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first mother liquor Is then directed to a sodium carbonate decahydrate crystallizer where the first mother liquor Is cooled ana
concentrated resulting in the formation of sodium carbonate decahydrate crystals and a second mother liquor. The second mother
iguor Is split into two streams where one stream Is directed back to the sodium chloride crystallizer while the other stream Is wasted
or further treated.
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(57) Abstract: A process 1s provided for recovering sodium chloride crystals and sodium carbonate decahydrate crystals from a con-
centrated brine that results from a gas mining operation where gas and produced water 1s recovered and the produced water consti -
tutes a brine. An 1nitial pre-concentration process 1s carried out where the brine 1s concentrated and in the process carbon dioxide 1s
removed from the brine and at least some sodium bicarbonate 1s converted to sodium carbonate. In one process, the concentrated
brine 1s directed to a sodium chloride crystallizer where the brine 1s heated and further concentrated to form sodium chloride crystals
which are separated from the brine to yield a product and wherein the resulting brine 1s termed a first mother liquor. The first mother
liquor 1s then directed to a sodium carbonate decahydrate crystallizer where the first mother liquor 1s cooled and concentrated result -
ing 1n the formation of sodium carbonate decahydrate crystals and a second mother liquor. The second mother liquor 1s split into two
streams where one stream 1s directed back to the sodium chloride crystallizer while the other stream 1s wasted or further treated.
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SELECTIVE SALT RECOVERY FROM MIXED SALT BRINE

FIELD OF THE INVENTION
The present invention relates to recovering various salts from a brine, and more
particularty to a method for treating a brine formed from produced water recovered from coal

seam gas.

BACKGROUND OF THE INVENTION

Coal seam gas is a form of natural gas trapped in the molecular structure of coal beds.
Typically the gas is usually produced from coal that is either too deep or of too low quality to be
mined commercially. In a typical coal seam gas recovery process, the process begins by drilling
a well that is sometimes as deep as 500 meters below the ground. Water and gas are pumped
from the well. The gas is cleaned by separating the water from the gas. The separated water is
referred {0 as produced water and because of the various salts contained therein is commonly
referred {o as a brine. The brine separated from the coal gas iIs typically rich in sodium
bicarbonate, sodium carbonate and sodium chloride. If recovered, sodium chloride and sodium
carbonate have significant commercial value. The challenge however is recovering these sails

In a practical, efficient and cost effective way.

SUMMARY OF THE INVENTION

The present invention entails a method or process for recovering sodium chloride
crystals and sodium carbonate decahydrate crystals. A brine rich in sodium chloride and
sodium carbonate is concentrated. Once concentrated a series of crystallizers, such as an
evaporative crystallizer and a cooling crystallizer disposed In series, are used to recover from
the brine sodium chloride crystals and sodium carbonate decahydrate crystals.

In one embodiment, the concentrated bring is directed to an evaporative crystallizer
where the brine is heated, further concentrating the brine and producing sodium chloride

crystals. The sodium chloride crystals are separated from the brine which resuits in a first ‘
mother liquor. The first mother liquor is directed to a cooling crystallizer where the first mother

liquor is cooled, concentrating the first mother liquor and producing sodium carbonate
decahydrate crystals. The sogium carbonate decahvydrate crystals are separated, leaving a
second mother liguor. A portion of the second mother liquor can be redirected back to the
evaporative crystailizer.

In another embodiment, a portion of concentrated brine can first be directed to the
cooling crystallizer where the sodium carbonate decahydrate crystals are formed and eventually
separated. A portion of the second mother liquor can be directed to the evapaorative crystallizer

and heated to produce the sodium chloride crystals that are separated from the second mother
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iquor, leaving a first mother liquor that is then directed to the cooling crystallizer for further

processing.

In one embodiment of the present invention, there is provided a method of recovering
sodium chloride and sodium carbonate decahydrate from a concentrated brine containing sodium
chioride and sodium carbonate, wherein the concentrated brine is formed from produced water
separated from gas in a gas recovery process and concentrated in a pre-concentration process,
the method comprising: directing the concentrated brine to an evaporative crystallizer and heating
the brine to a temperature of 50°C or higher and further concentrating the brine and producing
sodium chloride crystals; separating the sodium chloride crystals from the brine; directing the
concentrated brine to a cooling crystallizer and subjecting the brine to a temperature of 30°C or
lower to produce sodium carbonate decahydrate crystals; and separating the sodium carbonate
decahydrate crystals from the brine; wherein the evaporative crystallizer and cooling crystallizer

are arranged in series.

In another embodiment of the present invention, there is provided a method of treating
produced water containing sodium chloride and sodium carbonate and recovering sodium
chioride crystals and sodium carbonate decahydrate crystals from the produced water where the
produced water is formed from separating water from gas in a gas recovery process, the method
comprising: pre-concentrating the produced water to form a concentrated brine or providing a
concentrated brine that results from the pre-concentration of the produced water; directing the
concentrated brine to a sodium chioride crystallizer and heating the concentrated brine to a
temperaiure of at least 50°C so as {0 further concentrate the brine and produce sodium chioride
crystals; separating the sodium chloride crystals from the brine to produce a first mother fiquor;

directing the first mother liquor to a sodium carbonate decahydrate crystallizer and cooling the

first mother liquor to a temperature of 30°C or lower so as to produce sodium carpbonate
decahydrate crystals: and separating the sodium carbonate decahydrate crystals from the first

mother liguor {o form a second mother hguor.

In a further embodiment of the present invention, there is provided a method of treating
produced water containing sodium chloride and sodium carbonate and recovering sodium
chloride crystals and sodium carbonate decahydrate crystals from the produced water where the

produced water is formed from separating water from gas in a gas recovery process, the method
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comprising. pre-concentrating the produced water to form a concentrated brine or providing a
concentrated brine that results from the pre-concentration of the produced water; directing at least
some of the concentrated brine to a sodium carbonate decahydrate crystallizer and cooling the
concentrated brine to a temperature below 30°C so as to produce sodium carbonate decahydrate
crystals; separating the sodium carbonate decahydrate crystals from the brine to form a secona
mother liqUor; directing at least a portion of the second mother liquor to a sodium chioride
crystallizer and heating the second mother liquor to a temperature of at least 50°C so as to
‘concentrate the second mother liquor and form sodium chloride crystals; separating the sodium
chloride crystals from the second mother liquor to form a first mother liquor; directing at least a

portion of the first mother liquor to the sodium carbonate decahydrate'crystallizer.

Still further, in another embodiment, there is provided a method of treating a brine
containing sodium chloride, sodium carbonate and other contaminants and for recovering sodium
chioride crystals and sodium carbonate decahydrate crystals from the brine, the method
comprising: directing at least some of the brine to an evaporative crystallizer and heating the brine
to a temperature of at least 50°C so as to further concentrate the brine and produce sodium
chloride crystals; separating the sodium chloride crystals from the brine to produce a first mother
liquor; directing the first mother liquor to a cooling crystallizer and cooling the first mother liquor
to a temperature of 30°C or lower so as to produce sodium carbonate decahydrate crystals;
separating the sodium carbonate decahydrate crystals from the first mother liquor to form a
second mother liquor; recycling at least a portion of the second mother liquor to the evaporative
crystallizer; and wherein another portion of the second mother liquor includes contaminants

contained within the brine.
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Other objects and advantages of the present invention will become apparent and
obvious from a study of the following description and the accompanying drawings which are

merely illustrative of such invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the soiubility limits at relatively iow temperatures of an aqueous mixture
of sodium chloride and sodium carbonate.

Figure 2 shows the solubility limits at relatively low temperatures of a number of
compounds including sodium carbonate decahydrate and sodium chloride,

Figure 3 is a schematic of a process for recovering sodium chioride crystals and sodium
carbonate decahydrate crystals from a brine.

Figure 4 is a schematic iliustration showing one process embodiment for recovering the
sodium chloride crystals and sodium carbonate decahydrate crystals.

Figure 5 is a schematic showing a second process embodiment for recovering sodium
chioride crystals and sodium carbonate decahydrate crystals.

Figure 6 is a schematic illustration showing yet a third precess embodiment for
recovering sodium chloride crystals and sodium carbonate cecahydrate crystals.

Figure 7 is a schematic illustration showing two possible beneficiation processes for

improving the commercial utility of sodium carbonate decahydrate crystals.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
Before discussing the particular process in maore detall, it may be beneficial to review the
solubility limits of an agueous mixture containing sodium chloride, sodium carbonate, and
sodium carbonate decahydrate. Figure 1 shows the solubility imit of an agueous mixture of

sodium chloride and sodium carbonate along with the path that the mixture will take as water is

removed by evaporation or other means. Two samples of produced water or bring are shown,
one is identified as "Brine B" and one is identified as "Brine A”. The path of these two samples
helps understand and appreciate the present invention and Turther suggests why slignt
variations in the process might be beneficial in certain cases.

For any brine composition, one starts at a low concentration (lower left limit of the brine
characteristic line) and progresses up and to the right as the brine is pre-concentrated. Pre-
concentration by either reverse osmosis or thermal evaporation should stop before reaching the
saturation limits due to physical limitations of these processes. Further concentration, by any
means, will remove water until the characteristic line intercepts the solubility limit. Any further

concentration will precipitate one or more salts. The compesition of the remaining brine solution
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will follow the saturation fimit until it reaches a "triple” point that reflects equilibrium of both salts
and solution, From that point onward, a salt mixture is produced.

Following the “Brine B” brine line, the intercept is in the sodium chloride region of the
diagram and this is the first salt precipitated. Following the "Brine A" brine line, the intercept is
in the sodium carbonate region and that is the first salf precipitated. Unfortunately in some
cases, the quantity of individual salt that can be produced by applying such a process is limited
with certain brine compositions. Further, the character of individual salts recovered can rapidly
change with small changes in brine composttion.

Figure 2 shows the solubility limits of an agueous mixture of sodium chloride and sodium
carbonate at much lower temperatures than is shown in Figure 1. Again, the path lines of the
"Brine B" and "Brine A" brines are shown. As will be discussed further, the process is shown in
the following schematics takes advantage of the physical and chemical properties of the
campounds referred to in Figures 1 and 2.

The present invention relates to a method or process for selectively recovering saits
from a mixed salt brine. (n particular, the process entails recovering sodium chloride crystals
and sodium carbonate decahydrate crystals from a brine that is generally rich in sodium
chloride, sodium bicarbonate, and sodium carbonate. In many cases, the process is more
effective if the brine is concentrated. In other cases the brine may be sufficiently concentrated
at the outset without a specific process step aimed at concentrating the brine. In any event the
concentrated brine typically includes a total dissolved solids concentration of approximately
180,000 mag/l to approximately 240,000 mgfl.

The concentrated brine, in one process embodiment is first directed to an evaporative
crystallizer. Here the concentrated brineg is heated to a temperature of 50°C or higher. In one
embodiment, the concentrated brine in the evaporative crystallizer is heated to 100°C or above,
for example 108 °C at 1 atm. Evaporation of water from the brine at these temperatures further
concentrates the brine and forms sodium chloride crystals.

From the evaporative crystallizer, the concentrated brine with the sodium chioride
crystals is directed to a solid separator and the sodium chloride crystals are separated from the
brine. This produces a sodium chioride crystal product and a first mother liquor.

The first mother liquor is then directed to an evaporative cooling crystallizer. Here the
temperature of the first mother liquor is lowered to a temperature of 30°C or below. Removal of
water at this temperature concentrates the first mother liquor and produces sodium carbonate
decahydrate crystals (Na;CQOj » 10H,0). Thereafter the first mother liquor including the sodium
carbonate decahydrate crystals is directed to a solids separator which separates the sodium
carbonate decahydrate crystals and in the process gives rise to a second mother liquor. The
second mother liguor can be split into two streams, one stream directed back to the evaporative
crystallizer for further processing and one stream being deemed a waste stream or further used

or treated.
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Figure 3 shows a process for treating the produced water from a coal seam gas recovery
process. Although the process depicted in Figure 1 relates to a brine that is formed from
produced water, it is appreciated by those skilled in the arf that the present invention dealing
with recovering sodium chloride crystals and sodium carbonate decahydrate crystais can be
applied to brines originating from other sources. As will be evident from subsequent portions of
this disclosure, the process shown in Figure 3, indicated generally by the numeral 10, provides
for the recovery of sodium chloride crystals and sodium carbonate decahydrate crystals from a
brine that 1s formed from the produced water. As a part of the coal gas recovery process, a
mixture of coal gas and water is produced and recovered. The process shown in Figure 3
entails directing the coal gas-water mixture to a gas-water separator 12, The process and
devices utilized to separate water from gas Is well kKnown in the art. Essentially the gas-water
separator 12 separates the gas from what is commonly referred to as produced water. In this
case, the produced water is rich in sodium chloride, sodium bicarbonate, and sodium carbonate.
Thus, the produced water is referred to herein as brine. The constituents and make up of the
brine can vary from location to location. Typically, the total dissclved solids in the produced
water brine will be approximately 4,000 {0 10,000 ppm.

In one embodiment of the present process, it is desirable to pre-concentrate the brine
prior to removing the selected salts. There are various approaches to pre-concentration. One
approach to pre-concentrating the brine is by employing natural evaporation, such as a solar
pond. Other forms of pre-concentration devices or systems inciuge reverse 0smaosis units,
evaporators such as falling fiim evaporators, and any combination of the above. in the pre-
concentration process, carbon dioxide wilt be removed and in the process some sodium
bicarbonate will be converted to sodium carbonate. Whiie the make up of the concentrated
brine will vary, in typical applications the total dissalved solids in the concentrated brine will be
approximately 20-30% wt.

Once the brine Is concentrated in the brine concentrator 12, the concentrated brine is
directed to an evaporative crystallizer 16. In the evaporative crystallizer the brine is heated to
50 degrees and above. |t is preferable to heat the concentrated brine to 100°C or above. In
one particular application the brine is healed to approximately 108°C at 1 atm. This for a typical
application is generally the boiling temperature of the concenfrated brine.

Evaporation of water from the brine in the evaporative crystallizer 16 further
concentrates the brine and causes the solubility imits of sodium chioride to be exceeded. This
results in the precipitation of sodium chioride crystals. Thus, the evaporative crystallizer
produces a mixiure of sodium chioride crystals and brine.

This mixture is directed to a solids separator 18. Various conventional solids separators
can be used such as seftling tanks, centrifuges, filter presses, eic. In the solids separator 18,
the sodium chicride crystals are separated and recovered. The residual brine is referred {o

herein as the first mother liquor.
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From the solids separator 18, the first mother liquor is directed {0 a cooling crystallizer
20. Various types of cooling crystallizers can be employed. For example, flash cooling with
evaporation is one option while a refrigerant-supplied heat exchanger without evaporation is
another option. In any event, the function of the cooling crystaliizer is to lower the temperature
of the first mother liquor to approximately 30°C or below. In some preferred processeas the
temperature of the first mother liquor is lowered (o approximately 15°C to approximately 20°C.
This cooling, and if needed combined with water remaoval via evaporation, causes the solubility
limit of sodium carbonate 1o be exceeded. Hence the cooling crystaliizer 20 causes sodium
carbonate decahydrate crystals or “natron” (NA;CO3.10H,0) to be precipitated. Hence the
cooling crystallizer 20 produces a mixture of sodium carbonate decahydrate crystais and mother
liquor. This mixture is directed 1o a solids separator where the sodium carbonate decahydrate
crystals are separated from the first mother liquor. The sodium carbonate decahydrate crystals
are thus recovered and can be further processed {o produce various commercial chemicals.

The separation of the sodium carbonate decahydrate crystals from the first mother liquor
effectively forms a second mother liquor. In the embodiment shown in Figure 1 the second
mother liquor is divided into two streams, one stream is directed back o the evaporative
crystallizer 16 for further treatment while the second stream can be subjected to further
processing or to some appropriate form of disposal.

Figures 4, 5 and 6 show alternative but similarly related process for recovering sodium
chloride crystals and sodium carbonate decahydrate crystals. The process exemplified in
Figure 4 is the same as that described above and shown in Figure 3. More particularly, the
concentrated brine is first directed o the evaporative crystallizer 16 and the resuiting first
mother liquor is directed to the cooling crystallizer 20 and thereafter, as explained above, the
resulting second mother liquor is split with one stream being returned 1o the evaporative
crystallizer while the other stream used in various ways or even directed to disposal.

The Figure 4 process is particulariy suited when the sodium chioride to sodium
carbonate ratio is relatively high. A relatively high sodium chloride to sodium carbonate ratio
would be approximately 2 to 1.

When the ratio of sodium chloride to sodium carbonate in the ¢concentrated brine is
relatively tow (approximately 0.5 to approximately 1), a process such as depicted in Figure &
might be more appropriate. in this case the concentrated brine is first directed to the cooling
crystallizer 20 and, as illustrated in Figure 5, the sodium carbonate decahydrate crystals are
produced therein. One stream of the resulting second mother liquor is directed to the
evaporative crystallizer 16 which produces the sodium chloride crystals. Then the resulting first
mother liquor is joined with the concentrated brine influent and directed into the cooling
crysialiizer 20.

Where the ratio of sodium chloride o sodium carbonate in the concentrated brine lies

intermediately between the relatively high ratic and the relatively low ratio, a process such as

/
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shown in Figure 6 may be appropriate. Here the concentrated brine influentis spiit into two
streams, a first stream that is directed into the evaporated crystallizer 16 and a second stream
directed into the cooling crystallizer 20, Here again, at least a portion of the second mother
liquor leaving the cooling crystallizer 20 may be returned and fed into the evaporative
crystallizer 16. Likewise, the resuiting first mother liquor from the evaporative crystallizer is fed
along with the concentrated brine stream to the cooling crystallizer 20.

The individual salts recovered in the processes described above may require

beneficiation to maximize commercial value. For example, the sodium chloride may be

appropriately improved by dissolution and re-crystallization as it is often done with sea salt. The
natron or sodium carbonate decahydrate crystals may be improved by employing the processes

shown in Figure 7 that treat the sodium carbonate decahydrate crystals to form dense soda ash

or sodium carbonate. In the case of forming sodium carbonate, the sodium carbonate
decahydrate crystals are subjected to carbonation where carbon dioxide is added. Thereafter,
the carbonated sodium carbonate decahydrate crystals are subjected to bicarbonate
crystallization that produces the sodium bicarbonate. In producing the dense soda ash, the
sodium carbonate decahydrate crystals are subjected 10 monohydrate crystaliization and
thereafter to a calcination process which produces the dense soda ash.

The process described above for recovering sodium chicride crystals and sodium
carbonate decahydrate crystals from a mixed brine solution has many advantages. First
compared to kKnown processes, the prasent process generates little or no waste material.
Further compared to Known processes, the present process requires little or no reagents to
actually recover the salls. Finally, the process of the present invention minimizes residual
waste. Finally, recovery of salts in the present process does not require evaporation ponds.

The present invention may, of course, be carried out in other specific ways than those
herein set forth without departing from the scope and the essential characteristics of the
invention. The present embodiments are therefore to be construed in &ll aspects as illustrative
and nof restrictive and all changes coming within the meaning and equivalency range of the

appended claims are intended to be embraced therein.

TR
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The embodiments of the present invention for which an exclusive property or privilege is
claimed are defined as follows:

1. A method of recovering sodium chloride and sodium carbonate decahydrate from a

concentrated brine containing sodium chloride and sodium carbonate, comprising:

directing the concentrated brine to an evaporative crystallizer and a cooling crystallizer in
any order; |

wherein directing the concentrated brine to the evaporative crystallizer includes heating
the brine to a temperature of 50°C or higher so as to further concentrate the brine
and producing sodium chloride crystals;

separating the sodium chloride crystals from the brine;

wherein directing the concentrated brine to the cooling crystallizer includes subjecting

the brine to a temperature of 30°C or lower to produce sodium carbonate
decahydrate crystals;

separating the sodium carbonate decahydrate crystals from the brine; and

wherein the evaporative crystallizer and cooling crystallizer are arranged in series.

2. The method of claim 1 wherein the concentrated brine is first directed to the evaporative
crystallizer; and

wherein the brine directed to the cooling crystallizer is a mother liquor resulting from the
separation of the sodium chloride crystals from the brine.

3. The method of claim 1 wherein the concentrated brine is first directed to the cooling
crystallizer;

wherein separating the sodium carbonate decahydrate crystals from the brine produces
a mother liquor; and

wherein the brine directed to the evaporative crystallizer includes the mother liquor.

4. The method of claim 2 wherein the concentration of sodium chioride is greater than the
concentration of sodium carbonate in the concentrated brine.

5. The method of claim 3 wherein the concentration of sodium chloride is less than the
concentration sodium carbonate in the concentrated brine.
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6. The method of claim 1 wherein the concentrated brine is heated in the evaporative
crystallizer to approximately 100°C or higher and wherein the concentrated brine is cooled in the

cooling crystallizer to a temperature of approximately 15°C to approximately 20°C.

7. A method of treating produced water containing sodium chloride and sodium carbonate
and recovering sodium chloride crystals and sodium carbonate decahydrate crystals from the
produced water comprising:
pre-concentrating the produced water to form a concentrated brine;
directing the concentrated brine to an evaporative crystallizer and heating the
concentrated brine to a temperature of at least 50°C so as to further concentrate
the brine and produce sodium chloride crystals;
separating the sodium chloride crystals from the brine to produce a first mother liquor;
directing the first mother liquor to a cooling crystallizer and cooling the first mother liquor
to a temperature of 30°C or lower so as to produce sodium carbonate
decahydrate crystals;
separating the sodium carbonate decahydrate crystals from the first mother liquor to
form a second mother liquor; and
directing a portion of the second mother liquor to the evaporative crystallizer.

8. The method of claim 7 wherein cooling the first mother liquor to a temperature of 30°C or
lower includes cooling the first mother liquor to a temperature of approximately 15°C to

approximately 20°C.

0. The method of claim 7 wherein the concentrated brine includes a total dissolved solids

concentration of approximately 20 to approximately 30% wt.

10. The method of claim 7 wherein the concentration of sodium chioride is greater than the

concentration of sodium carbonate in the concentrated brine.

11.  The method of claim 7 wherein the pre-concentrated brine is heated to a temperature of
100°C or higher in the evaporative crystallizer.

10
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12. A method of treating produced water containing sodium chloride and sodium carbonate
and recovering sodium chloride crystals and sodium carbonate decahydrate crystals from the
produced water, the method comprising:
pre-concentrating the produced water to form a concentrated brine;
directing at least some of the concentrated brine to a cooling crystallizer and cooling the
concentrated brine to a temperature below 30°C so as to produce sodium
carbonate decahydrate crystals;
separating the sodium carbonate decahydrate crystals from the brine to form a first
mother liquor;
directing at least a portion of the first mother liquor to an evaporative crystallizer and
heating the first mother liquor to a temperature of at least 50°C so as to
concentrate the first mother liquor and form sodium chloride crystals;

separating the sodium chloride crystals from the first mother liquor to form a second
mother liquor;
directing at least a portion of the second mother liquor to the cooling crystallizer.

13. The method of claim 12 wherein cooling the concentrated brine to a temperature below
30°C includes cooling the first mother liquor to a temperature of approximately 15°C to

approximately 20°C.

14. The method of clairﬁ 12 wherein the concentrated brine includes a total dissolved solids

concentration of approximately 20 to approximately 30% wit.

15. The method of claim 12 wherein the concentration of sodium chloride is less than the

concentration of sodium carbonate in the concentrated brine.

16. The method of claim 12 wherein the pre-concentrated brine in the evaporative

crystallizer is heated to a temperature of 100°C or higher.

17. The method of claim 7 including directing the produced water to a thermal evaporator
and pre-concentrating the produced water in the thermal evaporator to form the concentrated

brine.

11
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18. The method of claim 12 including directing the produced water to a thermal evaporator
and pre-concentrating the produced water in the thermal evaporator to form the concentrated

brine.

19. A method of treating a brine containing sodium chloride, sodium carbonate and other
contaminants and for recovering sodium chloride crystals and sodium carbonate decahydrate
crystals from the brine, the method comprising:
directing at least some of the brine to an evaporative crystallizer and heating the brine to
a temperature of at least 50°C so as to further concentrate the brine and produce
sodium chloride crystals;
separating the sodium chloride crystals from the brine to produce a first mother liquor;
directing the first mother liquor to a cooling crystallizer and cooling the first mother liquor
to a temperature of 30°C or lower so as to produce sodium carbonate
decanydrate crystals;
separating the sodium carbonate decahydrate crystals from the first mother liquor to
form a second mother liquor; and
directing at least a portion of the second mother liquor to the evaporative crystallizer.

12
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