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Overview

New Logic International installed
its Vibratory Shear Enhanced Pro-
cessing (VSEP) system in March,
1998 at a major California rare
earth mining and manufacturing fa-
cility.  The VSEP is used for treat-
ment of mine tailing pond effluent
at this facility with no pretreatment
required.  The VSEP system uses
nanofiltration followed by ultrafil-
tration membrane modules and is
able to treat the mine tailing pond
effluent, reducing suspended and
dissolved solids below the required
limits for process recycling or dis-
charge.  The economics of install-
ing this system are extremely attrac-
tive with a 35% reduced capital cost
combined with a 53% reduced op-
erating and maintenance costs when
compared with conventional treat-
ment technology.  The application
of VSEP membrane technology to
mining and rare earth metals manu-
facturing facilities (such as lan-
thanide mining) is found to be an
attractive economic alternative to
conventional wastewater treatment
technology.

Background

The mining and commercial pro-
duction of rare earth elements be-
gan at Mountain Pass, California,
in the mid-1960’s.  Rare earth ele-
ments are refined from bastnasite
ores that are mined, crushed, con-
centrated, and further separated into
individual lanthanide compounds.
The separation processes developed
at Mountain Pass are highly propri-

etary, however, the upgrading of the
bastnasite ore is fairly common
within the mining industry.
The mine tailing waste water at this
facility needs to meet the require-
ments for recycle or discharge and
thus requires prior treatment.  For
treatment of the mine tailing waste-
water, the client considered two
treatment schemes, as follows:

· Use traditional technologies,
namely a vapor compression
evaporation system.

· Use a VSEP Treatment System.

The use of vapor compression
evaporation system was evaluated
to be much more expensive than the
use of VSEP system for treatment
of mine tailing wastewater.   The
use of a VSEP system results in sub-
stantial savings in operating costs
primarily due to elimination of the
energy requirements for evapora-
tion.

The use of a conventional two-step
ultrafiltration and reverse osmosis
filtration system was also consid-
ered.  However, the conventional
membrane systems require pretreat-
ment using chemical treatment to
reduce turbidity followed by a sand
filtration unit and a thickener.  A
preliminary economic assessment
showed much higher operation and
maintenance costs than the VSEP
treatment system.

Upon installation of the VSEP, the
concentrated ligon sulfonate stream
is recycled to the process.  Clean
water permeate generated from the

first stage VSEP is also recycled to
the process, while the permeate gen-
erated from the second stage is sent
to the evaporation ponds.  This rare
earth mining and manufacturing fa-
cility has installed the VSEP sys-
tem to allow the treatment of tail-
ing pond wastewater more effi-
ciently and allow the treated per-
meate streams to be recycled to the
process or discharged.

The rare earth mining and manufac-
turing facility where the VSEP is
installed operates 24 hours a day,
350 days per year.  The maximum
mine tailing flow rate to be treated
in the process is approximately 100
gallons per minute (gpm).

Using nanofiltration and ultrafiltra-
tion membrane modules in the
VSEP has been shown to be a com-
mercially viable option for treat-
ment of mine tailing wastewater.
More than 65% of the feed waste
water is recovered as clean water
suitable for recycle or discharge,
while 32% is discharged to evapo-
ration ponds and 3% is recycled as
a ligon sulfonate reagent.  The per-
meate electrical conductivity is re-
duced well below the design re-
quirements.  This project summary
describes this application of VSEP
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the pit at an average grade of ap-
proximately 8 percent rare earth ox-
ide.  The ore is crushed and ball-
milled prior to flotation.  During
flotation, ligon sulfonate, a flotation
agent, is added to separate the
bastnasite (rare earth-bearing car-
bonate) from the carbonate host
material.  The flotation process up-
grades the raw ore to approximately
40% rare earth oxide.  The waste
from the flotation process, the
gangue material slurry and process
fluids from the separation plant are
deposited in a “dry” tailings pond.
Over the years, the “dry” tailings
pond has become “wet” and it now
requires dewatering.

The tailings water contains abun-
dant ligon sulfonate (brown colloi-
dal material), clay- and silt-sized
particles with a turbidity of > 21
NTU, and is highly saline (15,000
to 25,000 µS).  Conventional de-
watering to produce recycle water
(4,500 µS) for the mill would typi-
cally require clarification, ultrafil-
tration, nanofiltration, and reverse
osmosis or a vapor compression
evaporation system including a heat

recovery exchanger.
In early 1998, a single-stage, 100
gpm VSEP filtration system using
“tight” nanofiltration membranes
was installed to dewater the tailings
pond and produce recycle quality
water for use in the milling opera-
tion.  A second-stage VSEP was
added to recover the ligon sulfonate
reagent from the concentrated
wastewater.  The only pretreatment

provided were 20 mesh basket
strainers used to keep pipe-scale
from damaging the high-pressure
pumps.

The introduction of VSEP results
in the production of clean water
which is suitable for recycle as pro-
cess water for milling and flotation
operations.  The concentrated ligon
sulfonate stream is also recycled to
the process.

A process schematic for this appli-
cation of the VSEP is presented in
Figure 2.  This diagram includes the
overall material balance for the lan-
thanide mining and milling efflu-
ent treatment system and illustrates
the performance of the VSEP unit.
Mine tailings from the tailings pond
is fed to the VSEP treatment sys-
tem at a rate of 100 gpm.  Two in-
dustrial scale VSEP units, using
nanofiltration membrane modules
with 85% salt rejection membranes,
process the mine tailing wastewa-
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corporated into the treatment
schemes for recycled effluent and/
or water/wastewater treatment, and
product concentration/dewatering
in various process industries.   De-
veloped by New Logic Interna-
tional, Inc. of Emeryville, Califor-
nia, a VSEP system can filter
streams containing a variety of ma-
terials or contaminants without the
fouling problems exhibited by con-
ventional  membrane systems.  The
process not only filters suspended
solids, but it also reduces or elimi-
nates BOD, COD, conductivity and
color bodies.  The result is a crystal
clear, reusable water stream and a
concentrated product stream or
sludge.

Rather than simply preventing foul-
ing with high-velocity feed, VSEP
reduces fouling by adding shear to
the membrane surface through vi-
bration.  This vibration produces
shear waves that propagate sinusoi-
dally from the membrane’s surface.
As a result, the stagnant boundary

layer is eliminated which increases
the filtration rates.

As shown in Figure 3, the industrial
VSEP machines contain many
sheets of membrane which are ar-
rayed as parallel disks separated by
gaskets.  The disk stack is contained
within a Fiberglass Reinforced Plas-
tic (FRP) cylinder.  This entire as-
sembly is vibrated in torsional os-
cillation similar to the agitation of
a washing machine.   The resulting
shear is 150,000 inverse seconds,
which is ten times greater than the
shear in traditional crossflow sys-
tems. High shear has been shown to
significantly reduce the fouling of
many materials. The resistance to
fouling can be enhanced from a se-
lection of over 200 membranes
where materials such as polypropy-
lene and Teflon can be used.

Figure 4 presents a photograph of
an industrial scale Series i system.
Each Series i system contains up to
1450 square feet of membrane fil-

tration area.  A single VSEP unit is
capable of processing up to 150 U.S.
gallons per minute while producing
a crystal clear filtrate and a concen-
trated sludge in a single pass.  This
large throughput capability is ac-
complished by a system which oc-
cupies only 20 square feet  of floor
space and consumes between 5 and
20 hp.

The VSEP system can offer a very
economical solution to control wa-
ter and waste water streams within
the chemical manufacturing pro-
cesses. Traditional membrane sepa-
ration capabilities coupled with the
unique characteristics of VSEP,
make it possible to successfully con-
centrate product streams and handle
a variety of contaminants at high
flux rates.  This provides opportu-
nities for VSEP use in the treatment
and/ or recycling of raw water,
boiler feed water, mining and
chemical plant effluent, filtrate
treatment and condensates.

Figure 3
Filter Pack Cross Section

Figure 4
Photograph of an Industrial
Scale Series i Unit
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be attributed to the following
areas:
• chemical treatment (reduction

or elimination)
• retained BTU value
• reduction of fresh water usage

and effluent flows
• improvement in filtrate

quality
• pumping energy reduction
• reject concentration improve-

ments
• eliminate fouling of heat

exchangers & evaporators
• reduce BOD, COD, TSS,

TDS and color
• lower labor and maintenance

costs due to one step process

The industries and applications for
VSEP are quite diversified and in-
clude: Mining (mine tailings), In-
dustrial Laundries (wastewater
treatment & water recycling), Pulp
& Paper (black liquor, whitewater,
box plant effluent, end-of-pipe), In-
dustrial Water Pretreatment
(ultrapure, boiler feed, surface wa-
ter R.O.), Pigments & Paint (latex
emulsions, product recovery), Sol-
ids Dewatering (calcium carbonate,
kaolin clay, TiO

2
) and Metal Work-

ing (oily wastewater, metal hydrox-
ides).
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