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(57) Abrégée/Abstract:

A skim tank includes a flow-control structure that forces a solid-depleted phase of a mixed-phase feed into a toroidal motion within
the container to thereby provide an up-flow movement within the structure. Most preferably, at least a portion of the solid-depleted
phase Is recirculated to further increase up-flow movement within the structure.
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Figure 1

(57) Abstract: A skim tank includes a flow-control structure that forces a solid-depleted phase of a mixed-phase feed into a toroidal

motion within the container to thereby provide an up-flow movement within the structure. Most preferably, at least a portion of the

solid-depleted phase is recirculated to further increase up-flow movement within the structure.
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SKIM TANK CONFIGURATIONS AND METHODS

Field of The Invention

The field of the invention 1s devices and mcthods of solid/liquid separation, especially

as 1t relates to dynamic on-line separation of low-density solids from liquids in a tank.

Background of The Invention

Removal of solid phases, and especially removal of scum and flocculated materials
from aqueous fluids has bcen practiced 1n numerous industries for several decades. However,

despite the technically relatively simple task, numerous difficulties remain.

For example, centrifugal separation provides a relatively effective and fast method of
separating a solid phasc from a hquid, however, has limited use where the particle size and/or

concentration are relatively low. Moreover, and especially where the volume of treated fluid

15

20
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1s relatively large, centrifugal separation often becomes impractical due to the required rotor
sizc and energy consumption. Alternatively, lamella-type scparators can be employed that
obviate the need for moving parts. Such scparators are often relatively energy ctficient and
typically allow for a good separation ctficacy. However, centrifugation and lamella-type
separation are generally only effective for solid materials that have a higher density than the

solvent (typically water).

Where the solid matenal has a lower density than the solvent (e.g., sticky & non
sticky-oil sludge, scum, and/or coagulated- flocculatcd materials) solids can often casily
removed without significant mechanical intervention in settling or holding tanks to allow
density separation. However, where the citluent volume 1s relatively large and/or the density
differcnce 1s relatively small, required volumes for the settling or holding tanks and time for
separation would be impractical under most circumstances. To speed up separation,
mechanical measures can be taken. For example, many of the currently opcrating separators
cmploy dissolved air tlotation or impart centrifugal momentum into the mixed-phase feed.
While such approaches arc conceptually relatively simple, currently known scparators often

requirc moving parts and significant amounts of energy. Moreover, moving parts requirc
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maintenance and therefore add further cost and/or downtime. To overcome at least some of
these difficulties, gas liquid coalescers (e.g., U.S. Pat. No. 5,156,745) using microscopic gas
bubbles may be employed in which the device is configured to reduce inter cell or vessel
chamber turbulence to reduce or even eliminate remixing of the separated material with the
fluid. While such device advantageously reduces at least in some cases energy consumption
and improves separation efficiency, several disadvantages still remain. For example, as the
solution moves through the gas liquid coalescer in a single pass, high efficiency must be

maintained at all times to produce a consistently clarified product.

Therefore, while numerous methods of mixed-phase separation are known 1n the art,
all or almost all of them suffer from one or more disadvantages. Consequently, there 1s still a
need to provide improved configurations and methods to improve mixed-phase separation,

especially where colloidal clay/silica etc. are emulsified in a liquid.

Summary of the Invention

The present invention is directed to configurations and methods for separation of a
mixed-phase feed into a solid-enriched phase and a solid-depleted phase where a flow-control
structure within a container assists in generating an enhanced toroidal flow to increase and/or
facilitate separation, and where an overflow element is configured to receive the solid-
enriched phase. Most preferably, at least some of the solid-depleted phase is returned to and
combined with the mixed-phase feed to so increase up-flow motion of the feed. In especially
preferred aspects, the skim tank is fluidly coupled to a desalter mud wash unit such that

provides the effluent from the desalter mud wash unit as the mixed-phase feed.

In one especially preferred aspect of the inventive subject matter, a skim tank includes
a container that houses a flow-control structure within the container, wherein the flow-control
structure is configured to force flow of a first portion of a solid-depleted phase of the mixed-
phase feed into a toroidal motion within the container and around the flow control structure.
The container is also configured to allow withdrawal of a second portion of the solid-depleted
phase, and a fluid conduit is coupled to the container and configured to allow recirculation of
at least some of the second portion of the solid-depleted phase back into the flow-control
structure. In further preférred devices, an overflow element (e.g., conical shape) is disposed

in the container and configured to allow removal of a solid-enriched phase separated from the

mixed-phase.
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Most typically, contemplated skim tanks further include a mixed-phase feed conduit
that is configured to release the mixed-phase feed from the conduit into an inner volume of
the flow-control structure, wherein in at least some embodiments the lower opening of the
flow-control structure is suspended above the inner bottom surface of the container. While
not limiting to the inventive subject matter, it is preferred that the flow-control structure has a
cylindrical shape and may further comprise one or more flow directing element to impart
vortex motion and/or assist in up-flow of the feed. Alternatively, or additionally, a gas source
(e.g., compressed air or other gas) may be coupled to the container and configured to provide

gas to the mixed-phase feed.

Where desired, the flow-control structure may be configured to impart an up-tlow
motion into the mixed-phase feed and the overflow element may be configured to redirect the
up-flow motion into a side-flow motion. Further contemplated skim tanks may include a
second conduit that delivers a fraction of the solid-depleted phase as a rinse fluid via a spray
nozzle or other arrangement to an inner surface of the overflow element, and/or an additional
conduit to use the solid-depleted phase as a hydro skimmer to enhance sludge transfer to the
overflow element. With respect to volume and/or operational control, it is contemplated that
the skim tank may also include one or more control elements that allow raising of the liquid
level in the container such that at least some of the solid-enriched phase is forced into the

overflow element.

Therefore, in another aspect of the inventive subject matter, a method of separating a
mixed-phase feed into a solid-enriched phase and a solid-depleted phase will include a step of
introducing the mixed-phase feed, optionally with a gas, into a container wherein a flow-
control structure is used within the container to force a first portion of the liquid phase into a
toroidal motion around the flow control structure. In another step, a second portion of the
liquid phase is recirculated back to the flow control structure, and an overflow element is

positioned above the flow control structure to remove the solid phase that is separated from

the mixed-phase feed.

Most preferably, the flow control structure has a cylindrical shape and 1s centrally
disposed within a tank, and a mixed-phase feed conduit releases the mixed-phase feed from
the mixed-phase feed conduit into an inner volume of the flow-control structure. In such

methods, it is further preferred that the lower opening of the flow-control structure 1s

3
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suspended above the inner bottom surface of the container. Therefore, and especially where
the overtlow element has a conical shape, the {low-control structure imparts an up-flow
motion 1nto the mixed-phase feed and the overflow element redirects the up-flow motion into

a side-flow motion to so further drive the toroidal motion.

In another aspcct, there 1s provided a skim tank, comprising: a container comprising a
flow-control structurc disposed within the container, wherein the flow-control structure is
configured to force flow of a [irst portion of a solid-depleted phase of a mixed-phasc feed into
a toroidal motion within the container and around the {flow control structure; whercin the
container 1s configured to allow withdrawal of a second portion of the solid-depleted phase at
a position below the flow control structure; a tluid conduit coupled to the container and
configured to allow recycling of at Icast some of the sccond portion of the solid-depleted
phasc from a lower portion of the container back into the flow-control structure;
an overtlow element having conical shape and arranged in the container and configured to
allow removal of a floating solid-cnriched phase separated from the mixed-phase;
one or more control clements and a plurality of vertically spaced effluent valves that are
configured to force at least some of the floating solid-enriched phase into the overflow
element and to remove at least some of the solid-depleted phase from the container;
wherein the overflow element has a size and position relative to the flow-control structure to
(a) redirect up-flow motion of the solid-depleted phase into a side-flow motion to thereby
assist 1n formation of the toroidal motion, and (b) to present an upper edge into the solid-

enriched phase to thereby act as a weir across which the solid phase is moved.

[n another aspect, there 1s provided a method of separating a mixed-phase feed into a
floating solid-cnriched phase and a solid-depleted phase, comprising: introducing the mixed-
- phase feed, into a container and using a flow control structure within the container to force a
first portion of the solid-depleted phase into a toroidal motion around the flow control
structure; withdrawing a second portion of the solid-depleted phase back from the container at
a position below the flow control structure and recycling the sccond portion of the solid-
depleted phase back to the flow control structure; using a conical overflow element
positioned above the flow control structure to remove the floating solid phase that 1s
separated from the mixed-phase feed; using one or more control elements and a plurality of
vertically spaced effluent valves to force at least some of the floating solid-enriched phase

into the overflow element and to remove at least some of the solid-deplcted phase from the
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container; and wherein the conical overflow element has a size and position relative to the
flow control structure to (a) redirect up-flow motion of the solid-deplcted phase into a side-
flow motion to thereby assist in formation of the toroidal motion, and (b) to present an upper
cdge 1nto the solid-enriched phase to thereby act as a weir across which the solid phase is

moved.

Various objects, fcatures, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention, along with the accompanying drawing.

Brief Description of the Drawing

Figure 1 1s an exemplary schematic of a skim tank according to the inventive subject

matier.

Detailed Description

The 1nventor has discovered that mixed-phase feeds, and especially aqueous mixed-
phase feeds can be effectively and inexpensively separated into a solid-depleted phase and a
solid-enriched phasc by inducing in the mixcd-phasc feed an enhanced up-flow to thereby
lorm and/or stabilize a phase separation zone. As used herein, the term "solid-enriched phase”
refers to a phasc that has higher solid content than the phasc from which the solid-enriched
phase was produced. Similarly, the term "solid-depleted phasc” as used herein refers to a phase

that has lower solid content than the phase from which the solid-enriched phase was

produced.

Most preferably, the enhanced up-flow is achieved by a flow-control structure that
forces flow of the mixed-phase fecd upwardly, and that is arranged such that at least some of
the solid-depleted phase in the mixed feed is forced into a toroidal or otherwise closed-loop

flow pattern. Such patterns may or may not be supported by the structure of the container or

tank 1n which the control structure is at least partially disposed. As used hercin, the term

‘toroidal” refers to an annular shape that is formed by revolving a circle, ellipsis, or otherwise
rounded closed objcct around an axis external to the circle, ellipsis, or rounded object. To
maintain the separation, it is still further preferred that at least some of the solid-depleted phase
1s removed from a lower portion of the container, and most preferably the bottom

portion ofthe container, and that the floating solid-enriched phase (e.g., flocculated,

aggregated, or otherwise agglomerated material, having a density lower than water and

4A
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typically comprising at least some fluid) is removed by passing the solid phase over an

overflow element (e.g., cone or funnel shape) that is preferably disposed within the container.

In still further particularly preferred aspects, it is contemplated that one portion of the
solid-depleted phase that has been separated from the mixed-phase 1s withdrawn from the
(preferably bottom of the) container and recycled back to the mixed-phase feed and/or flow
control structure. Such recycling will advantageously increase the up-tflow rate within the
flow control structure and thus further enhance separation efficiency. Additionally, or
alternatively, gas (e.g., ambient air, nitrogen, fuel gas, or oxygen) may be added to increase

the up-flow and phase separation.

In further preferred aspects, another portion of the solid-depleted phase that has been
separated from the mixed-phase is withdrawn from the system and disposed of and/or routed
to other uses. For example, some of the solid-depleted phase that has been separated from the
mixed-phase may also be used as a spray or rinse fluid to move solids located on an inner
surface of the overflow element. It should be further recognized that contemplated devices
and methods may be operated in a fully automated manner using a control system. Such
system may employ various sensors to ascertain fluid/solid levels, flow rates, etc, and

depending on the desired degree of separation may control feed rates and/or recycling rates.

Figure 1 depicts an especially preferred exemplary skim tank 100 that comprises a
generally cylindrical container 110 in which a flow-control structure 120, also preferably
cylindrical, is disposed. As indicated by the arrows, the flow-control structure 1s configured to
force flow of at least a portion of the solid-depleted phase of a mixed-phase feed into a
toroidal motion around the flow control structure via upper opening 120A and lower opening
120B. A fluid conduit 130 is coupled to the container 110 at a preferably lower withdrawing
section 112, wherein the conduit 130 is configured to allow recycling (via pump132) of
another portion of the solid-depleted phase back into the flow-control structure (here via
combination with mixed-phase feed from mixed-phase feed source 180). Consequently, it
should be noted that the up-flow volume delivered through conduit 124 is increased. Dashed
line 116 indicates the separation zone below which the solid-depleted phase 1s predominantly

found and above which the solid-enriched phase is predominantly found.
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Overflow element 140 is typically arranged within the container above the flow-
control structure 120 and configured to allow removal of a solid-enriched phase separated
from the mixed-phase (here: via line 144). Most typically, gas source 150 may deliver gas
(e.g., air, synthetic or isolated gas or gas mixture) to the mixed-phase feed, which is then
delivered into the inner volume of the flow-control structure 120. Sludge level taps 172 are
provided to allow control of and/or withdrawal of the solid-enriched and/or solid-depleted
phase, and effluent valves 170 allow for withdrawal of at least some of the solid-depleted
phase. Conduit 160 is further provided to deliver a fraction of the solid-depleted phase as a
rinse fluid to an inner surface of the overflow element via spray or rinse nozzle 162.
Alternatively, or additionally, further conduits 161 may be implemented to form a hydro
skimmer that provide at least a portion of the solid-depleted phase to the tank to enhance

solids (e.g., sludge) transfer to the overflow element 140.

Contemplated skim tanks will generally have a capacity of at least 100 liter, more
typically at least 1000 liter, and most typically at least S000 liter, and especially suitable tanks
will be configured as cylindrical tank. However, in alternative aspects, various other tank
shapes and volumes are also deemed suitable. It is further generally preferred that the skim
tank will include at least one portion that has a sump or otherwise vertically recessed portion
where the solid-depleted phase can be withdrawn. Such portion may be covered by a filter
element, or may be located in a position distal to the toroidal movement of the feed. Further
valves, sealable openings, or other entry/exit points may be included to allow withdrawal of
unseparated feed, solid-depleted phase, and/or solid-enriched phase. In further contemplated
aspects, the skim tank bottom can be sloped (or include angled elements) to facilitate solids
collection and/or removal. Most typically, contemplated skim tanks will also include one or
more openings at or near the top (and above the solids-enriched phase) to allow venting or

removal of volatile organic compounds to a suitable site.

With respect to suitable flow-control structures, it is generally preferred that the flow
control structure is an open-ended cylindrical structure as shown in Figure 1 and that the
structure is centrally disposed within a cylindrical tank. Moreover, it is generally preferred
that the lower opening of the structure will be in a position above the inner bottom surface of
the tank to enable toroidal motion of the solid-depleted phase. Alternatively, the flow-control
structure may also be coupled to the inner bottom of the tank and then include a plurality of

openings to enable toroidal motion of the solid-depleted phase. Therefore, it should be
6
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appreciated that various structures are deemed suitable and should not be limited to use of a
suspended cylindrical structure, and it should be appreciated that all structures are deemed
suitable that allow a closed-loop movement (out of one portion of the structure and back into
another portion of the structure) of at least some of the liquid introduced 1nto the flow-control
structure. For example, suitable structures include ellipsoid cylinders, square beam
structures, and composite structures, all of which may have an uninterrupted surface or have
one or more openings. In especially preferred aspects, the openings may be configured as
flow-directing structures (e.g., to generate a vortex motion or turbulent flow within the flow-
control structure), including jet structures, vane-type structures, etc. Additionally, one or
more flow-directing elements may be provided to the flow-control structure (typically on at
least the inner surface), for example, to impart centrifugal or other motion to the fluid/teed

and/or to promote agglomeration of the solid phase. Such flow-directing elements will

typically be configured as vanes or impellers.

It is generally preferred that the mixed-phase feed is directly and/or indirectly fed 1nto
the lumen of the flow-control structure. For example, direct feeding into the flow-control
structure may be implemented by placing one or more feed pipes into the structure such that
the feed will be released into a volume within the structure. Most typically, and especially
where multiple feed pipes are used, the ends of the pipes will be at an upward angle to force
up-flow of the feed into the structure. Indirect feeding may be implemented by using a
diffuser, nozzle array, or other distributor device that directs the flow of the feed in an
upwardly direction into the lumen of the flow-control structure. Regardless of the manner of
feeding, it should be appreciated that the volume of material that is fed into the flow-control
structure is larger than the volume that is to be separated as the feed is a product of the mixed-
phase feed and the recycled portion of the solid-depleted phase. Consequently, a significantly
larger up-flow is achieved which is further supported by the returning solid-depleted phase

from the toroidal flow.

Where desired, gas may be introduced into the mixed feed. However, it should be
noted that the gas may also be fed into the lumen on the flow-control structure using a
sparger, nozzles, etc. Where the gas is separately fed to the flow-control structure, the feeding
may be performed such that the gas imparts further upward momentum to the feed. Similarly,

the recycling stream may be introduced via the mixed-phase feed or separately into the flow-

control structure.
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Preterred overflow elements will have a conical shape and be disposed above the
flow-control structure with the upper edge acting as a weir across which the solid phase 1s
moved as the solid phase develops higher and/or i1s moved up by the fluid level below the
solid phase. However, 1n alternative aspects, the overflow element may have any other shape
so long as the overflow element will preferentially receive the solid phase. For example,
multiple overflow pipes (preferably vertically arranged) may be employed, or the upper edge
of an open-ended container may act as the overtlow element. Most preferably, the tlow-
control structure 1s configured to impart an up-flow motion into the mixcd-phase feed and
wherein the overflow element 1s configured to redirect the up-flow motion into a side-tlow
motion, which {urther assists the toroidal motion of the solid-depleted phase. Consequently,
it should be appreciated that no moving parts are required 1n the skim tank and that such
configuration significantly improves tank reliability, operation, and reduces costs and down-

time.

In still further contecmplated aspects, onc or more control clements are provided and
configured to allow raising of the liquid lcvel in the tank such that at least some of the solid-
enriched phase 1s forced into the overflow clement. The control clement(s) may be manually
operated, or operated using level control sensors and a control circuit that 1s configured to
detcrmine or receive information on the level of fluid 1n the tank as well as the feed rate ot
mixcd-phase feed into the tank. 1t should therefore be appreciated that contemplated systems
and methods allow for an operation that requires no adjustments that are typically needed 1n
heretofore known skim tanks (e.g., weir height and or solids accumulations), even 1n
circumstances where the characteristics of skim tank feed (mixed-phase feed and/or recycled
solid-depleted phase) changes. Moreover, i1t should be noted that the operating liquid level
inside the skim tank can be adjusted from the outside of the tank (e.g., using control elements

and/or taps) without cffccting the skim tank operation to so allow for variable amounts ot

sludge accumulation.

Thus, specific embodiments and applications ot skim tank configurations and methods
have been disclosed. I1tshould be apparent, however, to those skilled tn the art that many

more modifications besides thosc already described are possible. Moreover, in interpreting

both the specification and the claims, all terms should be interpreted in the broadest possible

manner consistent with the context. In particular, the terms "comprises”" and "comprising”
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should be interpreted as referring to elements, components, or steps 1n a non-exclusive manner,
indicating that the referenced elements, components, or steps may be present, or utilized, or

combined with other clements, components, or steps.
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Claims:

1.

U2

A skim tank, comprising:

a container comprising a tlow-control structure disposed within the container, wherein
the tlow-control structure 1s configured to force flow of a first portion of a
solid-depleted phase of a mixed-phase {eed into a toroidal motion within the
container and around the flow control structure:

wherein the container is configured to allow withdrawal of a second portion of the
solid-depleted phase at a position below the flow control structure;

a tluid conduit coupled to the container and configured to allow recycling of at least
some of the second portion of the solid-depleted phase from a lower portion ot
the container back into the flow-control structure;

an overflow clement having conical shape and arranged 1n the container and
contfigurced to allow removal of a floating solid-enriched phase separated from
the mixed-phase;

one or more control elements and a plurality of vertically spaced effluent valves that
are configured to force at Icast some of the floating solid-enriched phase into
the overflow element and to remove at lcast some of the solid-deplcted phase
from the container;

wherein the overflow clement has a size and position relative to the flow-control
structure to (a) redircct up-flow motion of the solid-depleted phase into a side-
flow motion to thereby assist in formation of the toroidal motion, and (b) to
present an upper edge into the solid-enriched phase to thereby act as a weir

across which the solid phase 1s moved.

The skim tank of claim 1 further comprising a mixed-phase feed conduit that 1s
configurcd to release the mixed-phase feed from the conduit 1into an inner volume of
the tlow-control structure at a position that 1s above a lower end ot the flow-control

structure.

The skim tank of claim 1 wherein the flow-control structurc has an upper opening and
a lower opening, and wherein the lower opening 1s suspended above an inner bottom

surface of the container.

10
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The skim tank of claim 1 wherein the flow-control structure has a cylindrical shape.
The skim tank of claim 3 wherein the flow-control structure has a cylindrical shape.

The skim tank of claim 1 further comprising a gas source coupled to the container and

configured to provide gas to the mixed-phase feed.

The skim tank of claim 1 further comprising a second conduit configured to deliver a

fraction of the solid-depleted phase as a rinse fluid to an inner surface of the overtlow

element.

The skim tank of claim 1 further comprising a control element that 1s configured to
allow raising of a liquid level in the container such that at least some of the solid-

cnriched phase is forced 1nto the overflow element.

The skim tank of claim 1 further comprising a feed conduit that 1s configured to
fluidly couple the tank to a desalter mud wash unit such that the mixed-phasc teed

comprises an effluent from the desalter mud wash unit.

A method of separating a mixed-phase feed into a floating solid-enriched phase and a

solid-depleted phase, comprising:

introducing the mixed-phase feed, into a container and using a flow control structure
within the container (o force a first portion of the solid-depleted phase 1nto a
toroidal motion around the flow control structure;

withdrawing a second portion of the solid-depleted phase back from the container at a

position below the flow control structure and recycling the second portion of

the solid-deplcted phase back to the flow control structure;

using a conical ovcrflow element positioned above the flow control structure to
remove the floating solid phase that is separated from the mixed-phase feed;

using one or more control elements and a plurality of vertically spaced effluent valves
to force at least some of the floating solid-enriched phase 1nto the overtlow
clement and to remove at least some of the solid-depleted phase from the
container; and

wherein the conical overflow element has a size and position relative to the tlow
control structure to (a) redirect up-flow motion of the solid-depleted phase into

a side-flow motion to thereby assist in formation of the toroidal motion, and
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(b) to present an upper edge into the solid-enriched phase to thereby act as a

welr across which the solid phase is moved.

The method of claim 10 wherein the flow control structure has a cylindrical shape and

1S centrally disposed within a tank.

The method of claim 10 wherein a mixed-phase feed conduit releases the mixed-phase
teed from the mixed-phase feed conduit into an inner volume of the flow-control

structure at a position that 1s above a lower end of the flow-control structure.

The method of claim 10 whercin the flow-control structure has an upper opening and

a lower opening, and wherein the lower opening is suspended above an 1nner bottom

surface of the container
The method of claim 10 wherein the tlow-control structure has a cylindrical shape.
The method of claim 10 wherein the mixed-phase feed 1s introduced with a gas.

The method of claim 10 wherein the mixed-phase feed comprises an effluent from a

desalter mud wash operation.
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