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PROCESS FOR REMOVING SALTS
FROM A PROCESSING LIQUID

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Application No. 61/600,854 filed on

February 20, 2012.

FIELD OF THE INVENTION

The present invention relates to recovering processing liquids used in
certain applications. More particularly, the present invention relates to the
removal of certain acid decomposable salts prior to reclamation of the processing

10 liguid for reuse.

BACKGROUND OF THE INVENTION
in U.S. Patents 5,152,887, 5,158,649, 5,389,208, 5,441,605, 5,993,608,
and 6,508,916 there are disclosed reclaiming processes for recovering process
15 liquids such as, for example, recovering a processing liquid from a mixture
comprising water, a processing liquid having a higher boiling point than water,
optionally at least one additional component that is more volatile than the
processing liquid and water, and at least one component that is less volatile than,
and can be dissolved or suspended in the processing liquid.
20 in the processes disclosed in the aforementioned patents, the presence of
undissolved salts (contaminates) complicates the process and makes it

necessary to separate the salts in the process. With particularly reference to U.S.

Patent 5,993,608 and U.S. Patent 6,508,916, both of which may be referred to
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for further details, there is disclosed a method wherein less volatile
compenents, e.g., salts, which are either ‘dissolved and/or suspended can be
removed from the processing liquids under conditions that prevent any
substantial degradation of the processing liquid. However, it would still be
5 desirable if at least some of the salts could be removed prior to the processing
liguid being subjected to the reclaiming process per se. Carbonate and
bicarbonate salts dissolved in the processing liquids can build up during the
reclaiming process leading to undesirable effects. It would clearly be desirable if
these salts or other acid decomposable salts could be removed prior to the spent
10 processing liguid entering the reclaiming system.

In one particular aspect of the processes described in the aforementioned
patents, certain processing liquids such as alcohols, glycols, alkanolamines and
other such materials can be used to prevent gas hydrate formation and/or
remove acidic gases in oil and gas production, particularly on offshore piatforms.

15 Hydrate control is critical to oil and gas production to prevent blockage of
production tubing, valves and other equipment with clathrates. Hydrate inhibitors
may include, but are not limited to, thermodynamic hydrate inhibitors such as
alcohols (e.g. methanol) and glycols (e.g. monoethylene glycol), kinetic hydrate
inhibitors (e.g. polyvinylcaprolactam, polymers, co-polymers or blends thereof)

20 and anti-agglomerate hydrate inhibitors (e.g. N-butyl-N(3-(cocamino)-3-
oxopropyl)butan-1-aminium acetate) are injected at or near the production
manifold and flow back with the formation water, water of condensation and
hydrocarbon phases being produced from the reservoir(s) of interest. In such a

process, monoethylene glycol, for example, can become contaminated, with, but
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not limited to, water of condensation, formation water, salts contained in the
formation water, flow assurance loop corrosion inhibitors, flow assurance loop
corrosion products such as mill scale and iron sulphide. Certain
contaminants/salts render the hydrate control ability of the selected hydrate
inhibitor unusable for reinjection, thus requiring the contaminants to be removed
prior to injection. The teachings in U.S. Patent 5,993,608 and U.S. Patent
6,508,916 provide methods and apparatus to carry out such contaminant
removal from such a spent processing liquid.

In the case where the formation water contains salts of carbonates and/or
bicarbonates and again with particular reference to oil and gas production and
especially the prevention of gas hydrates, the carbonate and/or bicarbonate salts
can range from relatively low levels in the spent processing liquid to
concentrations beyond saturation levels, leading to the potential for formation of
crystalline (precipitated) salts. During the processes disclosed in the
aforementioned patents these salts are purposefully concentrated beyond
saturation levels leading to the formation of crystalline (precipitated) salts.
However, if these precipitated salts occur in spent processing liquid upstream of
any solvent/reclaiming recovery process, be it regeneration where water is
selectively removed, reclamation where salts are removed or a combination of
thereof, the presence of these precipitated solids can lead to increased fouling of
equipment and more complicated separation of the valuable processing liquid
from these salts.

A further complication that acid soluble salts can induce is an uncontrolled

increase in pH of the processing liquid over time. Testing has shown that
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bicarbonate can dissociate under temperature to carbonate and carbon dioxide.
As the carbonate content of the process liquid increases, so does the pH. This
may be beneficial for a period of time but if left unchecked extremely high pH
values, in the neighbourhood of 12 can be achieved and for glycol based
inhibitors it is possible to induce unwanted gelation. By removing the
bicarbonates/carbonates, control on pH levels can be regained and maintained

through selective addition
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SUMMARY OF THE INVENTION

Accordingly and in accordance with an aspect of the present invention, herein is
provided a process for pretreating a processing liquid to be reclaimed to remove acid
decomposable salts and thereby prevent the buildup of crystalline or undissolved
versions of such salts in the reclaiming process. As one example, if the spent processing
solution contains carbonate and/or bicarbonate, it can be treated with an acid such as,
but not limited to, hydrochloric acid to decompose the carbonate to CO,, water and

sodium chloride.

In a broad aspect, the present invention pertains to a process for removing acid
decomposable salts from a processing liquid. The process comprises introducing a
processing liquid selected from the group consisting of alcohols, glycols, and
alkanolamines, said processing liquid containing acid decomposable salts into a first
degassing vessel operated under vacuum conditions, to remove entrained acid gases
from the processing liquid. The processing liquid is removed from the first degassing
vessel, and the processing liquid removed from the first degassing vessel is mixed with
acid, and the mixture is introduced into a second degassing vessel. Decomposition
gases are formed by the reaction of the acids and the acid decomposable salts are

released. The decomposition gases are removed from the second degassing vessel, and
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processing liquid is removed from the second degassing vessel substantially free of the

acid decomposable salts.

In a further aspect, the present invention provides a process for pretreatment of
processing liquids containing acid decomposable contaminants. The process comprises
introducing a processing liquid containing acid decomposable contaminants into a
degassing zone operated under vacuum conditions, to remove entrained gases from the
processing liquid. Processing liquid is removed from the degassing zone and is mixed
with acid, and a mixture of acid and processing liquid is introduced into a degassing
vessel to remove decomposition gases resulting from the reaction of the acid and the

acid decomposable contaminants.

-5a-
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic flow diagram of one method of removing acid
decomposable salts from a process liquid which is to be subjected to further
reclamation.

Fig. 2 is a schematic view similar to Fig. 1 but showing another aspect of
the present invention.

Fig. 3 is a schematic view similar to Figs. 1 and 2 but showing yet another

aspect of the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As used herein, the term acid decomposable salts refers to carbonates
and/or bicarbonates of alkali and alkaline earth metals such as sodium
carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,
magnesium carbonate, etc. It is to be understood however that the process of the
present invention is applicable to any acid decomposable salts whether or not it
is a carbonate or bicarbonate of an alkali and/or alkaline earth metal, the
presence of which can deleteriously affect the downstream reclamation process
of the processing liquid.

While the invention will be described with particular reference to a process
liquid used to prevent gas hydrate formation in oil and gas well operations, it is to
be understood that it is not so limited. Indeed, the process can be used in any
scheme to reclaim a spent processing fluid so it can be reused wherein the spent
processing fluid contains acid decomposable salts.

It will be recognized that numerous acids can be employed, the proviso
being that the acid does not react with the acid decomposable salt to form other
insoluble or slightly soluble salts which would again build up in the process
during the reclaiming of the processing liquid. Non-limiting examples of acids
include hydrochloric acid, certain organic acids, etc.

Referring thus to Figure 1, a processing liquid is introduced via line 9 into
a heat exchanger 10, wherein it is heated to the desired temperature depending
on the nature of the processing liquid, and then passed to a degassing vessel 12
operated at a reduced pressure which in effect causes the entrained acid gases,

such as CO, and H,S, as well as volatile hydrocarbons and other volatile gases
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to be released from the liquid via line 14. If desired, a sweep gas, e.g., nitrogen,
fuel gas, or any gas which does not deleteriously react with any component in the
processing liquid, can be introduced into degassing vessel 12 via line 11 to help
flush the entrained gases as well as volatile hydrocarbons from vessel 12.
Generally, when a sweep gas is used, it will be introduced at a rate of from about
8 to 12 kg/h.

The proviso is that the contents of line 14 must be maintained in an
oxygen free state. If sufficient pressure drop between the heat exchanger 10 and
line 14 end point exists to properly remove the desired level of vessel 12, then
addition of the sweep gas is not required. The degassed liquid leaving the
degassing vessel 12 is then mixed with acid via line 16, the mixture passing
through an inline mixer 18 or other mixing device and introduced into degassing
vessel 20 where decomposition gases, e.g., CO, from the decomposed salts are
removed via line 22. Removal of the CO, from vessel 20 can be facilitated by
addition of one of the sweep gases mentioned previously through line 21 at up to
a maximum of 10 kg/h to the lower portion of the degassing vessel 20. If
sufficient pressure drop between the mixer 18 and line 22 end point exists to
properly remove all CO, from the process liquid leaving through line 22, then
addition of the sweep gas is not required. The processing liquid from degassing
vessel 20, freed of carbonate and/or bicarbonate, is then passed downstream via
line 24 to a process for reclaiming the processing liquids. As in the case of
degassing vessel 12, degassing vessel 20 will preferably operate at a reduced
pressure to facilitate removal of the CO, gases from the liquid. Gases such as

CO, vented from either degassing vessel 12 or degassing vessel 20 can be
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collected through a variety of means well known to those skilled in the art. For
example, the CO. can be sent to a low pressure flare header, a CO; injection
facility, to atmosphere for venting, supplemental compression, sequestration, etc.

Referring next to Figure 2, there is shown a variation of the process of Fig.
1. In the process depicted in Figure 2, the processing liquid is passed through
heat exchanger 10 to be heated, acid is added via line 16, and the mixture
passed through inline mixer 18 to degassing vessel 20 where CO; is released via
line 22, the degassing vessel preferably being under reduced pressure, the
processing liquid freed of carbonates/bicarbonates being removed for further
processing via line 24. As can be seen the process in Figure 2 differs from that in
Figure 1 in that the heating step and the acid addition step can be combined prior
to the stream entering any of the degassing vessels. Provision to assist in
removal of the CO, from vessel 20 can be facilitated as with Figure 1 by addition
of one of the two sweep gases mentioned previously through line 21 at up to a
maximum of about 10 kg/h. If sufficient pressure drop between the mixer 18 and
line 22 end point exists to properly remove all CO, from the process liquid leaving
through line 24, then addition of the sweep gas is not required.

In yet another variation of the process, shown in Figure 3, the heating step
may be omitted. In this case, acid is added to the spent processing liquid via line
16, the mixture passing through mixer 18 and into degassing vessel 20 operated
preferably at a lower pressure, e.g., under vacuum, the CO, being removed from
the degassing wvessel via line 22, processing liquid freed of

carbonate/bicarbonate being removed for further processing via line 24. Sweep
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gas via line 21, as described previously, can be applied to this configuration as
process conditions require.

It will be appreciated, as noted above, that any type of acid can be used to
effect the removal of carbonates and/or bicarbonates from the process liquid.
Once again the acid employed should not react with the carbonate/bicarbonate to
form water insoluble or slightly soluble salts or other solids which would simply
pose another solids removal problem downstream. It will also be appreciated that
acid decomposable salts other than carbonates and/or bicarbonates are
contemplated provided that the acid decomposition does not result in the
formation of aqueous insoluble to slightly soluble salts which could again pose a
solids buildup problem in the downstream process.

The salt removal process of the present invention finds particular
application in combination with the processes described in the aforementioned
patents for reclaiming a spent processing liquid. Thus, the processing liquid can
be any liquid that is used in a particular process such that it becomes
contaminated with, or at least after use contains, components not normally
present in the processing liquid. Accordingly, the processing liquid can be one
from a gas scrubbing medium used to remove undesirable contaminants from
gas streams, a selective solvent to recover desirable components from gases or
liquid streams, a medium used to treat solids to selectively remove components
of the solids, etc. As also noted above, the processing liquid can also be one
used in the recovery of natural gas wherein the processing liquid is used to

prevent the formation of gas hydrates.
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WHAT IS CLAIMED IS:

1. A process for removing acid decomposable salts from a processing liquid, said process

comprising:

introducing a processing liquid selected from the group consisting of alcohols, glycols,
and alkanolamines, said processing liquid containing acid decomposable salts into a first
degassing vessel operated under vacuum conditions to remove entrained acid gases from said

processing liquid;
removing processing liquid from said first degassing vessel;
mixing said processing liquid removed from said first degassing vessel with acid; and

introducing said mixture into a second degassing vessel wherein decomposition gases

formed by the reaction of said acid and said acid decomposable salts are released; and
removing said decomposition gases from said second degassing vessel; and

removing processing liquid from said second degassing vessel substantially free of said

acid decomposable salts.

2. The process of claim 1, wherein said mixture is passed through an inline mixer prior to

being introduced into said second degassing vessel.

3. The process of claim 1, wherein a sweep gas is introduced into said second degassing

vessel to sweep decomposition gases from said second degassing vessel.

4. The process of claim 1, wherein said second degassing vessel is operated under vacuum.

-11-
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5. The process of claim 1, wherein said processing liquid is heated prior to admixture with

said acid.

6. The process of claim 1, wherein a sweep gas is introduced into said first degassing vessel

to help remove entrained gases from said first degassing vessel.

7. A process for pretreatment of processing liquids containing acid decomposable

contaminants, said process comprising:

introducing a processing liquid containing acid decomposable contaminants into a
degassing zone operated under vacuum conditions to remove entrained gases from said

processing liquid;
removing processing liquid from said degassing zone;
mixing said processing liquid with acid; and

introducing a mixture of acid and said processing liquid into a degassing vessel to remove
decomposition gases resulting from the reaction of said acid and said acid decomposable

contaminants.

-12 -
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