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SLUDGE TREATMENT METHOD 

FIELD OF THE INVENTION 

10001] The present invention relates to the treatment of sludge and, more particularly, to a 

method for the recovery of phosphate and, optionally, aluminium from sludge.  

BACKGROUND 

10002] Phosphorus present in domestic wastewater from the use of laundry and dishwasher 

powders as well as human waste is an important macro-nutrient for plant and micro-organism 

growth. The discharge of large quantities of phosphorus into natural receiving sources produces 

the growth of algae and results in eutrophication of lakes and streams. Algae may grow at levels 

as low as 0.05 mg/L orthophosphate (P0 4 ).  

10003] The phosphorus concentration in effluent discharging from a wastewater treatment 

plant (WWTP) is usually within the range of 3-7 mg/L, which substantially comprises 

orthophosphate ("Phosphorus removal in low alkalinity secondary effluent using alum" R. J.  

Banu; K. U. Do; 1. T. Yeom Int. J Environ. Sci. Tech. 5 (1), 93-98, 2008, which is incorporated 

herein in its entirety by reference). It is often necessary to reduce the concentration of 

phosphorus in secondary wastewater to prevent algal blooms. Accordingly, consent by 

regulatory authorities to discharge effluent into a water environment usually requires a limit on 

the concentration of phosphate.  

10004] Aluminium salts, which are used as a coagulant in water and wastewater treatment 

plants, also precipitate phosphate as aluminium phosphate from the treated water prior to 

discharge. Chemical removal of phosphorus by the addition of an aluminium salt to precipitate 

the corresponding phosphate salt is one of the most reliable and well-established processes 

practiced by a WWTP.  

10005] The resulting waste sludge separated from the treated water contains high levels of 

organic material as well as the insoluble aluminium phosphate and other inorganic salts, such as 

aluminium hydroxide.  

100061 Known methods for recovering aluminium and phosphate from sludge for reuse 

generally employ acid extraction techniques using sulftiric acid, for example. These processes
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are, however, non-selective and can lead to excess contamination of the recovered aluminium 

compounds. Other techniques that have been employed include ion exchange and ion selective 

membranes.  

[00071 Accordingly, it is an object of the present invention to go some way to avoiding the 

above disadvantages; and/or to at least provide the public with a useful choice.  

10008] Other objects of the invention may become apparent from the following description 

which is given by way of example only.  

BRIEF DESCRIPTION OF THE INVENTION 

10009] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing and calcium-containing sludge to wet oxidation such that the pH of the 

residual sludge obtained after wet oxidation is at least about 8.  

10010] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing sludge comprising added calcium ions to wet oxidation at a pH of at least 

about 8.  

[0011] Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

10012] Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.  

10013] In a first aspect, the present invention provides a method for treating a sludge, the 

method comprising subjecting a phosphate-containing, calcium-containing, and aluminium-
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containing sludge to wet oxidation such that the pH of the residual sludge obtained after wet 

oxidation is at least about 8.  

[0014] In a second aspect, the present invention provides a method for treating a sludge, the 

method comprising subjecting a phosphate-containing and aluminium-containing sludge 

comprising added calcium ions to wet oxidation at a pH of at least about 8.  

10015] In a third aspect, the present invention provides a method for treating a sludge, the 

method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

[0016] In a fourth aspect, the present invention provides a method for treating a sludge, the 

method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.  

10017] As used herein, unless the context clearly dictates otherwise, the singular forms "a," 

"an," and "the" include the plural form, and the letter "s" following a noun designates both the 

plural and singular forms of that noun.  

[0018] As used herein the term "and/or" means "and" or "or" or both.  

100191 The term "comprising" as used in this specification means "consisting at least in part 

of'. When interpreting statements in this specification which include that term, the features, 

prefaced by that term in each statement or claim, all need to be present but other features can 

also be present. Related terms such as "comprise" and "comprised" are to be interpreted in the 

same manner.  

10020] It is intended that reference to a range of numbers disclosed herein (for example, 1 to 

10) also incorporates reference to all rational numbers within that range (for example, 1, 1.1, 2,
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3, 3.9, 4, 5, 6, 6.5, 7, 8, 9, and 10) and also any range of rational numbers within that range (for 

example, 2 to 8, 1.5 to 5.5, and 3.1 to 4.7) and, therefore, all sub-ranges of all ranges expressly 

disclosed herein are hereby expressly disclosed. These are only examples of what is specifically 

intended and all possible combinations of numerical values between the lowest value and the 

highest value enumerated are to be considered to be expressly stated in this application in a 

similar manner.  

100211 In this specification where reference has been made to patent specifications, other 

external documents, or other sources of information, this is generally for the purpose of 

providing a context for discussing the features of the invention. Unless specifically stated 

otherwise, reference to such external documents is not to be construed as an admission that such 

documents, or such sources of information, in any jurisdiction, are prior art, or form part of the 

common general knowledge in the art.  

10021a] In the description in this specification reference may be made to subject matter which 

is not within the scope of the appended claims. That subject matter should be readily identifiable 

by a person skilled in the art and may assist in putting into practice the invention as defined in 

the appended claims.  

BRIEF DESCRIPTION OF THE DRAWINGS 

100221 The invention will now be described by way of example with reference to the Figures 

in which: 

10023] Figure 1 is a schematic diagram of one embodiment of an apparatus suitable for use in 

a method of the invention; 

10024] Figure 2 is a schematic diagram of another embodiment of an apparatus suitable for 

use in a method of the invention; and 

[0025] Figure 3 shows the reduction in COD during a method of the invention.  

DETAILED DESCRIPTION OF THE INVENTION 

10026] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing and calcium-containing sludge to wet oxidation such that the pH of the 

residual sludge obtained after wet oxidation is at least about 8.
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10027] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing sludge comprising added calcium ions to wet oxidation such that the pH of 

the residual sludge obtained after wet oxidation is at least about 8.  

[00281 Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing sludge comprising added calcium ions to wet oxidation at a pH of at least 

about 8.  

[00291 Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

[0030] Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.  

[0031] The term "sludge" is a generic term for solids separated from suspension in a liquid.  

Sludge usually contains significant quantities of 'interstitial' water (between the solid particles).  

In addition to phosphate, the sludge used in the method of the present invention also comprises 

organic material. In some embodiments, the phosphate-containing sludge is the residual, semi

solid material that results from industrial wastewater, or sewage treatment processes. The settled 

suspension obtained from conventional drinking water treatment and numerous other industrial 

processes is also suitable for use as the phosphate-containing sludge in the method of the 

invention. The invention also contemplates the use of other phosphate-containing sludge that 

comprises organic matter, such as food processing waste and yeast waste.  

10032] In some embodiments, the sludge is obtained from the treatment of water or waste 

water with an aluminium compound. Suitable aluminium compounds include, but are not 

limited to, aluminium sulfate (alum), aluminium chloride, sodium aluminate, aluminium
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chlorohydrate, aluminium hydroxide, aluminium nitrate, aluminium acetate, polyaluminium 

chloride, and other water-soluble or water-miscible aluminium compounds.  

[0033] In such water or waste water treatment, the soluble aluminium compound reacts with 

phosphate to form a precipitate of aluminium phosphate: 

Al3 (aq) + P04 3-aq) => AIPO 4 (s) 

10034] The stoichiometric mole ratio for this precipitation reaction is 1:1 Al'+:PO4'-. The 

mole ratio typically employed is, however, about 2.3:1 due to competing reactions and 

coagulation effects.  

10035] In some embodiments, the solids content of the sludge is between about 1 % and about 

7 %. The invention is not, however, limited thereto and sludge with a solids content outside this 

range may also be used. In some embodiments, the solids content of the sludge is between about 

2 % and about 7 %. In some embodiments, the solids content of the sludge is between about 1 % 

and about 4.5 %.  

10036] Those persons skilled in the art will appreciate that there is a chemical oxygen demand 

(COD) value for the sludge, above which the heat produced by the wet oxidation reaction will be 

sufficient to sustain the reaction. This COD value will depend on the conditions under which the 

wet oxidation is performed.  

10037] In some embodiments, the sludge has a COD of at least about 40 g/L. The invention is 

not, however, limited thereto and sludge with a COD below this value may also be used. In 

some embodiments, the sludge has a COD of between about 40 g/L and about 70 g/L. In some 

embodiments, the sludge has a COD of about 60 g/L or less. In some embodiments, the sludge 

has a COD of between about 40 g/L and about 60 g/L.  

[00381 In some embodiments, the phosphate content of the sludge is between about 0.5 g/L 

and about 1.5 g/L. The invention is not, however, limited thereto and sludge with a phosphate 

content outside this range may also be used. In some embodiments, the phosphate content of the 

sludge is between about 0.6 g/L and about 1.1 g/L. In some embodiments, the phosphate content 

of the sludge is about 0.7 g/L. In some embodiments, the phosphate content of the sludge is 

about 1 g/L.
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10039] In some embodiments, the aluminium content of the sludge is between about 0.5 g/L 

and about 1.5 g/L. The invention is not, however, limited thereto and sludge with an aluminium 

content outside this range may also be used. In some embodiments, the aluminium content of 

the sludge is between about 0.6 g/L and about 1.1 g/L. In some embodiments, the aluminium 

content of the sludge is about 0.7 g/L. In some embodiments, the aluminium content of the 

sludge is about 1 g/L.  

100401 In a first aspect, the present invention provides a method for treating a sludge, the 

method comprising subjecting a phosphate-containing, calcium-containing, and aluminium

containing sludge comprising calcium ions to wet oxidation such that the pH of the residual 

sludge obtained after wet oxidation is at least about 8.  

10041] In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising subjecting a phosphate-containing and aluminium-containing sludge 

comprising added calcium ions to wet oxidation such that the pH of the residual sludge obtained 

after wet oxidation is at least about 8.  

[00421 In a second aspect, the present invention provides a method for treating a sludge, the 

method comprising subjecting a phosphate-containing and aluminium-containing sludge 

comprising added calcium ions to wet oxidation at a pH of at least about 8.  

100431 In a third aspect, the present invention provides a method for treating a sludge, the 

method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

[0044] In a fourth aspect, the present invention provides a method for treating a sludge, the 

method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least 

about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.
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10045] In some embodiments, steps (a) and (b) may be performed in any order. The pH of the 

sludge may be adjusted and then calcium ions added or, alternatively, the calcium ions may be 

added and then the pH adjusted. In some embodiments, adding calcium ions results in the sludge 

having a pH of at least about 8 without further pH adjustment. The invention also contemplates 

embodiments in which the pH of the sludge is at least about 8 before calcium ions are added, and 

no further pH adjustment is necessary. In some embodiments, calcium ions are added and the 

pH is adjusted simultaneously.  

[00461 Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

10047] Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.  

10048] In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

10049] In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and
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(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor.  

[0050] In some embodiments, the method further comprises collecting the residual sludge 

after the wet oxidation. In some embodiments, the method further comprises collecting the 

residual sludge from the wet oxidation reactor.  

10051] In some embodiments, the method further comprises separating the solids and liquids 

from the residual sludge. In some embodiments, the method further comprises separating the 

residual sludge into a substantially solid component and a liquid component.  

100521 In some embodiments, the method further comprises separating the residual sludge 

into a substantially water soluble component and a substantially water insoluble component.  

10053] In some embodiments, the method further comprises separating the solids and liquids 

from the residual sludge, wherein the solids comprise insoluble components comprising calcium 

and phosphate. In some embodiments, the method further comprises separating the residual 

sludge into a substantially solid component and a liquid component, wherein the substantially 

solid component comprises insoluble components comprising calcium and phosphate. In some 

embodiments, the method further comprises separating the solids and liquids from the residual 

sludge, wherein the solids comprise insoluble components comprising calcium and phosphate, 

and the liquids comprise suspended and/or soluble aluminium. In some embodiments, the 

method further comprises separating the residual sludge into a substantially solid component and 

a liquid component, wherein the substantially solid component comprises insoluble components 

comprising calcium and phosphate, and the liquid component comprises suspended and/or 

soluble aluminium.  

[0054] In some embodiments, the method further comprises separating the residual sludge 

into a substantially water soluble component and a substantially water insoluble component, 

wherein the substantially water insoluble component comprises insoluble components 

comprising calcium and phosphate, and the substantially water soluble component comprises 

suspended and/or soluble aluminium.  

100551 Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge;
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(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor such that the residual sludge after wet oxidation has a pH of at least about 

8; and 

(d) separating the residual sludge into a substantially solid component and a liquid 

component, wherein the substantially solid component comprises insoluble components 

comprising calcium and phosphate.  

[00561 In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation in a reactor such that the residual sludge after wet oxidation has a pH of at least about 

8; and 

(d) separating the residual sludge into a substantially solid component and a liquid 

component, wherein the substantially solid component comprises insoluble components 

comprising calcium and phosphate, and the liquid component comprises suspended and/or 

soluble aluminium.  

10057] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing and calcium-containing sludge to wet oxidation in a reactor such that the 

residual sludge after wet oxidation has a pH of at least about 8, and separating the residual 

sludge into a substantially solid component and a liquid component, wherein the substantially 

solid component comprises insoluble components comprising calcium and phosphate.  

100581 In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising subjecting a phosphate-containing, calcium-containing, and aluminium

containing sludge to wet oxidation in a reactor such that the residual sludge after wet oxidation 

has a pH of at least about 8, and separating the residual sludge into a substantially solid 

component and a liquid component, wherein the substantially solid component comprises 

insoluble components comprising calcium and phosphate, and the liquid component comprises 

suspended and/or soluble aluminium.
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10059] Calcium ions may be added to the sludge by adding a calcium compound as a solid, 

suspension, slurry or solution. In some embodiments, the calcium compound is readily soluble 

in the sludge.  

[00601 The calcium compound is selected such that it is more soluble in the sludge that the 

insoluble components comprising calcium and phosphate. In some embodiments the calcium 

compound is selected from calcium chloride (CaCl2), calcium oxide (CaO, lime), calcium 

hydroxide (Ca(OH)2 , slaked lime), and mixtures of any two or more thereof. In some 

embodiments, the calcium compound is selected from calcium oxide, calcium hydroxide, and 

mixtures thereof In some embodiments, the calcium compound is calcium hydroxide.  

10061] Typically, sufficient calcium ions are added to the sludge such that substantially all of 

the phosphate in the sludge forms insoluble components comprising calcium and phosphate. The 

amount of calcium ions to be added can, therefore, be determined based on the phosphate content 

of the sludge. In some embodiments, the amount of calcium ions is selected such that excess 

calcium ions remain in solution. Adding excess calcium ions drives the precipitation reaction, 

which results in the formation of insoluble components comprising calcium and phosphate, to 

completion.  

10062] In some embodiments, the mole ratio of calcium:phosphate is at least about 3:2. In 

some embodiments, the mole ratio of calcium:phosphate is at least about 5:1. In some 

embodiments, the mole ratio of calcium:phosphate is at least about 8:1. In some embodiments, 

the mole ratio of calcium:phosphate is between about 5:1 and about 20:1. In some embodiments, 

the mole ratio of calcium:phosphate is between about 8:1 and about 17:1.  

10063] The invention is not limited to embodiments in which calcium ions are added to the 

sludge and also contemplates embodiments in which the sludge contains calcium ions or in 

which the phosphate is present as insoluble components comprising calcium and phosphate.  

[0064] In some embodiments, the pH of the sludge following addition of the calcium ions is 

at least about 8, and no further pH adjustment of the sludge is required.  

10065] However, if the pH is less than about 8, the pH is adjusted so that the pH of the sludge 

is at least about 8. In some preferred embodiments, the pH is at least about 9. In some 

embodiments, the pH is at least about 10. In some embodiments, the pH is at least about 11. In 

some embodiments, the pH is at least about 12. In some embodiments, the pH is at least about
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12.5. In some embodiments, the pH is at least about 13. In some embodiments, the pH is about 

14.  

[0066] At a pH of at least about 8, the components of the sludge comprising calcium and 

phosphate are substantially insoluble. In addition, as the pH increases a greater proportion of the 

aluminium in the sludge, if present, is substantially dissolved. In some embodiments, at a pH of 

at least about 12, greater than 80% of the aluminium in the sludge will substantially be in 

solution.  

10067] In some embodiments, the pH of the sludge is adjusted so that the pH of the residual 

sludge after wet oxidation is at least about 8. In some preferred embodiments, the pH is at least 

about 9. In some embodiments, the pH is at least about 10. In some embodiments, the pH is at 

least about 11. In some embodiments, the pH is at least about 12. In some embodiments, the pH 

is at least about 12.5. In some embodiments, the pH is at least about 13. In some embodiments, 

the pH is about 14.  

10068] The pH is typically adjusted with a strong base such as sodium hydroxide (NaOH, 

caustic soda) or potassium hydroxide (KOH). The invention is not limited thereto and other 

bases, such as magnesium hydroxide (Mg(OH)2), lithium hydroxide (LiOH), and calcium 

hydroxide may be used. Mixtures of two or more bases may also be used.  

100691 In some embodiments, the pH is adjusted with sodium hydroxide.  

10070] In those embodiments wherein calcium ions are added to the sludge and the pH is 

adjusted simultaneously, the calcium ions may be added and the pH adjusted by adding a basic 

calcium compound, such as calcium oxide and/or calcium hydroxide. Alternatively, the calcium 

ions may be added and the pH adjusted by adding a mixture of a calcium compound and a base, 

such as sodium hydroxide. Alternatively, the calcium ions may be added and the pH adjusted by 

adding a mixture of calcium oxide and/or calcium hydroxide and another base, such as sodium 

hydroxide.  

[0071] The pH may be adjusted by, for example, adding a base as a solid, suspension, slurry, 

or solution. In some embodiments, the base is added as an aqueous solution.  

100721 In those embodiments wherein the sludge comprises aluminium and phosphate, at a 

pH of at least about 8 the added calcium ions react with the phosphate to form insoluble
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components comprising calcium and phosphate, such as calcium phosphate, and the aluminium 

fonrs suspended and/or soluble aluminium, such as tetrahydroxidoaluminate.  

[0073] The sludge is subjected to wet oxidation. The wet oxidation decomposes the organic 

material in the sludge to leave a substantially non-volatile residual sludge, which comprises 

insoluble components comprising calcium and phosphate and, in some embodiments, suspended 

and/or soluble aluminium. Advantageously, the suspended and/or soluble aluminium can then 

be readily separated from the insoluble components comprising calcium and phosphate.  

10074] Wet oxidation is an effective method for lowering the chemical oxygen demand of 

many waste materials. Wet oxidation typically involves the oxidation of predominantly organic 

compounds at elevated temperatures and pressures in an aqueous or semi-aqueous phase.  

Temperatures of 127-320'C and pressures of 0.5-20 MPa are generally employed. A catalyst 

may be employed to increase the rate of the oxidation reaction.  

[0075] In some embodiments, the wet oxidation utilises the process described in 

WO 2004/000423 (which is incorporated herein in its entirety by reference).  

10076] Advantageously, the process described in WO 2004/000423 can be operated by 

continuously introducing a feedstock into a reactor, oxidising the feedstock to produce a vapour 

phase comprising at least some oxidation products and a liquid phase, and removing at least 

some of the vapour phase from the reactor while retaining the liquid phase in the reactor.  

10077] The present invention is not, however, limited to this wet oxidation process and other 

wet oxidation processes as are known in the art may be used.  

10078] In the wet oxidation, the sludge is contacted with an oxidant. The term "contact" as 

used herein generally means admixing the sludge with the oxidant in a suitable reactor, which is 

of a type designed to withstand the temperature and pressure and is well known in the art.  

Suitable reactors include, but are not limited to autoclaves and pressure reactors.  

100791 In some embodiments, the reactor is one in which the interfacial area between the 

oxidant and the sludge is maximised, and from which the volatile products (for example, steam, 

carbon dioxide, and volatile organic compounds, such as various organic acids) formed upon 

oxidation of the organic material in the sludge and the volatile non-oxidisable components (for 

example, water) present in the sludge may be readily removed from the reactor in the vapour 

phase.
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10080] The sludge may be introduced into the wet oxidation reactor by means of a suitable 

high pressure pump or by other means as are known in the art, such as an extruder, or a screw

thread type or diaphragm pump. The residence time in the reactor and, consequently, the degree 

of oxidation of the organic components of the sludge, is proportional to the rate at which the 

sludge is introduced into the wet oxidation reactor.  

10081] In some embodiments, wherein the wet oxidation is performed in a semi-continuous or 

continuous manner, the sludge is introduced into the wet oxidation reactor at a substantially 

constant rate. The invention is not limited thereto, and embodiments in which the wet oxidation 

is performed in a batchwise manner are also contemplated.  

10082] The reactor residence time is typically selected based on, for example, the components 

of the sludge and the desired reduction in COD. In some embodiments, the reactor residence 

time is between about 30-100 minutes. In some embodiments, the reactor residence time is 

about 60 minutes.  

10083] The temperature and pressure at which the wet oxidation is performed can be selected 

by a person skilled in the art, depending on the composition of the sludge and the wet oxidation 

reactor. The temperature at which the wet oxidation is performed is generally between about 

200'C and 320'C and the pressure is generally between about 4 MPa and about 10 MPa.  

100841 In some embodiments, the temperature at which the wet oxidation is performed is 

between about 200'C and about 300'C. In some embodiments, the temperature is between about 

240'C and about 300'C. In some embodiments, the temperature is between about 240'C and 

about 290'C. In some embodiments, the temperature is between about 250'C and about 280'C.  

10085] Advantageously, the solubility of calcium phosphate decreases with elevated 

temperature. Accordingly, in those embodiments wherein the sludge comprises aluminium 

phosphate, the reaction of calcium ions with aluminium phosphate to form insoluble components 

comprising calcium and phosphate, and suspended and/or soluble aluminium, proceeds further at 

higher temperatures.  

10086] In some embodiments, the pressure at which the wet oxidation is performed is between 

about 4 MPa and about 8 MPa. In some embodiments, the pressure is between about 5.5 MPa 

and about 8 MPa.
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10087] Suitable catalysts are known in the art and include, but are not limited to, the transition 

metal ions and mixtures thereof. In some embodiments, the catalyst is ruthenium ions, bismuth 

ions, cobalt ions, copper ions, iron ions, manganese ions, or a mixture thereof. In some 

embodiments, the catalyst is bismuth ions, cobalt ions, copper ions, iron ions, manganese ions, or 

a mixture thereof In some embodiments, the catalyst is bismuth ions, cobalt ions, copper ions, 

iron ions, or a mixture thereof.  

100881 In some embodiments, the catalyst is a homogeneous catalyst and, in other 

embodiments, a heterogeneous catalyst. The invention contemplates embodiments wherein the 

catalyst is supported on a suitable mesh in the wet oxidation reactor.  

10089] Oxidants that may be used in the wet oxidation include, but are not limited to air, 

ozone, oxygen, and hydrogen peroxide. In some embodiments, the oxidant is air or oxygen. In 

some preferred embodiments, the oxidant is air. Accordingly, in some embodiments, the sludge 

is subjected to wet air oxidation.  

10090] The oxidant is typically introduced into the wet oxidation reactor at an equivalent or 

greater pressure to that of the reactor and at a rate sufficient to effect oxidation of the organic 

material in the sludge. The amount of oxidant is typically selected based on the initial COD of 

the sludge.  

100911 In some embodiments, wherein the oxidant is a compressed gas, the compressed gas is 

introduced into the wet oxidation reactor using means as are known in the art. In some 

embodiments, the compressed gas is introduced through a suitable pressure gauge.  

10092] Wet oxidation apparatus typically includes a heating means for heating the sludge to 

the temperature at which the wet oxidation is performed.  

[0093] In some embodiments, the wet oxidation is exothermic. Accordingly, in some 

embodiments, the wet oxidation apparatus incorporates a cooling means to maintain the 

temperature at which the wet oxidation is performed. In some embodiments, the cooling means 

incorporates a heat exchanger that may be used to heat the incoming sludge.  

10094] The volatile oxidation products in the vapour phase may be removed from the wet 

oxidation reactor using means as are known in the art. In some embodiments, the vapour phase 

is removed through a trumpet valve, needle valve, or similar in the wet oxidation reactor.
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10095] The volatile oxidation products in the vapour phase removed from the wet oxidation 

reactor may be recovered by reducing the temperature and pressure of the vapour phase. Typical 

oxidation products include, but are not limited to, water, carbon dioxide, formic acid, acetic acid, 

higher organic acids, and mixtures thereof. Carbon dioxide and other gases may, for example, be 

vented to the atmosphere or otherwise separated from the condensate.  

10096] The wet oxidation apparatus may incorporate a mixing means for mixing the reactor 

contents. Suitable mixing means include, but are not limited to, stirring, air lift mixing, 

ultrasound, shaking, and rotating.  

[0097] In some embodiments, the pH of the reactor contents are monitored and, if necessary, 

adjusted during the wet oxidation such that the pH is maintained at at least about 8 during the 

wet oxidation.  

10098] Generally, the pH of the sludge before the wet oxidation is adjusted so that the pH of 

the residual sludge is at least about 8. Accordingly, in some embodiments, the wet oxidation 

comprises subjecting the sludge to wet oxidation such that the residual sludge after wet oxidation 

has a pH of at least about 8, preferably at least about 9.  

[0099] Advantageously, adjusting the pH of the sludge before the wet oxidation and, if 

necessary, maintaining the pH at an alkaline pH during the wet oxidation reduces the corrosion 

of the wet oxidation reactor and associated equipment that may otherwise occur due to the 

formation of acidic components, such as various organic acids, during the wet oxidation.  

100100] The substantially non-volatile residual sludge may be collected from the wet oxidation 

reactor. In those embodiments wherein the wet oxidation is performed in a semi-continuous or 

continuous manner, the residual sludge (or "blow-down") may be periodically collected from the 

reactor by expelling the residual sludge from the reactor under pressure.  

100101] The liquid level in the wet oxidation reactor is typically monitored during the wet 

oxidation. The liquid level in the wet oxidation reactor may be maintained below a pre-selected 

upper limit by periodically collecting the residual sludge from the reactor.  

100102] Figure 1 shows one embodiment of an apparatus suitable for performing the method of 

the invention. The invention is not limited thereto and other suitable apparatus will be apparent 

to those persons skilled in the art. The apparatus (1) includes a sludge preparation tank (3), in 

which, for example, the calcium ions may be added to the sludge and the pH adjusted. The
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sludge is pumped by pump (5) through a heat exchanger (7) into a wet oxidation reactor (9). The 

sludge is pre-heated by the vapour phase (11), which typically comprises steam, carbon dioxide 

and volatile organic compounds, such as various organic acids, exiting the reactor (9). An 

oxidant (13), such as air is also fed into the reactor (9). Periodically, the residual sludge (15) is 

removed from the wet oxidation reactor (9) during blow-down.  

100103] The pH of the residual sludge is preferably at least about 8. In some embodiments, the 

pH of the residual sludge is adjusted and maintained at at least about 8. In some embodiments, 

the pH of the residual sludge is adjusted and maintained at at least about 9. In some 

embodiments, the pH of the residual sludge is adjusted and maintained at at least about 10. In 

some embodiments, the pH of the residual sludge is adjusted and maintained at at least about 11.  

In some embodiments, the pH of the residual sludge is adjusted and maintained at at least about 

12. In some embodiments, the pH of the residual sludge is adjusted and maintained at at least 

about 13. In some embodiments, the pH of the residual sludge is adjusted and maintained at 

about 14. In some embodiments, the pH of the residual sludge is adjusted and maintained at a 

pH between about 8 and about 12. In some embodiments, the pH of the residual sludge is 

adjusted to about 12.  

100104] The invention also contemplates embodiments in which the pH of the residual sludge 

is decreased. In those embodiments, the pH is decreased by adding a suitable acid, such as 

sulfuric acid (H 2 SO 4), nitric acid (HNO 3), or hydrochloric acid (HCl). The invention is not 

limited thereto and other acids may be used.  

100105] The residual sludge comprises insoluble components comprising calcium and 

phosphate and, in some embodiments, also comprises suspended and/or soluble aluminium. The 

residual sludge may also comprise other insoluble minerals and metal salts, depending on the 

composition of the sludge.  

[00106] The residual sludge is typically cooled before further processing. In some 

embodiments, the residual sludge is cooled using a heat exchanger, which may also heat the 

incoming sludge.  

100107] The substantially solid component of the residual sludge, which comprises insoluble 

components comprising calcium and phosphate, may be separated from the liquid component of 

the residual sludge by, for example, filtering the residual sludge. In some embodiments, the 

substantially solid component is separated from the liquid component by vacuum filtration.
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Other methods of separating the substantially solid component of the residual sludge from the 

liquid component may also be used, such as a phase separator, a hydrocyclone, extractor, or 

centrifuge. In some embodiments, the substantially solid component may be separated from the 

liquid component by gravity settlement.  

[00108] In some embodiments, the catalyst, if used, is separated and recovered from the 

residual sludge.  

[001091 The substantially solid component of the residual sludge, which comprises insoluble 

components comprising calcium and phosphate, may be used, for example, as a fertiliser, soil 

conditioner, or concrete additive. Other uses will be apparent to those skilled in the art. The 

substantially solid component may be further processed.  

[001101 In those embodiments wherein the sludge comprises aluminium, the liquid component 

of the residual sludge comprises suspended and/or soluble aluminium.  

[00111] In some embodiments, the liquid component of the residual sludge, which comprises 

suspended and/or soluble aluminium, is suitable for use without further treatment as a coagulant 

in water and wastewater treatment. Other uses will be apparent to those skilled in the art. The 

liquid component may be further processed. In some embodiments, the liquid component is 

neutralised to produce aluminium hydroxide, which may then be treated with sulfuric acid to a 

pH of about 4 or less to form aluminium sulfate.  

100112] Described herein is a method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet air 

oxidation in a reactor such that the residual sludge after wet oxidation has a pH of at least about 

8; and 

(d) separating the residual sludge into a substantially solid component and a liquid 

component, wherein the substantially solid component comprises insoluble components 

comprising calcium and phosphate.  

100113] In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising:
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(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH 

of the sludge to at least about 8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet air 

oxidation in a reactor such that the residual sludge after wet oxidation has a pH of at least about 

8; and 

(d) separating the residual sludge into a substantially solid component and a liquid 

component, wherein the substantially solid component comprises insoluble components 

comprising calcium and phosphate, and the liquid component comprises suspended and/or 

soluble aluminium.  

[00114] Described herein is a method for treating a sludge, the method comprising subjecting a 

phosphate-containing and calcium-containing sludge to wet air oxidation in a reactor such that 

the residual sludge after wet air oxidation has a pH of at least about 8, and separating the residual 

sludge into a substantially solid component and a liquid component, wherein the substantially 

solid component comprises insoluble components comprising calcium and phosphate.  

1001151 In some embodiments, the present invention provides a method for treating a sludge, 

the method comprising subjecting a phosphate-containing, calcium-containing, and aluminium

containing sludge to wet air oxidation in a reactor such that the residual sludge after wet air 

oxidation has a pH of at least about 8, and separating the residual sludge into a substantially solid 

component and a liquid component, wherein the substantially solid component comprises 

insoluble components comprising calcium and phosphate, and the liquid component comprises 

suspended and/or soluble aluminium.  

1001161 The invention may also be said broadly to consist in the parts, elements and features 

referred to or indicated in the specification of the application, individually or collectively, in any 

or all combinations of two or more of said parts, elements or features, and where specific 

integers are mentioned herein which have known equivalents in the art to which the invention 

relates, such known equivalents are deemed to be incorporated herein as if individually set forth.  

100117] The following non-limiting examples are provided to illustrate the present invention 

and in no way limit the scope thereof.
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Examples 

Apparatus 

[00118] The following experiments were performed in an apparatus, which could be operated 

in batch or continuous mode. The apparatus (20) is illustrated in Figure 2 set up for continuous 

operation.  

100119] The apparatus (20) included a stainless steel autoclave reaction vessel (22) (300 ml), 

the lid (23) of which was fitted with a stirrer (24) (MagneDrive II), a blow disc (25) and an inlet 

connection for the feed line (26). For use at high temperature, the bearings on the drive shaft of 

the stirrer (24) required cooling, so a mains water cooler (28) was attached.  

[00120] The reaction vessel (22) was heated via an external element (30) (2kW) with accurate 

heat control via a temperature controller (32), and an additional thermocouple probe (34) 

connected to a temperature indicator (36) was inserted into the reaction vessel (22) and was in 

contact with the liquid phase.  

100121] Compressed air was supplied from a cylinder (38) (BOC; dry air, 20 MPa), fitted with 

a high pressure outlet regulator (40) capable of supplying air at or above the operating pressure.  

The air flow was further controlled by a metering valve (not shown) built in to the air flow meter 

(42) (Swagelok, rotameter, M2 type). The air supply also included two line vents (43).  

100122] The reaction vessel (22) was fitted with a pressure transmitter (44) that, together with 

the temperature controller (32), temperature indicator (36) and flow meter (42), was connected to 

a control unit (45).  

100123] The apparatus (20) included a removable pressure stainless steel vessel (46) (150 mL), 

mounted on the reaction vessel lid (23) for use as a raw material feed vessel (feed tank). This 

vessel (46) acted as a reservoir, through which the compressed air inlet was diverted to transfer 

sludge to the reaction vessel (22) with positive pressure in a single slug (up to 150 mL).  

Alternatively, a screw-thread type or diaphragm pump could be used.  

1001241 A feed line (26) entered the reaction vessel lid (23) and exited through a 1/8" tube (48) 

positioned with the outlet vertically adjacent to the stirrer rotor (50) for maximum distribution 

effect.
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1001251 The vapour outlet of the reaction vessel (22) exited through the lid of the reaction 

vessel (23), and entered a condenser loop (51) cooled by a water jacket. The flow continued to a 

condenser collection vessel (52), maintained at the same operating pressure as the reaction vessel 

(22). The condenser vessel (52) was placed in a bath (53), which could be cooled by water or 

glycol as desired. The collection vessel (52) allowed visual inspection of the condensed fluid, 

pressure monitoring via a pressure transmitter (54), and allowed collection of the liquid (56) via 

a hand operated valve (58) capable of being opened and closed under the operating pressure.  

[00126] Within the reaction vessel (22), the outlet port was modified to guard against 

potential foaming of the reaction mixture. A tube was inserted, with an anti-foam attachment 

(60) - a steel mesh containing anti-bumping granules.  

100127] The vapour outlet on top of the collection vessel (52) was connected to a spring-loaded 

pressure regulation valve (or back pressure regulator (BPR, 61)). When in batch mode, this 

valve (61) could be open or closed throughout the reaction (thus controlling air flow). In 

continuous mode, this valve (61) controlled the pressure of the system allowing continuous flow 

of vapours. The vapour passed into a secondary condenser collection vessel (62). The 

secondary condenser vessel (62) was placed in the bath (53). A pressure indicator (64) was 

connected to the secondary condenser vessel (62). The outlet from the secondary condenser 

vessel (62) could be bubbled through a vapour trap (66) (for example, a suitable aqueous 

solution) or diverted to collect the vapours (for example, in a suitable sampling bag, such as a 

TEDLAR* bag (not shown)) for analysis.  

100128] A siphon tube (68) was fitted to the reaction vessel (22) interior, with the port as close 

to the floor of the reaction vessel (22) as possible, connected to an external water cooled heat 

exchanger (69) with a needle valve (70) to control flow. Residual sludge (or blow-down (72)) 

could then be removed directly from the reaction vessel (22) interior when at full operational 

conditions, notably at the end of the reaction.  

[001291 In operation, the raw material feed vessel (46) was manually filled with sludge and 

then securely connected in an upright position to the reaction vessel lid (23) when required.  

When the feed vessel (46) was not in position, a safety pipe assembly (safety loop, not shown) 

was fitted to guard against any accidental or undesired release of sludge. A simple valve 

sequence allowed transfer of sludge to the reaction vessel (22), whereby the air inlet flow was
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diverted via a 3-way air inlet valve (74) through the feed vessel (46) to push the sludge through 

using positive pressure.  

[00130] Normal flow could be restored by returning the valve positions, and the raw material 

feed vessel (46) could then be safely vented, removed and replaced with the safety loop. The 

raw material feed vessel (46) could then be weighed and filled with sludge for next usage as 

required. This system could also be used to deliver water as a cleaning purge between batches of 

sludge. Advantageously, the apparatus (20) permitted sludge to be delivered into the reaction 

vessel (22) when at operating pressure and temperature, multiple times, allowed continuous 

operation and avoided the need to open the reaction vessel (22) (including cooling time) between 

runs.  

Sludge 

100131] Municipal waste sludge was received from the wastewater treatment works at 

Palmerston North. Raw sludge was collected from the clarifier discharge to feed the centrifuge 

before dewatering chemical. Table 1 lists the typical properties of the raw sludge before addition 

of calcium ions and pH adjustment.  

Table 1 

Solid Content 1.0 - 4.5 % 

Laminar Viscosity 0.78 - 2.71 Pa.s 

Density 1.1 kg/L 

COD Max. 60g/L 

Element Approx Mol% 

C 25 

H 49 

0 24 

Al 1 

P 1 

General operating procedure 

100132] Table 2 shows typical operating conditions for the apparatus (20).
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Table 2 

Feed 100 g per hour 

Temperature 240 - 2900 C 

Pressure 4 - 8 MPa 

Air flow 0 - 150 g per hour 

100133] The reaction vessel (22) (300 ml) was sealed and all parts of the lid (23) assembly 

were checked, with the lid (23) bolts torqued (40 lb).  

100134] The air inlet line was connected and the feed inlet safety loop was placed in position 

with all valve positions checked. A leak test was performed by pressurising the reaction vessel 

(22) to 5 MPa at room temperature and isolating the reaction vessel (22). Once complete, the 

reaction vessel (22) was vented and the air inlet disconnected.  

[00135] The thermocouple (34) and lid insulation (not shown) were fitted, the stirrer belt and 

shields (not shown) placed in position, and the stirrer (24) tested. The air inlet line was 

reconnected, and the cooling water lines connected to the stirrer (24) head.  

100136] The heater (30) was switched on to the appropriate setpoint (for example, 280'C for 

internal temperature of 250'C). The temperature rise was closely monitored throughout the 

heating cycle.  

100137] Stirring was commenced and air introduced into the reaction vessel (22) from the 

cylinder (38). The BPR (61) was opened to modulate the pressure and the air inlet valve (74) 

remained open to allow a constant stream of air into the system. The metering valve on the flow 

meter (42) controlled the flow.  

100138] While the reaction vessel (22) was heating to the operating temperature, the sludge 

was prepared by adding the required amount of sodium hydroxide (5.5 M, 5.00 mL) and calcium 

oxide CaO (0.70 g) (or equivalent) to the raw sludge (c.a. 100 g) with stirring until it was well 

mixed. The pH of the sludge was then about 12. This sludge was then charged to the raw 

material feed vessel (46), which was then carefully sealed and positioned on the reaction vessel 

lid (23) following removal of the safety loop.  

[00139] Once the operating temperature was reached, the sludge was transferred into the 

reaction vessel (22) by switching the 3-way air inlet valve (74) to the raw material feed vessel
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(46) allowing it to pressurise, then carefully opening the raw material feed vessel outlet valve 

(76) and the reaction vessel inlet needle valve (78) to allow the sludge to flow into the reaction 

vessel (22) in a single continuous slug. The BPR (61) could be opened a little further to create a 

bigger pressure differential and allow a higher flow rate.  

[00140] The flow increased notably at this stage and the reaction vessel (22) temperature 

dropped significantly upon introduction of the sludge (c.a. 50'C). After approximately 3 

minutes, normal flow was restored, including returning the BPR (61) to its normal position to 

maintain pressure and flow in the apparatus (20).  

[00141] The reaction vessel feed inlet valve (78) was closed and the raw material feed vessel 

(46) was carefully vented from the apparatus (20) and replaced with the safety loop. The 

reaction vessel (22) temperature was soon restored.  

100142] The reaction was allowed to proceed at the selected operating conditions and the 

system parameters were recorded throughout the reaction at 10 minute intervals, including the 

liquid level in the condenser tank (52).  

1001431 Liquid fractions were periodically collected, depending upon the fill level, via the 

drain valve (58) on the condenser tank (52).  

[00144] To simulate continuous operation, the above method was repeated with introduction of 

sludge, for example 20 g every 12 minutes, equating to 100 g/hour. The temperature drop for 

each of these additions was observed to be much lower (5 - 10 C).  

100145] The reaction was ended by switching off the heater (30) and stirrer (74).  

100146] The residual sludge (72) was collected, when required, from the reaction vessel (22) 

interior via the blow-down valve (70).  

Results 

COD reduction 

100147] The reduction in COD varied with the operating conditions employed. Table 3 shows 

the operating conditions used for four experiments and Figure 3 shows the reduction in COD 

achieved under each of those operating conditions.
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Table 3 

Temp Air pressure Feed rate COD Rdn COD Rdn 

C MPa g/hr % % of theoretical 

PMR017 260 6.0 100 79 88 

PMR018 260 6.0 40 54 60 

PMR020 260 6.0 150 71 79 

PMR021 275 7.5 70 73 81 

Recovered phosphate 

100148] A phosphate mass balance (Table 4) showed over 99% of the phosphate remained in 

the residual sludge (72) collected from the reaction vessel (22) interior.  

Table 4 

Measured P (mg/L) as PO 4 

Sludge 724.32* 

Condensate 1.64 

Blow-down 722.69** 

* Compares favourably with the theoretical predicted concentration of 1 000mg/L based on average influent 

phosphate concentration and sludge production 

** By calculation 

Recovered aluminium 

[00149] The residual sludge (72) collected from the reaction vessel (22) interior was treated to 

provide a recovered aluminium solution. It was estimated that at least 80% of the available 

aluminium was recovered from the raw sludge in the recovered aluminium solution. The 

recovered aluminium solution was compared in jar tests (coagulation tests) on a sample of 

influent against a standard solution of aluminium sulfate (Merck). Using a flocculation 

apparatus with a program of stirring at 50 rpm for 10 min, 30 rpm for 30 min and finally settling 

for one hour, flocculation, turbidity and clarity were evaluated by visual inspection and the 

residual phosphate level was measured.  

[00150] The general procedure to determine the performance of the recovered aluminium 

solution was:
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1001511 Ca(OH)2 (1.5g) and NaOH (10 mL of 6M, 2.4 g) were added to 300 g of raw sludge 

from the wastewater treatment works, which contained approximately 5 g of hydrated aluminium 

sulfate (alum).  

[001521 The sludge was subjected to wet air oxidation as described above in a batch process.  

1001531 The residual sludge (72) collected from the reaction vessel (22) interior was allowed 

to cool and then filtered under vacuum using glass fibre (Whatman GFC) filter papers.  

[00154] The filtrate, which was at approximately pH 12, was analysed. Phosphate was not 

detected. Aluminium was determined to be equivalent to 3.5 - 4.0 g of aluminium sulfate 

approximately 80% recovery of the aluminium in the raw sludge.  

[00155] In order to provide a direct comparison with the commercially available aluminium 

sulfate, the filtrate solution was neutralised with sulfuric acid (approximately 7 mL of 6M) and a 

precipitate formed. The resulting solid was filtered and washed before re-dissolving with 

sulfuric acid to pH 3.5 and diluted to 300 mL to provide the recovered aluminium solution.  

100156] The performance of the recovered aluminium solution was then compared directly 

with commercially available aluminium sulfate using standard coagulation tests. The 

performance of the recovered aluminium solution is summarised in Table 5 and the recovered 

aluminium solution showed similar performance to commercially available aluminium sulfate.  

Table 5 

Dose (mL) pH [P0 4
3 ] ppm Turbidity Clarity Flocculation 

10 7.0 n/a high poor yes 

15 6.9 0.85 low poor yes 

20 6.8 0.31 low good yes 

30 6.6 0.31 low good yes 

40 6.4 n/a low good yes 

Industrial application 

100157] It will be appreciated that, in use, the present invention provides a method for 

recovering phosphate as a substantially solid component, which comprises insoluble components 

comprising calcium and phosphate, from a phosphate-containing sludge. Advantageously, the 

method incorporates wet oxidation to decompose the organic components of the sludge to
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provide a residual sludge comprising insoluble components comprising calcium and phosphate 

and, in some embodiments, suspended and/or soluble aluminium.  

[00158] The substantially solid component of the residual sludge, which comprises insoluble 

components comprising calcium and phosphate, may be suitable for use as a fertiliser, for 

example. The suspended and/or soluble aluminium may be suitable for use as a coagulant in 

water and wastewater treatment.  

[001591 It is not the intention to limit the scope of the invention to the abovementioned 

examples only. As would be appreciated by a skilled person in the art, many variations are 

possible without departing from the scope of the invention as set out in the accompanying 

claims.  

[001601 In addition, where features or aspects of the invention are described in terms of a 

Markush group, those skilled in the art will recognise that the invention is also thereby described 

in terms of any individual member or subgroup of members of the Markush group.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method for treating a sludge, the method comprising subjecting a phosphate-containing, 

calcium-containing, and aluminium-containing sludge to wet oxidation such that the pH of the 

residual sludge obtained after wet oxidation is at least about 8.  

2. A method as claimed in Claim 1, wherein the phosphate-containing, calcium-containing, 

and aluminium-containing sludge is a phosphate-containing and aluminium-containing sludge 

comprising added calcium ions.  

3. A method as claimed in Claim 1 or 2, wherein the sludge is obtained from the treatment of 

water or waste water with an aluminium compound.  

4. A method as claimed in any one of Claims I to 3, wherein the residual sludge comprises 

insoluble components comprising calcium and phosphate.  

5. A method as claimed in any one of Claims I to 4, wherein the residual sludge comprises 

suspended and/or soluble aluminium.  

6. A method as claimed in any one of Claims 2 to 5, wherein the calcium ions are added to 

the sludge by adding a calcium compound as a solid, suspension, slurry, or solution.  

7. A method as claimed in any one of Claims 2 to 6, wherein sufficient calcium ions are 

added to the sludge such that substantially all of the phosphate in the sludge forms insoluble 

components comprising calcium and phosphate.  

8. A method as claimed in any one of Claims 2 to 7, wherein the amount of calcium ions 

added to the sludge is selected such that excess calcium ions remain in solution.  

9. A method as claimed in any one of Claims 2 to 8, wherein the pH of the sludge following 

addition of the calcium ions is at least about 8.  

10. A method as claimed in any one of Claims Ito 9, further comprising adjusting the pH of 

the sludge.  

11. A method as claimed in Claim 10, wherein the pH is adjusted during wet oxidation.  

12. A method as claimed in Claim 10 or 11, wherein the pH is adjusted so that the pH of the 

residual sludge is at least about 9, at least about 10, at least about 11, at least about 12, at least 

about 12.5, at least about 13, or about 14.  

13. A method as claimed in any one of Claims 10 to 12, wherein the pH is adjusted by adding 

a base as a solid, suspension, slurry, or solution.  

14. A method as claimed in any one of Claims I to 13, further comprising separating the 

residual sludge into a substantially solid component and a liquid component; or separating the
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residual sludge into a substantially water soluble component and a substantially water insoluble 

component.  

15. A method as claimed in any one of Claims I to 13, further comprising separating the 

residual sludge into a substantially solid component and a liquid component, wherein the liquid 

component comprises suspended and/or soluble aluminium; or separating the residual sludge into 

a substantially water soluble component and a substantially water insoluble component, wherein 

the substantially water soluble component comprises suspended and/or soluble aluminium.  

16. A method for treating a sludge, the method comprising subjecting a phosphate-containing 

and aluminium-containing sludge comprising added calcium ions to wet oxidation at a pH of at 

least about 8.  

17. A method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge is less than about 8, adjusting the pH of the sludge to at least about 

8; and 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet 

oxidation.  

18. A method for treating a sludge, the method comprising: 

(a) adding calcium ions to a phosphate-containing and aluminium-containing sludge; 

(b) if the pH of the sludge with added calcium ions is less than about 8, adjusting the pH of the 

sludge with added calcium ions to at least about 8; 

(c) subjecting the sludge with added calcium ions and a pH of at least about 8 to wet oxidation 

in a reactor such that the residual sludge after wet oxidation has a pH of at least about 8; and 

(d) separating the residual sludge into a substantially solid component and a liquid component, 

wherein the substantially solid component comprises insoluble components comprising calcium 

and phosphate and wherein the liquid component comprises suspended and/or soluble 

aluminium.  

19. A method for treating a sludge, the method comprising subjecting a phosphate-containing, 

calcium-containing, and aluminium-containing sludge to wet oxidation in a reactor such that the 

residual sludge after wet air oxidation has a pH of at least about 8, and separating the residual 

sludge into a substantially solid component and a liquid component, wherein the substantially 

solid component comprises insoluble components comprising calcium and phosphate and 

wherein the liquid component comprises suspended and/or soluble aluminium.  

20. A method as claimed in any one of Claims I to 19 wherein the wet oxidation is wet air 

oxidation.
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