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STABLE AND HOMOGENQOUS ANTHRAQUINONE COMPOSITIONS AND

PREPARATIONS THEREOQOF

[0001] The present application claims priorily {0 United States Provisional
Application No. 82/130,850, filed March 10, 2015, the disciosure of which is

incorporated by reference herein in ifs entirety.

Background
[6002] Anthraguinone (AQ} is a solid that is insoluble in water. Thereis anesd o
provide a stable and homogeneous suspension of anthraguinone 10 be used in
pulping processes to provide pulp having good papermaking quality. "Pulping”
generally refers o the reduction or break-down of a bulk fiber source material into its
component fibers. Wood and other plant materials used o make pulp generally
contain three main components {apart from water): cellulose fibers (desired for
papermaking), lignin {a three-dimensional polymer that binds the celiulose fibers
together) and hemicsliuloses {shorter branched carbohydrate polymers). Fiber
sources include wood fibers, &.q., soft woods and hard woods and mixiures thereof,
and non-wood fibers obtained from agricultural productions, such as without
iimitation, bagasse, wheat straw, rice straw, comn stover {stalks, leaves and husks},
soy residuals, coconut issues, cotion stalks, palm baskets, kenaf, industrial hemp,

seed flax straw, textile flax siraw, sisal, hesperaloe, rye grass, and mixtures thereof,

Summary of Drawings
[0603] Figure 1is a block flow diagram showing the preparation of an AQ

composition according to an embodiment of the disclosure.
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[0084] Figure 2 is a visual showing the stability over time of an AQ composition
prepared according o an embodiment of the disclosure,

[0008] Figure 3 is a visual showing two AQ compositions prepared with and without
magnesium chioride and calcium chioride.

[6006] Figure 4 is a visual showing the effect of a polyglycol in an AQ composition.
[8007] Figure 5 is a visual showing the effect of mean particle size on the stability of

the AQ composition prepared according to an embodiment of the present disclosure.

Detailed Description
{0008] A more detalled description of the present disclosure will be rendered by
reference to specific embodiments thereof. Other features and advaniages of the
present disclosure will become apparent from the following detailed description. i
should be undersiood, howsver, that the detailed description and the specific
examplas, while indicating the preferred embodiments of the present disclosure, are
given by way of Hllustration only, since various changes and modifications within the
spirit and scope of the present disclosure will become apparent to those skilled in the
art from this delailed description.
[0008] One aspect of the present disclosure relates to an AQ composition
comprising AQ, one or more metal lons, a dispersant, a polyglycol, and waler,
wherein the AQ composition is a substantially homogeneous and stable suspension.
One embodiment is a composition comprising anthraquinone, one or more calcium
salts, one or more magnesium salls, a salt of diisopropyinaphthalene sulfonate,
polyethylene glycol, and water, wherein the composition is a substaniially

homogeneous and stable suspension.
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00101 As used herein, the term “substantially homogensous and stable” means the
AQ in the “substantially homogeneous and stable” suspension is dispersed evenly
and the AQ does not seifle during exiended siorage for at least 24 hours. The
setiling of AQ in the suspension is determined by measuring a % Transparency, as
described in the Examples section. A % Transparency of about 25% or less, about
20% or less, about 15% or less, or about 10% or less, is indicative of a subsiantially
homogeneous and siable suspension.

[0011] As used herein, the ferm “about” means a range of £10%, 5% or 1%,
(60121 The mean particle size of AQ in the AQ composition is about 150 um or less,
about 135 um or less, about 125 um or less, about 100 um or less, about 75 um or
less, about 50 um or less, about 25 wm or less, about 20 pum or less, about 15 um or
less, about 10 um or less, about 8 um or less, about § um or less, about 3 pm or
less, about 1 um or less, 100 um to about 1 pm, about 75 um to about 1 um, about
50 wm io about 1 um, about 25 um fo about 1 pm, about 20 pm to about 1 um, about
15 um o about 1 pm, about 10 pm to about 1 pwm, about 8 um to about 1 pum, about
§ um fo about 1 um, about 3 um to about 1 um, about 100 pum to about 3 um, about
75 wm to about 3 um, about 50 um to about 3 pum, about 25 pm to about 3 um, about
20 wm to about 3 wm, about 15 um to about 3 um, about 10 um to about 3 pm, about
& um to about 3 pm, abouwt § um {o about 3 pm, about 100 um to about § um, about
75 um to about 5 pwm, about 30 um to about 5 um, about 25 um to about & um, about
20 pm to about 5 wm, about 15 um to about 5 um, 10 um to about & um, about 8 um
to about § wm, about 100 pm to about 8 um, about 75 um to about 8 um, about 50
um to about 8 um, about 28 wim to about 8 pm, about 20 pum to aboul 8 pm, about 15

wm to about 8 um, about 10 wm to about 8 wm, about 100 um fo about 10 pm, about
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78 ym to about 10 um, about 80 um 1o about 10 pum, about 25 um o about 10 um,
about 20 um o about 10 um, about 18 pm to about 10 wm, about 100 um to about
18 pwm, about 75 um to about 15 wm, about 50 um to about 15 um, about 25 pm to
about 15 wm, about 20 um to about 15 um, about 100 pm to about 20 ym, about 75
um to about 20 um, about 50 um o about 20 um, about 25 um to ghout 20 um,
about 100 um to about 25 um, 75 wm to about 25 um, about 5C um fo about 25 um,
about 100 um to about 50 um, about 78 pum o about 88 wm, or about 100 pm o
about 75 pm.

[0013] The AQ composition can include a concentration of AQ by weight {(wt %) of
about 50% or higher, about 30% to about 70%, about 40% to about 60%, aboui 45%
to about 55%, about 50% to about 70%, about 50% to about 55%, or about 50%.
[8814] The metal ions, the dispersant, and the polyglycol are water soluble. The
one or more metal ions may be monovalent, divalent, trivalent, {etravalent, their salls
thereof, and mixtures thereof. The divalent metal ion salts include, without limitation,
calcium sall{s) and magnesium sali(s), and they may be any water soluble salt, e.g.
chiprides, bromides, nitrales.

{00158] In one embodiment, molar ratio of calclum to magnesium in the AQ
composition is about 1.1, about 1.1:0.9, or about 0.8:1.1,

{6018] The dispersant may be a cationic dispersant, an anionic dispersant, or a
norionic dispersant. In one embodiment, the anionic dispersant is, for example and
without limitation, an aromatic sulfonate, such as a naphathalens sulfonate, and
preferably a dialkyinaphthalene sulfonate dispersant. Examples of
dialkylnaphathalens sulfonate include, without limitation, sodium salts of

dialkyinaphthalens sulfonic acid. In one embodiment, the dispersant is sodium
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diisopropyinaphthalene sulfonats, for example Naxan® DIL dispersant, purchased
from the Nease Corporation.

[0017] The concentration of the dispersant in the AQ composition is from about
0.1% 1o about 8%, from about 0.2% fo about 3% or from about 0.5 1o about 2%.
[0018] The polyglycol is a polymer or copolymer of alkylene oxides, In preferred
embodiments, the alkylene oxides are sthylene oxide, propylene oxide and butyiense
oxide. The polyglycols are polyethylens glycol, polypropylens giycol, polybutylene
glycol, and mixtures thereof.

[0018] The polyglycol comprises a polyglycol having an average molecular weight
of from about 200 o about 5,000, from about 500 to about 3,000, from about 750 1o
about 2,000, or about 1,000, The concentration of a polyglycol in the AQ
compaosition is fron about 1% to about 10%, from about 2% to about 8%, from about
3% to about 8%, or about 5%. in one embodiment of the present disclosurs, the
poivglveot is polyethylene glycol.

[0020] in one embodiment, the molar ratio of AQ {o the tolal calcium in the AQ
composition is about 50:1, about 51:1 tf:; about 49:1, or about 55:1 {o about 45:1.
00217 The AQ composition comprising 50% AQ (w/w) as disclosed herein has a
viscosity of about 500 to about 10,000 ¢P at 25°C, about 1,000 to about 7,000 ¢P at
25°C, or less than about 2,000 to about 5,000 cF at 25°C.

[0022] The AQ composition as disclosed hereln remains stable at room
temperature in a closed container for about 24 hours or lenger, about 1 week or
ionger, about 1 month or longer, about 3 months or longer, or about 8 months or
ionger, In some embodiments, the AQ composition is stable up to about a year. The
AQ composition is generally more stable than a composition comprising the same

components without the metal ion salts.
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(00231 Another aspect of the present disclosure relates to an AQ composition
comprising AQ having a mean particle size of about 150 um or less, one or more
metal ions, a dispersion, a polyglycol, and water. One embodiment is a composition
comprising AQ having a mean particle size of about 150 um or less, one or more
calcium salts, one or more magnesium salts, a sall of dilsopropyinaphthalene
sulfonate, polyethylene glycol, and water. n cerfain embodiments, the mean particle
size of AQ in the AQ composition is about 150 um or less, about 135 um or less,
about 125 wm orless, about 100 um or less, aboul 75 um or less, abouwt 50 um or
less, about 25 um or less, about 20 um or less, about 15 um or less, about 10 um or
less, about 8 pm or less, about § pm or isss, about 3 pm or less, about 1 pm or less,
100 pwm o about 1 um, about 75 pum to about 1 um, about 50 um to about 1 um,
about 25 wm fo about 1 wm, about 20 um to about 1 wm, about 15 um to about 1 pm,
about 10 wm fo about 1 um, gboul 8 um to about 1 um, about § um to about 1 um,
about 3 um to about 1 pm, about 100 pm to about 3 um, about 75 um to about 3 um,
about 50 pum to about 3 um, about 28 wm to about 3 um, about 20 um to about 3 pm,
about 15 um to about 3 um, about 10 wm to about 3 um, about 8 um fo about 3 um,
about 5 um to about 3 um, about 100 wm to about & um, about 75 pm to about 5 um,
about 50 um to about 5 um, about 25 um to about 5 um, about 20 pm to about 5 um,
about 15 um fo about 5 um, 10 um {o about 5 um, about 8 um to about § um, about
100 um to about 8 um, about 75 pm to about § um, about 50 pm {o about 8 um,
about 25 uwm to about 8 um, about 20 um to about 8 um, about 15 um to about 8 um,
about 10 um to about 8 um, about 100 um to about 10 um, about 75 um to about 10
unt, about 50 pm to about 10 um, about 25 pm o about 10 pm, aboul 20 um to

about 10 wmy, about 15 um to about 10 um, about 100 um {o about 15 um, about 75
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wm to about 15 pum, about 50 um to about 15 um, about 25 um to about 15 um,
about 20 um to about 15 pum, about 100 um to about 20 um, about 75 pm to about
20 pm, about 50 um to about 20 um, about 28 wm to about 20 um, about 100 um fo
about 25 pum, 75 um to about 28 pm, about 50 pm to about 25 um, about 100 um to
about 50 um, about 75 um to about 50 um, or about 100 pm to about 75 um,
[0024] Yet ancther aspact of the invention relates to a method for preparing the AQ
composition as disclosed hersin, comprising:

a. providing a first solution comprising one or more metal ion, a dispersant,
and a polygiveol, and

b. adding AQ with agitation to the first solution at a speed such that the
composition remains a substantially homogensous and stable suspension, and the
mean particle size of AQ remains about 150 um or less.
(00257 The AQ composition is stable afier being left at room temperature in a
closed container for at igast about 24 hours, greater than about 1 week, greater than
about 1 month, greater than about 3 months, or about a year.
[0028] The metal ion salts (e.g., calcium and magnesium salts), the dispersant
{e.g., a salt of dilsopropyinaphthalene sulfonate), and the polyglycol {(e.g.,
polyethylene glycol), may be added separately or together into water (o provide the
first solution. Alternatively, the metal ion salts, the dispersant, and the polyglycol
may be provided as individual solutions and then mixed {ogether to provide the first
solution.
100271 AQ may be added as a powder having a mean particle size of about 150 um
or tess, about 135 um or less, about 125 um or less, about 100 pum or less, about 75
wm or less, about 50 wm or less, about 25 um or less, about 20 um or less, about 15

um or less, about 10 wm or less, about 8 pm or less, about § pm or less, about 3 pm
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or less, about 1 wm or less, 100 um to about 1 wm, about 75 um to about 1 pum,
about 50 wm fo about 1 um, about 25 pm to about 1 um, about 20 um to about 1 um,
about 15 wm to about 1 pm, about 10 pm to about 1 um, about 8 um to about 1 pm,
about 5 um to about 1 um, about 3 um to about 1 wm, about 100 pm to about 3 pm,
about 75 wm to about 3 pm, about 50 pum to about 3 pm, about 25 um to about 3 um,
about 20 wm to about 3 um, about 18 wm o about 3 pm, about 10 pm o about 3 um,
about 8 um to about 3 um, about § um to about 3 um, about 100 pm fo about 5 pm,
about 75 wm o about 5 um, about 80 um to aboul § wm, about 25 wm to about & um,
about 20 um fo about 5 um, about 15 um to about 5 pm, 10 um o about & pm, about
& um o about 5 pm, about 100 um fo aboui 8 um, about 75 um to about & um, about
50 pm to about 8 um, about 25 pum fo about 8 um, about 20 um fo about 8 um, about
15 um to about 8 um, about 10 wm to about 8 pum, about 100 um to about 10 pm,
about 75 um to about 10 pm, about 50 wm to about 10 um, about 25 um to about 10
wm, about 20 um to about 10 um, about 15 um to about 10 pm, about 100 um to
about 15 pum, about 78 um to about 15 um, about 50 um fo about 15 pm, about 25
um o about 15 um, about 20 pm to about 156 pum, about 100 um o about 20 um,
about 75 wm to about 20 um, about 50 um to about 20 pm, about 25 pm to about 20
wm, about 100 pm to about 25 um, 78 pm o about 25 pum, about 50 pum to about 25
wm, about 100 um to about 50 pm, about 75 pum to about 50 um, or about 100 um to
about 75 wm. in certain embodiments, AQ is added slowly in small portions with
agitation to enable rapid dispersion of AQ in the first solution.

10028] In one embodiment, the AQ compaosition is prepared according to the flow

chart shown in Figure 1, comprising the following steps:
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a. adding water of a pre-dstermined amount inte a tank equipped with an
agitalor;

b. adding the dispersant (e.g., a dialkylnaphathalene sulfonate, such as
sodium diisopropyinaphthalens sulfonate) of a pre-determined amount into the
water, and stirring until the dispersant dissolves;

¢. adding metal ion sali(s) of a pre-determined amount into the dispersant
solution prepared in step b., and stirring untit all sali{s) dissolve, wherein the metal
ion salt{s) may be added togsether or separately;

d. adding a polyglycol {e.g.. polyethylene giveol) of a pre-determined amount
into the solution prepared in step ¢., and stirring until the polyglycol dissolves;

. adding AQ of a pre~determined amount into the solution prepared in step
(d) slowly and in small portions with agitation to provide a substantially
homogeneous AQ composition; and

f. optionally, adding a dye of a pre-determined amount into the substantially
homogeneous AQ composition of step e. o provide a substantially homogenegous
AQ composition with dye.
{00291 The above steps b., ¢., d., and f., can be added to the water in any order,
and preferably AQ is added in the final step to avoid the formation of clumps. Other
compounds that can be used in a pulping process can be added {o the substantially
homogeneous AQ composition.
Examples
Materials:

AQ, PEG 1000, NAXAN-DIL dispersant, Zetasperse® 179 and 3600

dispersant, DOWFAX 2A1 and 8380 dispersant, and C8L Petro ULF dispersant,
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Agrosol® OS dispersant, and CaCl and MgClz.8H20 were purchased from
commercially available sources.

Sample preparation and % Transparaency:

[0030] After mixing, samples of suspensions of the different AQ compositions were
stowly poured into scintillation vials (27.5 mm outer diameter, 72.7 mm height without
cap). The headspace above the surface of the sample remained clear. The vial was
capped tightly. A measurement was taken on Day 0, as well as periodically over
weeks and months, after letiing the samples sit at room temperature.
{00311 A % Transparency was calculated. The % Transparency is the fraction of
the sample in the vial that is transparent or clear (i.e., the supermatant). Measuring
the total height of the AQ composition and the height of the supernatant will vield %
Transparency.

% Transparency = 100 x {supernatant height / total height of the AQ

composition)

Example 1. Preparation of AQ compositions {50 wit%;)
[8032] The present application claims priority to United States Provisional
Application No. 81/474,0385, filed April 11, 2011, the disclosure of which is
incorporated by reference herein in its entirety. AQ compositions having a formulation
fisted in Table 1 were prepared according to the block flow diagram in Figure 1, and
the following protocol:

1. Naxan DIL dispersant {34-36% aclives in aguecus solution from Nease Co.
Ohio, USA) was added into waler of the desired amount. The mixiure was stirred for

about 10 to 158 minutes until the Naxan DiL dissoived completsly;

- 10 -
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2. Magnesium chioride hexahydrale was added {o the mixiure of step 1 with
agitation, and stirred for about § to about 10 minutes until the magnesium chioride
dissolved complstely.

3. Anhydrous calcium chioride was added to the mixiure of step 2 with
agitation, and stirred for about 5 to about 10 minutes until the calcium chioride
dissolved completsly.

4. PEG 1000 (50% agueous solution, ~1,000 average molecular weight) was
added o the mixiure of step 3 with agitation, and stirred for about 10 to about 15
minutes uniil the PEG 1000 dissolved complately.

5. AQY powder was added slowly in small portions with agitation to provide a
well-dispersed suspension, and stirred for about 15 to about 20 minutes {0 ensure

the AQ was well-dispersed. The dispersion oblained was visually homogeneous.

Table 1. AQ composition formulations

""""""""""" g of individual component per
% {by weight} 100 g batch size
Anthraquinone (AQ) 50.00 0
Water set 35.61
PEG 1000, ag. 50% 10.00 10
NAXAN DiL, ag. 35% 2.86 2.86
""" CaCla - 0.54 0.54
G B T s

[0033] The calcium chioride and magnesium chioride used in the formulation can
be anhydrous or hydrates. The amount of water used in the formulation is adjusted

accordingly.
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Example 2. Test of Stability of AQ composition

[0034] An AQ composition was prepared according o the method described in
Example 1. Figure 2 shows the AQ composition soon after it was prepared {Day 0},
and at 18 days and 5.5 months (Day 165). The AQ compaosition is substantially
stable after 18 days, and even after 165 days, of storage in a closed container at
room temperature. The % Transparency at Day 0, Day 18, and Day 165 was 0%,

about 7%, and about 7%, respectively.

Example 3. Effect of dispersants

{0035] Several AQ compositions were prepared according to the method described
in Example 1, except that the NAXAN DIL dispersant was replaced with other
dispersants listed in Table 2. The % of each dispersant is shown in Table 2 and was

kept the same in the AQ compositions.

Table 2 — Observations of AQ compositions using various dispersants

5 % Dispersant in the
Dispersant Brand  Source commerdal product | Comments
ZetaSperse® 178 Dispersion was 2asy, ke NAXAN DiL; no
{alkoxylated aicohol, non-ionic) Alr Products 539 foaming; final dispersion was more viscous.
ZetaSperse® 3600 Addition of salts resulted in a gummy, insoluble
{hydrophohic anionic polymer) | Alr Products 52% precipitate.
DOWFAX® 241 The Dow Difficult to break up AQ lumps, needed 1o
{branched 12-carbon Chemical Co. increase stirring speed; a fair amount of
hvdraphobe) 46% foaming.
The Dow Wetted AQ particles slowly, forms clumps,

DOWFAX® £330 Chemical Co. needed 1o increase stirring speed. Foamed,
{linear L6-carbon hydrophobe} 32.50% small bubbles.

| DOWFAX® CHL The Dow Wetted AQ particles slowly, needed to increase

| {linear 6-carbon hydrophobe) Chemicai Co. 46% stirring spead; foamed a lot.
Fatro ULF Liguid AkzoNobel AQ dispersed similar to the AQ compositions
{anionic) 50% using NAXAN DiL

Aerosol® 08 Cytec 75% No spacific obsarvations

Cfpnionicy 4 {powder}

| NAXAN DIL Mease o, AC dispersed quickly into solution without
{anionic) 35% = clumiping or foaming

217
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[0038] Table 2 shows that dispersanis affected the homogeneily and viscosity of
the resulling AQ compositions. AQ dispersed quickly into solution without clumping
or foaming with the desired viscosity using the anionic dispersant, e.g., sodium
diisopropyinaphthaiene solfonate (NAXAN DIL dispersant). Another anionic
dispersant, Petro ULF Liguid dispersant, had similar effect as the NAXAN DiL
dispersant. Aerosol 08 dispersant, a powder, is also an anionic dispersant and,
while no specific observations wers made, it should have similar effact as the
NAXAN DIL dispersant. Compared to the AQ composition with NAXAN DiL
dispersant, the AQ composition with the non-ionic dispersant, ZetaSperse® 178

dispersant, was similar except it was more viscous,

Exampile 4. Effect of salis

(00371 Two samples (Samples A and B} were preparsd according to the method
described in Example 1, except that in one sample (Sample B) the calcium and
magnesium salts were left oul. The difference was made up with water (i.e., 37.14 g
H20 instead of 35.81 g H20). The majority of AQ particles that settled happened in
the first 7 days after preparation. The AQ composition showed insignificant changes
{less than 5% change of the % Transparency) at various months (e.q., 1, 2, 3, 4, 5,
8,7, 8, 9,10, 11, or 12 months) from the eighth day after preparation.

{06381 in Figure 3, the sample on the left is Sample B (which contained the
ingredients listed in Table 1 minus the calcium chioride and magnesium chicride),
and the sample on the right is Sample A which contained all the ingredients listed in
Table 1. The sample with the calcium chloride and magnesium chioride (Sample A)
remained siable from Day 0 and even after several months, demonstrating that

magnssium and calcium salts kept the AQ composition substantially homogeneous
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and stable. The sample with the salls (Sample A) had a % Transparency of 6.3%

while the sample without the salts (Sample B) had a % transparency of 30.3%.

Example 5: Role of PEG 1008

(803981 AQ compositions were prepared according to Example 1, except that the
PEG 1000 was left out, and the level of dispersant was increased. In Example 1, the
AG composition formulation contained 1% of the active ingredient contained in
NAXAN DIL dispersant {(i.e., the AQ composition formulation contains 2.88% NAXAN
DL dispersant and at a 35% agueous solution, the final concentration of the active
ingredient is 1%). The amount of active ingredient in the AQ compositions was
increased to 2% (DIL-2) and 8% (DIL-8), respectively, in order {o determine if the
dispersants could compensate for the absence of PEG1000. The two samples {(DIL-
2-A and DIL-2-B) on the left In Figure 4 contained 2% of the active ingredient present
in NAXAN DiL and the two samples (DIL-8-A and DIL-5-8) on the right contained 5%
of the aclive ingredient present in NAXAN DIL. This visual was taken 30 minutes
after preparation of the formulations. The AQ compositions were not siable in the
absence of PEG 1000 as demonstraled by their % Transparency of greater than
26% for each of the samples DiL-2-A, DIL-2-B, DiL-5-A, and DIL-5-B. The %
Transparency decreasad with the addition of PEG 1000 {o the test samples DIL-2

and DiL-5.

Example 8; AQ mean particle size

(00407 AQ compositions were prepared according to Exampile 1 using AQ of
different particle sizes. The AQ used had mean particle sizes of 3 um, 5 ym, and

135 um, respectively. Figure 5 shows the three AQ compositions one day after

- 14 -
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prepargtion. The stability of the dispersions was dependent on the particie size, and
compositions containing smalier particle size of AQ were more stable. The

composition with AQ of 3 ym mean particle size had a % Transparency of 6.1%, the
composition with AQ of § ym mean particle size had a % Transparency of 8.7%, and

composition with AQ of 135 um mean particle size had a % Transparency of 25%.
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Claims

1. A composition comprising:
anthraquinone;
one or more metal ions;
a dispersant;
a polyglycol; and
water,

whersin the composition is a substantially homogeneous and stable suspension.

2. The compeosition according fo claim 1, wherein the composition is stabie after
being left at room temperature in a closed container for about 24 hours to about 1
year.

3. The composition according fo claim 1, wherein the mean particle size of
anthraquinene is about 150 ym or less, about 100 um to about 1 pum, about 75 um lo
about 1 wm, about 50 um {o about 1 pum, about 25 um to about 1 um, about 20 pm to
about 1 wm, about 15 wm to about 1 wm, about 10 um fo about 1 pm, abowt 8 pm fo

about 1 um, about 5 um fo about 1 um, or about 3 wm to about 1 um.

4, The composition according {o claim 1, whersin the ons or more metal ions are

divalent cations, irivalent cations, tetravalent cations, or midures thereof.

5. The composition according fo claim 4, wherein the divalent melal ions are

magnesium and caloium, or salts thereof,

8. The compaosition according to claim §, wherein the molar ratio of calcium to

magnesium in the composition is about 1:1,

7. The composition according to claims 4 or 5, wherein the at least one or more

metal lons are water soluble,

8. The composition according to Claim 1, wherein the dispersant is an anionic

dispersant, a cationic dispersant, or a neuiral dispersant.
9. The composition according to Claim 8, wherein the dispersant is water soluble.

10. The composition according o claim 8, wherein the dispersant is a naphathalene

sulfonate dispersant.

16 -
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11. The composition according to claim 10, wherein the dispersant is a salt of

diisopropyinaphthalene sulfonate.

12. The composition according {o claim 1, wherein the polyglycol is polvethylens

glycol, polypropylene glyeol, or polybutylene glycol, or mixiures thereof,
13. The composition according o claim 12, wherein the polygiveol is water soluble.

14. The compeosition according to claim 12, wherein the average molecuiar weight of
polysthylene glveol in the polyethyviene glycol composition is from about 200 to about
5,000, from about 500 to about 3,000, from about 750 to about 2,000, or about
1,000.

18. The composition according {o claim 1, having a viscosity of about 500 to about
10,000 ¢P at 25°C, about 1,000 {o about 7,000 ¢P at 25°C, or about 2,000 to about

5,000 oP gt 25°C, wherein the composition containg 50% by mass anthraguinone.

16. The compaosition according o claim 1, wherein the molar ratio of anthraquinone

o metal ion is about §3:1.

17. The composition according to ciaim 1, wherein the concentration of
anthraquinone by weight is al least about 20%, at least about 30%, at least about
40%, or about 50%.

18. The composition according to claim 1, wherein the conceniration of the
dispersant by weight is from about 0.1% {o about 5%, from about 0.2% to about 3%,

or from about 0.5% to about 2%.

18. The composition according to claim 1, wherein the concentraiion of the
polyglycol by weight Is from about 1% to about 10%, from about 2% to about 8%,
from about 3% to about 8%, or about 5%.

20. The composition according to claim 1, further comprising a dye or other additives.

21. A compaosition comprising:
anthraguinons;
one or more calcium salts;
one or More magnssium salls;

a salt of diisopropylnaphihalene sulfonate;

17 -



WO 2016/144782 PCT/US2016/020957

polysthylene giycol, and
waler,
wharein the composition is a substantially homogeneous and stable suspension.
22, A composition comprising:
anthraguinone having 8 mean particle size of about 150 um or less;
one or more metal ions;
a dispersant;
a polyglycol; and
water.

23. The composition according to claim 22, wherein the composition is a

substantially homogensous and stable suspension.

24, The compoesition according to claim 22, wherein the composition is stable after

being left at room temperature in a closed container for about 24 hours to 1 year,

25. The composition according fo claim 22, wherein the mean parlicle size of
anthraquinone is 100 wm to about 1 um, about 75 um to about 1 um, about 50 pm fo
about 1 pm, about 25 um to about 1 pm, about 20 um to about 1 pm, about 15 um o
about 1 pm, about 10 um to about 1 pum, about 8 pum o about 1 um, about 5 um 1o

about 1 pm, about 3 wm o about 1 um,

28. The composition according to claim 22, wherein the one or more metal ions are

divalent cations, trivalent cations, or {slravalent cations, or mixtures thereof,

27. The composition according to claim 26, wherein the divalent metal ions are

magnesium and calcium, or salts thereol.

28. The composition according to claim 27, wherein the molar ratio of calcium {o

magnesium in the composition is about 1:1.

28. The composition according o claims 28 or 27, wherein the af least one or more

metal ions are waler soluble.

30. The composition according o Claim 22, wherein the dispersant is an anionic

dispersant, a cationic dispersant, or a nsulral dispersant.

-18 -
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31. The compasilion according to Claim 30, wherein the dispersant is water soluble.

32. The composition according to clalm 30, wherein the dispersant is a naphathalens

sulfonate dispersant.

33. The composition according to claim 32, wherein the dispersant is a salf of

ditsopropyinaphthalens sulfonate.

34. The composition according to claim 22, wherein the polyglycol is polyethylens

glycol, polypropylene glycol, or polybutylene glycol, or mixtures thereof.
35, The compaosition according to claim 34, wherein the polyglycol is water soluble,

36. The composition according to claim 34, wherein the average molecular weight of
polyethylene glycol is from about 200 to about 5,000, from about 500 to about 3,000,
from about 750 to about 2,000, or about 1,000.

37. The composition according to claim 22, having a viscosity of about 500 to about
10,000 oP at 25°C, about 1,000 io about 7,000 cP at 25°C, and about 2,000 to about

5,000 cF at 25°C, wherein said composition contains 50% by mass anthraquinons.

38. The composition according to claim 22, wherain the molar ratic of anthraguinone

to metal ion is about 50: 1.

39, The composition according to claim 22, wherein the conceniration of
anthraquinone by weight is at least about 20%, at lsast about 30%, at least about
40%,, or about 50%.

40, The composition according to claim 22, wherein the concentration of the
dispersani by weight is from about 0.1% to about 5%, from about 0.2% o aboui 3%,

or from about 0.5% o about 2%.

41. The composition according to claim 22, whersin the concentration of the
polyglveol by weight is from about 1% to about 10%, from about 2% fo about 8%,

from about 3% to about 8%, or about 5%.

42. The composition according o claim 22, further comprising a dye or other

additives.
43. A composition comprising:

anthraguinone having a mean particle size of about 150 um or less;

- 18~
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one or more calcium salts;

one or more magnesium salts;

a salt of diisopropyinaphthalene sulfonate;
polyethylene glycol; and

water.

44, The composition according (o claim 43, wherein the compositionis a

substantially homogeneous and stable suspension.

45, The composition according {o claim 43, wherein the composition is stable after

being left at room temperaiure in a closed container for about 24 hours to 1 year.

48. The composition according 1o claim 43, whersin the mean particle size of
anthraquinone is 100 um to about 1 um, about 78 um o about 1 um, about 50 um fo
about 1 um, about 25 pm to about 1 pm, about 20 wm to about 1 pm, about 18 um fo
about 1 um, about 10 pm to about 1 pm, about & um to about 1 wm, about 5 wm o

about 1 um, about 3 pm to about 1 um.
47. A method for preparing a composition, comprising:

a. providing a solution comprising water, at least ong or more metal ions, a
dispersant, and a polyglycol ; and

b. adding anthraquinone to the solution with agitation at a speed such thal the

composition forms a substantially homogensous and slable suspansion,

48. The method according 1o claim 47, wherein the metal ions are magnesium and

calcium, or salis thereof,

49. The method of claim 47, wherein the anthraquinone has a mean particle size of
about 180 um or less, about 100 pum to about 1 um, about 75 um to about 1 um,
about 50 um to about 1 um, about 25 um to about 1 pm, about 20 um fo about 1 um,
about 15 um to about 1 wm, about 10 um to about 1 wm, about 8 pm to about 1 um,

about 5 um to gbout 1 um, about 3 um to ahout 1 um,

50. The method according to claim 47, wherein the composition is stabie after being

left al room femperature in a closed container for at least about 24 hours, greater
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than about 1 week, grealer than about 1 month, greater than about 3 months, or

about a year.
51. A method for preparing a composition comprising:

a. providing a solution comprising water, a magnesium sall, a calcium salt, a

salt of diisopropyinaphthalene sulfonate, and polyethylene glycol; and

b. adding anthraquinonea having a particle size of about 150 um or less {o the
solution with agitation al a speed such that the composiiion forms a substantiaily

homogeneous and stable suspension.

52. The composition according to claim 51, wherein the mean particle size is about
100 pum to about 1 um, about 78 um o about 1 um, about 50 um to about 1 um,
about 25 wm to about 1 um, about 20 wm to about 1 um, about 15 um to about 1 um,
about 10 um to about 1 um, about 8 um to about 1 wm, aboul 5 wm to about 1 wm,

about 3 um to about 1 um.

53. The method of claim 51, wherein wherein the composilion is stable after being
feft at room temperature in a closed container for at least about 24 hours, greatser
than about 1 week, greater than about 1 month, greater than about 3 months, or

about a year

54. The use of the composition according {o any one of claims 1, 21, 22, 43, 47, and

51 in a pulping process.
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