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METHOD FOR EXTRACTION OF
DISSOLVED TRACE MATERIALS FROM
SOLUTION

TECHNICAL FIELD

The present invention is generally directed toward a
method for the separation and removal of dissolved mate-
rials including dissolved solids and volatile constituents,
from liquids such as water, and the apparatuses capable of
performing various functions in the separation process.
More particularly, the present invention is directed toward
the effective integration of both cooling and heating pro-
cesses for the effective internal recovery and recycling of
heat energy from said processes. Specifically, the invention
provides for the recovery and recycling of heat energy by
controlling and directing the flow of energy from elements
of heating to cooling vapors, liquids and solids.

BACKGROUND ART

In the processing of wastewater from industrial processes
and wastewater treatment and the like, it has been a common
practice simply to discharge the materials to the water, land
and air rather than recover the materials for general recycled
use. It has been long appreciated, however, that such meth-
ods of dealing with these situations are unsatisfactory for
numerous and self-evident reasons. As a result of this
appreciation, many industries have expended great effort in
conducting research into altering the industrial processes to
avoid creating the waste in the first place, or to limit its
production. However, this adds costs to the industrial pro-
cess, making the overall process less profitable.

As examples, in the process of converting municipal solid
wastes to ethanol, as in U.S. Pat. No. 5,711,817, or in the
hydrolysis of cellulosic material, as in U.S. Pat. No. 5,879,
637, many valuable byproducts are lost to wastewater treat-
ment because the products are dissolved in the water
medium of a concentration too low to warrant the recovery
of said products by existing means. Examples of such
byproducts from acid hydrolysis that are present as dis-
solved volatile organic compounds or salts may include but
not be limited to glycerol, exlose, levulinic acid, acetic acid,
formic acid, furfural, lignin, lignin salts and urea.

Further, the accumulation of dissolved salts, such as urea
and organic inhibitors such as furfural, inhibit the reuse of
water in a closed loop by requiring recycled water blow-
down or discharge to mitigate the accumulation of these
inhibitors.

As an example, trace material from a fermentation pro-
cedure may be processed in a batch or continuous manner by
evaporation, but requires an excessive amount of energy to
evaporate large quantities of water. Hence, this evaporation
procedure has failed to the extent that is not considered
commercially useful. Moreover, the water extracted remains
contaminated with volatile organic debris that was made to
evaporate in proportion to the vapor pressure balance with
water in part by the boiling procedure at or above atmo-
spheric pressures.

The evaporation of water results in an inability to recover
the heat of vaporization of the water. This limits the use of
evaporation of water as a means of extracting materials of
economic interest. Present methods do not integrate or
orchestrate the use of cooling and heating in an integrated
procedure to make the process adequately efficient to be
useful.
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Therefore, a need exists for a method of separating liquids
such as water from volatile organic compounds and dis-
solved salts or the like, which method has the ability to
recover and recycle heat energy and useful byproducts from
the industrial and wastes processing operations.

DISCLOSURE OF THE INVENTION

It is therefore an object of the present invention to provide
a method whereby trace dissolved solids and salts can be
removed from water or other liquids, which method has a
high thermal efficiency.

It is another object of the present invention, to provide a
method, as above, in which there is a balance between
cooling and heating.

It is a further object of the present invention to provide a
method, as above, using the cooling in the extracted liquid
to pre-cool incoming liquid and dissolved solids mixtures.

It is still a further object of the present invention to
provide an apparatus that provides for the continuous for-
mation of crystalline forms of water or liquids so as to
remove and exclude at least a portion of the trace contami-
nants from the liquid.

It is yet a further object of the present invention to provide
an apparatus, as above, which sustains the cleaning of the
outside surface of the crystalline form of water in a con-
tinuous manner while limiting processed fluid mixtures from
cross contamination.

It is still another object of the present invention to provide
an apparatus, as above, which recovers the cleaned water for
reuse in the process.

It is yet another object of the present invention to provide
a separate or complementary apparatus that can recover
volatile hydrocarbons dissolved in a liquid mixture while
maintaining high thermal efficiency.

It is another object of the present invention to provide an
apparatus that can recover useful by-products and useful
decontaminated water.

At least one or more of the foregoing objects, together
with the advantages thereof over known devices and meth-
ods shall become apparent from the specification which
follows, and are accomplished by the invention as herein
described and claimed.

In general, the present invention provides a method for
separating at least one of dissolved inorganic materials and
dissolved organic materials from a liquid solution, the
method comprising subjecting a flow stream of the liquid
solution to a chilled wire rope, whereby at least a portion of
the liquid from the solution is frozen onto the wire rope;
withdrawing the wire rope with the frozen liquid on it from
the flow stream of the solution to effectively reduce the
volume of the solution and increase the concentration of the
dissolved materials in the flow stream of the solution;
subjecting the concentrated liquid solution to heat at a
pressure below atmospheric pressure to evaporate any
organic materials from the solution; and to the extent that
there is any dissolved inorganic materials in the concen-
trated liquid solution, bringing the further concentrated
liquid solution to a point of saturation for at least one
selected dissolved inorganic material under continuing
evaporation conditions; and introducing a seed stock of the
at least one selected dissolved inorganic material to the
liquid solution, thereby causing the inorganic material to
precipitate from the liquid solution.

The present invention also provide a crystallization appa-
ratus for removing a liquid from a dilute solution containing
dissolved materials, the apparatus comprising a continuous
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loop wire rope; a lower chamber for cooling the wire rope
to a temperature below the freezing point of the dilute
solution; an ice coating chamber for receiving the dilute
solution, wherein at least a portion of the liquid from the
dilute solution is frozen onto the wire rope; and an upper
chamber for receiving the frozen liquid on the wire rope, the
upper chamber adapted for collecting the frozen liquid off
the wire rope.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative schematic diagram of the
interrelationships of the various cooling and heating appa-
ratuses and parts according to the present invention.

FIG. 2A is a partially sectioned, side elevational view of
one portion of the crystallization apparatus embodying the
concepts of the present invention.

FIG. 2B is a partially sectioned, elevational end view
taken substantially along line 2B—2B of FIG. 2A.

FIG. 3A is a cross-sectional view of the lower cleaning
and isolation device referred to as a lower running gate in
FIG. 1 and shown in FIG. 2A and FIG. 2B.

FIG. 3B is a cross-sectional view of the upper cleaning
and isolation device referred to as an upper running gate in
FIG. 1 and shown in FIG. 2A and FIG. 2B.

FIG. 4 is a representative schematic illustration of a 10:1
salt reduction in a matrix of six units with a 50—50 split in
flow.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

As noted hereinabove, the present invention generally
relates to a method for separating dissolved materials,
including organic and inorganic solids and volatile constitu-
ents, from a liquid (preferably, aqueous) solvent in a manner
that is energy efficient and cost effective. Broadly, the
present invention subjects a flow stream of a dilute solution
of dissolved materials, including dissolved organic and/or
inorganic compounds, to a process whereby liquid, prefer-
ably water, is extracted from the flow stream being treated
using crystallization by freezing it, possibly at nominally
elevated pressures, and carrying it away from the flow
stream, and then subjecting the diluted, more concentrated
flow stream to a different process of evaporation by heating
at reduced pressures resulting in the efficient separation of
the materials in solution from the liquid medium while
conserving energy. This procedure is considered highly
effective in allowing for the concentration of the materials
and then the extraction of the materials in solution and the
recycling and reuse of the water or other liquid.

A representative schematic diagram of the interrelation-
ships of the various apparatuses employed in the concen-
tration and separation process according to the present
invention is generally indicated in FIG. 1 by the numeral 10.
In particular, a flow stream such as a raw waste stream,
(termed a RAW STREAM in FIG. 1) enters the process at 11
and is directed to heat exchanger 12 passing in counter-flow
to pre-cooled outgoing fluids that have already undergone
the cooling treatment as described herein. From the heat
exchanger 12, the flow stream passes through inlet 13 to a
chamber 14 having a moving wire rope 15. In the heat
exchanger 12 and, to an even greater extent in chamber 14,
the flow stream is cooled such that, in the chamber 14, the
water or other liquid from the flow stream is used to cause
ice to form on the metal surface of wire rope 15.
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The wire rope 15 with the ice frozen to it then passes
upward through a series of controlled barriers, shown in
FIG. 1 as an upper running gate 16. This running gate 16 is
more particularly described in FIG. 3B hereinbelow. Run-
ning gate 16 maintains the treated raw waste stream within
chamber 14, since it will be appreciated that only the water
from the raw waste stream solution coats the wire rope 15.
The upper running gate 16 wipes by air flow the wire rope
15, rinses it, and again air wipes it once more before the wire
rope 15 is directed over a pulley device 18 in the uppermost
chamber of the apparatus, thereby ensuring that very little,
if any, dissolved materials passes through running gate 16.
It will be understood that the wire rope 15 is held in
alignment through the running gate 16 by pulley 18.

With more particularity to the upper part of the cooling
apparatus more particular seen in FIGS. 2A and 2B, the wire
rope 15 is caused to pass through an orifice, such as ice
shaving orifice 21, which removes the coating of ice on the
wire rope 15 and causes the cleaned ice, i.e., the ice removed
or shaved from the wire rope 15, to be removed to a chamber
30. In chamber 30, the ice is subjected to heating such as by
fluids in conduits 31 from a source such as heat pump 34,
thereby causing the ice to melt. Once melted, the recovered
water can then be extracted as at 32.

Once the ice is shaved from the continuous loop wire rope
15, the wire rope 15 then continues into lower chamber 22
where cooling fluids in conduits 33 causes the wire rope 15
to be chilled again below the freezing point of the flow
stream solution in chamber 14 to a degree whereby the
moving wire rope loop becomes a cooling sink to extract
sufficient heat from the flow stream solution in chamber 14
s0 as to cause ice to form once more on wire rope 15. More
particularly, the wire rope 15 continues in lower chamber 22
and passes around pulley drive 23 to again align the wire
rope 15 as it passes up through a lower running gate 24 more
fully described in FIG. 3A. The lower running gate 24
includes an air seal mechanism to contain the pressure in the
lower part of chilling chamber 14. The lower running gate 24
also is used to pre-coat wire rope 15 with a light dusting mist
of clean water ice as well as to maintain the flow stream
solution being treated in chamber 14. It will be appreciated
that the flow stream solution will become more and more
concentrated as the wire rope 15 removes from the chamber
14 more and more water from the flow stream being treated.
Thus, the flow stream of raw waste solution that entered
chamber 14 at inlet 13 and was cooled to its freezing point,
now exits chamber 14 at outlet 25, passing through heat
exchanger at 26 in counter-flow to the warmer, incoming
raw waste stream from flow path 11, thereby reheating the
exiting, more concentrated solution in preparation for fur-
ther treatment.

It has been found that employing this cooling/freezing
process permits the removal of a large volume of water from
the flow stream with significant efficiency. By employing the
cooling process described above and removing the excess
water, the flow stream solution preferably increases its
concentration at least 3 fold and more preferably, at least 10
fold. Moreover, the process allows for the effective recovery
of'the water separated from the raw waste solution. It will be
understood however that the concentration should not be
increased so much that precipitation of the dissolved mate-
rials begins in the chamber 14. Any precipitation of the
materials should take place during the evaporation process
described hereinbelow.

As an example of how the flow stream becomes more
concentrated using this cooling/freezing procedure, FIG. 4
illustrates a 10:1 salt reduction in a matrix of six units with
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a 50—50 split in flow. In actuality, it is believed that more
than 50% of the water could be extracted from the flow
stream, depending upon several factors, inter alia, the wire
rope material, the wire rope diameter and size, the degree of
pre-chilling, the process flow rate, and the size of the
chamber 14.

For example, essentially any metal can be used as the wire
rope. Silver, copper or aluminum may all have benefits or
drawbacks. Some metals may have a lower chill content per
pound than others, but may have a higher internal rate of
heat transmission that would transfer the exchange of heat,
and thus, the fusion of water at a higher rate. The corrosion
resistance of the wire rope, its flexibility, strength and
durability may also be considerations.

The diameter of the wire rope is also important. By
making the wire rope larger in diameter, water can be fused
to ice at a higher rate. Moreover, the wire rope could travel
at a faster rate, thereby allowing more weight of chilled
metal to be exposed to the flow stream to be treated. A
smaller diameter wire rope has a larger heat transfer surface
area per foot per pound of wire rope, which may also be
desirable. The faster the wire rope travels, the better mixing
that occurs. This reduces the film thickness of the fluid on
the wire rope which would enhance the rate of heat transfer
form the wire rope to the water, enhancing ice formation.

The degree of chilling of the wire rope, preferably any-
where from 2 degrees to 30 degrees F. below the freezing
point of the flow stream to be treated would also impact the
amount of ice formed. Also, the flow rate of the flow stream
into the chamber 14 impacts the ratio of the amount of water
and dissolved materials that leaves chamber 14 compared to
the amount of clean ice that leaves the chamber.

It is important to note that the flow stream entering the
chamber 14 preferably should be pre-chilled to very close to
its freezing point. Otherwise, the pre-chill of the wire rope
would be dissipated just chilling the liquid in the chamber 14
without any chilling capacity left in the wire rope for ice
formation on the surface of the wire rope.

Returning to FIG. 4, it will be appreciated that the style of
this illustrated schematic diagram is a mass balance. That is,
at each stage tracking the total amount of water, weight of
dissolved materials (i.e., solids), and concentration. By
sequencing six separation units according to concentration,
eventually it can be seen that even though the initial yield of
water below the salt taste threshold (i.e., roughly 300 ppm)
is low at 12.5% at the upper right, by using a fourth
separation and a fourth re-separation, and so forth, eventu-
ally a significant percentage yield of “cleaned” water can be
achieved. The ratios of flow split and reduction efficiency
given here are hypothetical, and will vary in practice based
upon many of the parameters discussed above, but the
principle that the amount of water will decrease in the flow
stream, thereby increasing the concentration of the dissolved
materials therein, remains. A more concentrated the stream
will allow less energy use to boil off water to accommodate
the extraction of the dissolved solids and other materials as
described hereinbelow.

For further treatment, the greatly more concentrated flow
stream of raw waste solution exits heat exchanger 26 and
advances via conduit 35 to a first evaporation chamber 36
that is at a pressure below that of atmospheric pressure and
is heated by conduits 37 delivering heat from heat pump 38.
Upon heating at this reduced pressure, an evaporated mix-
ture of water vapor and volatile organic compounds is
produced. This evaporated mixture is directed via conduit 39
to a fractional distillation device 40 served by a vacuum
header 41. Extracted vapors condensed by selected tempera-
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ture control as is well known in the art may thus exit the
process as at outlet 42 for materials recovery.

Subsequent to evaporation, the even further concentrated
flow stream solution, including dissolved inorganic solids
with various volatile organic compounds removed, then
advances via conduit 43 to a second evaporation chamber 44
wherein the flow stream solution is brought to the point of
saturation for a selected dissolved inorganic solid. A seed
stock of the selected inorganic solid is introduced into the
second evaporation chamber 44 during continuing evapora-
tion causing the inorganic solids to adhere to the seeded
stock, thereby precipitating the inorganic solids in fluid
suspension. Since the precipitated materials are now larger,
they become readily precipitated, settled solids. Such solids
may then be extracted from chamber 44 as at 45 for
recovery.

Chamber 44 may also be serviced by a vacuum header 41
as at communication 46 to reduce the pressure in chamber
44. Chamber 44 also retains adequate heat for evaporation
from chamber 36. The vapor pressure of chamber 44 may be
less than that of chamber 36 using controls known to the
engineering arts.

The flow stream of raw waste solution, now further
depleted of inorganic solids, advances via conduit 47 to yet
a third evaporation chamber 48. This chamber 48 also
retains the residual heat from chamber 36 and chamber 44.
Like chamber 44, chamber 48 maintains the flow stream
solution at a reduced operating pressure by connection via
communication 50 to the vacuum header 41. That is, as with
chamber 44, the evaporation of water continues until satu-
ration conditions are satisfied for the next selected inorganic
dissolved solid. Once the solution reaches that saturation
level, the solution is again seeded with particles of the
dissolved inorganic solid to be removed by precipitation via
49. To the extent a flow stream of solution continues to exist,
the process may be repeated for any further inorganic solids
as deemed necessary to achieve cost effective materials
recovery. That is, the flow stream would communicate with
the next evaporation chamber (not shown) via conduit 51,
and would continue until all necessary solids have be
effectively recovered.

The vacuum header 41 may be serviced by a condensing
chamber 52, which is cooled by heat pump 38 via conduits
53. Any condensed water with reduced inclusions of organic
dissolved materials may be extracted by any means known
in the art with a continuous trap removal mechanism indi-
cated for this embodiment as at 55 for the point of water
extraction. The vacuum condenser 52 is serviced via conduit
54 by a vacuum pump 56 which will involve an outlet 57 for
non-condensed gasses, which may be elected for further
treatment as is known in the engineering arts.

As noted above, FIGS. 2A and 2B are enhanced, partially
sectioned, elevational views of one embodiment of a crys-
tallization apparatus made in accordance with the concepts
of the present invention. The embodiment provides a means
for concentrating a flow stream of dilute solution containing
dissolved materials therein via ice crystallization using a
continuous wire rope loop 15. As noted previously, ice is
formed on the wire rope 15 within the ice coating chamber
14, passed through an upper running gate 16, over a set of
pulleys 17,18, to a mechanism for shaving or otherwise
removing the ice from the wire rope 15. Once shaved, the ice
is melted in chamber 30 and can be effectively recovered
therefrom. The wire rope 15 is then recooled to below the
freezing point of the flow stream of dilute solution, passed
around another pulley 23, and reenters chamber 14 from
lower running gate 24.









