Office de la Propriete Canadian CA 2981139 A1 2016/10/06

Intellectuelle Intellectual Property
du Canada Office (21) 2 981 1 39
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2016/03/11 (51) CLInt./Int.Cl. D27H 27/06 (2006.01),
. o . o . CO8[ 5/76 (2006.01), D21H 17/24(2006.01),
(87) Date'publlcatlon I-:’CT/PCT F‘ubllcatlon Date: 2016/10/06 D21H 17/66 (2006.01)
(85) Entree phase nationale/National Entry: 201/7/09/27 (71) Demandeur/Applicant
(86) N° demande PCT/PCT Application No.: US 2016/022010 INTERNATIONAL DIOXIDE, INC, US
(87) N° publication PCT/PCT Publication No.: 2016/160310 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2015/04/01 (US62/141,417) BURKE, ADRIAN ALAN, US;

GLYNN, SCOTT C., US;
TROTTIER, MICHAEL C., US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : COMPOSITION STABILISEE POUR LUTTE CONTRE LES ODEURS ET DESHYDRATATION RENFORCEE
COMBINEES

54) Title: STABILIZED COMPOSITION FOR COMBINED ODOR CONTROL AND ENHANCED DEWATERING

(57) Abréegée/Abstract:

A composition comprising a compound mixture dissolved In water, the compound mixture comprising at least one chlorite salt at
least one cyclodextrin; and at least one alkaline base; provided that the cyclodextrin is In an amount of 0.13 to 13 parts by mass for
every 50 parts by mass of chlorite anion CIO, -, and the alkaline base Is in an amount of up to 13 parts by mass for every 50 parts

by mass of chlorite anion CIO,, -} wherein the composition has a pH of at least 12.5. A process for forming the composition and
process for treating suspensions of particles with the composition are also disclosed.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 2016/160310 A1 |[HJ| ]! 0RO D001 0 AN R

(43) International Publication Date

CA 02981139 2017-09-27

Organization
International Bureau

WIPOIPCT

6 October 2016 (06.10.2016)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2016/160310 A1l

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

International Patent Classification:

D21H 17/24 (2006.01)  D21H 21/06 (2006.01)
D21H 17/66 (2006.01) CO8L 5/16 (2006.01)
D21H 17/00 (2006.01)

International Application Number:
PCT/US2016/022010

International Filing Date:
11 March 2016 (11.03.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/141,417 1 April 2015 (01.04.2015) US

Applicant: THE CHEMOURS COMPANY FC, LLC
[US/US]; 1007 Market Street, D-7028, Wilmington,
Delaware 19801 (US).

Inventors: BURKE, Adrian Alan; 25 Apple Tree Court,
North Kingstown, Rhode Island 02852 (US). GLYNN,
Scott C.; 30 Remington Farm Drive, Coventry, Rhode Is-
land 02816 (US). TROTTIER, Michael C.; 85 Pamela
Court, Saunderstown, Rhode Island 02874 (US).

Agent: BISSETT, Melanie D.; The Chemours Company,
1007 Market Street, Wilmington, Delaware 19801 (US).

(84)

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
K7, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34) Title: STABILIZED COMPOSITION FOR COMBINED ODOR CONTROL AND ENHANCED DEWATERING

(87) Abstract: A composition comprising a compound mixture dissolved m water, the compound mixture comprising at least one
chlorite salt at least one cyclodextrin; and at least one alkaline base; provided that the cyclodextrin 1s mn an amount of 0.13 to 13
parts by mass for every 50 parts by mass of chlorite anion ClO,", and the alkaline base 1s in an amount of up to 13 parts by mass for
every 50 parts by mass of chlorite anion ClO;"; wheremn the composition has a pH of at least 12.5. A process for forming the compos -
ition and process for treating suspensions of particles with the composition are also disclosed.



CA 02981139 2017-09-27

WO 2016/160310 PCT/US2016/022010

5

10

15

20

25

30

TITLE
STABILIZED COMPOSITION FOR COMBINED ODOR CONTROL AND
ENHANCED DEWATERING
FIELD OF THE INVENTION

The present invention relates to an aqueous composition for odor
control and enhanced dewatering that exhibits superior storage stability. The
composition contains a compound mixture dissolved Iin water, the compound
mixture containing chlorite salt, cyclodextrin, and alkaline base.

BACKGROUND OF THE INVENTION

Sodium chlorite solutions can be used to selectively oxidize sulfide and
other malodorous compounds. Such processes are described in U.S. Patent
5,082,576

Compositions containing cyclodextrins have been applied to biological
sludge to enhance the dewatering process. Such compositions are described
N U.S. Patent 7,718,075, where the dewatering process is improved,
especially when cationic polymers are also used.

BRIEF SUMMARY OF THE INVENTION

Previous compositions and processes have not, however, provided a
single feed composition that provides both superior odor control and
enhanced dewatering, due to storage instability. The present invention
discloses compositions that provide enhanced odor control and dewatering to
a particle suspension In a single feed, where the composition has superior
storage stability. With the ability to combine cyclodextrin into the chlorite
solution, a single liquid feed not only serves its primary function for odor
abatement, but it can also enhance the dewatering process by producing
drier cake, facilitating optimum belt press efficiency and possibly decreasing
the amount of polymer required. This would be of value to facilities that
dewater sludge and/or pulp, since hauling, landfilling, and incineration fuel
and energy could be reduced.

The present invention relates to a composition comprising a compound

mixture dissolved In water, the compound mixture comprising: (a) at least one

1
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chlorite salt ClO2 M*; (b) at least one cyclodextrin; and (c) at least one

alkaline base; provided that the cyclodextrin is in an amount of 0.13 to 13

parts by mass for every 50 parts by mass of the chlorite anion ClO2, and the

alkaline base Is In an amount of up to 13 parts by mass for every 50 parts by

mass of the chlorite anion ClO2: and wherein M is an alkali or alkaline earth
metal; and the composition has a pH of at least 12.5.

In another aspect, the invention relates to a process for producing a
composition with improved stability, the process comprising: (a) mixing at

least one alkaline base with an aqueous solution of at least one chlorite salt

ClO2 M* to form a first mixture; and (b) subsequently dissolving at least one
first cyclodextrin into the first mixture to form a second mixture having a pH of

at least 12.5; provided that the cyclodextrin is in an amount of 0.13 to 13 parts

by mass for every 50 parts by mass of the chlorite anion ClO2, and the

alkaline base Is In an amount of up to 13 parts by mass for every 50 parts by

mass of the chlorite anion ClO2: and wherein M is an alkali or alkaline earth

metal.
In a third aspect, the invention relates to a process for treating
suspensions of particles comprising contacting the suspension of particles

with a composition comprising a compound mixture dissolved in water, the

compound mixture comprising: (a) at least one chlorite salt ClO2 M*; (b) at
least one cyclodextrin; and (c) at least one alkaline base; provided that the

cyclodextrin is In an amount of 0.13 to 13 parts by mass for every 50 parts by
mass of the chlorite anion ClO2, and the alkaline base is in an amount of up

to 13 parts by mass for every 50 parts by mass of the chlorite anion ClO2;
and wherein M Is an alkali or alkaline earth metal; and the composition has a
pH of at least 12.5.
DETAILED DESCRIPTION OF THE INVENTION
Hereln trademarks are shown Iin upper case.
As used herein, all weight percentages (wt.%) are based on the total

weight of the composition comprising water and the compound mixture,
2
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unless otherwise specified. Additionally, all composition percentages are
based on totals equal to 100 wt.% unless otherwise specified.
In a first aspect, the invention relates to a composition comprising a

compound mixture dissolved Iin water, the compound mixture comprising: (a)

at least one chlorite salt ClO2 M*; (b) at least one cyclodextrin; and (c) at least

one alkaline base; provided that the cyclodextrin is in an amount of 0.13 to 13

parts by mass for every 50 parts by mass of the chlorite anion CIO2, and the

alkaline base Is In an amount of up to 13 parts by mass for every 50 parts by

mass of the chlorite anion ClO2: and wherein M is an alkali or alkaline earth

metal;: and the composition has a pH of at least 12.5.

The chlorite salt CIO2 M* can be any chlorite salt, or mixtures thereof,
which Is soluble in water. In one embodiment, the chlorite salt I1s selected
from alkall or alkaline earth metal chlorites. Examples include, but are not
limited to, sodium chlorite, calcium chlorite, potassium chlorite, or mixtures
thereof. In one embodiment, the chlorite salt 1Is used iIn an amount of at least
about 10 wt. %, based on the total weight of the composition; in another
embodiment, the chlorite salt Is used in an amount of about 15 to 35 wt. %,
and In a third embodiment, the chlorite salt Is used in an amount of about 20
to 30 wt. %.

The cyclodextrin can be any water-soluble cyclodextrin compound.
Cyclodextrins are preferred over other types of flocculant and coagulant aids
IN this iInvention due to their cyclic structure, interior hydrophobic core, and
hydrophilic exterior. Such structures are found to provide three to five times
more resistance to non-enzymatic hydrolysis when compared with linear
dextrins and offer adequate solubility and stability over the range of intended
storage conditions (0 to 50°C) when used in the composition of the invention.
When compared with other coagulants and coagulant aids, it has been found
that cyclodextrins also degrade slower, form fewer precipitates in solution,
and react less with chlorite salts. In one embodiment, the cyclodextrin Is a-

cyclodextrin, 3-cyclodextrin, y-cyclodextrin, or mixtures thereof. In another

3
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embodiment, the cyclodextrin is a derivative of a-, [3-, y-cyclodextrin, or
mixtures thereof. Such derivatives include hydroxyalkyl cyclodextrins,
INncluding but not limited to hydroxyalkyl a-cyclodextrin, hydroxyalkyl [3-
cyclodextrin, hydroxyalkyl y-cyclodextrin, or mixtures thereof. One specific
example of hydroxyalkyl cyclodextrins includes but i1s not [imited to
hydroxypropyl B-cyclodextrin. In this invention, it has been found that [3-
cyclodextrin, for example, can enhance belt press operation by facilitating the
dewatering process optimization, by reducing the water content of the cake
by 5% on average.

Of the compound mixture, the cyclodextrin is used in an amount of

0.13 to 13 parts by mass for every 50 parts by mass of the chlorite anion
ClO2. In another embodiment, the cyclodextrin is used in an amount of 1.3 to

6.7 parts by mass for every 50 parts by mass of the chlorite anion ClO2 salt;

and In a third embodiment, the cyclodextrin i1s used in an amount of 1.3 10 2.7

parts by mass for every 50 parts by mass of the chlorite anion CIO2. When
compared to the weight of the total agueous composition, the cyclodextrin is
used In an amount of 0.1 to 5 wt. %; In another aspect, the cyclodextrin is
used In an amount of 0.1 to 3 wt. %; and In a third aspect, the cyclodextrin is
used In an amount of 0.5 to 2 wt. %.

The alkaline base can be any water-soluble alkaline base capable of
maintaining the composition at a pH of at least 12.5, inclusive. Examples
Include but are not imited to alkall metal hydroxides, alkali metal
metasilicates, alkall metal phosphates, or mixtures thereof. More specifically,
examples include but are not imited to sodium hydroxide, calcium hydroxide,
potassium hydroxide, sodium metasilicate, trisodium phosphate, or mixtures

thereof. Of the compound mixture, the alkaline base is used in an amount of

up to 13 parts by mass for every 50 parts by mass of the chlorite anion CIO2 .

In another embodiment, the alkaline base 1s used iIn an amount of 1.3 to 13

parts by mass for every 50 parts by mass of the chlorite anion CIO2 salt; and

IN a third embodiment, the alkaline base I1s used In an amount of 4 to 9 parts

4
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by mass for every 50 parts by mass of the chlorite anion ClO2. When
compared to the weight of the total aqueous composition, the alkaline base Is
used In an amount of 0.2 to 6 wt. %; In another aspect, the alkaline base Is
used In an amount of 0.5 to 5 wt. %; and In a third aspect, the alkaline base Is
used in an amount of 0.8 to 3 wt. %.

In this Invention, It has been discovered that a composition at a pH of
12.5 provides superior storage stability, reduced chlorine dioxide formation,
and reduced cyclodextrin degradation. While not wishing to be bound to the
theory, 1t Is possible that the improved stability of the cyclodextrin leads to
Improved chlorite salt stablility, since the degradation of cyclodextrin could
promote acidic species thus lowering pH. The initial composition pH may
also be above 12.5, such as at least 12.7, at least 13, or at least 13.5, to
allow for a small amount of pH drift.

The composition of the invention I1s capable of preventing chlorine
dioxide formation during storage at ambient, as well as elevated,
temperatures. Prevention of chlorine dioxide formation during storage Is
Important, since chlorine dioxide Is toxic and potentially explosive. In one
embodiment of the Iinvention, the composition Is capable of preventing the
formation of chlorine dioxide when held at a temperature of up to 54 °C.
Stabilization of the composition ensures that the composition can still be used
for its primary purpose of odor control even If the cyclodextrin has been
degraded, by age or excessive heat, to levels too low to achieve dewatering
enhancement. In one aspect, the composition is capable of retaining at least
25% of the original cyclodextrin content after three weeks of storage at a
temperature of at least 54° C. In one aspect, the composition is capable of
retaining at least 50% of the original cyclodextrin content after three weeks of
storage at a temperature of at least 40 °C; in another aspect, the composition
IS capable of retaining at least /0% of the original cyclodextrin content after
three weeks of storage at a temperature of at least 40 °C; and in a third

aspect, composition Is capable of retaining at least /5% of the original
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cyclodextrin content after three weeks of storage at a temperature of at least
40 °C.

As described above, the composition comprises water and a defined
solubilized compound mixture. However, additional compounds may also be
included in the overall composition. Of most interest are lipophilic molecules
such as essential oils and plant extracts that form inclusion compounds with
cyclodextrins. Cyclodextrin inclusion compounds may be any compounds
capable of forming water-soluble complexes with cyclodextrin, including those
compounds having antimicrobial or antifungal activity. Such compounds may
Improve the stability of cyclodextrin by reducing microbial contamination and
thus further reducing cyclodextrin degradation. For example, lipophilic
molecules, including essential oils and plant extracts, may be used. Specific
examples include but are not limited to frans-cinnamaldehyde, cinnamon bark
extract, eugenol, clove bud extract, or mixtures thereof. In one embodiment,
an Inclusion compound Is used In an amount of about 0.001 to 1 wt. %, based
on the total weight of the composition; in another embodiment, the inclusion
compound Is used In an amount of 0.001 to 0.5 wt. %; and In a third
embodiment, the inclusion compound Is used In an amount of 0.001 to 0.1 wt.
%.

The compositions may be produced by any conventional mixing
method, and the components may be mixed In any order capable of forming
the proper composition at a pH of at least 12.5. In one embodiment of the
iInvention, the invention relates to a process for producing a composition with

Improved stabllity, the process comprising: (a) mixing at least one alkaline

base with an aqueous solution of at least one chlorite salt ClO2 M* to form a
first mixture; and (b) subsequently dissolving at least one first cyclodextrin
Into the first mixture to form a second mixture having a pH of at least 12.5;

provided that the cyclodextrin is in an amount of 0.13 to 13 parts by mass for

every 50 parts by mass of the chlorite anion ClO2, and the alkaline base is in

an amount of up to 13 parts by mass for every 50 parts by mass of the

chlorite anion ClO2: and wherein M is an alkali or alkaline earth metal. In one
6
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example, the alkaline base I1s mixed with an agueous chlorite salt at a rate
suitable to avoid excess temperature, such as a rate capable of maintaining a
temperature within 10 °C above ambient temperature. The cyclodextrin is
then added to the alkaline base/chlorite salt solution. The formulation of the
composition may be verified by measuring pH, density, chlorite wt. %, and
cyclodextrin wt. %.

When an inclusion compound Is used, the inclusion compound may be
mixed separately with at least one second cyclodextrin and water with heat to
form a third mixture. The inclusion compound mixture may then be added to
the second mixture containing alkaline base, cyclodextrin, and chlorite salt.
The third mixture may be added directly, or the Iinclusion complex may be
Isolated by extraction, freeze-drying, or other separation method before
adding to the second mixture. When forming the third mixture, a temperature
such as 60 °C may be used, and the third mixture i1s generally mixed for at
least 1 day, and sometimes 3 to 4 days to ensure proper complexing between
the cyclodextrin(s) and inclusion compound(s). The first cyclodextrin and
second cyclodextrin may be the same or different. In one embodiment, the
first cyclodextrin and second cyclodextrin are independently selected from a-
cyclodextrin, B-cyclodextrin, y-cyclodextrin, hydroxyalkyl a-cyclodextrin,
hydroxyalkyl 3-cyclodextrin, hydroxyalkyl y-cyclodextrin, or mixtures thereof.

The compositions of the invention are useful for odor control anad
enhanced dewatering of suspended particulate matter. In one aspect, the
iInvention relates to a process for treating suspensions of particles comprising
contacting the suspension of particles with a composition comprising a

compound mixture dissolved In water, the compound mixture comprising: (a)

at least one chlorite salt CIO2 M*; (b) at least one cyclodextrin; and (c) at least

one alkaline base; provided that the cyclodextrin is in an amount of 0.13 to 13

parts by mass for every 50 parts by mass of the chlorite anion CIO2, and the

alkaline base Is In an amount of up to 13 parts by mass for every 50 parts by

mass of the chlorite anion ClIO2: and wherein M is an alkali or alkaline earth

metal; and the composition has a pH of at least 12.5. The composition Is
14
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added to the suspension of particles as one feed. In one embodiment, the
suspension of particles 1s chosen from a biological sludge, a non-biological
sludge, or a pulp fiber suspension. In one embodiment, the process
additionally includes the steps of using an in-line sensor that measures the
welight percent solids of the sludge stream being treated; an in-line sensor
that measures the volumetric or mass flow rate of the sludge stream being
treated; and an automated dosing system that uses a pump, PLC, and control
algorithm to adjust and optimize dosing based upon real-time measurements
of the sludge solids being processed. The composition of the invention may
be used to Increase the rate of dewatering the particle cake formed from the
particle suspension.

MATERIALS AND TEST METHODS

Unless otherwise specified, all cyclodextrin and frans-cinnamaldehyde
reagents and compounds were obtained from Sigma-Aldrich, St. Louis, MO.
Liquid sodium chlorite solutions were obtained from ADOX Water
Technologies, North Kingstown, Rl. The sodium hydroxide solution was
obtained from Roberts Chemical Company, Inc., Attleboro, MA.

Chlorite concentrations were measured by iodometric titration, and
cyclodextrin concentrations were analyzed using high performance liquid
chromatography with evaporative light scattering detection (HPLC-ELSD).

Chlorine dioxide evolution was analyzed by BW Gas Alert Extreme
ClO2 or ATl series F12 gas detector.

The examples are illustrative of compositions having improved stability

and are not intended to be Iimitations thereon.
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Examples 1 and 2
Sodium chlorite (NaClOz2), B-cyclodextrin (BCD), and sodium hydroxide

(NaOH) were mixed with water in a large batch according to the amounts in
Table 1. Aliquots (20 mL) were charged in glass vials with TEFLON-coated
caps. Samples at 40 °C and 54 °C were also wrapped in paraffin wax film to
prevent water evaporation. Samples were placed into storage at 30, 40, and
54 °C. Vials were opened once per week and tested for ClO2 emissions,

chlorite wt.%, and pH. At the end of the 3-week period, the samples were
also tested for BCD wt.%.

Table 1. Composition and Performance

EX. 1 2 3 A B
Initial Composition and Properties
a0 29 29 22 | 31 | 23
(Wt. %)
BCD
(Wt.%) 0.75 0.84 164 | 0./75 | 0.62
NaOH
(Wt.%) 1.8 2.8 3.0 - -~
CIN
(Wt.%) -~ -~ 0.008 | -- -~
pH 13.2 13.2 13.3 | 12.7 | 12.6
Final Properties

Storage
Temp. 54 40 30 54 40 30 40 54 54
(CC)
Na(())I02 29 29 29 29 29 29 23 3 5
(Wt. %)
BCD

. 021 | 057 | 061 | 0.26 | 068 | 0.77 | 1.41 0 0
(Wt. %)
pH 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.3 14 6.5
% CD

. 28 /6 81 31 81 92 86 0 0
Retained
. N | N| N| N|N|N|NT]|VY]|Y
produced
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Example 3
The procedure of Examples 1 and 2 was repeated, except that frans-

cinnamaldehyde (CIN) was also added. An inclusion complex mixture was
formed by dissolving BCD and CIN into DI water at 60°C. This solution was

S stirred and held at temperature for 3 days before addition to the chlorite

solution.

Comparative Examples A-B
The procedure of Examples 1 and 2 was repeated, except that sodium

hydroxide was not included.

10 Example 4
The procedure of Examples 1 and 2 was repeated, except that 3-

hydroxypropyl cyclodextrin (BHPCD) was used.

Comparative Example C
The procedure of Example 4 was repeated, except that sodium

15  hydroxide was not included.

Table 2. Composition and Performance of Examples 4 and Comparative

Example C
Example 4 C
Initial Composition and Properties
NaClO2 (wt.%) 28 28
BHPCD (wt.%) 0.79 0.80
NaOH (wt.%) 1.8 --
pH 13.3 12.7
Final Properties
Storage Temp. (°C) 54 54
NaClO2 (wt.%) 28 18
BHPCD (wt.%) Not analyzed Not analyzed
pH 13.3 6.5
% CD Retained Not analyzed Not analyzed
ClO2 produced N Y

20 Example 5
The procedure of Example 3 was repeated, except that the BCD

concentration used was considerably lower. This simulates a scenario In

10
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which BCD, instead of being used for dewatering purposes, is used as a host

molecule to enhance the solubility and delivery of an inclusion compound, In

this case being frans-cinnamaldehyde.

Comparative Example D
The procedure of Example 5 was repeated, but no sodium hydroxide

was added to stabilize the formulation.

Table 3. Composition and Performance of Examples 5 and Comparative

Example D
Example S D
Initial Composition and Properties
NaClO2 (wt.%) 24 24
BCD (wt.%) 0.14 0.14
NaOH (wt.%) 0.8 -~
CIN (wt.%) 0.1 0.1
pH 13.1 12.7
Final Properties
Storage Temp. (°C) 54 40 54 40
BCD (wt.%) 0.06 0.13 0 0.13
pH 13.1 13.1 12.6 12.7
% CD Retained 43 93 0 93
ClO2 produced N N N N

Results

Example 1 shows that the samples retained high percentages of the
original BCD at all storage temperatures, without chlorite activation. Example
2 suggests that a higher ratio of base can achieve even higher BCD stability.
Comparative Examples A, B, and C showed ClO2 generation, whereas
Example D, which had a much lower BCD concentration, showed total BCD
degradation without ClO2 generation. Example 3 exhibited the highest BCD
retention at 40 °C (86%), indicating that the inclusion compound enhanced
storage stability. Example 4 demonstrated that other cyclodextrins, such as
BHPCD, provide similar results to BCD. Example 5 demonstrated that the
iInventive composition provided retention of BCD at temperatures up to 54 °C,

while a comparative composition (D) contained undetectable levels of BCD

11
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after storage at 54 °C. Thus, the examples of the present invention
demonstrate compositions that can provide odor control, enhanced
dewatering, and/or enhanced solubility of an inclusion compound, while

exhibiting superior storage stability.

12
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CLAIMS
1. A composition comprising a compound mixture dissolved in water, the

compound mixture comprising:

a. atleast one chlorite salt CIO2 M*:
D. at least one cyclodextrin; and
C. at least one alkaline base;

provided that the cyclodextrin is in an amount of 0.13 to 13 parts by

mass for every 50 parts by mass of the chlorite anion ClO2, and the alkaline

pbase Is In an amount of up to 13 parts by mass for every 50 parts by mass of

the chlorite anion CIO2: and
wherein M 1s an alkali or alkaline earth metal; and the composition has
a pH of at least 12.5.

2. The composition of claim 1, where the chlorite salt Is chosen from

sodium chlorite, calcium chlorite, potassium chlorite, or mixtures thereof.

3. The composition of claim 1, where the cyclodextrin iIs chosen from a-
cyclodextrin, B-cyclodextrin, y-cyclodextrin, hydroxyalkyl a-cyclodextrin,

hydroxyalkyl B-cyclodextrin, hydroxyalkyl y-cyclodextrin, or mixtures thereof.

4 The composition of claim 1, where the alkaline base is chosen from
sodium hydroxide, calcium hydroxide, potassium hydroxide, sodium

metasilicate, trisodium phosphate, or mixtures thereof.

. The composition of claim 1, saild composition capable of preventing the

formation of chlorine dioxide when held at a temperature of up to 54 °C.

o. The composition of claim 1, saild composition capable of retaining at
least 25% of the original cyclodextrin content after three weeks of storage at a

temperature of at least 54° C.
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/. The composition of claim 1, saild composition capable of retaining at
least /0% of the original cyclodextrin content after three weeks of storage at a

temperature of at least 40 °C.

8. The composition of claim 1, further comprising at least one inclusion
compound In an amount of 0.001 to 1 % by weight, based on the total weight

of the composition.

9. The composition of claim 8, where the Iinclusion compound Is chosen

from lipophilic molecules.

10. A process for producing a composition with improved stability, the
process comprising:

a. mixing at least one alkaline base with an aqueous solution of at

least one chilorite salt ClO2 M* to form a first mixture; and
b. subsequently dissolving at least one first cyclodextrin into the
first mixture to form a second mixture having a pH of at least 12.5;

provided that the cyclodextrin is in an amount of 0.13 to 13 parts by

mass for every 50 parts by mass of the chlorite anion CIO2, and the alkaline

pbase Is In an amount of up to 13 parts by mass for every 50 parts by mass of

the chlorite anion CIO2: and

wherein M 1s an alkali or alkaline earth metal.

11.  The process of claim 10, further comprising:

C. mixing at least one inclusion compound, at least one second
cyclodextrin, and water with heat to form a third mixture; and

d. subsequently contacting the third mixture with the second
mixture:

provided that the first cyclodextrin and second cyclodextrin may be the

same or different.
14
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12.  The process of claim 11, where the first cyclodextrin and second
cyclodextrin are independently selected from a-cyclodextrin, 3-
cyclodextrin, y-cyclodextrin, hydroxyalkyl a-cyclodextrin, hydroxyalky!
B-cyclodextrin, hydroxyalkyl y-cyclodextrin, or mixtures thereof.

13. A process for treating suspensions of particles comprising contacting

the suspension of particles with a composition comprising a compound

mixture dissolved In water, the compound mixture comprising:

a. atleast one chlorite salt CIO2 M*:
D. at least one cyclodextrin; and
C. at least one alkaline base;

provided that the cyclodextrin i1s in an amount of 0.13 to 13 parts by mass for

every 50 parts by mass of the chlorite anion ClO2, and the alkaline base is in

an amount of up to 13 parts by mass for every 50 parts by mass of the

chlorite anion ClIO2: and
wherein M 1s an alkali or alkaline earth metal; and the composition has
a pH of at least 12.5.

14.  The process of claim 13, where the suspension of particles Is chosen

from a biological sludge, a non-biological sludge, or a pulp fiber suspension.

15
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