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Introduction 
Decontamination of materials such as soils or waste water that contain radioactive isotopes, 
heavy metals, or hazardous components is a subject of great interest as indicated by the growth 
of remediation and waste minimization efforts. The current treatments include both chemical 
and physical processing of the contaminated material derived, from the mining industry, for 
example. Magnetic separation is a physical separation process that segregates materials on the 
basis of magnetic susceptibility.1 Because the process relies on physical properties, 
separations can be achieved while producing a minimum of secondary waste. 

Most traditional physical separation processes effectively treat particles larger than 70 
microns.2 In many situations, the radioactive contaminants are found concentrated in the fine 
particle size fraction of less than 20 microns.3'4 For effective decontamination of the fine 
particle size fraction most current operations resort to chemical dissolution methods for 
treatment High gradient magnetic separation (HGMS) is able to effectively treat particles from 
90 to ~0.1 micron in diameter. The technology is currently used on the 60 ton per hour scale in 
the kaolin clay industry. 

When a paramagnetic particle encounters a non-uniform magnetic field, the particle is urged in 
the direction in which the field gradient increases. Diamagnetic particles react in the opposite 
sense. When the field gradient is of sufficiently high intensity, paramagnetic particles can be 
physically captured and separated from extraneous nonmagnetic material. 
Because all actinide compounds are paramagnetic (Table 1), magnetic separation of actinide 
containing mixtures is feasible. The advent of reliable superconducting magnets also makes 
magnetic separation of weakly paramagnetic species attractive. 
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Table 1. Volume Magnetic Susceptibility of Selected 
Compounds and Elements 

Compound/Element Susceptibility x 106> (SI) 
FeO 7178.0 

VWPBM; 
Cr203 844.0 
NiO 740.0 

Pil^PIWiiP^Bl':: .; 
Wli^^ll^^Pi^RI lyi^^^iiilJ^^^Bty 
li^ffiiWliii^ilPgf 

cud 242.0 
%:''}^§^^B^S^^B ^^^H^^^^&J'^^^M 
^ i i : ^ i i ^ i ! ' : : ^ ^ i i^^^^IM^^^^ffi;: ; : : % 

Cr03 14.0 
Si -0.3 

CaO -1.0 
MgO -11.0 
CaCl2 -13.0 
Si0 2 -14.0 

MgF2 -14.0 
AI2Q3 -18.0 

The HGMS method can be used to separate magnetic components from solids, liquids, or 
gases. A diagram of the method is shown in Figure 1. Most commonly contaminated material 
is slurried with water and passed through a magnetized volume. Field gradients are produced 
in the magnetized volume by a ferromagnetic matrix material such as, steel wool or nickel 
foam. Ferromagnetic and paramagnetic particles are extracted from the slurry by the 
ferromagnetic matrix while the diamagnetic fraction passes through the magnetized volume. 
The magnetic fraction is flushed from the matrix later when the magnetic field is reduced to 
zero. 
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Figure 1. Simplified HGMS Diagram 
Feed 

Suspension 

HGMS work at Los Alamos National Laboratory (LANL) is being developed for soil 
remediation, waste water treatment and treatment of actinide chemical processing residues. 
LANL and Lockheed Environmental Systems and Technologies Company (LESAT) have 
worked on a co-operative research and development agreement (CRADA) to develop HGMS 
for radioactive soil decontamination.5^ The program is designed to transfer HGMS from the 
laboratory and other industries for the commercial treatment of radioactive contaminated 
materials. 

High Gradient Magnetic Separation Equipment 
The development of HGMS at Los Alamos National Laboratory has included the design, 
purchase, and installment of several magnetic separation systems units. LANL currently has 
one conventional coil and three superconducting high gradient separators. The conventional 
coil (1-inch bore diameter) and one 3-inch bore superconducting magnet are installed on a vent 
hood in the plutonium facility. These two magnetic systems compose the radioactive soil 
treatability laboratory and became operational in 1993. The second 3-inch bore 
superconducting magnet is installed on a glove box in the plutonium facility. This magnet unit 
is used for testing highly contaminated material such as processing residues or radioactive 
waste water. LANL also has a 6-inch bore magnet that is being used for nonradioactive tests 
and prototype development for CRADA soil decontamination work. LESAT has built and is 
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testing, at LANL, a prototype magnetic canister for use in the six inch superconducting 
magnet. 

HGMS Results 
We have completed a comprehensive series of HGMS experiments with non-radioactive 
surrogates and have progressed to routine testing of radioactive materials. Our results on 
spiked material have been used to develop an analytical model that describes the HGMS 
process. 

Table 2. Independent Variables Investigated 
Material Characteristics Separator Parameters 

Particle Size: 0.5 - 50 \im Matrix Element Size: 5 - 100 \xm 
Impurity Concentration: 0.4 - 400 ppm Matrix Element Spacing: 80 - 1200 pm 

Solids Concentration: 5 - 30 wt % Magnetic Field Strength: 0.5 - 7.5 T 
Magnetic Susceptibility* (xlO6): 129 -1478 Matrix Material: 430 Stainless Steel & Ni 
Surfactant Concentration.: 0.05 - 0.2 wt % Residence Time: 1.0 - 8.0 s 

Slurry pH: 7 - 10 Superficial Velocity: 0.25 - 4.0 cm/s 
* SI units 

In studies involving soil remediation, we are developing and testing HGMS as part of an 
integrated system with LESAT's soil washing and gravity separation equipment.5,8-9 The goal 
is to replace the expensive chemical leach circuit with magnetic separation for treatment of the 
fine particle size fraction. HGMS tests have been conducted on contaminated soils from 
Fernald, China Lake, Johnston Atoll, Rocky Flats Plant (RFP), Idaho National Engineering 
Laboratory, LANL, and the Nevada Test Site (NTS). These soils or soil washing residues 
contain plutonium or uranium contamination. Test results to date on Fernald contaminated 
uranium soils indicate that HGMS can effectively reduce the uranium concentration in nearly 
75% of the soil mass to below 70 ppm. On NTS plutonium contaminated soils, HGMS tests 
concentrated 80% of the plutonium into a much smaller volume. Several HGMS tests were 
performed on RFP soil residues. Here 52% of the plutonium was removed from the initial 
slurry with about 3% of the bulk mass concentrated in the matrix. Further testing continues on 
Fernald soils where the intent will be to demonstrate the technology at a pilot scale. 

HGMS is also being developed for magnetic filtration of fluid waste streams at the waste 
treatment facility or streams that are generated during actinide chemical processing. The caustic 
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liquid waste generated by chloride processing operations at TA-55 can produce up to 15,000 L 
of liquid effluent annually, with an average alpha activity of 4500 (iCi/L. The TA-55 caustic 
liquid effluent is transferred to the LANL Waste Water Treatment Facility (TA-50) Pretreatment 
Room 60 where precipitation and filtration operations are conducted until the effluent meets the 
industrial waste disposal criteria (<0.52 nCi/L). This effluent is then combined with all other 
LANL liquid waste for continued treatment. The goal at TA-55 is to reduce actinide activity in 
the process waste streams to <0.52 \iCi/L which could eliminate the generation of TRU waste 
at TA-50, and meet the acceptance level for disposal as an industrial liquid waste. 

Several series of tests have been performed on caustic waste samples. Figure 3 illustrates the 
HGMS results on testing a TA-55 caustic waste stream effluent. After processing 500 ml of 
the unadjusted solution through the separator only 70% of the activity was removed. The 
lower activity limit reached was 34 \iCi/L. In three other tests, the pH was adjusted to 9.5 and 
the solution was processed three times at 6.5 tesla. In addition to pH adjustment, two 
solutions were aged at 70°C for 6 and 24 hours. Controlled heating is well documented in iron 
chemistry to generate controlled crystallization and specific particle sized species. In all three 
solutions, the results indicated that it is possible to remove activity to levels acceptable to the 
industrial waste discard limits. After two passes through the separator, more that 99% of the 
activity is removed. These results are significant and illustrate the flexibility of HGMS for 
treating a variety of caustic waste samples. 
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Figure 3. HGMS of TA-55 waste effluent showing the effect of aging and pH 
adjustment 
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Benefits of Magnetic Separation 
We have shown that HGMS can be used to concentrate plutonium and uranium in waste 
streams and contaminated soils. The benefits of incorporating magnetic separation as a unit 
operation are straightforward. One of the major benefits of this technology is that it only 
partitions the existing waste volume. A high contaminant concentration of a primary 
component and a low contaminant concentration of a secondary component are created. If the 
separation efficiency is high, the secondary component can be discarded and the primary 
component, with reduced volume, can be further processed or packaged for disposal. The 
ability to concentrate the actinides from extraneous materials before further processing yields 
more efficient recovery or treatment operations. For example, concentrating the contaminants 
reduces the volume of chemical reagents (acids) necessary for subsequent operations. 
Increased concentration of contaminants in dissolved feeds allows a more efficient ion 
exchange or solvent extraction unit operation. Because less extraneous material is leached and 
dissolved, the salt load on subsequent waste treatment operations is also reduced. 
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