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(57) Abstract: A method and apparatus for reducing a
salt concentration in a liquid composition use a solvent.
The method includes combining the liquid composition
and the solvent, where the solvent has lower carrying ca-
pacity for at least one salt in solution with the liquid
composition. The liquid composition may be miscible
with the solvent. The solvent may also have a lower boil -
ing point than the liquid composition. The method in-
cludes precipitating some of the salt out of the liquid and
removing the precipitate. The solvent may then be separ-
ated, leaving the liquid composition with a reduced salt
concentration. The solvent may be reused if recovered
after separation. The apparatus includes elements for im-
plementing the method.
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Box No.II . Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not-comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. l__—_l Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Group |: Claims 1-16, drawn to a method of removing at least part of at least one dissolved salt from a liquid composition, the method

comprising the steps of: combining a first quantity of the liquid composition and a quantity of a second solvent, the liquid composition
comprising: a first solvent, and the at least one dissolved salt; precipitating an amount of the at least one dissolved salt out of the liquid
composition, wherein the first solvent has a carrying capacity for the at least one dissolved salt that is greater than the carrying capacity
of the second solvent for the at least one dissolved salt; removing the at least part of the at least one dissolved salt from contact with the
first quantity of the liquid composition and second solvent; and separating the second solvent from the first quantity of the liquid
composition.

** Please see the continuation on the extra sheets after the references **

1. [:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. m As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
claims 1-16 and 32-35

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

N/
M No protest accompanied the payment of additional search fees.
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Box No. lll, Observations where unity of invention is lacking:

Group II: Claims 17-27, drawn to an apparatus for removing dissolived salts from a liquid composition, the system comprising:

a container configured to store a quantity of the liquid composition, the liquid composition comprising a first solvent and at least one
dissolved salt; a controller configured to add a predetermined quantity of a second solvent to the container; a controller configured to
estimate the predetermined quantity of the second solvent based on a selected output sait concentration; a salt removal means
configured to remove a precipitated salt from the container; a heater in thermal communication with the second solvent and configured
to separate the second solvent from the liquid composition after the precipitated salt has been removed; and

a recovery container configured to store the separated second solvent.

Group IlI: Claims 28-31, drawn to a method of reducing a salt concentration in a liquid composition, the method comprising: estimating a
quantity of a second solvent required to be combined with a quantity of the liquid composition to reduce the salt concentration of the
liquid composition to a selected level after the second solvent has been separated from the liquid composition.

Group IV: Claims 32-35, drawn to a non-transitory computer-readable medium product, the medium comprising instructions thereon that,
when executed by a processor, perform a method, the method comprising: estimating a quantity of a second solvent required to be
combined with a quantity of the liquid composition to reduce the salt concentration of the liquid composition to a selected leve! after the
second solvent has been separated from the liquid composition.

The inventions listed as Groups | through.1V do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Groups |1, lll, and IV do not require wherein the first solvent has a carrying capacity for the at least one dissolved salt that is greater than
the carrying capacity of the second solvent for the at least one dissolved salt, as required by Group |.

Groups |, lll, and IV do not require a container configured to store; a controller configured to add a predetermined quantity of a second
solvent to the container; a salt removal means configured to remove a precipitated salt from the container; a controller configured to
estimate the predetermined quantity of the second solvent based on a selected output salt concentration; a heater in thermal
communication with the second solvent and configured to separate the second solvent from the liquid composition after the precipitated
salt has been removed; or a recovery container, as required by Group II.

Groups | and It do not require a method of estimating a quantity of a second solvent required to be combined with a quantity of the liquid
composition to reduce the salt concentration of the liquid composition to a selected level after the second solvent has been separated
from the liquid composition, as required by Groups Il and IV.

Groups Il and IV do not require a method of removing at least part of at least one dissolved salt from a liquid composition, the method
comprising the steps of: combining a first quantity of the liquid composition and a quantity of a second solvent, the liquid composition
comprising: a first solvent, and the at least one dissolved salt; precipitating an amount of the at least one dissolved salt out of the liquid
ccomposition, wherein the first solvent has a carrying capacity for the at least one dissolved salt that is greater than the carrying capacity
of the second solvent for the at least one dissolved salt; removing the at least part of the at least one dissolved salt from contact with the
first quantity of the liquid composition and second solvent; and separating the second solvent from the first quantity of the liquid
composition, as required by Group |.

Group Il and IV do not require an apparatus dissolved salts from a liquid composition, the system comprising: a container configured to
store a quantity of the liquid composition, the liquid composition comprising a first solvent and at least one dissolved salt; a controller
configured to add a predetermined quantity of a second solvent to the container; a controller configured to estimate the predetermined
quantity of the second solvent based on a selected output salt concentration; a salt removal means configured to remove a precipitated
salt from the container; a heater in thermal communication with the second solvent and configured to separate the second solvent from
the liquid composition after the precipitated salt has been removed; and a recovery container configured to store the separated second
solvent, as required by Group II.

Grpups 1,11, and 111 do not require a non-transitory computer-readable medium product, the medium comprising instructions thereon that,
when executed by a processor, perform a method, as required by Group IV.

Shared Technical Features

The only feature shared by Groups | through IV that would otherwise unify the groups is reducing a salt concentration in a liquid
composition. However, this shared technical feature does not represent a contribution over prior art, because the shared technical
feature is anticipated by US 4,548,614 A (Ireland). Ireland discloses reducing a salt concentration in a liquid composition (col 1, In 38-48,
organic solvent added to brine to reduce the solubility of salt in the brine and precipitate the salt therefrom.).

The only feature shared by Groups | and Il that would otherwise unify the groups is removing dissolved salts from a liquid composition,
comprising precipitating an amount of at least one dissolved salt out of a liquid composition; the liquid composition comprising a first
solvent and at least one dissolved salt; combining/adding a quantity of a second solvent to the liquid composition; and removing a
precipitated salt. However, this shared technical feature does not represent a contribution over prior art, because the shared technical
feature is anticipated by Iréland.

-- Please see extra sheet --
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Box No. Ill, Observations where unity of invention is lacking:

Ireland discloses removing dissolved salts from a liquid composition (col 1, In 38-48, organic solvent added to brine to reduce the
solubility of salt in the brine and precipitate the salt therefrom.), comprising precipitating an amount of at least one dissolved salt out of a
liquid composition (col 1, In 37-47, precipitating salt from the brine after addition of the organic solvent), the liquid composition
comprising a first solvent and at least one dissolved salt (col 1, In 37-47; col 1, In 63 to col 2, In 19, a brind solution comprising water and
sodium chloride.); combining/adding a quantity of a second solvent to the liquid composition (col 2, In 9-40, adding organic solvent to
precipitate salt from the brine.); and removing a precipitated salt {col 1, In 38-48; co! 4, [n 60 te col 5, In 2; col 5, In 51 to col 6, In 2,
filtered precipitated salt using filter unit.). '

The only feature shared by Groups |1, lll, and IV that would otherwise unify the groups is the estimating a quantity of a second solvent.
However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is
anticipated obvious by Ireland. Ireland discloses estimating a quantity of a second solvent (Fig. 1; col 4, in 37-44; col 5, In 32-50, graph
showing abscissa the number of grams of ethylamine organic solvent added to saturated brine solution, and on the ordinate, the total
grams of salt precipitated from brine... for use with Example for salt precipitation.). '

The only feature shared by Groups Il and IV that would otherwise unify the groups is the method for estimating a quantity of a second
solvent required to be combined with a quantity of the liquid composition to reduce the salt concentration of the liquid composition to a
selected level after the second solvent has been separated from the liquid composition. However, this shared technical feature does not
represent a contribution over prior art, because the shared technical feature is anticipated obvious by Ireland. Ireland discloses
estimating a quantity of a second soivent required to be combined with a quantity of the liquid composition to reduce the salt
concentration of the liquid composition to a selected level after the second solvent has been separated from the liquid composition (Fig.
1; col 4, In 37-44; col 5, In 32-64, graph showing abscissa the number of.grams of ethylamine organic solvent added to saturated brine
solution, and on the ordinate, the total grams of salt precipitated from brine... for use with Example for salt precipitation... filtering to
recover the precipitated salt... to obtain about 52 percent of the salt recovered or about 48 percent of salt in solution.).

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups. Groups | through IV therefore lack unity under PCT Rule 13 because they do not share a same or
corresponding special technical feature.
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