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Task Description 
This task will investigate the capabilities of magnetic-
seeding filtration for the enhanced removal of magnetic 
and nonmagnetic particulates from liquids. This 
technology applies to a wide range of liquid wastes, 
including groundwater, process waters, and tank 
supernatant. Magnetic-seeding filtration can be used 
in several aspects of treatment, such as 1) removal of 
solids, particularly those in the colloidal-size range 
that are difficult to remove by conventional means; 
2) removal of contaminants by precipitation processes; 
and 3) removal of contaminants by sorption processes. 

/ 

Technology Needs 
This.project will focus on two major target problems 
in liquid waste streams: removal of fine particulates 
and removal of dissolved contaminants. Particulates 
pose operational problems for treatment processes 
such as ion exchange and cause clogging in mixed 
waste incinerator injector nozzles. In addition, removal 
of particulates associated with contaminants is neces-
sary to achieve required decontamination factors. DOE 
facilities at Hanford, Savannah River, and Oak Ridge 
need methods to remove colloids and fine particulates. 

Removal of dissolved contaminants is frequently 
accomplished by sorption and precipitation pro-
cesses. Examples of precipitation processes are 
those being considered to treat liquid low-level waste 

(LLLW) and newly generated liquid low-level waste 
(NGLLLW) at ORNL.1 These baseline processes 
achieved acceptable decontamination factors for 90Sr, 
137Cs, and 106Ru in the laboratory; however, scaleup to 
a practical process has been hampered by the need to 
remove colloidal precipitates. 

Proof-of-principle experiments have indicated the 
possibility of applying magnetic-seeding filtration to 
these processes. Newly devised sorbents (e.g., AMP-
PAN, ZrP, etc.) have been developed for contaminant 
removal. These sorbents are applied by fluidizing 
them in the form of small particles in solution; thus, 
an efficient means óf particulate removal, such as by 
magnetic filtration, will enable widespread use. 

Although the magnetic-seeding filtration process has 
been demonstrated in principle, further theoretical 
and experimental work is necessary to quantitatively 
determine the effects of several process variables 
(such as magnetic susceptibility of particles, magnetic 
field strength, particle size, pH, flow-field'conditions, 
etc.) upon filtration to evaluate the range of applica-
bility to DÖE waste streams. The planned laboratory, 
computational, and pilot testing is expected to result 
in a viable technology for colloidal particulate removal. 

Scientific Background 
Magnetic-seeding filtration is based on the interpar-
ticle forces that exist in magnetic fields. Particles that 
have paramagnetic properties (e.g., many iron and 
cobalt-containing compounds) can be caused to floc-
culate by applying a magnetic field;23-4-5 in addition, 
paramagnetic particles and floes are readily removed 

1 Managed by Lockheed Martin Energy Research Corp., for the U.S. Department of Energy under contract 
DE-AC05-960R22694. 
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by a simple high-gradient magnetic filtration process 
that consists of passing the solid/liquid suspension 
through a bed of ferromagnetic material on which a 
magnetic field is applied. 

In many waste streams, however, none or only part of 
the particles have paramagnetic properties. Magnetic-
seeding filtration, based on a concept that is already 
used in hydrometallurgical processes for separating 
weakly magnetic particles, is aimed at complete 
removal of particulates from suspension. This con-
cept involves seeding a particle suspension with a 
relatively small quantity of colloidal paramagnetic 
particles. These particles act as seeds for heteroge-
neous flocculation. Because of the relatively high 
magnetic susceptibility of the added particles, the 
floes resulting from heterogeneous flocculation have 
paramagnetic properties and may be readily removed 
by a high-gradient magnetic filter. . 

The novel ideas of the proposed work are to 1) employ 
magnetic seeding to flocculate both paramagnetic and 
diamagnetic particles, and 2) apply the process to 
hazardous waste streams. The mechanism of hetero-
geneous flocculation of particles in the suspension 
with added seeding particles was theoretically 
explained by Brownian flocculation and trajectory 
analysis models.2;3,5 The basic principle is that super-
paramagnetic particles move fast in a magnetic field, 
resulting .in a high frequency of collisions with other 
para- and dia-magnetic particles. Furthermore, floc-
culation occurs between the resulting floes. The 
particle and floe population has been studied using 
bivariate population balance models, with the particles 
characterized by size and magnetic susceptibility. 

Technical Approach 
This task comprises several technical subtasks, includ-
ing 1) a survey and evaluation of DOE waste streams 
for the applicability of magnetic-seeding filtration; 
2) laboratory studies of magnetic-seeding filtration 
on precipitation processes, fluidized sorbent processes, 
and removal of solids from simulated and/or actual 
DOE waste streams; 3) fundamental modeling aimed 

at developing predictive tools for the efficiency of 
high-gradient magnetic-seeding filtration; and 4) pilot-
scale demonstration of magnetic-seeding filtration on 
applicable waste stream(s). 

To survey the applicability of magnetic-seeding fil-
tration to DOE waste streams, contact will be made 
with other researchers of solid/liquid separations as 
well as EM-30 and EM-40 representatives. The mag-
netic susceptibility of waste samples and/or their sur-
rogates will be measured, and simple small-volume 
batch tests of magnetic flocculation, with and without 
seeding, will be performed to determine the effective-
ness of magnetic separation processes on these streams. 

The effectiveness of the magnetic-seeding filtration 
technique will be investigated through experimental 
and theoretical work. For initial experimental testing 
of this process, well-characterized particles of materi-
als such as hematite or magnetite will be added to 
suspensions of known properties such as suspensions 
of polystyrene microspheres. The suspensions will 
then be flowed through a magnetic filter. The relevant 
process variables will include particle properties such 
as size, concentration, zeta potential, and magnetic 
susceptibility, as well as magnetic field strength, and 
input flow rate. 

At the filter inlet and exit, samples will be taken at 
specific time intervals to measure solids concentrations 
to determine separation efficiency under various 
operating conditions. This work will be coordinated 
with computational studies that will further investi-
gate particle interactions in a magnetic field and will 
study particle collection by a magnetic filter. 

A major contribution of the modeling studies will 
be the introduction of magnetic forces into existing 
deep-bed-filtration models that are based on trajectory 
analysis.6 The result will be a model that can be used 
to predict magnetic filter performance. 

After completing these controlled.studies that will 
define the éffeets of the governing parameters on 
particle removal, testing will be aimed at contaminant 
removal by precipitation and sorption processes. 
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Laboratory testing will be conducted using materials 
characteristic of the ORNL NGLLLW precipitation 
process and with several types of sorbent particles. 
In addition, solid-liquid separation tests will be 
conducted with surrogates or samples of waste 
streams that are identified during a survey of DOE 
sites. The applicability of the process will be further 
tested through pilot demonstration of magnetic-
seeding filtration with the NGLLLW process and/or 
other waste streams. 

Benefits 
This project will benefit all DOE sites by 1) evaluating 
the capabilities of magnetic-seeding filtration for . 
solid/liquid separations, 2) providing data for the 
application of magnetic separations to precipitation 
processes, 3) providing useful information for appli-
cation of magnetic seeding to processes such as treat-
ment of tank supernatants and mixed waste, and 
4) evaluating the applicability of magnetic separa-
tions to specific DOE streams through laboratory 
testing of samples. Furthermore, this project, through 
mathematical modeling and experimental testing, 
will result in predictive tools for testing the applica-
bility of magnetic-seeding filtration under various 
operating conditions. 

Technology Transfer/Collaborations 
The fundaméntal. modeling work will be performed 
in collaboration with Georgia Institute of Technology. 
This interaction serves education and provides a 
means to transfer ideas and experience. 
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