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(57) Abrége/Abstract:

A column of solvent containing foaming contaminants Is provided. Gas Is Injected Into the solvent in the column so as to
generate foam in the column. The gas Is educted into the column independently of the input flow of solvent into the solvent using
a pumparound arrangement with the solvent. Foam generation continues so as to push the foam up In the column, wherein
much of the solvent that Is In the foam Is allowed to drain back down into the column. The foam passes through concentrators
which increase the residency time of the foam in the column to further dry the foam and to create larger bubbles. The drier foam
IS pushed out of the column and into a container. The foam Is broken up into gas and the liquid foaming contaminants. The gas
IS recirculated for injection into the column even after foaming has stopped. The foaming contaminants are concentrated at the
surface level of the solvent in the column. These contaminants are removed from the column. A liquid separator separates
Immiscible liguids, such as oll, from the solvent.
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METHOD AND APPARATUS FOR REMOVING FOAMING
CONTAMINANTS FROM HYDROCARBON PROCESSING
SOLVENTS

ABSTRACT OF THE DISCLOSURE

A column of solvent containing foaming contaminants is
provided. Gas is injected into the solvent in the column so as to
generate foam in the column. The gas is educted into the column
independently of the input flow of solvent into the solvent using a
pumparound arrangement with the solvent. Foam generation continues
so as to push the foam up in the column, wherein much of the solvent
that is in the foam is allowed to drain back down into the column. The
foam passes through concentrators which increase the residency time
of the foam in the column to further dry the foam and to create larger
bubbles. The drier foam 1s pushed out of the column and into a
container. The foam is broken up into gas and the liquid foaming
contaminants. The gas is recirculated for injection into the column
even after foaming has stopped. The foaming contaminants are
concentrated at the surface level of the solvent in the column. These
contaminants are removed from the column. A liquid separator
separates immiscible liquids, such as oil, from the solvent.

/187159




CA 02349872 2001-06-06

METHOD AND APPARATUS FOR REMOVING FOAMING
CONTAMINANTS FROM HYDROCARBON PROCESSING
SOLVENTS

SPECIFICATION

Field of the Invention

The present invention relates to apparatuses and methods for
removing contaminants that can cause foaming in solvents that are
used to process hydrocarbons such as natural gas.

Background of the Invention

Hydrocarbon gas 1s frequently processed before storage,
transportation through a pipeline or use. Processing removes
undesirable components from the gas, such as moisture or sour
contaminants.

Processing gas to remove moisture is referred to as dehydration.
Hydrocarbon gas containing moisture 1s typically dehydrated by
exposing 1t to the solvent triethylene glycol. The moisture is removed
from the hydrocarbon gas in order to increase the heating value of the
gas and to reduce the condensation of free liquid water during
transportation or storage. The removal of the moisture also reduces
the formation of gas hydrates that foul pipeline equipment.

In a typical glycol dehydration unit, the gas is dehydrated in a
gas-liquid contactor, which is typically a tower. The wet gas enters
the contactor at the bottom, while the dry gas exits from the top.
Inside of the contactor, the gas passes through a shower of glycol
solvent. The lean liquid solvent enters the contactor at the top and the
rich liquid solvent (solvent containing moisture) exits the contactor
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from the bottom. The liquid solvent drains down inside of the
contactor through a series of internal trays or packing. The gas is
forced up through the solvent shower. When the gas physically
contacts the liquid solvent, the water vapor in the gas i1s taken up by
the solvent.

The rich solvent is processed for reuse. Reusing the solvent is
desirable for environmental reasons (disposal of the solvent 1s both
difficult and expensive) and also because the solvent is expensive.
Processing the solvent removes the moisture wherein the solvent is
said to be lean.

Processing gas to remove sour contaminants is referred to as
sweetening. Sour gas smells like rotten eggs. The sour contaminants
are sulfur compounds (for example, hydrogen sulfide). These sulfur-
containing compounds are removed because, when the compounds are
combined with water, sulfuric acid i1s formed. Another contaminant in
the gas is carbon dioxide. When the carbon dioxide 1s combined with
water, carbonic acid i1s formed. Removing these acid forming
contaminants 1s desirable in order to minimize corrosion in the vessels
and pipelines used to store and transport the gas.

The gas sweetening process is similar to the dehydration
process. The gas is forced upward through a shower of sweetening
solvent in a gas-liquid contactor. The sweetening solvent 1s an amine
solvent. The contaminants are removed by the sweetening solvent.

The sweetening solvent i1s processed for reuse, for the same
reasons that the dehydration solvent 1s processed for reuse. Processing
the solvent removes the sour contaminants.

In both the dehydration process and the sweetening process, the
gas-liquid contactor requires careful balancing of the physical
parameters of the gas and the liquid. When the contactor is in
equilibrium, the gas exits out of the top and the rich solvent (the
solvent being rich with either moisture or sour contaminants) exits out
of the bottom, as described above. Also, when the system is in
equilibrium, the amount of gas that 1s processed is maximized.
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One sign that equilibrium 1s lost 1s when some of the liquid
solvent is carried out of the contactor with the gas. This occurs if the
gas rate through the contactor 1s too high or if the solvent contains
relatively high concentrations of foaming contaminants. Such
foaming contaminants include well treatment chemicals, liquid
hydrocarbons (such as crude oil), corrosion inhibitors, suspended
solids and excessive amounts of antifoam chemicals. Foaming is
evident when the foam exits the top of the contactor. This 1s known
as "carrying over" or "puking".

Foaming of the solvent is undesirable because foaming leads to
a loss of efficiency of the contactor, causes contamination of the gas
with the solvent, and results in the loss of the expensive solvent.

Furthermore, even when foaming is not evident, the presence of
foaming contaminants in the solvent leads to a reduction in contactor
efficiency. = This 1s because foaming contaminants comprise
surfactants. In the gas-liquid contactor, a frothing is desired in order
to remove the impurities (water, sour contaminants, etc.) from the
hydrocarbon gas. This process is known as mass transter, wherein the
impurities are transferred from the hydrocarbon gas to the liquid
solvent.

The foaming contaminants resist the transfer of mass from the
gas to the liquid, thereby reducing the quantity of mass that is
transferred. The quantity of mass transferred 1s adversely affected
even if the contactor does not exhibit signs of foaming (such as foam
production at the top of the contactor or variations in the pressure at
the gas outlet). In the prior art, the operator of the contactor detects a
foaming problem by detecting foam at the top of the contactor or by a
pressure change i1n the gas outlet. If foam 1s detected, then the
operator adds anti-foaming agents to the solvent.

However, the contactor efficiency is reduced even by a quantity
of foaming contaminants that 1s too small to cause detectable foaming.
Thus, even if foaming 1s undetected by the operator, the efficiency is
likely to be relatively low. Furthermore, the addition of anti-foaming

AAS A v U AR (17 4 - i U doniit aliaPaia SR Bk SO DR M vl PV, SR A AR



CA 02349872 2001-06-06

agents does not reduce the amount of foaming contaminants. Instead
the anti-foaming agents work to reduce the stability of the foam; the
foaming contaminants are not tied up. Consequently, the foaming
contaminants continue to adversely affect the contactor efficiency.

In the prior art, attempts have been made to solve the foaming
problem. The prior art treats the solvent by passing it through
activated carbon to adsorb the foam causing surfactants. In addition,
the solvent is passed through filters to remove small suspended
particles. Such particles stabilize the foam once it is formed.

The prior art systems suffered from several problems. The
filters require replacement and disposal. Disposal of the used filters
can be expensive due to environmental concerns. In addition, the
filters themselves are expensive. Filters are also very specialized,
being suited only to a narrow range of contaminant types or sizes. Itis
difficult to select a proper type of filter for the particular foaming
contaminant present in the solvent. That is to say that the
effectiveness of the filter is dependent on the filter matching the
particular type of the foaming contaminant. Typically, the particular
type of foaming contaminant is unknown, resulting in guess work as to
the particular filter which is to be used.

Summary of the Invention

It is an object of the present invention to provide a method and
apparatus for removing foaming contaminants from hydrocarbon fluid
processing solvents.

It is an object of the present invention to provide a method and
apparatus for improving the mass transfer capabilities in hydrocarbon
processing.

It is another object of the present invention to provide a method
and apparatus for removing foaming contaminants from hydrocarbon
fluid processing solvents while reclaiming the solvents.
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It is another object of the present invention to provide a method
and apparatus for removing foam contaminants from hydrocarbon
fluid processing solvents which provides gas to the solvent
independently of the solvent flow.

It is another object of the present invention to provide a method
and apparatus for removing foam contaminants from hydrocarbon
fluid processing solvents, wherein the foam structure is modified to
reduce solvent content and to make the foam more manageable.

It is another object of the present invention to provide a method
and apparatus for removing liquid contaminants from hydrocarbon
fluid processing solvents.

The present invention provides a method of removing foaming
contaminants from a solvent which is used to process hydrocarbon
fluid. A column is provided, which column has a top end. The top
end has an outlet that provides communication between the column
and a container. The contaminated solvent is introduced into the
column. Gas is injected into the contaminated solvent so as to
generate foam in the column. The foam includes the gas, the solvent
and the foaming contaminants. Foam generation is continued so as to
push the foam up the column and allow a portion of the solvent in the
foam to drain back down the column, wherein the foam at the top end
of the column has less solvent than the foam that is lower down 1n the
column. The foam is pushed out through the outlet and into the
container. The solvent is removed from the column by way of a
location that is below where the gas is injected.

In accordance with one aspect of the present invention, the gas
that is injected is a non-oxidizing gas. The solvents used to process
hydrocarbons are typically sensitive to oxygen in the atmosphere. By
using the same gas that the solvent is designed to contact, the solvent
is not degraded when the foaming contaminants are removed.

In accordance with another aspect of the present invention, the
foam is broken in the container so as to separate the gas from the
foaming contaminants. The gas is vented out of the container.
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In accordance with another aspect of the present invention, the
foaming contaminants are collected as a liquid at the bottom of the
container. A portion of this liquid is recirculated by spraying the
liquid into the foam so as to break the foam. By recirculating the
foaming contaminants and using the contaminants to break the foam,
the concentration of foaming contaminants is maintained.

In accordance with another aspect of the present invention, the
vented gas is recirculated by reinjecting the gas into the column.

The liquid at the bottom of the container is removed and
introduced into the column as reflux. The reflux contains a high
concentration of foaming contaminants to solvent. Introducing reflux
into the column allows recovery of the solvent that is in the reflux and
also provides foaming contaminants to maintain foaming in the first
column.

In accordance with another aspect of the present invention, the
solvent that is used is that which is used to dehydrate hydrocarbon gas.

In accordance with another aspect of the present invention, the
solvent that is used is that which is used to sweeten hydrocarbon gas.

The present invention also provides a system for processing
hydrocarbon fluid utilizing solvent to remove contaminants from the
gas. The contaminants are selected from the group consisting of water
and sour. The solvent contains foaming agents. The system has a
fluid-liquid contactor having a hydrocarbon fluid input, a hydrocarbon
fluid output, a lean solvent input and a rich solvent output. A solvent
recycler is connected between the lean solvent input and the rich
solvent output. The solvent recycler includes a contaminant separator.
The separator has a rich solvent input that receives solvent from the
rich solvent output of the contactor and a lean solvent output that
provides solvent to the lean solvent input of the contactor. The
separator also has a contaminant outlet. The solvent circulates in a
downstream direction through the solvent recycler. A foaming agent
remover has an upstream solvent tap that 1s connected to the solvent
recycler and a downstream solvent tap that 1s connected to the solvent
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recycler. The foaming agent remover comprises first and second
columns, each of which has an upper end, and a conduit connecting
the upper end so as to form a vessel. The first column comprises a
solvent inlet that is connected to the upstream solvent tap, a gas inlet
that is connected to a gas source, and a clean solvent outlet that 1s
connected to the downstream solvent tap. The clean solvent outlet 1s
located below the gas inlet. The second column comprises a spray
liquid outlet and a foamate discharge outlet, the spray liquid outlet is
connected to a sprayer located in the vessel so as to spray above the
second column. The second column also comprises a gas outlet.

In accordance with one aspect of the present invention, the
system has the gas outlet of the second column coupled to the gas inlet
of the first column.

In accordance with still another aspect of the present invention,
the gas inlet of the first column comprises a sparger located inside of
the first column.

In accordance with still another aspect of the invention, the
conduit is shaped like an inverted "U".

In accordance with still another aspect of the present invention,
the first column comprises a reflux inlet and the second column
comprises a reflux outlet that is connected to the reflux inlet of the
first column.

The present invention removes the foaming contaminants from
the solvent by causing the solvent to foam. The foam 1s pushed
upward, allowing the solvent in the foam to drain back down. The
foaming contaminants travel up while the clean solvent travels down
for removal and reintroduction into the hydrocarbon gas processing
unit. The foam is routed into another container where it 1s broken up
in order to allow the foaming contaminants to drain into the container.

By processing in this manner a portion of the solvent in the
hydrocarbon processing unit, the solvent is cleaned and foaming
problems are eliminated, with minimal loss of the solvent itself.
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The present invention provides a method of removing
contaminants from a solvent which 1s used to process hydrocarbon
fluids. A column is provided, which column has a top end. The
contaminated solvent is introduced into the column at a first location.
The contaminated solvent is in a liquid form and has a top level within
the column. Gas is introduced into the contaminated solvent in the
column at a second location that is below the first location so as to
generate bubbles in the liquid and drive the contaminants to the top
level of the liquid. The contaminants are removed from the top level
of the liquid.

In accordance with one aspect of the present invention, the
solvent is removed from the column at a third location that is below
the second location.

The present invention also provides a method for removing
foaming contaminants from solvent which 1s used to process
hydrocarbon fluids. A column having a top end and a carryover
coupled to the top end of the column is provided. The contaminated
solvent is introduced into the column at a first location. Gas 1s
introduced into the column at a second location that 1s located below
the first location, whereby foam is generated in the column. The toam
comprises the gas, the solvent and the foaming contaminants. Foam
generation is continued so as to push the foam into the carryover and
out of the column, whereby a portion of the foaming contaminants are
removed from the column. Gas introduction at the second location 1s
continued even after foaming stops so as to drive the foaming
contaminants to a top level of the liquid solvent and the column. The
solvent is removed from the column at a third location that 1s below
the second location.

In accordance with another aspect of the present invention, the
foaming contaminants are removed from the top level of the liquid.

In accordance with still another aspect of the present invention,
the step of introducing gas into the column at a second location further
comprises the step of removing gas from the column at a location
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above a surface level of the liquid and educting the gas with a flow of
solvent taken from the column.

In accordance with still another aspect of the present invention,
the flow of solvent into the column for educting gas 1s greater than the
flow of solvent into the column at the first location.

In accordance with another aspect of the present invention, the
foam is coarsened as it is pushed, whereby the foam becomes drier
and easier to shear.

In accordance with another aspect of the present invention, the
contaminated solvent comprises immiscible liquid, wherein the
method further comprises the step of separating the immiscible liquid
from the solvent as the solvent is introduced into the column.

In accordance with still another aspect of the present invention,
the immiscible liquid is separated from the solvent at either the first
location or the second location or both.

In accordance with another aspect of the present invention, the
step of introducing gas into the column at a second location further
comprises the step of removing gas from the column at a location
above a surface level of the liquid and educting the gas with the flow
of solvent taken from the column. The foam is coarsened as it is
pushed, whereby the foam becomes drier and easier to shear. The
contaminated solvent comprises immiscible liquid, which immiscible
liquid is separated from the solvent as the solvent is introduced into
the column.

The present invention also provides a facility for processing
hydrocarbons utilizing solvent to remove contaminants from the
hydrocarbons. The solvent contains foaming agents. There 1s
provided a fluid-liquid contactor having a hydrocarbon input, a
hydrocarbon output, a lean solvent input and a rich solvent output. A
solvent recycler is connected between the lean solvent input and the
rich solvent output, the solvent recycler processing rich solvent exiting
through the rich solvent output into lean solvent for introduction into
the contactor by way of the lean solvent input. A column has a top

10
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end, it has a solvent inlet in a first location. The solvent has a gas inlet
in a second location that is below the first position, wherein gas
bubbles up through the solvent in the column. The column having a
solvent output in a third location located below the second location.
The solvent inlet and solvent outlet are connected to the solvent
recycler. An outlet in the column is located in a liquid surface level of
the column, wherein contaminants can be removed through the outlet
from the column.

A method is provided for removing foaming contaminants from
solvent which is used to process hydrocarbon fluids. A column is
provided having a top end, the top end having an outlet that provides
communication between the column and a container. The
contaminated solvent is introduced into the column at a first location.
At a second location, gas that is obtained from either the column or the
container using the solvent from the column is educted into the
contaminated solvent so as to drive the foaming contaminants to the
top level of the solvent. The contaminants are removed from the top
level of the solvent.

In accordance with still another aspect of the present invention,
the step of removing the contaminants from the top level of the solvent
further comprises the step of generating foam so as to push the foam
up the column, and allowing a portion of the solvent in the foam to
drain back down the column, wherein the foam at the top end of the
column has less solvent than the foam that is lower in the column, and
pushing the foam out through the outlet and into the container and
removing the solvent from the column by way of a location that 1s
below where the gas is injected.

In accordance with still another aspect, the present invention
further comprises the step of coarsening the foam as it i1s pushed,
whereby the foam becomes drier and easier to shear.

In accordance with still another aspect of the present invention,
the flow of solvent into the column for educting gas 1s greater than the
flow of solvent into the column at the first location.

11

VIS (I S AT S Lt 1143 6 0 GO UM RTINS P A TSI ACHE MO ¥ AU AU 44 S o g ol v T o P ITF BG4 € by dad 51471500058 1T T e e

Ve v e ow PP TV SR STTRNDIE-TRT LIS T A S R M B



CA 02349872 2001-06-06

In accordance with still another aspect of the present invention,
there is provided the step of separating immiscible liquid from the
solvent as the solvent is introduced into the column.

The present invention provides a method of removing foaming
contaminants from solvent which is used to process hydrocarbon
fluids. A column having a top end, the top end having an outlet that
provides communication between the column and a container. The
contaminated solvent is introduced into the column. Gas 1s introduced
into the contaminated solvent so as to generate foam in the column,
the foam comprising the gas, the solvent and the foaming
contaminants. Foam is continued to be generated so as to push the
foam up the column. Passing the foam through at least one
concentrator so as to dry the foam and form larger bubbles and
pushing the foam out through the outlet and into the container. The
solvent is removed from the column by way of a location that is below
where the gas is injected.

Brief Description of the Drawings

Fig. 1 is a schematic diagram showing a hydrocarbon gas
dehydration plant, equipped with the apparatus of the present
invention.

Fig. 2 is a schematic diagram showing a hydrocarbon gas
sweetening plant, equipped with the apparatus of the present
invention.

Fig. 3 is a side view of the apparatus of the present invention, in
accordance with a preferred embodiment.

Fig. 4 is a cross-sectional view of the apparatus of Fig. 3,
showing the operation thereof.

Fig. 5 is a side view of the apparatus of the present invention, in
accordance with another embodiment.
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Fig. 6 is a cross-sectional view of the liquid-liquid separator of
Fig. 5.

Fig. 7 is a view showing the manufacture of the liquid-liquid
separator.

Figs. 8A and 8B are plan and side views respectively of a
concentrator, in accordance with a preferred embodiment.

Figs. 9A and 9B are plan and side views respectively of a
concentrator, in accordance with another embodiment.

Figs. 10A and 10B are plan and side views respectively of a
concentrator, in accordance with another embodiment.

Figs. 11A and 11B are plan and side views respectively of a
concentrator, in accordance with another embodiment.

Figs. 12A and 12B are plan and side views respectively of a
concentrator, in accordance with another embodiment.

Figs. 13A and 13B are plan and side views respectively of a
concentrator, in accordance with another embodiment.

Fig. 14 is a side view of the apparatus in accordance with
another embodiment, without a liquid-liquid separator at the solvent
input and without a sparger, shown during foaming.

Fig. 15 is a side view of the apparatus, with a liquid-liquid
separator and a sparger, shown during liquid coalescing.

Description of the Preferred Embodiment

The present invention is useful for removing foam causing
contaminants from solvent that 1s used to process hydrocarbons such
as natural gas. Examples of hydrocarbon gas processing units include
dehydration units 11 (see Fig. 1) and sweetening units 31 (see Fig. 2).
The present invention can also be used on solvents that are used to
process hydrocarbon liquids.

Dehydration units and sweetening units have solvent recycling
equipment. The solvent recycling equipment takes the rich solvent

13
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and removes the moisture or sour contaminants to produce lean
solvent.

The foam remover apparatus 51 of the present invention can be
installed and operated in conjunction with the solvent recycling
equipment. As the solvent circulates through the gas-liquid contactor,
it takes up contaminants (for example, moisture or sour contaminants)
from the gas. The solvent may also take up foaming contaminants
from the gas. The solvent exits the gas-liquid contactor and enters the
solvent recycling equipment. The solvent recycling equipment will
remove moisture and sour contaminants from the gas, but not the
foaming contaminants. Consequently, some of the solvent 1s
processed by the foam remover apparatus to remove the foaming
contaminants. The hydrocarbon gas dehydration unit 11 (Fig. 1) will
be first described, followed by a description of the hydrocarbon
sweetening unit 31 (Fig. 2) and then by a description of the apparatus
51 itself (Figs. 3 and 4).

In the hydrocarbon gas dehydration unit 11 of Fig. 1, a gas-
liquid contactor 13 is provided. The wet hydrocarbon gas enters the
contactor 13 at the bottom, while the dry gas exits at the top. Lean
solvent enters the contactor at the top, while rich solvent exits at the
bottom. The gas is forced up through a solvent shower, wherein the
moisture is transferred from the gas to the solvent.

The rich solvent exits the contactor 13 and 1s sent to solvent
recycling equipment. Specifically, the solvent 1s sent to a heat
exchanger located in a still 15. The heated mixture 1s then pumped to
a flash tank 17, where the pressure is reduced. The increase in heat
and the reduction in pressure allows any hydrocarbon gas that might
be dissolved in the solvent to be removed. The degassed solvent then
passes through a lean/rich heat exchanger 19 for the further preheating
of the solvent. After passing through the heat exchanger 19, the
solvent is introduced into a reboiler 21. Once in the reboiler, the

solvent 1s heated to temperatures high enough to boil off the water
vapor that was absorbed in the contactor. The solvent exiting the

14
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reboiler is referred to as lean solvent to indicate the absence of
moisture. The clean, lean solvent is held in temporary storage in a
surge tank 23. It is then pumped through the lean/rich heat exchanger
19 to preheat the rich solvent entering the reboiler. The lean solvent 1s
then reintroduced into the contactor.

In the preferred embodiment, the solvent is a glycol type.

The foam remover apparatus 51 is inserted anywhere in the
solvent processing lines. For example, the apparatus 51 can be located
so as to receive some solvent from either the flash tank 17 or the surge
tank 23. The clean solvent is discharged back into the processing
system downstream of the tank.

In the hydrocarbon gas sweetening unit 31 of Fig. 2, a gas-
liquid contactor 33 is provided. The sour hydrocarbon gas enters the
contactor 33 at the bottom, while the sweet gas exits from the top.
[ ean solvent enters the contactor 33 at the top, while rich solvent exits
at the bottom. As with the dehydration unit, the gas 1s forced up
through a solvent shower, wherein the sour contaminants are
transferred from the gas to the solvent.

The rich solvent exits the contactor 33 and is sent to solvent
processing equipment. Specifically, the solvent 1s passed through a
flash tank 35 to remove any hydrocarbon gas and is then passed
through a lean/rich heat exchanger 37. The solvent then enters a
stripper/regenerator column 39, where it is exposed to steam from a
reboiler 41. The sour compounds are stripped and exit with the steam
out of the top of the column 39. A stripper overhead condenser 47
cools the gases. Water and solvent condenses out of the concentrated
sour gas stream and are collected in a reflux accumulator 49. The
recovered liquid is reintroduced into the column 39 as reflux in order
to increase the stripping efficiency of the column. Clean solvent
passes through the reboiler 41, the lean/rich heat exchanger 37, a surge
tank 43 and into a lean solvent cooler 45. The temperature of the
solvent is controlled in order to reduce condensation of the liquid
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hydrocarbons when the solvent contacts the hydrocarbon gas in the
contactor 33.

In the preferred embodiment, the solvent 1s an amine type of
solvent.

The foam remover apparatus 51 can be located anywhere in the
solvent processing lines. For example, as shown in Fig. 2, the foam
remover apparatus 51 draws solvent from the flash tank 35 and
reinserts clean solvent downstream of the flash tank.

The apparatus 51 can process the solvent regardless of whether
the solvent contains moisture or sour contaminants. Thus, the
apparatus can tap into the solvent recycling system before the moisture
or sour contaminants are removed from the solvent. It is preferred to
tap into the solvent circulation system at a location where there 1s a
liquid level of solvent.

The units 11, 31 are, with the exception of the foam remover 51,
found in the prior art. If liquid hydrocarbons are processed, the
contactor is a liquid-liquid contactor 33A (see Fig. 2).

Referring to Fig. 3, the foam remover apparatus 51 includes a
first column 53, a second column 55 and a conduit 57 connecting the
first and second columns. The columns 53, 55 are vertical and are of
equal height. Each column has a top end 53T, 55T and a bottom end
53B, 55B and is formed by a pipe or tube. The two columns 53, 55
are located near each other. The top ends 53T, 55T of the columns are
connected together by the conduit 57. The conduit 57 forms a channel
between the two top ends. In the preferred embodiment, the conduit
57 is shaped like an inverted shallow "U".

In the preferred embodiment, the columns and conduit are made
of steel pipe, although other materials can be used. The bottom end
53B of the first column is closed. Likewise, the bottom end 55B of
the second column is closed. The top ends 53T, 55T are open. Thus,
a vessel is formed where the interior of the first column 353

communicates with the interior of the second column 55 by way of the
conduit 57.

16

.c.\.pqwam.qmwmmm




CA 02349872 2001-06-06

Except for the inlets and outlets which are described below, the
interior of the vessel 53, 55, 57 1s sealed from the exterior.

In the preferred embodiment shown in Fig. 3, the columns and
conduit are provided with flanges 59 at their ends for coupling
purposes.

The apparatus 51 can be of any size. Some typical dimensions
are: the first and second columns each have a diameter of 10 inches
and a height of 550-600 inches. The first and second columns are 20
inches apart from each other. The conduit is 40 inches long and 20
inches high.

Still another set of typical dimensions are: the first and second
columns each have a diameter of 24 inches and a height of 100-110
inches. The columns are 48 inches apart. The conduit i1s 86 inches
long and 50-60 inches high.

Another set of typical dimensions are: the first and second
columns each have a diameter of 36 inches and a height of 40-50
inches. The first and second columns are 70-80 inches apart. The
conduit is 140-150 inches long and 60-80 inches high.

The first column 53 has several inlet lines and an outlet line.
There is a solvent inlet 61, a gas inlet 63, a reflux inlet 65 and a
solvent outlet 67. Generally, the solvent and reflux inlets 61, 65 are
located above the gas inlet 63 and the gas inlet 1s located above the
solvent outlet 67.

Each of the lines connected to the inlets and the outlet have a
valve therein to control the flow therethrough. Thus, there 1s a solvent
inlet valve 69, a gas inlet valve 71, a reflux inlet valve 73, and a
solvent discharge outlet valve 75.

The solvent inlet 61 is connected to an upstream tap 77 in the
solvent recycling system (see Figs. 1 and 2). As previously discussed,
this upstream tap 77 can tap into either rich or lean solvent. The
solvent inlet 61 has a flow meter 79 therein.

The gas inlet 63 is connected to a source of gas. The gas should
be a non-oxidizing or non-reacting gas. This is because the solvent 1s
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degraded if in contact with oxygen or other reactive gasses. One type
of gas that i1s suitable 1s hydrocarbon gas, such as the gas that is being
processed. In the preferred embodiment, a tap i1s placed on the gas
outlet from the gas-liquid contactor. Another type of gas is nitrogen,
which provides a margin of safety to the operator. The gas inlet 63
has a flow meter 81 therein. The gas inlet 63 also has a pressure
regulator 83. The valve 71 can be located in series with and between
the pressure regulator 83 and the flow meter 81, with the pressure
regulator being upstream of the valve and the flow meter. The gas
inlet 63 is connected to a sparger 85 that is located inside of the first
column 53.

The gas that is injected into the apparatus 1s captured and
reinjected. The second column 55 has a foam gas outlet 87 located
above the liquid level. The foam gas outlet 87 extends to the input 91
of a compressor 89. The compressor output 93 1s connected to the gas
inlet 63 upstream of the flow meter 81. The compressor 89 can be
regulated to adjust the flow and pressure of the gas.

The reflux inlet 65 is connected to a retlux outlet 95 located
near the bottom 55B of the second column 55. The reflux outlet has a
valve 97 that controls the reflux discharge from the second column.
Downstream of the valve 97 i1s a pump 99, followed by the valve 73
that controls the input into the first column 53.

The solvent discharge outlet 67 has a valve 75 followed by a
pump 101. The output of the pump 101 1s connected to the solvent
circulation system at a downstream tap 103 (Figs. 1 and 2).

The second column 55 also has outlets and inlets. The foam gas
outlet 87 and the reflux outlet 95 have been described above. There is
a foamate outlet 105 located near the bottom of the second column 55.
The outlet 105 extends to a pump 107. The output of the pump 107 is
split between two lines, each of which has a valve. One line 109 is a
foamate discharge and empties into a container such as a barrel. The
other line 111 1s connected to a spray head 113 that is located above
the second column 55. The spray head 113 points down into the
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interior of the second column. The spray head can be located either in
the second column or 1n the conduit 57. The two lines 109, 111 can be
separated from each other.

The operation of the apparatus 51 will now be described
referring to Fig. 4. Solvent containing foaming contaminants 1s taken
from the solvent recycling system of the gas processing plant at the
upstream tap 77. The solvent 115 is introduced into the first column
53 via the solvent inlet 61. The first column 53 1s allowed to fill to a
predetermined level with the solvent 115. Some distance 1s provided
between the solvent level 117 and the midsection 119 of the conduit
57. The midsection 119 is the highest section of the conduit. Fluid
located on one side of the midsection will fall into the first column,
while fluid located on the other side will fall into the second column.

The gas 121 is then injected into the first column via the gas
inlet 63 and the sparger 85. The gas 121 bubbles up through the
contaminated solvent 115, causing foam 123. The foam 123 i1s made
up of bubbles of the gas formed by the liquid. The liquid includes the
solvent itself and the foaming contaminants therein. Such foaming
contaminants include well treatment chemicals, suspended solids,
liquid hydrocarbons, corrosion inhibitors, and even antifoaming agents
(when present in excessive amounts). The injection of the gas 121
occurs continuously. Thus, as new foam 1s generated at the solvent-
foam interface, this new foam pushes the older foam up in the first
column 53. The result 1s that foam rises in the first column 53 and
enters the conduit 57.

As the foam rises in the first column 53, it becomes drier.
Much of the solvent drains away from the bubbles and back into the
liquid 115 in the first column. As the foam dries, the liquid forming
the bubbles becomes more and more concentrated with the foaming
contaminants. Thus, providing the foam with some residence time
above the first column before the foam reaches the midsection 119 is

desirable because much of the solvent in the foam drains back to the
liquid 115 in the first column.
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The foam 123 is pushed up the first column 53 into the conduit
57 and over into the second column 55. As the foam crosses the
midsection 119 of the conduit 57, it i1s relatively dry and thus only
minimal amounts of solvent are transferred from the first column into
the second column.

The foam 123 continues to be pushed down the conduit toward
and into the second column 55. The foam is broken by a spray 125
produced by the spray head 113. The spray shears the bubbles open,
releasing the gas 121 and allowing the liquid 127 to fall to the bottom
of the second column 55. The gas 121 from the foam is vented at the
foam gas outlet 87.

The liquid 127 in the bottom of the second column 55 contains
the foaming contaminants and some solvent. @ However, the
concentration of foaming contaminants to the solvent 1s much higher
in the second column than in the first column.

A small portion of the liquid 127 in the second column 55 1s
removed at the foamate outlet 105 and is recirculated by the pump 107
and the spray line 111 through the spray head 113. Thus, the foam
123 is broken by a liquid 127 that contains the foaming contaminants.
Recirculating the contaminated liquid 127 for use in breaking the foam
maintains and even increases the concentration of foaming
contaminants to solvent. The initial charge of liquid for the spray can
be obtained from the first column.

An even smaller portion of the liquid 127 in the second column
is discharged through the discharge line 109 and stored in one or more
containers. This liquid can be disposed of or it can be processed to
remove even more of the solvent, if desired.

Most of the liquid 127 (for example, 90%) 1n the second column
55 is withdrawn through the reflux outlet 95. The reflux 1s added by
the pump 99 to the solvent 115 in the first column 53 at a location that
is above the sparger 85. The reflux contains some solvent. By
recirculating the reflux into the first column, this solvent can be
recaptured. In addition, the reflux i1s useful for reinserting foaming
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contaminants into the first column. As the solvent 115 in the first
column becomes cleaner, such that the foaming contaminants become
less and less concentrated, foaming becomes difficult to establish.
The foaming contaminants in the reflux serve to maintain foaming in
the first column.

The creation of foam 123 in the first column 53 drives the
foaming contaminants upwardly. Clean solvent 129, which contains
very little foaming contaminants, descends below the sparger 85. The
clean solvent 129 is withdrawn from the first column by the solvent
outlet 67 and is reintroduced into the solvent recycling system at the
downstream tap 103 (see Figs. 1 and 2).

The level 117 of solvent in the first column 53 should be
sufficiently below the midsection 119 of the conduit 57 so as to permit
much of the solvent in the foam to drain back down into the first
column 53.

The liquid levels in the first and second columns are maintained
relatively constant. Likewise, the spray rate from the spray head 113
is maintained relatively constant. The solvent and gas inflow rates are
adjusted to optimize foam formation. The dryness of the foam
crossing over the conduit can be regulated by adjusting the residence
time of the foam in and above the first column 53. The residence time
is determined by the volume above the liquid level 117, the distance
the foam has to rise before crossing the midsection 119 (wherein the
foam falls into the second column) and the rate at which the foam is
generated. The rate of foam generation is regulated by the solvent
flow rate at the inlet 61, the gas flow rate at the inlet 63 and the retflux
flow at the inlet 65. The gas flow rate can be adjusted by controlling
volume or pressure or both. Increasing the liquid flow rate at the
solvent inlet 61 and the gas flow rate at the gas inlet 63 will increase
the production rate of foam. The foam thus moves up the first column
faster, reducing its residence time above the first column, and having
less time to drain solvent back into the first column. Decreasing the
liquid and gas flow rates decrease the production rate of the foam and
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increases the residence time of the foam. The drier the foam in the
conduit, the less solvent that is carried over into the second column. If
the foam is generated quickly, as by an increased gas tlow rate, the
bubble size of the foam will be larger. This produces a foam that is
relatively unstable. Such a foam may not be able to rise a great
distance before collapsing. It is desirable to keep the foam intact until
it can drain into the second column.

As the amount of contaminants in the solvent 115 in the first
column 53 is reduced, the stability of the foam decreases. If the foam
is too unstable, then it will break up before climbing high enough in
the conduit to go over into the second column 55. The introduction of
reflux by way of the inlet 65 maintains the level of contaminants in the
first column at a level that is sufficient for foam generation.

The wetness of the foam can be measured by its conductivity.
A conductivity sensor 131 can be placed in the conduit 57, at the
midsection 119. High foam conductivity indicates a wet foam. Wet
foam is caused by a high gas flow rate, wherein the residence time 1n
the first column is short. High erratic conductivity also indicates a wet
foam. A high gas flow rate causes large, unstable bubbles to form in
the foam. The bubbles break easily, causing changes in the measured
conductivity. A low conductivity indicates a drier foam. Also, the
conductivity is likely to be more stable, because the foam 1is stable.
The gas flow rate can be controlled based upon the conductivity of the
foam in order to achieve the desired dryness. Furtherstill, as the
concentration of the foaming contaminants decreases in the first
column, the bubbles in the foam get larger and less stable, even with
the use of reflux. Thus, conductivity provides a measure of how clean
the solvent is in the first column.

Most of the liquid 127 in the second column is recirculated
either as reflux or as spray. The outlet 109 draws small quantities of
foamate out of the system, so as to maintain the level of the liquid 127
1in the second column relatively constant.
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Unlike filters, which are designed to remove only particular
types of contaminants, the apparatus 51 of the present invention will
remove any foaming agent including solids and liquids. Thus, the
apparatus is independent of the type of foaming agent.

In addition, the solvents used in hydrocarbon gas processing
plants are sensitive to oxidation. Non-reactive or non-oxidizing gas 1s
used to generate the foam. The apparatus 51 provides a closed vessel
that prevents the solvent from contacting the atmosphere.

Because the apparatus uses the foaming contaminants already
present in the solvent to generate foam, additional foaming agents are
not added to the solvent. This is an important consideration from a
practical point of view. A hydrocarbon plant operator 1s typically
unwilling to allow the intentional introduction of foaming agents into
the solvent, no matter what the stated purpose.

Fig. 5 shows the foam remover apparatus 211 in accordance
with another embodiment.

The foam remover apparatus 211 has a first column 213, a
second column 215 and a conduit 217 or carryover connecting the
upper ends of the first and second columns 213, 215.

The first column 213 has a solvent inlet 219 that 1s connected to
a tap in the solvent recycling system, a gas inlet 221 and a solvent
outlet 223.

The solvent inlet 219 is connected to a solvent inlet pump 224.
The pump 224 pumps solvent from the solvent recycling system into
the first column. A liquid-liquid separator 225 1s located inside of the
first column 213 below the liquid level 227. Referring to Fig. 6, the
separator 225 has a perforated pipe 229 or tube, one end of which has
a fitting 231. The fitting 231 has a threaded coupling 233 to couple to
a wall of the first column 213 and another threaded coupling 235 to
couple to the solvent input line 237 (see Fig. 5). The other end of the
pipe 229 is closed. The pipe 229 1s wrapped with a screen material

239, 241. In the preferred embodiment, the screen 239, 241 1s a
shaved metal or steel wool. Two wraps 239, 341 are provided. The
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wraps of steel wool can have different porosities. For example, the
inner wrap 239 can be less porous or finer than the outer wrap 41. As
shown in Fig. 7, the screen can be applied by rolling the pipe 229
inside of the sheet of steel wool. Preferably, the steel wool allows
solids to flow through in order to prevent the accumulation and
eventual blockage of the screen.

Referring back to Fig. 5, the gas inlet 221 1s connected to a
sparger 243 located inside of the first column 213 and below the
separator 225. The sparger 243 can be substantially identical to the
separator 225. In the preferred embodiment, gas is educted into the
sparger from the second column 215. The eduction fluid is the
solvent, as pumped from the first column 213 in a pump around
arrangement. A pump 245 withdraws solvent from a location in the
first column 213 that is below the sparger 243. The pump 245 injects
the solvent through an eductor 247 and into the sparger 243. The gas
from the second column 215 is drawn into the eductor via line 249
from the second column 215 and thus into the sparger 243.

The solvent outlet 223 is located below the sparger 243 and may
be located at the bottom of the first column 213. A pump 251
withdraws the clean solvent from the first column 213 and
reintroduces it into the solvent recycling system.

The first column 213 and the conduit 217 are fitted with one or
more concentrators 253A, 253B, 253C, such as coarsening screens.
The screens extend across the path of the foam as the foam moves
from the first column 213 into the second column 215. The
concentrators are used to modify the foam by drying the foam and by
manipulating the bubble size to a more shearable condition. In the
preferred embodiment, as shown in Fig. 5, three screens are used. The
first screen 253 A, closest to the liquid level 227 of the first column
213, has relatively large perforations. The second screen 253B, next
closest to the liquid level of the first column, has relatively small

perforations. The third screen 253C, closest to the second column, has
the largest perforations.
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Figs. 8A-13B schematically illustrate various types of
concentrators. In Figs. 8A and 8B, the concentrator is an expanded
metal grating 255. (Fig. 8A shows a plan view, Fig. 8B shows a side
or edge view.) The grating 255 is circular in circumference, so as to
fit into the conduit 217. The grating 255 is typically transverse to the
path of the foam traversing the conduit 217, although it need not be so.

In Figs. 9A and 9B, the concentrator includes an imperforate
plate 257 that partially closes the conduit to the passage of foam. The
plate does not completely close off the conduit 217; the remaining
opening is filled with an expanded metal grating 255 or other type of
screen (such as is shown in Figs. 10A, 11A and 13A).

In Figs. 10A and 10B, the concentrator is a screen 259 or mesh.
The screen 259 may require stiffening elements or supports to span
across the conduit 217.

In Figs. 11A and 11B, the concentrator is a pack of steel wool
261. As shown in Fig. 11B, the pack is thicker than a grating 255 or
screen 259. Supports 263 are provided to contain and support the steel
wool inside of the conduit 217. The steel wool pack drains liquid
quite well from the foam passing therethrough. In addition, the
bubbles exiting the steel wool pack tend to be small or fine.

In Figs. 12A and 12B, the concentrator includes helical vanes or
baffles 265 that direct the foam along a helical path inside the conduit,
thus effectively lengthening the distance the foam must traverse to
reach the second column. The longer distance allows the foam to dry
more.

In Figs. 13A and 13B, the concentrator is a metal plate 267 with
perforations 269 formed therein (such as by punching or by drilling).

Thus, as can be seen by Figs. 8A-13B, there are a wide variety
of concentrators for drying the foam and changing the bubble size.
Other types of concentrators can be used as well.

The conduit 217 forms, in the preferred embodiment, an upside
down “U”, although other shapes can be utilized. The concentrators
drain solvent from the foam. Therefore, the concentrators are located
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so that the solvent draining therefrom flows into the first column,
instead of the second column.

A drain line 270 1s at the bottom of the second column 215. A
pump 273 recirculates fluid from the drain line 270 to a spray head
271. Another pump 275 discharges fluid from the drain line 270. The
first column 213 has an opening in the wall at or slightly below the
surface level 227. This opening 278 is connected to a line 277, which
in turn leads to the contaminant discharge.

The operation of the apparatus 211 will now be described with
respect to Fig. 14. The apparatus of Fig. 14 is not equipped with a
liquid-liquid separator 225 or a sparger 243.

The contaminated solvent is pumped into the first column 213
by the pump 224 via the solvent input 219. The level 227 of liquid
solvent 228 1n the first column 213 is maintained relatively constant.
Above the solvent in the conduit 217 and the second column 215 is
gas. A portion of this gas i1s removed by the line 249 and is educted
into the solvent 228 in the first column 213, wherein gas bubbles 270
are formed in the solvent. The gas i1s educted using a pumparound
arrangement, wherein solvent 1s removed from the first column 213
and reintroduced by way of the eductor 247. The pumparound
arrangement allows the amount of gas that is introduced into the first
column to be independent of the amount of solvent that is introduced
into the first column. In the preferred embodiment, the pump around
pump 245 pumps more volume than does the solvent inlet pump 224.
For example, the pumparound pump 245 can pump 150gpm (gallons
per minute), while the solvent inlet pump 224 pumps only 5-7gpm.
(These volumes can of course vary depending on the physical size of
the apparatus 211.) This allows for much more gas to be introduced
into the solvent to concentrate the foaming contaminants, wherein the
efficiency of the apparatus is increased. The eductor 247 functions as
a sparger, wherein the gas 1s injected into the first column 213 in a
distributed manner.
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If the concentration of foaming contaminants in the solvent is
high enough, foam will be produced above the solvent surface level
227. The constant production of foam in the first column 213 forces
the foam through the concentrators 253 A, 253B, 253C 1n the conduit
217 and into the second column 215. As the foam rises and passes
through the concentrators 253A, 253B, 253C, the foam is coarsened,
wherein it is dried due to the increased residency time in the first
column and due to the foam contacting draining structure on the
concentrators. As the foam passes through a concentrator, such as a
screen 259 (see Fig. 10A), some of the liquid in the foam contacts the
screen mesh and is drawn by gravity down along the mesh to the wall
of the conduit 217 and from there drains into the reservoir of solvent
in the first column. Thus, the concentrators should be angled with
respect to the horizontal in order to allow this draining function to
occur. The first concentrator 253 A has relatively large perforations so
that the foam emerging from the first concentrator has coarser, or
larger bubbles, than the foam that is just below the first concentrator.
Foam with relatively large bubbles drains or dries quicker than does
foam with relatively small bubbles. This coarsened foam then
proceeds to the second concentrator 253B, which concentrator has
smaller perforations than does the first concentrator. As the foam
passes through the second concentrator, the foam again is dried
because some of the liquid in the foam will contact the solid elements
of the concentrator and be drained to the wall of the conduit. The
foam that emerges from the second concentrator 253B is somewhat
finer due to the finer perforations of the second screen. Providing a
concentrator with fine perforations produces a drier foam. The foam
then proceeds through the conduit and enters the third concentrator
253C, which has relatively large perforations. Again the foam is
dried. The foam that emerges from the third concentrator has
relatively large bubbles. The combination of large bubbles in the
foam and a relatively dry foam (because much of the liquid has been
drained away by the concentrators) produces a foam that can be easily
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sheared. The foam continues on through the conduit where 1t enters
the second column 215. A spray head 271 sprays solvent obtained
from the bottom of the second column 215 onto the foam. The liquid
spray shears the foam and causes any remaining solvent and foaming
contaminants in the foam to fall to the bottom of the second column.
This liquid in the bottom of the second column is recirculated by the
pump 273 back up to the spray head. In addition, some of the liquid 1s
periodically removed from the second column 215 and discharged by
the discharge pump 275.

The concentrators 253 are located so as to drain solvent into the
first column. The number, spacing and type of concentrators can vary
from the example described herein.

The apparatus 211 thus effectively removes the foaming
contaminants from the solvent and does so with a minimal waste of
solvent. The foaming contaminants will eventually be removed from
the solvent to the point of such a low concentration wherein the
foaming can no longer be sustained in the conduit 217. Even though
foaming can no longer be sustained, the solvent still 1s likely to have
foaming contaminants. These foaming contaminants, even at low
concentrations, can adversely affect the mass transfer 1n the
hydrocarbon fluid processing.

The invention can further reduce the concentration of foaming
contaminants in the solvent, wherein the mass transfer efficiency of
the solvent is increased. The solvent continues to be introduced into
the apparatus 211 for further removal of foaming contaminants. The
introduction of gas into the solvent by the eductor 247 concentrates
the foaming contaminants at or near the surface level 227 of the
solvent. The drain line 277 has an opening 278 located at the surface
level of the solvent in the first column. From time to time, a valve 1n
the drain line 277 is opened and some of the liquid (containing the
foaming contaminants and some solvent) 1s discharged through the
drain line 277. In this manner, the concentration of foaming
contaminants in the solvent can be further reduced, thereby increasing

28

= P et el 2w -l cdonsmrnirl i et 4 Sodbas i SRR ML MM D it T e S F e [ D g Prerbebrila vy s g s e : rrrdmaad sor . w ARt il AN MREERITORTTEERR chas v WS- A AR TN T P d Mharsand L wepew el ca by ey dedo. s o s supbfdmibin



CA 02349872 2001-06-06

the efficiency of mass transfer of the solvent in a gas-liquid contactor
during hydrocarbon processing.

Fig. 15 shows the apparatus 211 in accordance with another
embodiment, wherein the liquid-liquid separator 225 and sparger 243
are provided. If the solvent contains any immiscible liquids, such as
oil, then preferably these liquids should be cleaned from the solvent.
The solvent is injected into the first column 213 wvia the liquid-liquid
separator 225, which separator coalesces the contaminant liquids such
as oil. In addition, the pumparound sparger 243 acts as a liquid-liquid
separator. In fact, because the flow rate through the sparger 243 is
higher than through the separator 225, much of the contaminant
liquids are likely to be separated by the sparger.

The solvent and immiscible liquid enters the pipe 229 of the
separator 225, 243 and passes through the steel wool. The o1l droplets
are slowed from impacting the wire structure of the steel wool. The
slowed oil droplets are impacted by other oil droplets, wherein the
droplets coalesce. Some of the droplets do not impact the wire
structure and pass through to a turbulent zone, where the o1l droplets
coalesce by impact. Once coalesced, the droplets settle or migrate to
the surface level 227. The gas bubbles assist in the surface migration.
The drain line 277 can be opened to remove the liquid contaminants
from the surface level 227.

The foregoing disclosure and showings made in the drawings
are merely illustrative of the principles of this invention and are not to
be interpreted in a limiting sense.
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METHOD AND APPARATUS FOR REMOVING FOAMING
CONTAMINANTS FROM HYDROCARBON PROCESSING
SOLVENTS

CLAIMS

1. A method of removing foaming contaminants from solvent
which is used to process hydrocarbon fluids, comprising the
steps of:

a)  providing a column having a top end, the top end
having an outlet that provides communication between the

column and a container;
b) introducing the contaminated solvent into the

column;

c) injecting gas into the contaminated solvent so as to
generate foam in the column, the foam comprising the gas, the
solvent and the foaming contaminants;

d) continuing to generate foam so as to push the foam
up the column, and allowing a portion of the solvent in the foam
to drain back down the column, wherein the foam at the top end
of the column has less solvent than the foam that 1s lower in the
column, and pushing the foam out through the outlet and into
the container;

e) removing the solvent from the column by way of a
location that i1s below where the gas 1s 1njected.

2. The method of claim 1 wherein the step of injecting gas into the
contaminated solvent further comprises the step of injecting a

non-oxidizing gas.

3. The method of claim 1, further comprising the steps of:
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a)  breaking the foam in the container so as to separate
the gas from the foaming contaminants;

b)  venting the gas from the broken foam out of the
container.

4. The method of claim 3 wherein the step of breaking the foam
further comprises the step of spraying a liquid into the foam.

5. The method of claim 4, further comprising the steps of:
a)  collecting the foaming contaminants as a liquid at
the bottom of the container;
b) recirculating a portion of the liquid from the
bottom of the container by spraying the liquid into the foam.

6. The method of claam 3, further comprising the step of
recirculating the vented gas by reinjection into the contaminated
solvent in the column.

7. The method of claim 1, further comprising the steps of:
a) collecting the foaming contaminants as a liquid at
the bottom of the container:
b) removing a portion of the liquid from the

container;
c) introducing the removed liquid into the column as
reflux.
8. The method of claim 1 wherein the hydrocarbon fluid comprises

hydrocarbon gas, and the step of introducing the contaminated
solvent 1nto the column further comprises the step of

introducing a solvent that is used to dehydrate the hydrocarbon
gas.
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The method of claim 1 wherein the hydrocarbon fluid comprises
hydrocarbon gas, and the step of introducing the contaminated
solvent into the column further comprises the step of
introducing a solvent that is used to sweeten the hydrocarbon
gas.

The method of claim 1, wherein:

a) the step of injecting gas into the contaminated
solvent further comprises the step of injecting a non-oxidizing
gas;

b)  breaking the foam in the container, so as to
separate the gas from the foaming contaminants;

c)  venting the gas from the broken foam out of the
container;

d) recirculating the vented gas from the container by
reinjection into the contaminated solvent in the column;

e)  collecting the foaming contaminants as a liquid at
the bottom of the container;

f) recirculating a portion of the liquid from the
bottom of the container by spraying the liquid into the foam so
as to break the foam;

g) removing a portion of the liquid from the
container;

h)  introducing the removed liquid into the column as
reflux.

A system for processing hydrocarbon fluid utilizing solvent to
remove contaminants from the hydrocarbon fluid, the
contaminants being selected from the group consisting of water
and sour, the solvent containing foaming agents, comprising;:

a)  a fluid-liquid contactor having a hydrocarbon fluid

input, a hydrocarbon fluid output, a lean solvent input and a rich
solvent output;
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b) a solvent recycler connected between the lean
solvent input and the rich solvent output, the solvent recycler
comprising a contaminant separator, the separator having a rich
solvent input that receives solvent from the rich solvent output
of the contactor, a lean solvent output that provides solvent to
the lean solvent input of the contactor and a contaminant outlet,
the solvent circulating in a downstream direction through the
solvent recycler;

c) a foaming agent remover having an upstream
solvent tap connected to the solvent recycler and a downstream
solvent tap connected to the solvent recycler;

d) the foaming agent remover comprising first and
second columns, each of which has an upper end, and a conduit
connecting the upper ends so as to form a vessel;

e) the first column comprising a solvent inlet that 1s
connected to the upstream solvent tap, a gas inlet that 1is
connected to a gas source, and a clean solvent outlet that i1s
connected to the downstream solvent tap, the clean solvent
outlet being located below the gas 1nlet;

f) the second column comprising a spray liquid outlet
and a foamate discharge outlet, the spray liquid outlet being
connected to a sprayer located in the vessel so as to spray above
the second column, the second column also comprising a gas
outlet.

The system of claim 11 wherein the gas outlet of the second
column 1s coupled to the gas inlet of the first column.

The system of claim 11 wherein the gas inlet of the first column
comprises a sparger located inside of the first column.

The system of claim 11 wherein the conduit 1s shaped like an
inverted "U".
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The system of claim 11 wherein the first column comprises a
reflux inlet and the second column comprises a reflux outlet that
1s connected to the reflux inlet of the first column.

The system of claim 11, wherein:

a) the gas outlet of the second column 1s coupled to
the gas inlet of the first column;

b) the gas inlet of the first column comprises a
sparger located inside of the first column;

c)  the conduit is shaped like an inverted "U";

d) the first column comprises a reflux inlet and the
second column comprises a reflux outlet that is connect to the
reflux inlet of the first column.

A method of removing contaminants from solvent which is used
to process hydrocarbon tluids, comprising the steps of:

a)  providing a column having a top end;

b) introducing the contaminated solvent into the
column at a first location, the contaminated solvent being in
liquid form and having a top level within the column;

C) Injecting gas into the contaminated solvent in the
column at a second location that 1s below the first location so as
to generate bubbles in the liquid and drive the contaminants to
the top level of the liquid;

d) removing the contaminants from the top level of
the liquid.

The method of claim 17 further comprising the steps of
removing the solvent from the column at a third location that is
below the second location.
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A method of removing foaming contaminants from solvent
which is used to process hydrocarbon fluids, comprising the
steps of:

a) providing a column having a top end and a
carryover coupled to the top end of the column;

b) introducing the contaminated solvent into the
column at a first location;

c) introducing gas into the column at a second
location that is located below the first location, whereby foam 1s
generated in the column, the foam comprising the gas, the
solvent and the foaming contaminants;

d) continuing to generate foam so as to push the foam
into the carryover and out of the column, whereby a portion of
the foaming contaminants are removed from the column;

e) continuing to introduce gas at the second location
even after foaming stops so as to drive the foaming
contaminants to a top level of the liquid solvent in the column;

f) removing the solvent from the column at a third
location that is below the third location.

The method of claim 19 further comprising the step of
removing the foaming contaminants from the top level of the
liquid.

The method of claim 19 wherein the step of introducing gas into
the column at a second location further comprises the step of
removing gas from the column at a location above a surface
level of the liquid and educting the gas with a flow of solvent
taken from the column.

The method of claim 21 wherein the flow of solvent into the

column for educting gas 1s greater than the flow of solvent into
the column at the first location.
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The method of claim 19 further comprising the steps of
coarsening the foam as it is pushed whereby the foam becomes
drier and easier to shear.

The method of claim 19 further comprising the step of
separating immiscible liquid from the solvent as the solvent 1s
introduced into the column.

The method of claim 24 wherein the immiscible liquid 1s
separated from the solvent at either the first location or the
second location or both.

The method of claim 19, further comprising the steps of:

a)  the step of introducing gas into the column at a
second location further comprises the step of removing gas from
the column at a location above a surface level of the liquid and
educting the gas with a flow of solvent taken from the column;

b)  coarsening the foam as it is pushed whereby the
foam becomes drier and easier to shear;

c)  separating immiscible liquid from the solvent as
the solvent is introduced into the column.

A facility for processing hydrocarbons utilizing solvent to
remove contaminants from the hydrocarbons, the solvent
containing foaming agents, comprising:

a) a fluid-liquid contactor having a hydrocarbon
input, a hydrocarbon output, a lean solvent input and a rich
solvent output;

b) a solvent recycler connected between the lean
solvent input and the rich solvent output, the solvent recycler
processing rich solvent exiting through the rich solvent output

36

P A vutal R AU o5 e ARG AUy GRSV WA, 4 OO HRINGS NTIAIANTF A AN ATTITTITITT AT U - -5 o T e s 14 . AR i Ry AR T st i e T s e b

1 AU M (A AR PV AR A H P -l i A A - A0, I o P P07 % TP 0 b 1 L el . <



28.

29.

CA 02349872 2001-06-06

into lean solvent for introduction into the contactor by way of
the lean solvent input;

c) a column having a top end and having a solvent
inlet in a first location, the column having a gas inlet in a
second location that is below the first position, wherein gas
bubbles up through the solvent in the column, the column
having a solvent output in a third location located below the
second location, the solvent input and solvent output being
connected to the solvent recycler;

d)  an output in the column located at a liquid surtace
level of the column, wherein contaminants can be removed
through the outlet from the column.

A method of removing foaming contaminants from solvent
which is used to process hydrocarbon fluids, comprising the
steps of:

a)  providing a column having a top end, the top end
having an outlet that provides communication between the
column and a container;

b) introducing the contaminated solvent into the
column at a first location;

c) at a second location, educting gas obtained from
either the column or the container using the solvent from the
column into the contaminated solvent so as to drive the foaming
contaminants to the top level of the solvent;

d) removing the contaminants from the top level of
the solvent.

The method of claim 28 wherein the step of removing the
contaminants from the top level of the solvent further comprises
the step of generating foam so as to push the foam up the
column, and allowing a portion of the solvent in the foam to
drain back down the column, wherein the foam at the top end of
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the column has less solvent than the foam that is lower in the
column, and pushing the foam out through the outlet and into
the container and removing the solvent from the column by way
of a location that is below where the gas 1s injected.

The method of claim 29 further comprising the steps of
coarsening the foam as it is pushed whereby the foam becomes
drier and easier to shear.

The method of claim 28 wherein the flow of solvent into the
column for educting gas is greater than the flow of solvent into
the column at the first location.

The method of claim 28 further comprising the step of
separating immiscible liquid from the solvent as the solvent 1s
introduced into the column.

A method of removing foaming contaminants from solvent
which 1s used to process hydrocarbon fluids, comprising the
steps of:

a)  providing a column having a top end, the top end
having an outlet that provides communication between the
column and a container;

b) introducing the contaminated solvent into the
column;

c) Introducing gas into the contaminated solvent so as
to generate foam in the column, the foam comprising the gas,
the solvent and the foaming contaminants;

d)  continuing to generate foam so as to push the foam
up the column,

e) passing the foam through at least one concentrator
so as to dry the foam and form larger bubbles and pushing the
foam out through the outlet and into the container;
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e) removing the solvent from the column by way of a
location that is below where the gas 1s injected.

Smart & Biggar
Ottawa, Canada
Patent Agents
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