation and spray pyrolysis, polymer and surfactant

complex mixing and sol gel. Where necessary, the final phase composition is achieved

by thermal processing following mixing. The heating step may be carried out using

any suitable heating apparatus and may include but are not limited to, hot plates or

other heated substrates such as used in spray pyrolysis, ovens stationary table

furnaces, rotary furnaces, induction furnaces, fluid bed furnace, bath furnace, flash

furnace, vacuum furnace, rotary dryers, spray dryers, spin-flash dryers.

In a preferred embodiment a homogeneous complex oxide is formed by the

method outlined in US Patent 6,752,679, "Production of Fine-Grained Particles", the

entire contents of which are herein incorporated by cross reference.

In a further preferred embodiment a homogeneous complex oxide is formed,

has nano-sized grains in the size range indicated and nano-scale pores in the size

range indicated by using the method outlined in US Patent 6,752,679 and US Patent

application 60/538867, the entire contents of which are herein incorporated by cross

reference.



In a more preferred embodiment a homogeneous complex oxide is formed, has

nano-sized grains in the size range indicated and nano-scale pores in the size range

indicated and uses an aqueous colloidal dispersion of nano-scale particles as one of

the precursor elements by using the method outlined in US Patent 6,752,679 and US

Patent application 60/538867 and US patent application 60/582905, the entire

contents of which are herein incorporated by cross reference.

In some embodiments, the complex oxide is provided in the form of dispersed

particles. The dispersed particles may have a particle size of up to 300nm. The

dispersed particles may be formed by forming the complex oxide material in

accordance with the methods as described in US Patent 6,752,679 or US Patent

application 60/538867 or US patent application 60/582905 and subsequently grinding

the complex oxide material to form dispersed particles. It has been surprisingly found

that the agglomerated particles that are formed by the methods described in our US

Patent 6,752,679 and US Patent application 60/538867 and US patent application

60/582905 are only loosely agglomerated and can be easily ground or milled to form

dispersed particles.

In some embodiments of the present invention, A is Ce, B is Ti, y is zero, z is

zero and n is 4 . This results in a complex oxide having the formula CeTiO .

The fuel additive in accordance with the present invention may further

comprise one or more solvents. The one or more solvents may comprise an organic

solvent. The one or more solvents may comprise a non-polar organic solvent or a

polar organic solvent. The person skilled in the art will readily understand that a

number of solvents may be used in the fuel additive in accordance with the present

invention. The solvents are soluble in the fuel and act as a carrier or delivery agent for

the particles of metal oxide.

A number of other components may also be added to the fuel additive. These

other components may include:

Detergents,

dehazers

anti-foaming agents

ignition improvers



anti-rust agents or corrosion inhibitors

deodorants

antioxidants

metal deactivatorss

lubricating agents

dyes.

The skilled person will readily understand the nature and sources of supply of

the above additives. The skilled person will also understand how much of each

additive may be added to the fuel additive.

The present inventors have found that complex metal oxides, as described with

reference to the first aspect of the present invention, are particularly suitable for use as

fuel additives in accordance with the present invention. In particular, the fuel

additives of the present invention show enhanced resistance to deactivation or

poisoning by sulphur. The present inventors believe that, due to the enhanced

resistance to deactivation or poisoning by sulphur, the fuel additive in accordance

with the present invention is particularly suitable for adding to fuels, such as diesel

fuel, at the manufacturing facility of the fuels (which will typically be an oil refinery)

or at bulk storage facilities for the fuel. Previous efforts to incorporate cerium oxide-

based fuel additives into fuels at an oil refinery or bulk storage facilities have resulted

in inadequate performance of the fuel additive, which the present inventors have

postulated is due to deactivation or poisoning by sulphur. In this regard, it will be

understood that even modern high quality diesel fuels contain up to 50 ppm sulphur.

In a second aspect, the present invention provides a method for making a fuel

additive comprising the steps of forming a complex metal oxide of formula (1) as

described above, the complex metal oxide being formed in the form of the

agglomerated particles having nano sized grains, breaking the agglomerates of

particles to form dispersed particles of complex metal oxide having a particle size of

less than 300nm and adding said particles to a fuel.

In some embodiments, the method may further comprise the step of mixing the

particles with one or more solvents. The solvent(s) are soluble in the fuel and act as a



carrier or delivery agent for the particles of metal oxide. Other additives, as described

above, may also be added to the fuel additive.

In a third aspect, the present invention provides a fuel additive comprising a

solvent and one or more complex oxides having a nominal composition as set out in

formula (1) above. The solvent(s) are soluble in the fuel and act as a carrier or

delivery agent for the particles of metal oxide. The fuel additive may be in the form of

a suspension or a dispersion of particles of the complex oxide in the solvent.

In a further aspect, the present invention also provides a fuel comprising a

hydrocarbon-based fuel and a fuel additive as described herein. The hydrocarbon-

based fuel may be diesel fuel.

As will be understood by the person skilled in the art, in all of the chemical

formulae given in this specification, n will be a value that essentially balances the

oxygen with the metallic species in the formulae.

EXAMPLES

Material Preparation

Example 1

A complex metal oxide of the nominal formula La0 gSr0 2T1O3 plus 10 w% CeO 2 was

produced as follows.

A solution containing all the required elements except Ti was made by mixing 45mls

of water, 1Og of nitric acid, 46.29g of lanthanum nitrate hexahydrate, 5.66g of

strontium nitrate and 7.57g of cerium nitrate hexahydrate.

10.67g of Titanium-based nano-particles were added to the solution and stirred at a

temperature of 50°C until the particles were dispersed and a clear solution was

formed.

The solution was then added to 16g of carbon black and mixed with a high-speed

stirrer. The resulting mixture was added to 7Og of anionic surfactant and again mixed

with a high-speed stirrer.

The final mixture was heat treated slowly to 650°C and then treated at 800°C for 2hrs



and a further 2hrs at 1000°C. XRD analysis showed that the perovskite phase

LaSr0 5Ti2O6 and (Ce La)2Ti2O7 were the main types of phases present in Example 1.

Example 2

A complex metal oxide of nominal formula Lao.5Sro.25Tio.96Nio.O4On P u s w%

CeO2 was produced using a similar method to Example 1. XRD analysis showed that

the perovskite phase LaSr0.5
Ti2O and (Ce5La)2Ti2O7 were the main types of phases

present.

Example 3

A complex metal oxide of nominal formula LaQ. 8SrQ.2 0.96 0.04 n P u s w < )

CeO2 was produced using a similar method to Example 1. XRD analysis showed that

the perovskite phase LaSr0.5
Ti2O6 and (Ce La)2Ti2O7 were the main types of phases

present.

Example 4

A complex metal oxide of nominal formula La0 gSr0 .2Tio.93Nio.o4Cuo 03O plus 10

w% CeO2 was produced using a similar method to Example 1. XRD analysis showed

that the perovskite phase LaSr0 Ti2O6 and (Ce La)2Ti2O7 were the main types of

phases present.

Example 5

A complex metal oxide of nominal formula LaTi0 95Ni0 04 On P u s 0 CeO2 was

produced using a similar method to Example 1. XRD analysis showed that the

perovskite phase LaSr0 5Ti2O6 and (Ce5La)2Ti2O7 were the main types of phases

present.

Example 6

A complex metal oxide of nominal formula CeTi 0 96Ni0 04O
11

was produced using a

similar method to Example 1. XRD analysis showed that the (Ce5La)2Ti2O7 phase was

the main type of phase present.



Claims.

1. A fuel additive comprising one or more complex oxides having a nominal

composition as set out in formula (1):

AxB1-yMyOn (1)

wherein

A is selected from one or more group III elements including the lanthanide

elements or one or more divalent or monovalent cations;

B is selected from one or more elements with atomic number 22 to 24, 40 to

42 and 72 to 75;

M is selected from one or more elements with atomic number 25 to 30;

x is defined as a number where 0<x<l ;

y is defined as a number where 0<y<0.5.

2 . A fuel additive as claimed in claim 1 wherein the one or more complex

oxides have a nominal composition as set out in formula (2):

AxA'wB,.yMyOn (2)

wherein

A is one or more group III elements including the lanthanide elements;

A' is one or more divalent or monovalent cations;

w is defined as a number where O≤w≤ l ;

0.5< x+w < 1 and

B, M, P, x and y are as set out in formula (1).

3. A fuel additive as claimed in claim 2 wherein A is selected from La, Ce,

Sm and Nd, A' is selected from Sr, Ba, and Ca, B is selected from Ti, V, W and Mo,

and M is selected from Cu and Ni.



4 . A fuel additive as claimed in claim 3 wherein A is La and/or Ce, A' is Sr, B

is Ti, and M is Cu and/or Ni and the complex oxide has the general formula as set out

in formula (3):

(La,Ce)xSrwTi1-yMyOn (3)

5. A fuel additive as claimed in 2 wherein at least one complex oxide phase

is a perovskite with a general formula (4):

AxA'wB, .yMyO3 (4 )

6. fuel additive as claimed in 6 wherein at least one complex oxide phase

is a perovskite with a general formula (5) :

(La,Ce)x Srw Tii-yMyO 3 (5)

7 . A fuel additive as claimed in any one of the preceding claims wherein the

complex oxide material has an initial surface area greater than approximately 15m2/g,

and a surface area after aging for 2 hours at 10000C in air greater than approximately

5m2/g.

8. A fuel additive as claimed in claim 7 wherein the complex oxide material

has an initial surface area greater than approximately 30m2/g, and a surface area after

aging for 2 hours at 10000C in air greater than approximately 15m2/g.

9. A fuel additive as claimed in any one of the preceding claims wherein the

complex oxide material exhibits an average grain size of approximately 2 run to

approximately 150 nm and has pores ranging in size from approximately 7 nm to

approximately 250 nm.

10. A fuel additive as claimed in any one of the preceding claims wherein

A is Ce, B is Ti, y is zero, z is zero and n is 4 and the complex oxide has the formula

CeTiO4.



11. A fuel additive as claimed in any one of the preceding claims further

comprising one or more solvents that are soluble in the fuel and act as a carrier or

delivery agent for the particles of metal oxide.

12. A fuel additive as claimed in any one of the preceding claims further

comprising other components or additives selected from the group comprising

detergents, dehazers, anti-foaming agents, ignition improvers, anti-rust agents or

corrosion inhibitors, deodorants, antioxidants, metal deactivators, lubricating agents,

dyes ot mixtures of two or more thereof.

13. A method for making a fuel additive as claimed in claim 1 comprising

the steps of forming a complex metal oxide of formula (1), the complex metal oxide

being formed in the form of the agglomerated particles having nano sized grains,

breaking the agglomerates of particles to form dispersed particles of complex metal

oxide having a particle size of less than 300nm and adding said particles to a fuel.

14. A method as claimed in claim 13 further comprising the step of mixing

the particles with one or more solvents that are soluble in the fuel and act as a carrier

or delivery agent for the particles of metal oxide.

15. A method for making a fuel comprising refining oil at a refinery to

form a fuel and adding a fuel additive as claimed in any one of claims 1 to 12 to the

fuel at the refinery or at a bulk storage facility for the fuel.

16. A method as claimed in claim 15 wherein the fuel is diesel fuel.

17. A fuel additive as claimed in claim 11 or claim 12 when appended to

claim 11 wherein the fuel additive is on the form of a suspension or dispersion of

particles of the complex ocide in the solvent.

18. A fuel comprising a hydrocarbon-based fuel and a fuel additive as

claimed in any one of claims 1 to 12 or 17.
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