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Patent Description  

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and device for uranium recovery. More specifically, the present invention provides an apparatus and method for recovering uranium from a body of material using an ultrasonic counter-current screw extractor. 

BACKGROUND INFORMATION 

[0002] Contaminated materials, such as incinerator ash and soils, pose many challenges for the uranium processing industry. At uranium processing sites, incinerator ash and soils may be contaminated with different materials, including heavy metals, uranium and other radioactive materials. Uranium materials, when present in such solids, may be either uniformly distributed throughout the solids or may be concentrated in discrete sections. Removal of uranium materials from these solids is particularly difficult as, in most instances, a non-uniform distribution of uranium at low concentration levels occurs. Material treatment/separation techniques which use a mechanical separation technique (i.e. classifiers) are not equipped to separate uranium at low concentrations and, as a consequence, are not of practical use in these instances. Another drawback of mechanical separation classifiers is that these classifiers use large amounts of energy for the amount of materials separated and are therefore economically unfeasible. 

[0003] Current systems used to separate uranium from solids are also expensive due to several other economic factors. The solids that are contaminated must be removed (i.e. excavated), trucked to a treatment site, treated, and then returned to the original excavation site for filling. The multiple handling steps for cleaning the solid material increases both the ultimate energy costs associated with treatment as well as the associated labor costs. Handling of contaminated solids also requires special trucking systems to prevent the solids from contaminating the trucking system and the surrounding environment due to leaks in the trucking system. 

[0004] There is therefore a need to provide a method and apparatus which will allow uranium to be separated from a base solid, such as incinerator ash and/or soils, with greater efficiency than current mechanical separation techniques. 

[0005] There is a further need to provide an apparatus and method which will allow the uranium to be separated economically from the base solid. 

[0006] There is a further need to provide an apparatus which is easily transportable so that contaminated materials may be treated on-site, thereby minimizing handling costs. 

SUMMARY 

[0007] It is therefore an objective of the present invention to provide a method and apparatus which will allow uranium to be separated from a base solid, such as incinerator ash and/or soils, with greater efficiency than current mechanical separation techniques. 

[0008] It is also a further objective of the current invention to provide an apparatus and method which will allow the uranium to be separated economically from the base solid. 

[0009] It is a still further objective of the current invention to provide an apparatus for treating solids that is easily transportable so that contaminated materials may be treated on-site, thereby minimizing handling costs. 

[0010] The objectives of the present invention are achieved as illustrated and described. The invention provides a method to remove uranium from a body of solid material. The invention recites the method steps of providing the body of solid material containing a concentration of uranium, depositing the body of solid material in an ultrasonic extractor and depositing an amount of acid in the ultrasonic extractor. The method also provides for the steps of heating a jacket of the ultrasonic extractor, transporting the body of solid material in the ultrasonic extractor and the amount of acid such that the body of solid material and the acid contact each other inside the heated ultrasonic extractor while the ultrasonic extractor provides ultrasonic energy to both the body of solid material and the amount of acid, wherein the amount of acid strips uranium from the body of solid material. The method further provides for collecting the amount of acid and the body of solid material in the ultrasonic extractor in different positions in the ultrasonic extractor, transporting the amount of acid with the stripped uranium to an extraction mixer settler, and settling uranium product from the extraction mixer settler. 

[0011] The invention also provides for an apparatus to remove uranium from a body of solid material. The invention provides at least one ultrasonic extractor configured to accept the body of solid material at a bottom and an amount of acid at a top, wherein the at least one ultrasonic extractor is configured in a mixing screw arrangement, the ultrasonic extractor configured with at least one ultrasonic unit to impart ultrasonic energy into the body of solid material and the amount of acid while the body of solid material and the amount of acid traverse the at least one ultrasonic extractor and an acid delivery system configured to deliver the amount of acid to the at least one ultrasonic extractor. The invention also provides for a pump configured to remove the amount of acid which has drained to the bottom of the at least one ultrasonic extractor, a feed tank configured to accept the amount of acid removed by the pump and an extraction mixer settler connected to the feed tank, the extraction mixer settler configured to accept material from the feed tank and separate uranium product from a remainder of the amount of acid. 

[0012] The invention also provides an apparatus for separating uranium from a mass of material. The apparatus provides a combustible waste feed system, a combustion chamber connected to the combustible waste feed system, the combustion chamber configured to combust waste from the waste feed system and a fuel source, a feed tank, a first ultrasonic counter-current screw extractor, a second ultrasonic counter-current screw extractor connected to the first ultrasonic counter-current screw extractor and a third ultrasonic counter-current screw extractor connected to the second ultrasonic counter-current screw extractor. The apparatus also includes a pump connected to the first ultrasonic counter-current screw extractor, the pump configured to remove an amount of acid from the first ultrasonic counter-current screw extractor and provide the amount of acid to the feed tank, an acid delivery system configured to add the amount of acid to the third ultrasonic counter-current screw extractor and remove accumulated acid at a bottom of the third ultrasonic counter-current screw extractor and transport the accumulated acid to a top of the second ultrasonic counter-current screw extractor and transport accumulated acid at a bottom of the second ultrasonic counter-current screw extractor and transport the accumulated acid at the bottom of the second ultrasonic counter-current screw extractor to a top of the first ultrasonic counter-current screw extractor and an extraction mixer settler connected to the feed tank, the extraction mixer settler configured to treat material received from the feed tank in an aqueous phase and an organic phase. The apparatus moreover provides a raffinate treatment system connected to the extraction mixer settler, the raffinate treatment system configured to treat raffinate waste from the extraction mixer settler, an organic phase reconditioning system connected to the extraction mixer settler, the organic phase reconditioning system configured to regenerate an organic phase arrangement of the extraction mixer settler, a process offgas scrubber connected to the feed tank and the extraction mixer settler, the process offgas scrubber configured to process offgas for release, a neutralization system, and a dissolver offgas scrubber connected to the third ultrasonic counter-current screw extractor, the dissolver offgas scrubber configured with an outlet to the process offgas scrubber and the neutralization system, the neutralization system configured to neutralize materials obtained from the dissolver offgas scrubber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic representation of an arrangement using an ultrasonic counter-current screw extractor for uranium recovery from solid materials. 

[0014] FIG. 2 is an expanded view of the ultrasonic counter-current screw extractor for uranium recovery illustrated in FIG. 1. 

DETAILED DESCRIPTION 

[0015] Referring to FIG. 1, an arrangement 10 using an ultrasonic counter-current screw extractor for uranium recovery is illustrated. The arrangement 10 is used to treat solids, such as incinerator ash and/or soils, that are contaminated with uranium. In the arrangement, a combustible waste feed 12 feeds into a combustion chamber 14 of an incinerator for ultimate disposition. The combustion chamber 14 may be fed with an input of natural gas 18, or other combustible power source such as oil as a non-limiting example. Gaseous components resulting from the combustion process in the combustion chamber 14 are released from the combustion chamber 14 by an offgas outlet 16 which, as illustrated, releases the gaseous components generated in the combustion chamber 14 to the atmosphere. Although not illustrated, further processing steps may occur for the offgas exiting the combustion chamber in order to reduce the ultimate amount of pollutants discharged to the atmosphere. Such treatment steps may be, for example, selective non-catalytic reduction, urea injection as non-limiting treatments available. 

[0016] The resulting solid uranium containing component derived from the combustion process in the combustion chamber 14 is a uranium bearing ash 20 as the volatile and combustible materials have been removed in the combustion chamber 14 by the combustion process. The concentration of the uranium in the ash exiting the combustion chamber 14 may vary according to the amount of uranium concentration originally added to the combustion chamber 14. The combustible waste feed 12, for example, may contain a greater or lesser uranium component and as a result, the resulting ash may have a varying concentration of uranium. 

[0017] Commercial uranium bearing solids 22 may be added separately or blended with the uranium ash 20 exiting the combustion chamber 14 thereby producing a uranium bearing solid 24 which may be separated into a uranium component and a non-uranium bearing component. The solid form of the material may be discrete particles of material, such as fine powder or uranium bearing solids. The uranium bearing solid 24 may be fed into a first unit 26A of an ultrasonic counter-current screw extractor for uranium recovery 26. The uranium bearing solid 24 may be placed in a bottom of an ultrasonic unit 26A which is configured to accept solid materials and transport these materials from the bottom of the unit 26A to the top of the unit 26A. As illustrated, the ultrasonic units 26A,B,C may be mixer screw arrangements 26 which provide a height change of the solids entering the bottom of the units 26 A,B,C. At the top of the ultrasonic units 26A,B,C, acid may be added to the unit 26A,B,C to allow the uranium to be accurately separated from the non-uranium solids in the uranium bearing solid 24. As illustrated, three individual ultrasonic units 26A,B,C may be used in series to separate uranium from the remainder of the solids 24. Each ultrasonic unit 26A,B,C may have a separate pump 34 which places an acid in a top of the ultrasonic unit 26A,B,C. The acid added may be, for example, a nitric acid, as a non-limiting example, for stripping the uranium content from the solids 24. The acid addition to each ultrasonic unit 26A,B,C may be from the discharge of any previous ultrasonic unit, thereby minimizing the amount of nitric acid used as well as providing a superior uranium separation capability. The addition of acid to each ultrasonic unit may be staged such that low concentration uranium solids contact acid which is more concentrated so that uranium may be removed with a greater efficiency. Additionally, acid which is not as concentrated (i.e. acid that has been used in a previous step or uranium stripping) may be combined with greater uranium bearing solids. In this manner, an optimal acid concentration is maintained in contact with the solids 24 throughout processing, thereby allowing minimal acid use while maximizing uranium stripping capability. The number of ultrasonic units may vary in order to optimize uranium recovery. The equipment may also be sized to ensure criticality safety, relying upon safe geometry. 

[0018] Each of the ultrasonic units 26 may be configured to have a jacket (i.e. an outer covering) that heats the unit 26 and the materials placed in the interior of the ultrasonic unit 26. The heating of the jacket and the interior placed materials may be accomplished through electric heating or through creation of a steam jacket. Other heating mechanisms may be used, and the heating types are to be considered illustrative and non-limiting. 

[0019] In the example embodiment illustrated, a first ultrasonic unit 26A accepts a combination of enriched U ash and commercial uranium bearing solids 24. This combination of solids 24 is added to the bottom of the first ultrasonic unit 26A and subsequently heated by the jacket as the solids traverse up the first ultrasonic unit 26A. The material placed in the bottom of the ultrasonic unit 26A is combined with nitric acid added by pump 40, wherein the nitric acid enters the top of the ultrasonic unit 26A and flows down the unit 26A. The nitric acid added by the pump 40 is obtained from a second ultrasonic unit 26B preceding the first ultrasonic unit 26A. 

Patent Claims 

1. A method to remove uranium from a body of solid material, comprising: providing the body of solid material containing a concentration of uranium; depositing the body of solid material in an ultrasonic extractor; depositing an amount of acid in the ultrasonic extractor; heating a jacket of the ultrasonic extractor; transporting the body of solid material in the ultrasonic extractor and the amount of acid such that the body of solid material and the acid contact each other inside the heated ultrasonic extractor while the ultrasonic extractor provides ultrasonic energy to both the body of solid material and the amount of acid, wherein the amount of acid strips uranium from the body of solid material; collecting the amount of acid and the body of solid material in the ultrasonic extractor in different positions in the ultrasonic extractor; transporting the amount of acid with the stripped uranium to an extraction mixer settler; and settling uranium product from the extraction mixer settler. 

2. The method according to claim 1, wherein the acid added to the ultrasonic extractor is nitric acid. 

3. The method according to claim 1, wherein the body of solid material is incinerator ash. 

4. The method according to claim 1, further comprising: treating the amount of acid with the striped uranium in both an aqueous phase and an organic phase section of the extraction mixer settler. 

5. The method according to claim 1, further comprising: removing gas generated in the ultrasonic extractor and transporting the gas to a dissolver offgas scrubber; scrubbing offgas from the offgas scrubber, and releasing the offgas to the atmosphere. 

6. An apparatus to remove uranium from a body of solid material, comprising: at least one ultrasonic extractor configured to accept the body of solid material at a bottom and an amount of acid at a top, wherein the at least one ultrasonic extractor is configured in a mixing screw arrangement, the ultrasonic extractor configured with at least one ultrasonic unit to impart ultrasonic energy into the body of solid material and the amount of acid while the body of solid material and the amount of acid countercurrently traverse at least one ultrasonic extractor; an acid delivery system configured to deliver the amount of acid to the at least one ultrasonic extractor; a pump configured to remove the amount of acid which has drained to the bottom of the at least one ultrasonic extractor; a feed tank configured to accept the amount of acid removed by the pump; and an extraction mixer settler connected to the feed tank, the extraction mixer settler configured to accept material from the feed tank and separate uranium product from a remainder of the amount of acid. 

7. The apparatus according to claim 6, wherein the at least one ultrasonic extractor is configured as a counter-current screw extractor. 

8. An apparatus for separating uranium from a mass of material, comprising: a combustible waste feed system; a combustion chamber connected to the combustible waste feed system, the combustion chamber configured to combust waste from the waste feed system and a fuel source; a feed tank; a first ultrasonic counter-current screw extractor; a second ultrasonic counter-current screw extractor connected to the first ultrasonic counter-current screw extractor; a third ultrasonic counter-current screw extractor connected to the second ultrasonic counter-current screw extractor; a pump connected to the first ultrasonic counter-current screw extractor, the pump configured to remove an amount of acid from the first ultrasonic counter-current screw extractor and provide the amount of acid to the feed tank; an acid delivery system configured to add the amount of acid to the third ultrasonic counter-current screw extractor and remove accumulated acid at a bottom of the third ultrasonic counter-current screw extractor and transport the accumulated acid to a top of the second ultrasonic counter-current screw extractor and transport accumulated acid at a bottom of the second ultrasonic counter-current screw extractor and transport the accumulated acid at the bottom of the second ultrasonic counter-current screw extractor to a top of the first ultrasonic counter-current screw extractor; an extraction mixer settler connected to the feed tank, the extraction mixer settler configured to treat material received from the feed tank in an aqueous phase and an organic phase; a raffinate treatment system connected to the extraction mixer settler, the raffinate treatment system configured to treat raffinate waste from the extraction mixer settler; an organic phase reconditioning system connected to the extraction mixer settler, the organic phase reconditioning system configured to regenerate an organic phase arrangement of the extraction mixer settler; a process offgas scrubber connected to the feed tank and the extraction mixer settler, the process offgas scrubber configured to process offgas for release; a neutralization system; and a dissolver offgas scrubber connected to the third ultrasonic counter-current screw extractor, the dissolver offgas scrubber configured with an outlet to the process offgas scrubber and the neutralization system, the neutralization system configured to neutralize materials obtained from the dissolver offgas scrubber. 



