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USE OF SILICON-CONTAINING POLYMERS TO IMPROVE
RED MUD FLOCCULATION IN THE BAYER PROCESS

FIELD OF THE INVENTION

[0001] This invention relates to the removal of suspended solids from Baver

alumina process streams by contacting the streams with Si-containing polymers

BACKGROUND

[0002] Bauxite 1s the basic raw material for almost all manufactured alumina
compounds. In the course of production of aluminum compounds, most bauxite is tefined
to aluminum hydroxide by the Bayver process. The Bayer process involves hot leaching of
bauxite with NaOH solution in pressure vessels to obtain supersaturated sodium
aluminate solutions from which AI(OH); is piecipitated by seeding. Bayer process
refineries share six common process stages: bauxite mining; raw matetial preparation;
bauxite digestion; separation, washing, disposal of insoluble bauxite residue; aluminum
hydroxide (trihydrate) precipitation; and calcinations to anhydrous alumina The process
of separating bauxite residue solids fiom the supersaturated green liquor near its boiling
point 18 known as “clarification™

[G003] In the clarification stage, the coaiser solid particles are generally
removed with a “sand ttap” cyclone. To separate the finer solid particles from the liquor,
the slurry is normally fed to the center well of a mud settler whete it is treated with a
flocculant composition that may be based on a variety of flocculating agents including
starch, flour, polyacrylate salt polymer, acrylate salt/acirylamide copolymer, and/o1 water-
soluble polymers containing pendant hydroxamic acid or salt groups. As the mud settles,
claritied sodium aluminate solution, 1eferred to as green liquor, overflows a weir at the
top of the mud settling tank and 1s passed to the subsequent process steps. The sodium
aluminate solution is generally cooled to enhance supersaturation and then seeded, e.g.
with fine gibbsite seed from previous cycles to initiate precipitation of the desired end
prdduct Al(OH);.

[0004] The settled solids fiom the flocculation procedure, known as red mud,
are withdrawn from the bottom of the mud settler and passed through a countercurrent
washing circuit for recovery of sodium aluminate and soda.  Aluminate liquor

ovetflowing the settler may still contain significant amounts of suspended solids. This



CA 02684493 2009-10-16
WO 2008/130766 PCT/US2008/057676

liquor is generally further claiified by filtration to give a filtrate that contains a very low
level of suspended solids. Depending on the level of silicates in the bauxite, the red mud
and/or aluminate liquot may contain sodium aluminosilicates. Dissolved sodium
aluminosilicates may precipitate to form scale. Insoluble sodium aluminosilicaies, also
known as desilication product (DSP), may remain suspended m the red mud and/or
aluminate liquot.

[0005] Alumina in relatively pure form is precipitated from the tfiltrate as
alumina trihydrate crystals. The remaining liquid phase is returmed to the initial digestion
step and, after being reconstituted with additional caustic, 1s employed as a digestant of
additional ore.

[0006] Thé suspended solids are preferably separated at a relatively fast rate 1t
the overall Bayer process is to be efficient. Efficient removal of suspended solids f1om
Bayer process stteams has been a major challenge for many years. Among the methods of
speeding up separation of suspended solids from process stieams as well as providing a
cleaner sepaiation of the constituents are those disclosed in U.S. Pat. No. 3,390,939,
which employs polyaciylates as flocculants, and U.S. Pat. No. 3,681,012, which uses
combinations of polyacrylates and starch in Bayer alumina 1ecovery circuts. U S. Pat.
No. 4,083,925 discloses the use of polyactylamide within the mud settler. U.S. Pat. No.
4.678,585 teaches that different stages in the Bayer alumina tecovery circut are
advantageously treated with different flocculant compositions. U.S. Pat. No. 4,767,540
describes a process for removing suspended solids from Bayer alumina process streams
by contacting and mixing a Bayer process sticam with hydroxamated polymets. lhe
hydroxamated polymets may be employed with anionic polyacrylate. U.S. Pat No.
5,516,435 and U.S. Pat. No. 5,539,046 use blends of hydroxamated polymer emulsions
 with polyaciylate emulsions to remove suspended solids from Bayer alumina process
strteams. Other polymers disclosed for the treatment of red mud in the Bayer process
include phosphonic acid-containing polymers (U.S. Pai No. 5,534,235), water continuous
methyl acrylate emulsion polymels' (US. Pat. No 6,036,869), and salicylic acid
containing polymers (U.S. Pat. No. 6,527,939).

[0007] Silicon-containing polymers have been disclosed for water
clarification. For instance, U.S Pat. No 3,779,912 uses silicon-containing
aminomethylphosphonates to flocculate suspended solids in water. Copolymers of

diallydimethylammonium halide and a vinyltrialkoxysilane ate disclosed as a coagulant

-
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used in demulsification of oily waste wateis (U.S. Pat. No. 5,560,832), dewateting ot
mineral sluiries (U S. Pat. No. 5,597,475), and clartification of waste waters (U .S Pat. No
5,679.261). U.S Pat. No 6,605,674 discloses the use of vinyltrialkoxysilanes as cross-
linking agents to modify structure of nonionic, cationic and anionic water-soluble

polymers and the use of the structurally-modified polymetrs as flocculating agents. None

of the above-mentioned silicon-containing polymer patents relate to the treatment of
suspended solids from the Bayer process streams

[0008] The use of silicon-containing polymers to control aluminosilicate scale
has been disclosed, see U.S. Pat. No. 6,814,873 and U.S. Pat Pub. Nos. 2004/0162406
Al, 2005/0010008 A2, and 2005/0274926 A2. These publications describe methods for
using the silicon-containing polymers to inhibit dissolved aluminosilicates (such as
sodium aluminosilicate) from depositing on surfaces to form scale, but not for
flocculating DSP

|0009] [t has been now discovered that greatly improved flocculation of
suspended solids, especially DSP, from Bayer process streams may be obtained by adding
and efficiently mixing a silicon-containing polymer into the Bayer process stteam alone or
subsequent to, followed by .01:' in association with a conventional flocculant. lhis
treatment is particularly effective in treating bauxite residue solids containing high
silicates and sodium aluminosilicates when compated with state-of-the art processes, as
exemplified by the patents mentioned above Such reductions in suspended solids can
significantly reduce the need for filtrtation. Since the suspended solids may contain
undesirable imputities, the reductions in suspended solids achieved by practice of the

present invention may also result in improved purity of the resultant alumina product

SUMMARY

[0010] The present invention provides silicon-containing polymers, tlocculant
compositions and processes for the reduction of suspended solids from a process stream
of the Bayer alumina process. The processes involve contacting a Bayer process stream
with such a silicon-containing polymer and/or flocculant composition to flocculate
suspended solids in Bayer process streams. In prefeired embodiments, silicon-containing

polymers and flocculant compositions described herein are particularly useful for

flocculating suspended DSP in Bayer process streams. The Bayer process stream that can

advantageously be contacted with the silicon-containing polymers and/or flocculant

3-
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~ compositions in accordance with the present invention can be any portion of the feed, e.g.,
settler feed, settler overflow, blow-off dischaige, o1 from the alumina precipitation (1.e.,
recovery) circuit The Bayer process stream contacted with the polymer can also be feed
to a mud washer in the washer train.

[0011] An embodiment provides a flocculant composition, comprising a

silicon-containing polymeric flocculant for a DSP and an antonic polymeric flocculant for

a Bayer process red mud. The weight ratio of the amount of the silicon-containing
polymeric flocculant to the amount of the anionic polymeric flocculant in said tlocculant
composition may be in the range of about 100:1 to about 1:10, e.g, 1n thé range of about
10:1 to about 1:2, such as about 1:1. Another embodiment provides a flocculation
method, comprising intermixing such a flocculant composition with a Bayer process
stream in an amount effective to flocculate at least a portion of solids suspended therein,
wherein the suspended solids are selected from the group consisting of red mud, DSP, and
mixtures thereof

[0012] Another embodiment provides a flocculation method, comprising
intermixing a silicon-containing polymer flocculant with a Bayer process stream in an
amount effective to thereby flocculate at least a portion of' a DSP suspended thetein; and
separating at least a portion of the flocculated DSP thus formed.

[0013] Another embodiment provides a water-soluble or water-dispersible
silicon-containing polymer comprising a silicon-containing group attached thereto,
whetein the silicon-containing polymer is configured so that the silicon-contaming gtoup
enhances an ability of the silicon-containing polymer to flocculate a suspended DSP In an
embodiment, the silicon-containing group is -Si(OR)s;, where R is Na', K, or NH;". In
another embodiment, the amount of the silicon-containing group in the silicon-containing
polymer is at least about 5 weight %. Another embodiment provides a ﬂocculation
method, comptising intermixing such a silicon-containing polymer with a Bayer process
stream in an amount effective to flocculate at least a portion of solids suspended therein,
wherein the suspended solids are selected fiom the group consisting of red mud, DSP, and
mixtures thereof.

[0014] Another embodiment provides a hydroxamated water-soluble or water-
dispersible silicon-containing polymer comprising a silicon-containing group attached
thereto. Another embodiment provides a flocculation method, comprising 1ntermixing

such a hydroxamated silicon-contaiming polymer with a Bayer process stream in an

4
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amount effective to flocculate at least a pottion of solids suspended therein, wherein the
suspended solids are selected from the group consisting of red mud, DSP, and mixtures

thereot.

[0015] These and other embodiments are desciibed in greater detail below.

DETAILED DESCRIPTION
[0016] The following description and examples illustrtate preterred

embodiments of the ptesent invention in detail. Those of skill in the art will recognmize
that there are numerous variations and modifications of this invention that ate
encompassed by its scope Accordingly, the desciiption of preferred embodiments should
not be deemed to limit the scope of the present invention.

10017] [t has now been found that various silicon-containing polymets are
useful as flocculants for suspended Bayer process solids, particulatly those containing
suspended DSP. Examples of silicon-containing polymers useful in the flocculation
methods described herein (e .g., as flocculants for DSP) include those desctibed in U.S.
Pat No. 6,814,873 and U.S. Pat. Pub. Nos. 2004/0162406 Al, 2005/0010008 A2, and
2005/0274926 A2, all of which are hereby incorporated by reference 1n their entireties,
and particularly for the purpose of describing silicon-containing polymer tlocculants and
methods of making them Other examples of silicon-containing polymeric flocculants for
DSP are desciibed herein. Those skilled in the ait can use routine experimentation in
view of the guidance provided herein to identify other silicon-containing polymeric
flocculants useful in the methods desctibed herein, e g, as flocculants for DSP

[0018] An embodiment provides a water-soluble or water-dispersible silicon-
containing polymer comptising a silicon-containing group attached thereto, wherein the
silicon-containing polymer is configured so that the silicon-containing giroup enhances an

ability of the silicon-containing polymer to flocculate a suspended DSP.

[0019] An embodiment provides a water-soluble or water-dispersible silicon-
containing polymer, e.g a polymer that contains a pendant silicon-containing group(s)
such as a silane. In an embodiment, the silicon-containing polymer is a tlocculant for a
DSP, ¢ g, is configured so that the silicon-containing group(s) enhances an ability of the
silicon-containing polymer to flocculate a suspended DSP. The silicon-containing
polymer may be included in a flocculant composition. In an embodiment, the flocculant

composition contains an anionic polymer, such as an anionic polymeric flocculant tfor a

5.
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Bayer process red mud. Various silicon-containing polymers, polymer compositions and
methods for using them are desciibed below.

[0020] Examples of silicon-containing polymets include those having pendant
silane groups, e g, silicon-containing pendant groups of the Formula (I) attached thereto:

—S1(OR)3 (D

wherein each R is independently hydrogen, Cia0 alkyl, Cizo alkenyl, Ce.12 atyl, Cqao
arvlkyl, a group 1 metal 1on, a group II metal ion, o1 NR’,: where each R’ is
independently hydiogen, C2g alkyl, Ci.00 alkenyl, Cgq2 aryl, and Cr29 arylkyl; and where
R and R’ are each independently unsubstituted, hydroxy-substituted, or beta-hydroxy
- substituted. Examples of R groups include lower alkyl groups, ¢ g, Ci.¢ alkyl groups and
C1. alkyl sroups; phenyl, benzyl, Na*, K', and NH;~ The amount of silicon-containing
group in the silicon-containing polymer can vary over a relatively broad range, and the
polymer can be configured to provided enhanced flocculation ot solids.

10021] Routine expetrimentation informed by the guidance provided herein
may be used to select a silicon-containing polymer that is effective for a particular
application, e.g., by selecting a polymer polymer backbone, molecular weight, silicon-
containing group and amount thereof to make a polymer that is effective to flocculate
DSP. For example, routine experimentation informed by the guidance provided herein
may be used to configure the polymer so that the silicon-containing group(s) enhances an
ability of the silicon-containing polymer to flocculate a suspended DSP.  Suitable
amounts of silicon-containing groups in the silicon-containing polymer may vary,
depending on the type of the polymer and the application. For example, in an
embodiment the silicoﬂ-containing polymer contams at least about 1 weight % of the -
Si(OR); group, eg, at least about 5 weight % of the -Si(OR); group Routine
experimentation informed by the guidance provided herein may be used to select a
polymer having an appropriate molecular weigt For example, the molecular weight of
the silicon-containing polymer may vary over a broad range, e.g. trom about 1,000 to
about 15 million, and is often about 10,000 o1 greater, or about 100,000 o1 greater, e.g., 1n
the range of from about 10,000 to about 10 million, such as about 100,000 to about >
million Molecular weights as desciibed herein are weight average as determined by high
pressure size exclusion chromatography (light scattering detection) unless otherwise

stated.
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[0022] In some embodiments, the —Si{OR); gioup is a trimethoxysilane gioup

(R = methyl) or a triethoxysilane group (R = ethyl). Other alkyl gioups can also be
advantageously employed as R in the pendant groups of Formula (I). The term “alkyl,” as
used herein is a broad term and is used in its ordinary sense, including, without limitation,
fo refer to a straight chain or branched, noncyclic or cyclic, unsaturated or saturated
aliphatic hydiocarbon containing from one, two, three, four, five, six, seven, ¢ight, nine,
or ten carbon atoms, while the term “lower alkyl” has the same meaning as alkyl but
contains one, two, three, four, five, o1 six carbon atoms. Representative saturated straight
chain alkyl groups include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like.
Examples of saturated branched alkyl groups include isopropyl, sec-butyl, isobutyl, fert-
butyl, isopentyl, and the like. Repiesentative saturated cyclic alkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, —CHacyclopropyl, —CHacyclobutyl, —
CH,cvelopentyl, —CI cyclohexyl, and the like Representative unsaturated cyclic alkyl
aroups include cyclopentenyl and cyclohexenyl, and the like. Cyclic alkyl groups may
also be referred to as “homocyclic rings” and include di- and poly-homocyclic rings such
as decalin and adamantane. Unsaturated alkyl groups contain at least one double or triple
bond between adjacent carbon atoms (teferred to as an “alkenyl” or “alkynyl,”
respectively).  Representative straight chain and branched alkenyl groups include
ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl, 3-
methyl-1-butenyl, 2-methyl—-2-butenyl, 2.3-dimethyl-2-butenyl, and the like
Representative stiaight chain and branched alkynyl groups include acetylenyl, propynyl,
1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1 butynyl, and the like. While
unsubstituted alkyl groups are generally preferred, substituted alkyl groups can also be
advantageously employed. '

[0023] In certain embodiments, R can be or include an aryl group. The texm
“ary]” as used hetein is a broad term and is used in its ordinary sense, including, without
limitation, to refer to an aromatic carbocyclic moiety such as phenyl or naphthyl, as well
as arylalkyl and alkylaryl moieties The term “arylalkyl” as used hetein is a broad term

and is used in its ordinary sense, including, without limitation, to refer to an alkyl having

at least one alkyl hydrogen atom replaced with an aryl moiety, such as benzyl, —CHx(1 or
2-naphthyl), —(CHz);phenyl, —(CH;)sphenyl, —CH(phenyl);, and the like. The term
“alkylaryl” as used herein is a broad term and is used in its ordinary sense, including,

without limitation, to refer to an aryl having at least one aryl hydrogen atom replaced with

_7-
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an alkyl moiety. Particulaily preferred aryl groups include Cq.2 atyl and Crpp aralkyl
aToOUpPS. ‘

[3024] While unsubstituted alkyl or aryl groups are generally preferred, 1n
certain embodiments substituted alkyl or aryl groups can advantageously be employed.
The term “substituted,” as used herein is a broad term and is used 1n 1its ordinary sense,
including, without limitation, to refer to any of the above groups (e.g , alkyl, atyl) wherein
at least one hydrogen atom is replaced with a substituent. In the case of a keto substituent
(“~C(=0)-") two hydrogen atoms are 1eplaced. When substituted, “substituents,” within
the context of preferred embodiment, include halogen, hydioxy, cyano, nitro,
sulfonamide, carboxamide, carboxyl, ether, carbonyl, amino, alkylamino, dialkylamino,
alkoxy, alkylthio, haloalkyl, and the like Alternatively, one o1 more of the carbon atoms
of the R group can be substituted by a heteroatom, e g, nifrogen, oxygen, or sulfur.

[0025] In some embodiments, the silicon-containing group includes one o1
more hydioxy groups, e.g., a beta hydroxy group, as substituents. For example, in some
embodiments the silicon-containing polymer includes one or more hydroxamate (—

CONH(OH)) groups. Any of the silicon-containing polymers described herein can be

hydroxamated. For example, an embodiment provides a hydroxamated water-soluble or
water-dispersible silicon-containing polymer comprising a silicon-containing group
attached thereto.

[0026] The pendant silicon-containing group(s) can be bonded directly to an
atom (e.g., a carbon atom) in the backbone of the silicon-containing polymer, or to the
backbone of the polymer through a suitable linking group. Examples of linking groups
include fully saturated linear C,.¢ alkyl chains, as well as alkyl chains with ether linkages
(e.g., alkoxy o1 poly(alkoxy) linking groups). Other linking groups include alkyl chains
with amide linkages and hydroxy substituents, for example: .

' _C(=0)NH)CIH,CH,CH,—
~NHCH,CHOHCH,OCH,CH,CH;—
~-NHC(=O)NHCH,CHyCH,—

10027] In an embodiment, the pendant silicon-containing groups are included

on or attached to the polymel backbone and/ot any suitable portion of the polymer (e g.,
as an end group, on a grafted portion or side chain, or the like). In certain embodiments, it

can be desiiable to include other pendant groups in addition to the silicon-contamning

sroup pendant group. Fxamples of other pendant groups include catboxylate gioups such

_R..
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as —C(=0)O or —C(=0)OH, amide groups such as —~C(=0)NH,, hydroxamated groups
such as —C(=0)NHQO" and amine groups such as -NH;  Other pendant groups can also
be employed, as will be appreciated by one of skill in the art.

[0028] In some embodiments, the polymer backbone comprises substituted
ethylene recurtring units, e.g , -|[CH2C(RM)H]—, wherein R* comprises a stlane group with
o1 without a linking group as described elsewhere herein, or another pendant substituent
A single kind of linking group can be employed, or combinations of linking groups can be
employed. In certain embodiments, additional hydrogen atoms of the ethylene recuiring
unit can be substituted by a pendant silane group ot some other pendant group.

[0029] The silicon-containing polymers described herein can be made in a
variety of ways. See, e g., U.S. Pat. No. 6,814,873 and U S. Pat. Pub. Nos. 2004/0162406;
2005/0010008; and 2005/0274926, all of which are hereby incoiporated herein by
reference, and particularly for the purpose of describing silicon-containing polymers and
methods for making them For example, in some embodiments they can be made by
polymerizing a monomet containing the group —Si(OR)s3 of Formula (I), or by

copolymerizing such a monomer with one or more co-monomets. Suitable silane

monomets include, but are not limited to, vinyltriethoxysilane, vinyltrimethoxysilane,
allyltriethoxysilane, butenyl-triethoxysilane, y-N-acrylamidopropyliriethoxysilane, p-
triethoxysilylstyrene, 2-(methyl-ttimethoxysilyl) acrvlic acid, 2-(methyliiimethoxysilyl)-
1.4-butadiene, N-triethoxysilylpropyl-maleimide and other reaction products of maleic
anhydride and other unsaturated anhydrides with amino compounds containing a -
Si{OR)z group. The monomers o1 resulting recurring units can be hydrolyzed by aqueous
base, either before or after polymerization Suitable comonomers include, but are not
limited to, vinyl acetate, acrylonitrile, styrene, acrylic acid and 1t estets, acrylamide and
substituted aCIyIamides such as acrylamidomethylpropanesulfonic acid. The copolymers
can also be graft copolymers, such as polyacrylic acid-g-poly(vinyltriethoxysilane) or
poly(vinylacetate-co-crotonic acid)-g-poly(vinylttiethoxysilane). These polymers can be
made in a variety of solvents such as acetone, tetrahydrofuran, toluene, xylene, and the
like In some cases, the polymer is soluble in the teaction solvent and can be conveniently
recovered by stiipping off the solvent, or, if the polymer is not soluble in the reaction
solvent, the product can be conveniently recovered by filtration; however, any suitable

recovery method can be employed.  Suitable initiators include 2,2°azobis-(2,4-
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dimethylvaletonitrile) and  2,2-azobisisobutiyronittile, benzoylperoxide, cumene
hydiroperoxide, and the like.

- [0030] In some embodiments the silicon-containing polymets described herein
can be made by reacting a compound containing a —Si(OR)3 group as well as reactive
oroup which can react with either a pendant group or backbone atom of an existing
polymer. Polyamines can be reacted with a variety of compounds containing one o1 more
~Si(OR); groups to give polymers which can be used in the preferred embodiments. The
reactive group can be an alkyl halide group, such as chloropropyl, bromoethyl,
chloromethyl, bromoundecyl, or other suitable group. The compound contaming one ot
more —Si{OR); groups can contain an epoxy functionality such as glycidoxypropyl, 1,2-
epoxyamyl, 1,2-epoxydecyl, or 3,4-epoxycyclo-hexylethyl. The reactive group can also
be a combination of a hydroxyl group and a halide, such as 3-chloro-2-hydroxypropyl
[he reactive moiety can also contain an isocyanate group, such as isocyanatopropyl or
1socyanatomethyl, which reacts to form a urea linkage In addition, silanes containing
anhydiide groups, such as tricthoxysilylpropylsuccinic anhydride, can be used. lhe
reactions can be carried out either neat or in a suitable solvent. In addition, other
functional groups such as alkyl groups can added by reacting other amino groups or
nitrogen atoms on the polymer with alkyl halides, epoxide or isocyanates. lhe
polyamines can be made by a variety of methods For example, they can be made by a
ting opening polymetization of aziridine or similar compounds. They also can be made
by condensation reactions of amines such as ammonia, methylamine, dimethylamine,
ethyvlenediamine, ot the like with reactive compounds such as 1,2-dichloroethane,
epichlorohydrin, epibromohydrin or similar compounds.

[0031] Polymers containing anhydride groups can be reacted with a variety of
silicon-containing compounds (e.g., containing one ot more —Si(OR)3 groups) to make
embodiments of the silicon-containing polymets described herein. Suitable starting
polymers include maleic anhydiide homopolymer, and copolymers of maleic anhydride
with monomers such as styrene, ethylene, methyvivinylether, and the like. The starting
polymer can also be a graft copolymer such as poly(1.,4-butadiene)-g-maleic anhydride or
polyethylene-g-maleic anhydride, or the like. Other suitable anhydride monomers include
itaconic and citraconic anhydrides Suitable reactive silane compounds 1nclude but ate

not limited to y-aminopiopyltiiethoxysilane, bis(y-triethoxysilylpropyl)amine, N-phenyl-y

aminopropyltiiethoxysilane, p-aminophenyltiiethoxysilane, 3-(m-aminophenoxypropyl)-
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trimethoxysilane, v-aminobutyltiiethoxylsilane, and the like. Other functional groups can
be added to the polymer by reacting it with amines, alcohols, and other compounds.

[0032] Polymers containing hydroxyl groups can be reacied with an epoxy

functionality, such as glycidoxypropyltrimethoxysiliane. FExamples of polyvmers that
contain  hydroyxl groups include polysaccharides such as starch  and
hydioxyethylcellulose.

[0033] In an embodiment, the silicon-containing polymer 1s selected from the

aroup consisting of a silicon-containing polyethyleneimine, a vinyl triethoxysilane
copolymer, a copolymei of acrylic acid and tricthoxysilylpropylacrylamide, a copolymer
of acrylic acid and ttiethoxyvinylsilane, a silicon-containing polysaccharide (e.g, a
silicon-containing starch or a silicon-containing cellulose such as hydroxyethylcellulose),
a silicon-containing styrene/maleic anhydride copolymer, a silicon-containing maleic
anhydride/alkyl vinyl ethetr copolymer (c.g, a a silicon-containing maleic
anhydiide/methyl vinyl ether copolymer), and mixtures thereof.

[0034] In an embodiment, the silicon-containing polymer comprises recuriing
units, the recurring units comprising a first recurring unit having a structure —
'CH,C(R")H]- and a second recurring unit having a structure JCH,C(RHH]-, wherein
R' is —C(=0)0", and wherein R* is -C(=O)NHCH,CH,CH,CH,Si(O);. In an
embodiment, the amount of the first recutring unit is at least about 90% e.g , at least about
96%, by number based on total number of recurring units in the polymer.

[0035] In an embodiment, the silicon-containing polymer comprises recutring
units, the recurring units comprising a first recurring unit having a structure —
[CH,C(RHYH]-, a second recurring unit having a structure [CH,C(RHH]~, a third
recurting unit having a structure —[CH,C(RH]~, a fourth recurting unit having a
structure ~[CH,C(RMH]-, and a fifth recunting unit having a structure ~[CH,C(R"H]-,
wherein R' is C(=0)NH,, wherein R* is —C(=0)0", wherein R’ is —C(=0)NHO", wherein
R* is NHCH,CH(OICILOCH,CH,CH,Si(0); and wherein R is -NH; In an
embodiment, the silicon-containing polymer comprises up to about 50% by number of the
first recurring unit, up to about 90% by number of the second 1ecurring unit, from about
1% to about 60% by number of the third 1ecurring unit, from about 1% to about 30% by
number of the fourth recurring unit, and from about 1% to about 30% by number of the
fifth recurring unit.In an embodiment, the first recurring unit and the second recurring unit

together comprise about 80% to about 85 % by number of the recuriing units, the third
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recurring unit comptises about 5% to about 15 % by number of the recurring units, and
the fourth and fifth tecurring units together comprise the remainder of the recuriing units
[0036] In an embodiment, the siliconncontaiﬁing polymer compiises recuriing
units, the recurring units compiising a first recurting unit having a structure -
ICH,C(RMYH]—, a second recurring unit having a structure [CH,C(R*}H]-, a third
recurting unit having a structure [CH,C(RHH]-, a fourth recurring unit having a
structure .—[CHQC(Rﬁl)H]—, and a fifth recurring uhit having a structure —-[CH>C(R”YH]—,
wherein R! is C(=0)NH,, wherein R* is ~C(=0)0", wherein R? is ~C(=0)NHO", wherein
R* is -NHC(=O)NHCH,CH,CH,Si(0");, and wherein R’ is -NH,. In an embodiment, the
first recurring unit and the second recurring unit together comprise about 65% to about 70
% by number of the recurting units, the third recurring unit comprises about 20 to about

30 % by number of the recurring units, and the fourth and fifth recurring units together

compiise the remainder of the recurring units.

[0037] In an embodiment, the silicon-containing polymer comprises recutting
units, the recurting units comptising a first recurring unit having a structure -
[CH,C(RHH]-, a second recurring unit having a stiucture —“[CH,C{R*H]~, a thitd
recurring unit having a structure [CH,C(RH]-, a fourth recurring unit having a
structure —[CH;C(R4)H]~—, and a fifth recurring unit having a structure --[CHgC(RS)H]—,
wherein R' is C(=0)NH,, wherein R is —~C(=0)0O", wherein R’ is ~C(=0)NHO", wherein
R* is -~NHCH,CH(OH)CH,OCH,CH,CH,Si(0); and wherein R’ is -NII; In an
embodiment, the the first recurring unit and the second recurring unit together comprise
about 80 % to about 85 % by number of the recuriing units, the third recurring unit
comprises about 5 % to about 15 % by number of the recurring units, and the fourth and
fifth recurting units together comprise the remainder of the I'ecuning units.

[0038] The flocculant compositions and methods for using them descrnibed
herein can include any suitable flocculant or combinations of flocculantis. For example,
an embodiment provides a flocculant composition, comprising a silicon-contaimng
polymer flocculant as described herein (e.g., a silicon-containing polymer flocculant for a
DSP) and a polymer flocculant for a Bayer process red mud. In an embodiment, the
polymer flocculant for the Bayer process red mud can be an anionic polymeric flocculant
In an embodiment, the weight ratio of the amount of the silicon-contaiming polymer

flocculant to the amount of the anionic polymeric flocculant in the flocculant composition
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is in the 1ange of about 100:1 to about 1:10, e g, in the range of about 10:1 to about 1:2,
such as about 1:1.

[(6039] Polymeric flocculants useful in the Bayer piocess include anionic
polymers known by those skilled in the art to be useful as polymer flocculants for Bayer
process red mud. Examples of useful anionic polymer flocculants include homo-polymers
of acrylic acid o1 acrylates; copolymers of acrylic acid or acrylate monomets; homo-
polymers of methaciylic acid or methacrylates; copolymets of methacrylic acid or
methacrylate monomets; polyacrylamides, alkali metal, alkaline earth metal or ammonium
salts of said acids; polymers containing hydroxamic acid or salt groups; or a combination
of any of the foregoing. In an embodiment, the anionic polymetic flocculant is a

hydroxamated polymer, e.g., a hydroxamated polyacrylamide. The amount of anionic

recurring units in the anionic polymer may vary over a broad range. I'or example, in an
embodiment, the anionic polymeric flocculant comprises at least about 50% anionic
recurring units Weight average molecular weights of anionic polymer flocculants are
- typically about 1,000 or greater, e.g., about 10,000 or greater; about 160,000 or greatet;
about 1,000,000 or greater, or about 5,000,000 o1 greater. In some embodiments,
molecular weights are 30,000,000 ox less Those skilled in the art will appreciate that the
foregoing provides descriptions of ranges between each of the stated values, and thus will
understand, for example, that the anionic polymer flocculant may have a weight average
molecular weight of from about 5,000,000 to about 30,000,000.
[0040] Other types of flocculants commonly employed in the Bayer process
include nonionic flocculants such as starch (e.g, pregelatinized, fiom com ot potato),

polysaccharides, alginates, dextran ot flour. While anionic flocculants are particulatly

preferred for use in the Bayer process, selected cationic, nonionic, or amphoteric
flocculants can also be advantageously employed in suitable amounts, as will be
appreciated by one skilled 1n the art.

j0041] Flocculant compositions, including those containing a silicon-
containing polymer flocculant as described herein (e.g, a silicon-containing polymer

flocculant for a DSP) and/or a polymer flocculant for a Bayer process red mud, may be

concentrated or diluted (e.g., in water), and may include additional ingredients. It will be

appreciated by those skilled in the art that Bayer process sites are often located far from

flocculant manufactureres, and thus it is often desirable to franspoit the flocculant

composition to the Bayer process site in a relatively concentiated form in order to
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minimize shipping costs. The concentrated flocculant composition can then be
conveniently diluted in an aqueous medium on site to form a dilute flocculant
composition, at or about the time that it is to be used. The aqueous medium with which
the concentrated flocculant composition is diluted may be water in a relatively pure torm,
recycled water from various sources, or an aqueous Bayer process stream.

[0042] In view of the foregoing, those skilled in the art will appreciate that a
flocculant composition, including those containing a silicon-containing polymer
flocculant as described herein (e g, a silicon-containing polymer flocculant for a DSP)
and/or a polymer flocculant for a Bayer process red mud, may be formed during
manufacture (e g, in a relatively concentrated form) and/or prior to use, e.g., by on site
intermixing with an aqueous medium, and that it may contain additional components.
Examples of additional components include water, salts, stabilizers, and pH adjusting
agents, as well as ingiedients such as DSP and Bayer process ted mud. The DSP may
comptise, for example, a sodium aluminosilicate. In an embodiment, at least a portion of
the DSP is suspended in the flocculant composition. The concentration of any particular
polymer flocculant in a flocculant composition may vary over a broad range, ¢ g., from
about 0 1 part per million to about 100 % (e.g., highly concentrated form containing little
o1 no water). For telatively dilute flocculant compositions, examples of suitable
concentrations of the anionic polymer flocculant in the flocculant composition nclude
amounts in the range of from about 0.1 part per million to about 1,000 parts per million,
and examples of suitable concentiations of the silicon-containing polymeric flocculant in
the flocculant composition include amounts in the range of from about one part per
million to about 500 parts per million. For flocculant compositions containing multiple
polymer flocculant components, including those containing a silicon-containing polymet
flocculant as described herein (e.g., a silicon-containing polymer flocculant for a DSP)
and a polymer flocculant for a Bayer process red mud, it will be appreciated that the
components can be combined at or near the time or manufacture and/or shipping, or
combined at or near the time of use, e.g , on site in the vicinity of a Bayer process stream.

[0043] The polymer flocculants and flocculant compositions described herein
are useful as flocculants. For example, an embodiment piovides a flocculation method,
comptising intermixing a silicon-containing polymer flocculant and/or flocculant
composition as described herein with a Bayer process strteam in an amount effective to

flocculate at least a portion of solids suspended therein. In an embodiment, the suspended
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solids include one or mote of red mud and/or DSP. Another embodiment provides a
flocculation method, comprising intermixing a silicon-containing polymer flocculant with
a Bayer process stream in an amount effective to thereby flocculate at least a portion of a
desilication product suspended therein; and separating at least a portion of the flocculated
desilication product thus formed

[0044] An embodiment provides a method of reducing the level of suspended
solids in a Bayer process stteam whereby a polymer with the pendant group or end group
containing — Si(OR); (where R is H, an alkyl group, Na, K, or NHy) is added alone,
subsequent to, followed by, or in association with a conventional flocculant in order to
effectively flocculate the suspended solids so that they can be conveniently separated from
the process stream. The amount of reduction in suspended solids content can be
measured and compared with controls, which generally comprise state-of-the-art alumina
process samples. The amounts of polymer flocculant(s) effective to flocculate a particular
type of solids in a particular Bayer process stteam can be determined by routine
expetimentation informed by the guidance provided herein. The amount of flocculant 1s
often in the 1ange of from about 0.01 1b to about 40 Ibs. of flocculant per ton of solids
(dry basis), e g., in various 1anges from about 0.1, 0 2, 0.3, 0.4, 0.5, 0.6,0.7,08,0r09lb
to about 15. 20, 25, 30, or 35 lbs. Those skilled in the art will appieciate that the
foregoing provides descriptions of ranges between each of the stated values, and thus will
understand, for example, that the polymer flocculant can be used in an amount in the
range of from about 1 Ib to about 10 Ibs. of flocculant per ton of solids (dry basis).

[0045] In an embodiment, the Bayer process stream comprises suspended
DSP, e g, fiom about 0 02 grams per liter to about 200 grams per liter of suspended DSP.
As illustrated in the examples below, in some embodiments the polymer flocculants and
flocculant compositions described herein are particulatly useful for flocculating
suspended DSP in Bayer process streams.

[0046] In the context of commercial plant operation, the polymer flocculants
and/or flocculant compositions can be added to the settler feed, as ate the anionic
flocculants desciibed above Alternatively, the polymers can be added to the overtlow
from a primaty settler or to the blow-off from the digesters. The polymers can also be
used in the settling of muds in the mud washing circuit. The polymers, alone or in
combination with other process chemicals, can advantageously be added at other points in

the commercial plant operation as well.
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EXAMPLES
Test Procedure

[0047] A synthetic Bayer liquor is made by adding 256 g sodium aluminate,
66 g sodium hydroxide, and 40 g sodium carbonate to water to make a total of 1000 ml
and heating to 100°C

[0048] A DSP is made by heating kaolin in sodium hydroxide solution to
150°C, followed by filtration, washing, and drying to recovet dry DSP. Red mud solids
are obtained from mud slurry typically being discharged to waste at an operating Bayer
plant. This mud is washed fice of the associated dilute sodium aluminate solution, dried
and ground .

[0049] For the settling tests, either a DSP alone or a mixture of DSP and red
mud solids are dispersed in the above liquor, generally to give a slurry containing about
40 g/l of suspended solids. Dilute reagent is mixed into slurry contained in a graduated
cylinder, using a perforated plunger, and the time to settle a fixed distance is measured so
that a seitling rate for the flocculated solids could be calculated. Also, after five minutes a
sample of the supernatant liquor is taken and filtered; the solids collected on the filter are
then washed and dried to give a measure of the supernatant clarity

Example 1 — Reagent A

[0050] 81.4 ¢ of a water-fiee polyethyleneimine is mixed with 18.6 g of
glycidoxypropyltrimethoxysilane and the mixture is heated at 60°C for 16 houts. 50 g of
the resulting fiiable gel is mixed with 5 g NaOH and water to a total of 250 g and heated

to 90°C to make a 20% solution. The effectiveness of Reagent A in enhancing
flocculation when employed in combination with commercially available flocculants 1S
tested The commercial flocculants tested included Superfloc HX-400, a hydroxamate-
based flocculant based on polyacrylamide, and Superfloc 1227, an ammonium
polyacrylate flocculant, both available from Cytec Industries Inc. of West Paterson, New
Jersey, USA Unreacted polyethyleneimine is employed as a control, As demonstrated by

the data presented in Iable 1, Reagent A in combination with flocculant significantly

increased settling rate in both a 30/70 and a 40/60 DSP/red mud mixture when compared
to flocculant alone, or flocculant in combination with polyethyleneimine control. A

significant improvement in clarity is also observed for the combination of Reagent A and
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flocculant. Reagent A is also effective in flocculating DSP even without added

commetcial flocculant.

lable 1.
| ~ Suspended solids Reagent Dosage Settling | Clarity
L e (ppm) | Rate@mh) | (gl
1 100% DSP PEI* ~ 100 No floc” -
2 100% DSP A 100 | 9 -
3 30/70 DSP/ HX-400° | 10 6.5 358
4 e PEIF/HX-400° 100/10 Too cloudy | 3.88
5 o  A/HX-400° 100/10 | 100 | 050
6 e SF1227¢ 33 | Too cloudy 103
7 « « | PEI/SF1227° 100/3.3 Too cloudy 5.27
3 « s A/SF1227° 100/3.3 | 18 | 0.77
40/60 DSP/ PEIY/HX-400° | 100/10 7 2 70
10 ©o o«  A/HX-400° 100/10 | 94 0.43
i1 |« o« | PEPSF1227° | 100/3.3 | Too cloudy 3.99
12 “ o« A/SF1227° 100/3.3 20 - 0.62

aPolyethyleneifﬁiﬁe used a stattmg material for Reagent A - compar ative example.
"No flocculation .

“Superfloc HX-400 flocculant
‘Superfloc 1227 flocculant

Example 2 — Reagent B
[00351] 32 g acrylamide, 82 8 g water and 11.1 g of 50% NaOH are mixed. 8 g

vinyltriethoxysilane and 0 4 g AIBN (azobisisobutyronitiile) in 12 ml ethanol are added
and the mixture is heated at 80°C for 16 hours 20 g of the reaction mixture are mixed

with 54 ¢ 50% NaOH and 4.6 g water and heated to 90°C to make a 20% solution. The

product is Reagent B. At a dosage of 200 ppm, Reagent B is found to flocculate
suspended DSP
Example 3 — Reagent C

[0052] A slurry of 9 g Pearl starch (National Starch and Chemical Co,

Biidgewater, New Jersey, USA) is mixed with 2 g glycidoxypropyltrimethoxysilane and
stirred at room temperature for 16 hours. The reaction product is partially dried at 50°C,
then heated to 95°C in 20 g/l aqueous NaOH to make a 3% solution The product is
Reagent C. As demonstrated by the data presented in lable 2, Reagent C exhibits
significantly increased settling rates for suspended DSP or red mud, compared to

unfunctionalized peail starch, indicating that Reagent C is an effective flocculating agent
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in its own right. Reagent C is even mote effective in flocculating suspended DSP/red

mud mixtures (10/70, 20/80, and a 40/60). Good clarity is also observed for red mud and

DSP/red mud mixtures treated with Reagent C.
JTable 2.
Silspended solids | Reagent | Dosage Settling | Clanity
i (ppm) Rate(mfh) L (g/D)
3 | 100% DSP ~ Starch® | 100 | Nofloc” n
4 [ 100% DSP I C | 100 7 --
15 | 100%rtedmud C 200 51 | 066
16 |  10/90 DSP/ C 200 4.6 0 60
: red mud I_ B n
17 20/80 DSP/ C 200 33 | 068
redmud B .
18 | 40/60 DSP/ C 200 15 0 67
red mud i 2.1 | 0.88

"Pearl starch as used for staltmg material for Reagent C - comparative example

"Superfloc HX-400 flocculant

[0053]

As demonstrated by the data presented in Table 3, Reagent C

significantly increases the settling rate of ted mud and substantially improves clarity when

employed in combination with Superfloc HX-400.

Table 3.
| Suspé"r_ided solids | Reagent Dosage Settling Clarity
| B (ppm) | Rate(m/h) | (g/D)
19 | 100%redmud HX-400° | 10 24 | 056
20 100%redmud | C/HX-400° | 2510 | 27 0.30
21 10/90 DSP/ HX-400° 10 18 140
red mud B B _ - —
22 10/90 DSP/ | C/HX-400° 25/10 18 0 34
red mud - | _ L
23 | 20/80 DSP/ HX-400° | 10 127 | 18
red mud B a B
24 | 20/80 DSP/ C/HX-400" 25/10 108 | 045
red mud B ] ~ I |
25 30/70 DSP/ HX-400" 10 8.0 27
red mud | - i -
26 30/70 DSP/ C/HX-400° | 25/10 3 3 0.49
red mud - _ |
27 | 40/60 DSP/ HX-400° 10 51 336
red mud | a | ]
28 | 40/60 DSP/ C/HX-400° 25/10 4.9 0 85
red mud

hS1.1}:ars:1ﬂm: X-400 flocculant
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[0054] As demonstrated by the data presented in Table 4, Reagent C improves
flocculation of DSP/red mud mixtures (10/70, 20/80, and a 40/60 when employed in
combination with Superfloc 1227 Clarity is also substantially improved when Reagent C

is employed in combination with Supeitioc 1227

{able 4,
Suspended solids Reagent Dosage |  Settling Clarity

_ (ppm) | Rate(m/h) | (g/l)

29 | 100% 1ed mud SF1227° | 3.3 Too cloudy 5.9
30 | 100% red mud C/SF1227° | 25/3.3 | Toocloudy | 1.22
31 10/90 DSP/ SF1227° 33 Too cloudy 113

- red mud o ] o
32 ~10/90 DSP/ | C/SF1227° | 25/33 22 110
B redmud - o
33 20/80 DSP/ SF1227° 3.3 Too cloudy | 11.6
red mud o o
- 34 20/80 DSP/ C/SF1227° | 2533 | 120 138
__red mud - | _
35 30/70 DSP/ SF1227° | 3.3 Too cloudy 13.7
redmud | - )
36 | 30/70 DSP/ C/SF1227° 25/3 3 9.0 | 133
e red mud 1 B
37 40/60 DSP/ ~ SF1227° 3.3 Too cloudy 172
- red mud | .
38 40/60 DSP/ C/SF1227° 2533 5.5 1.56
red mud

‘Supetfloc 1227 flocculant

Example 4 - Reagent D

[00S5] 8 ¢ of dried hydioxyethylcellulose are mixed with 2 g of
slycidoxypropyltrimethoxysilane and heated to 100°C for 16 hours. 2 g of the reaction
product are mixed with 40 ml of aqueous 100 g/l NaOH solution and heated to 95°C to
make a 5% solution  The product 1s Reagent D

[0056] At a dosage of 500 ppm, Reagent D is observed to {flocculate
suspended DSP. The hydroxyethylcellulose used as starting material (compatative
example) produces no flocculation of suspended DSP at the same dosage ot 500 ppm.

Example >5a — Reagent &

[0057] A reagent is made by a process similar to that of Example 3. A siurty
of 0080 moles (1296 g) Pearl starch, 0015 moles (355 ¢g) of

slycidoxypropyltrimethoxysilane, and 0 005 moles (0 36 g) epoxybutane is mixed at room
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temperature for 16 hours. The reaction product is partially diied, then heated 1n aqueous
20 /1 NaOH to 95°C to make a 3% solution. The product is Reagent |
Example Sb — Reagent I

[0058] A 1eagent is made by a process similar to that of Example S5a, except

that 0.005 moles (0.92 g) epoxydodecane 1s used instead of epoxybutane. lhe product is
Reagent I

[0059] A reagent is made by a process similar to that of Example 5a, except
0.005 moles (0.60 g) styrencoxide is used instead of the epoxybutane. The product 1s
Reagent Q3.
Example 5d — Reagent H

[0060] A reagent is made by a process similar to that of Example 5a, except
0.005 moles (1 49 g) glycidylhexa-decylether is used instead of the epoxybutane. lhe
product 1s Reagent H

[0061] A reagent is made by a process similar to that of Example 3a, except
0.005 moles (0.75 g) glycidylphenyl-ether is used instead of the epoxybutane. Tlhe
product is Reagent I.

[0062] The effectiveness of Reagents E through [ without added tlocculant 1s
tested in a 40/60 DSP/1ed mud mixture and exhibits satisfactory settling rate and clarity at
a dosage of 200 ppm, as demonstiated by the data in Table 5

I able 5.
Suspended solids Reagent | Dosage Setiling Clarity
. _L__(ppm) Rate(m/h) |  (g/)
39 40/60 DSP/ E 200 23 0.77
red mud - N
40 40/60 DSP/ F 200 l 2.3 0.63
redmud | | I
41 | 40/60 DSP/ G 200 3.3 | 038
_ red mud : I |
42 40/60 DSP/ H 200 2.9 082
- red mud ‘ o
473 40/60 DSP/ [ 200 33 0.49
red mud
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[0063] When emploved in combination with Supertloc HX-400, Reagent &
and Reagent I improves settling rate and clarnty in a 40/60 DSP/red mud mixture, as

demonstrated by the data in {able 6

[able 6.
Suspended solids Reagent Dosage Settling Clarity
| (ppm) Rate(m/h) (g/1)
44 40/60 DSP/ HX-400" 10 Too cloudy 4 48
red mud e
45 40/60 DSP/ E/HX-400° 25/10 6.5 0.47
red mud o —
46 40/60 DSP/ E/HX-400" 10/20 74 - 052
edmd | |
47 | 40/60 DSP/ TY/?IX-ALOO‘& 2510 | 57 ] 082
red mud |

“Superfloc HX-400 flocculant

Example 6 — Reagent J
[0064] A 25% solution of N-triethoxysilylpropylacrylamide 1s made by

reacting acryloyl chloride with aminopropyltriethoxysilane in 2-butanone in the presence
of triethylamine The resulting amine chloride is removed by filtration, and the monometr
solution 18 used without any further purification 464 grams of the monomer solution are
combined with 57 0 g of acrylic acid and 140 ml of 2-butanone 60 mg of Vazo® 63B free
radical imitiator (from E. I du Pont de Nemours and Company, Wilmington, Delaware,
USA) in 50 m! of 2-butanone is added. The mixture is heated at 50-60°C for three hours.
37.5 g of sodium hydroxide is added as an aqueous solution and the mixture heated to
80°C to distill off the 2-butanone The product is an agueous solution containing 11.5%
polvmei, referred to as Reagent J.

[0065] At a dosage of 100 ppm, Reagent J 1s found to flocculate a suspension
of suspended DSP.
Example 7 — Reagent K

[0066] A copolymer of aciylic acid and {triethoxyvinylsilane 1s made 1n a
mannet similar to Example 6. The polymer 1s referred to as Reagent K.
Example 8 — Reagents L. and M

[0067] 100 g of Gantrez AN 169 (a methylvinylether-maleic anhydnde

copolymer made by International Specialty Products Inc. of Wayne, New Jetsey, USA) 1s

dissolved i 150 ml of acetone. 1.42 g of aminopropyliriethoxysilane 1n 50 ml of acetone
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1s added. The muxture gelled 10.8 g of 50% NaOH 1s diluted with 250 ml of water and
heated to 80°C. The gel is added to the NaOH solution and the acetone boiled off, leaving

an aqueous solution confaining 7 0% polymer, referred to as Reagent L. A similar

product 1s made 1n dioxa:

[0068]

ne 1nstead of acetone. 1he polymer 1s referred to as Reagent M.

As demonstrated by the data presented in Table 7, Reagents . and M

both exhibits significantly increased settling rates for suspended DSP when compared to

Gantrez control. Reagent M sienificantly improves settling when used in combination

with Superfloc HX-400 in a 40/60 DSP/red mud mixture and when used 1n combination

with Superfloc 1227 1n a 30/70 DSP/red mud mixtute.

T able 7.
Suspended solids Reagent Dosage Setting | Clarity
——— (ppm) Rate(m/h) (/1)
48 100% DSP L 100 4.0 -
49 100% DSP M 100 SEV -
50 | 100%DSP Gantrez” 100 No floce’n -~
51 30/70 DSP/ M/HX-400° 100/10 83 045
red mud l o i —
52 30/70 DSP/ Gantrez’/ | 100/10 Too cloudy 5.53
red mud HX-400° |
53 3(/70 DSP/ M/SE1227° 100/5 18 1.64
54 30/70 DSP/ Gantrez'/ 100/5 Toocloudy | 10.75
red mud SF1227° | |
353 40/60 DSP/ M 200 | 3.0 0.72
56 40/60 DSP/ M/HX-400" 100/10 6 5 0132
57 40/60 DSP/ Gantrez’/ 100/10 Too cloudy 6 83
red mud HX-400" |
58 40/60 DSP/ M/SF1227° | 100/5 Too cloudy 130
59 40/60 DSP/ Gantrez®/ 100/5 Too cloudy 171
red mud SF1227°

"Gantrez AN169 used as starting material for Reagent Land M

bSupelﬂoc HX-400 flocculant

“Supetfloc 1227 flocculant

Example 9 — Reagent N

[0069]

10.0 g of Scripset 520 (a styrene-maleic anhydride copolymer made by

Heicules Inc., Wilmington, Delaware, USA) 1s suspended 1n a mixture of 40 g of dioxane

and 80 g of toluene. 2.19 g of aminopropyl-triethoxysilane 1in 10 g of toluene 1s added
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The mixture is refluxed for 2 howrs and then cooled to ambient temperature. The solid
polymer is filtered off, washed with hexane, and diied at 60°C to yield Reagent N.

[6070] As demonstiated by the data presented in Table 8, Reagent N exhibits
significantly increased settling 1ates when used in combination with Superfloc HX-400 in

a 40/60 DSP/ied mud mixture. Clarity 1s also signiﬁcantly improved.

Table 8.

. Suspended solids Reagent Dosage |  Scttling Clarty
e _ | (ppm) | Ratemh) | (gl

60 ~100% DSP | N 100 3.7 --

61 | 40/60 DSP/ N | 200 4.8 0350

o redmud 5 -

62 40/60 DSP/ N/HX-400° 25/10 | 535 - 0.33
_ redmud _ ] _

63 40/60 DSP/ - HX-400" 10 Too cloudy 4 48

red mud ” N |

“Superfloc HIX-400 flocculant

Example 10 — Reagent O
[G071] 10.0 g of Gantrez AN 169 is suspended in a mixture of 020 g of

methanol, 4 0 g of tetrahvdiofuran and 96.0 g of dioxane. A solution of 284 g of
aminopropyltiiethoxysilane in 10 g of dioxane is added. The mixture is refluxed for 2 hr
and cooled to ambient temperature. A solution of 0.90 g of hydroxylamine hydrochloride

in 10 ml of methanol is mixed with a solution of 0.75 g of 95% sodium methoxide in 20

ml of methanol. The solid which formed is allowed to settle and the supernatant solution
is added to the polymer mixture, which is stitred for 1 hour at ambient temperature. On
standing, the mixture forms a friable gel which is slurried with hexane and filtered. The
solid polymer is washed with hexane and diied at 60°C to yield Reagent O.
Example 11 — Reagent P

[0072] 100 ¢ of Gantrez AN 169 is suspended in a mixture of 0.20 g of
methanol, 4.0 ¢ of tetrahydrofurtan and 96 0 g of dioxane. A soluiion of 2.84 g of

aminopropyltriethoxysilane in 10 g of dioxane is added. The mixture is refluxed for 2 hr
and cooled to ambient temperature. 10 g of methanol is added and the mixture 1s stirred
for 1 hour. 100 ml of hexane is added and the solid polymer is filtered off, washed with
hexane, and dried at 60°C to yield Reagent P.

[G073] As demonstrated by the data presented in Table 9, Reagents O and P

both exhibit significantly increased settling rates when used in combination with
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Clarity is also significantly

improved.
lTable 9.
Susﬁénded solids Reagent Dosage Settling Clarty
- - } (ppm) Rate(m/h) | (g/)
64 40/60 DSP/ O 200 23 053
~ red mud i | B |
65 - 40/60 DSP/ Gantrez’ 200 No floce’n -
red mud - .
66 | 40/60 DSP/ O/HX-400° 25/10 9 () 020
L red mud - 3 o
67 |  40/60 DSP/ | HX-400" 10 12.0 061
L red mud ) L - -
68 40/60 DSP/ P T 200 11 125
| red mud i ] o L —
- 69 40/60 DSP/ [ P/HX-400P 25/10 0.4 0.37
redmud | | 1 1

"Gantrez AN169 used as starting material for Reagent O
bSuperﬂoc HX-400 flocculant

Example 12 —- Reagent O
10074]

The silane monomer N-(3-triethoxysilyl)propylacrylamide is prepared
as follows. 197.4 g of (3-aminopropyl)tiiethoxysilane and 89.9 g of triethylamine are

dissolved in 330 g THF, purged with nitrogen, and cooled to 0° C. With mixing, 83.9 g
of acryloyl chloride is added dropwise. After the addition, the mixture is heated to 40° C
for 2 hours The mixture is cooled to room temperature and the salt filtered out. The
solvent THF is removed by rotary evaporator before use.

[0075] 11.5 g de-ionized water and 10 8 g of 50% sodium hydtoxide solution
are added to a 50 ml ampoule. 6.45 g acrylic acid is added slowly into the ampoule The
temperature is kept below 35°C during the acrylic acid addition with an ice bath. The
solution is mixed well until all actylic acid is dissolved. 2.82 g of the silane monomer N-
(3-triethoxysilyl)propylacrylamide is then added The solution is mixed well until all
silane monomet is dissolved. 0 2 g of a 16 75% aqueous solution of azobis(4-cyanovaleric

acid) (Wako V-501 available from Wako Chemicals USA, Inc. of Richmond, Virgiia,

USA) is added. The monomer solution is spaiged with nitrogen for 30 minutes and 1s

subjected to freeze-evacuate-thaw cycle three times and is sealed under vacuum. After the

solution is thawed, the ampoule is placed in a 65°C bath and the polymerization is cartied
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out for 16 hours to yield Reagent Q The polymer is discharged and dissolved in a caustic

(2% sodium hydioxide) solution for performance testing .

PA-silane — Reagent QQ Structure

—(—CHyCH—)y—~(—CH,CH—), —

| |
R R;

R, =C(=0O)O, Ry = C(=O)NHCH,;CH>CH,51(0 )3
a=90%, b=10%

[00776] As demonstiated by the data presented in Table 10, Reagent (Q exhibits

significantly increased settling rates and clarity when used in combination with Superiloc

HX-400 in a 40/60 DSP/red mud mixture

] able 10.
~ Suspended solids Reagent Dosage Settling l Clarity
B o _ | (ppm) | Rate(mh) | (g/b)
70 40/60 DSP/ i Q/HX-400° | 50/15 335 1.58
. red mud - : _
71 ~ 40/60 DSP/ HX-400°" 15 Too Cloudy |  8.02
red mud - i B

aSUb@I'ﬂU.éNHX"q'OO flocculant

bExample 13 — Reagent R
[0077] 29.7 ¢ of 45% potassium hydroxide solution and 2 49 g of de-1onized

water ate added into a reactor. 15.68 g of acrylic acid is then added slowly into the reactor
with stirring, The temperature is kept below 35°C during actylic acid addition with an ice
bath. 255 g of the silane monomer N-(3-triethoxysilyl)propylacrylamide, prepared in
Example 12, is then added. The solution is mixed well until all silane monomer 1s
dissolved. The monomer solution is sparged with nitrogen for 30 minutes and is cooled to
0°C. 0.99 ¢ of a 1% aqueous solution of Wako V-501 is added and the nitrogen purge 18
continued for 15 minutes. 0.08 g of a 0.5% aqueous solution of ammonium persuitate 1s
charged, followed by 0.08 g of 0 5% aqueous solution of hydroxymethanesulfinic acid
(monosodium salt dihydrate) and the solution is well mixed. After 30 minutes the reactor
is placed in a 75°C bath and the polymerization is cartied out for 5 hows at 75°C to yield
Reagent R. The product is dissolved in a caustic (2% -sodium hydroxide) solution for

performance testing.
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PA-silane — Reagent R Structure

(—CH,CH—)—(—CHCH—)p, —

l |
R, R,

Rl — C(ZO)O-, Rz — C(ZO)NHCHZCHZCHZSi(OH)3
a=96%. b=47

[0G78] As demonstrated by the data presented in Table 11, Reagent R exhibits

significantly increased settling rates and clarity when used in combination with Superfloc

HX-400 in a 30/70 DSP/red mud mixture.

Table 11.
Suspended solids Reagent Dosage Settling Clatity |
. (ppm) | Ratemh) | (gl)
72 - 30/70 DSP/ - R/HX-400° 25115 | 127 | 161
red mud o ] 3 o —
73 T 30/70 DSP/ HX-400° | 15 Too Cloudy | 6.01
ted mud i

“Superfloc HX-400 flocculant

Example 14

[0079] Reagent R is subjected to further testing, vielding the data presented in

Table 12. Reagent R at a dosage of 50 ppm exhibits a settling rate similar to Supertloc
HX-400 at 10 ppm, but superior clarity When used in combination with Supertloc HX-
400 at a dosage of 10 ppm in a 30/70 DSP/red mud mixture, Reagent R at a dosage of 15

ppm significantly increases settling rates and clarity over those for Superfloc HX-400

alone.
lable 12.
(19789-50)
gﬁspehaed solids Reagent i'” Dosage | Settlirig | J Clarnty
_ _ | (ppm) Rate(m/h) | (g/)
74 30/70 DSP/ H1X-400° 10 13.5 2.34
- ted mud — . ] i
75 30/70 DSP/ | R S0 13.5 121
_vedmud | | - _
76 | 30/70 DSP/ R/HX-400° 15/10 16 6 0.6
red mud

“Supertloc HX-400 flocculant
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Example 15 — Reagent S

[0080] The polymer backbone poly(acrylamide-co-N-vinyiformamide-co-
acrylic acid) is synthesized by inverse emulsion polymerization process as described
below. The oil phase contained 188.91 g of dearomatized hydrocarbon fluid (Exxsol D-80
oil available from Exxon Mobil Chemical Company, Houston, Texas, USA), 24 g
sorbitan monooleate (Arlacel 80AC from Ruger Chemical Co., Linden, New Jeisey,
USA), and 9.17 ¢ C12-14 alcohol ethoxylate nonionic surfactant (SURFONIC [.24-7
from Huntsman Petrochemical Corpotation of Houston, Texas, USA). The aqueous phase
consisted of 428.88 g of 54.2% acrylamide aqueous solution, 19 87 g N-vinylformamide,
7 86 g aciylic acid, 112.33 g de-ionized water, 6.57 g of 28% ammonium hydroxide, 0 26
o isopropyl alcohol, and 0.94 g of 40% pentasodium diethylenetnaminepentaacetate
(Versenex-80 from The Dow Chemical Company, Midland, Michigan, USA). The

aqueous solution is mixed into the oil phase and the mixture is homogenized to atford an
inverse emulsion 122 ¢ of 2% t-butylhydroperoxide 70% (t-BHP-70) is added into the
emulsion while purging the emulsion with nitrogen After nitrogen purge for 45 minutes
sulfur dioxide gas (0 2% in nitrogen) is charged through the nitrogen line to initiate the
polymetrization The polymerization is carried out between 40° to 45°C for 4 hows. The
emulsion product contains 32 5% polymer.

{0081] The hydroxyl amine solution to be charged to the emulsion is prepared
as described below. 12.68 g of hydroxylamine sulfate and 71.5 g de-ionized water are
charged to a container and stirred until all sulfate is dissolved. 9.78 g of anhydrous
sodium thiosulfate is added and the solution is again stirred until all thiosulfate is
dissolved Under agitation 4834 g of 50% sodium hydroxide solution is then added
dropwise to produce the hydroxyl amine solution. The solution temperature is kept below

30°C during the addition of sodium hydroxide.

[0082] Into the reactor 96.86 g of the backbone emulsion prepared above 18
charged. Under agitation and nitrogen blanket, 53.3 g of Exxsol D-80 is added, followed
by 3.4 ¢ of Lumulse PEO2 (oleylamine/ethylene oxide reaction product commercially
available from Lambent Technologies of Guinee, Illinois, USA). The emulsion is then
stitred for at least 15 minutes and then the hydroxyl amine solution prepared above 1s
charged over 5 minutes. The emulsion is stirred at room tempetature for 24 hours and the
temperature is 1aised to 45°C and is kept at 45°C for one hour The temperature 1s then

lowered to 35°C and 80 ¢ of (3-glycidyloxypropyl)irimethoxysilane 1s added over two

7.
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minutes The reaction is kept at 35°C for 4 hours and is cooled to room temperature

before discharge. The aqueous solution of the product is piepared by breaking the white

emulsion into a 2% sodium hydioxide solution containing nonylphenol ethoxylate
nonionic surfactant (SURFONIC N-95 from Huntsman Petiochemical Corporation of
Houston, Texas, USA), yielding Reagent ».

HX-silane — Reagent S Structure

(—CH,CH-—)y(—CHyCH—)y~(—CHCH—)~(—CHyCH-—)g(—CH2CH—)e—
| | | | I

R1 - Rg R3 R4 RS
R; = C(=0O)}NHs, R, = C(=0)0, R3 = C(=0O)NHO"
R, = NHCH,CHOHCH,OCH,CH,CH>S1(O)3 Rs=NH,

at+b=82.1%, ¢=10.4%, d+e=7 5%

Example 16 — Reagent |

[0083] A polymer backbone emulsion of poly(acrylamide-co-actylic acid) 1s
prepared in a similar process as described in Example 15, except that N-vinylformamide
is not included in the aqueous phase. The emulsion product contains 32% real polymer.

[0084] The hydroxyl amine solution to be charged to the emulsion is prepated
as follows. 9.17 g of hydroxylamine sulfate and 35 g de-ionized water ate charged to a
container and stirred until all sulfate is dissolved 0.88 g of anhydrous sodium thiosultate
is added and the solution is again stirred until all thiosulfate is dissolved. Under agitation,
1725 ¢ of 50% sodium hydroxide solution is then added dropwise to produce the
hydroxyl amine solution. The solution temperature is kept below 30°C during the addition
of sodium hydroxide.

[0085] 08.26 ¢ of the polymer backbone emulsion is charged into the reactor.
Under agitation and nitrogen blanket 51 89 g of Exxsol D-80 1s added, followed by 3.4 g
of Lumulse PEQ2. The emulsion is then cooled to 0°C . The emulsion is stirred at 500 rpm
while 1062 g of 50% sodium hydioxide is added, followed by 2048 g of sodium
hypochlorite (11.5% available chlorine) solution. The stirting rate is reduced to 300 1pm
after 5 minutes and the emulsion is stirred for an hour. The stirring rate is then increased
to 500 pm and 2.12 g of 50% sodium hydioxide, followed by 4.1 g of sodium
hypochlorite (11.5% available chlorine), are charged. Two hours later 7.42 g of 3-
aminopropylttiethoxysilane is added. The 1eaction 1s carried out for 4 hours at 0°C, 10

hours at 1oom temperature, and 4 hours at 40°C. When the reaction mixture 1s cooled to

8-
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room tempetatute, the hydroxyl amine solution is chaiged over 5 minutes. The emulsion
is stirred at room temperature for an hour and the product 1s discharged. lhe aqueous
solution of the product is prepated by breaking the white emulsion into a 2% sodium

hydroxide solution containing SURFONIC N-95, yielding Reagent 1.

HX-silane — Reagent I Structure

—(—CH,CH—)s~(—CH,CH—)p (- CHyCH—)e~(—CIHCH—)¢~(— CHCH—)e—

| | | | |
Ry R; R3 R4 Rs

Ry = C(=0O)NH,, R, = C(=0)0, R; = C(=O)NHO
R4 = NHC(=O)NHCH,CH,CH,S1(O )3, Rs = NH>
a+b=67 5%, c=25%, d-+e=7.5%
[0086] As demonstrated by the data piesented in Table 13, Reagent Q, S, and

T each significantly improve settling rate and clarity when used in combination with

Superfloc HX in a 40/60 DSP/red mud mixture.

lable 13.
Suspended solids Reagent Dosage Settling Clanty
. . o (ppm) Rate(m/h) | (g/)
77 40/60 DSP/ HX-400° | 10 | 51 | 632
| ~ yed mud | | | B o
78 40/60 DSP/ | S 10 7.7 2.04
J_ ~ redmud B o )
79 40/60 DSP/ T 10 34 302
o red mud | _l |
80 40/60 DSP/ Q 10 94 098
| red mud L o N
81 |  40/60 DSP/ S/HX-400° 10/10 9 4 1.82
| red mud | o | o
82 40/60 DSP/ T/HX-400* | 10/10 | 3.3 1 87
o red mud | o B o
83 | 40/60DSP/ | Q/HX-400° 10/10 44 | 062
l red mud B - |

aSupéiﬂoc HX-400 flocculant

Example 17 — Reagent U

[0087] The  polymei backbone emulsion  poly(actylamide-co-N-
vinylformamide-co-aciylic acid) synthesized in Example 15 is used in this example. lhe
hydroxyl amine solution to be charged to the emulsion 1s desctibed as follows. 10.77 g of

hydroxylamine sulfate and 85.0 g de-ionized water are charged to a container and stirred
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until all sulfate is dissolved. Under agitation 57 47 g of 50% sodium hydroxide solution is
then added dropwise to produce the hydroxyl amine solution. The solution tempetature 1s
kept below 30°C during the addition of sodium hydroxide. In this example, the hydroxyl
amine solution did not contain sodium thiosulfate.

[0088] 11516 ¢ of the backbone emulsion is charged into the reactor. Under
agitation and nitrogen blanket 63 37 g of Exxsol D-80 is added, followed by 4.04 g of
Lumulse PEO2. The emulsion is stirted for at least 15 minutes. The hydroxyl amine
solution is then added over 5 minutes. The emulsion is stitted at room temperature for 16
hours and then at 55°C for two hours. The temperature is then lowered to 12°C and 9 51 g
of (3-glycidyloxypropyl)trimethoxysilane is added over two minutes. The reaction 1s kept
at 40°C for 1 hour and then is cooled to room tempetature. 8 31 g of anhydious sodium
thiosulfate is added and the emulsion is stitred for one how and is discharged. Ihe
aqueous solution of the product is prepared by breaking the white emulsion into a 2%

sodium hydroxide solution containing SURFONIC N-95, yielding Reagent U.

HX-silane — Reagent U Structure

(—CH,CH-—)(—CH,CH— )y (—CHyCH—)e~—CHyCH—) ¢(—CH,CH—)e—

| | | l |
R R R R4 Rs

Ry = C(:O)NHQ, Ry = C('—"O)Oq, R3 = C(:O)NHO_I
R, = NHCH,CHOHCH,OCH,CH,CH;Si(0);, Rs = NH,
a+b=81.8%, ¢=10.7%, d+e=7 5%

10089] As demonstrated by the data presented in Lable 14, Reagent U exhibats
oood settling rates and clarity in a 40/60 DSP/red mud mixture.

Table 14.
| Suspended solids Reagent Dosage Settling | Clarity
_ . _ ~ (ppm) | Rate(m/h) | (gD
84 40/60 DSP/ U 3 13.5 .58
| ~ redmud | i B |
85 | 40/60 DSP/ HX-400° S| 240 0.64
red mud

aSuﬁerﬂoc HX-400 flocculant

[0090] All references cited herein are incorporated herein by reference in thenr

entirety. To the extent publications and patents or patent applications incorporated by
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reference contradict the disclosure contained in the specification, the specification 1s
intended to supersede and/or take precedence over any such contradictory material

[0091] The term “comprising” as used herein is synonymous with “including,”
“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, untecited elements or method steps.

[0092] All numbers exptessing quantities of ingredients, reaction conditions,
and so forth used in the specification and claims are to be undetstood as being moditied in
all instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical patameters set forth in the specification and attached claims are approximations
that may vary depending upon the desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claims, each numerical parameter should be construed 1n
light of the number of significant digits and ordinary rounding approaches.

[0093] The above description discloses several methods and materials of the
present invention This invention is susceptible to modifications in the methods and
materials, as well as alterations in the fabrication methods and equipment. Such
modifications will become apparent to those skilled in the art fiom a consideration of this
disclosure or practice of the invention disclosed herein. Consequently, it is not intended
that this invention be limited to the specific embodiments disclosed herein, but that it
cover all modifications and alternatives coming within the tiue scope and spitit of the

invention as embodied in the attached claims
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WHAT IS CLAIMED [S:

1 A flocculant composition, comprising a silicon-containing polymer
flocculant for a desilication product and an anionic polymer flocculant for a Bayer process
red mud, wherein the weight ratio of the amount of said silicon-containing polymer
flocculant to the amount of said anionic polymeric flocculant in said flocculant
composition is in the range of about 100:1 to about 1:10.

2. The flocculant composition of Claim 1, wherein the weight ratio 1s in the
range of about 10:1 to about 1:2.

3 Ihe flocculant composition of Claim 1, whetein the weight ratio 18 about
1:1

4. The flocculant composition of any one of Claims 1 to 3, wherein the
silicon-containing polymer flocculant comprises a phurality of -Si(OR)3 groups, wherein R
is independently selected fiom the group consisting of hydrogen, Ci.z alkyl, Cy.5¢ alkenyl,
Ce.12 aryl, Cr.o0 aralkyl, a group I metal ion, a group Il metal 1on, and NR’,": wherein R’ is
independently selected fiom the group consisting of hydrogen, Ci.p alkyl, C1.p0 alkenyl,
Ce.12 aryl, and Cyp aralkyl; and wherein R and R’ are independently unsubstituted,
hydroxy-substituted, o1 beta hydroxy substituted

5 The flocculant composition of Claim 4, where R is selected from the group
consisting of Na*, K*, and NH4 "

6. The flocculant composition of any one of Claims 1 to 5, wherein the
silicon-containing polymer flocculant is selected from the group consisting of a silicon-
containing polyethyleneimine, a vinyl triethoxysilane copolymetr, a copolymer of acrylic
acid and trethoxysilylpropylacrylamide, a copolymer of actylic acid and
triethoxyvinylsilane, a silicon-containing polysaccharide, a silicon-containing
styrene/maleic anhydride copolymer, a silicon-containing maleic anhydride/alkyl vinyl
ether copolymer, and mixtures thereof..

7 The flocculant composition of any one of Claims 1 to 6, wherein the
silicon-containing polymer flocculant is hydroxamated.

8. The flocculant composition of any one of Claims 1 to 7, wherein the
anionic polymer flocculant has a weight average molecular weight of about 100,000 or

oreaier
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9. Ihe flocculant composition of any one of Claims 1 to 7, wherein the
anionic polymer flocculant has a weight average molecular weight ot about 1,000,000 or
oreater.

10 The flocculant composition of any one of Claims 1 to 7, wherein the
anionic polymer flocculant has a weight average molecular weight of ftom about
5,000,000 to about 30,000,000

11.  The flocculant composition of any one of Claims 1 to 10, wherein the
anionic polymeric flocculant 1s a hydroxamated polymer.

12.  The flocculant composition of Claim 11, wherein the anionic polymeric
flocculant is a hydroxamated polyactylamide.

13, The flocculant composition of any one of Claims 1 to 11, wherein the

anionic polymeric flocculant is selected from the group consisting of a polyacrylate, a

poly(actylamide-co-acrylate), and mixtuies thereot

14 The flocculant composition of any one of Claims 1 fo 13, wherein the
anionic polymetic flocculant comprises at least about 50% anionic recurting units.

15, The flocculant composition of any one of Claims 1 to 14, further
comprising a component sclected fiom the group consisting of a desilication product, a
Bayer process red mud, and combinations thereot.

16.  The flocculant composition of any one of Claims 1 to 15, wherein the

anionic polymer flocculant is present in the flocculant composition 1n an amount ot from
about 0 1 part per million to about 1,000 parts per million

17. The flocculant composition of Claim 15 or Claim 16, wherein the silicon-
containing polymeric flocculant 1s present in the flocculant composition 1n an amount of
from about one pait per million to about 500 parts per million.

18.  The flocculant composition of any one of Claims 15 to 17, whetein the
desilication product comprises a sodium aluminosilicate.

19.  The flocculant composition of any one of Claims 15 to 18, wherein at least
a portion of the desilication product is suspended in the flocculant composition

20. A flocculation method, comprising intermixing a flocculant composition
according to any one of Claims 1 to 19 with a Bayer process stream in an amount
effective to flocculate at least a portion of solids suspended therein, wherein the
suspended solids are selected from the group consisting of red mud, desilication product,

and mixtures thereof.



CA 02684493 2009-10-16
WO 2008/130766 PCT/US2008/057676

21, A flocculation method, comprising:
intermixing a silicon-containing polymer flocculant with a Bayer process

stteam in an amount effective to thereby flocculate at least a portion of a

desilication product suspended therein; and -

sepatating at least a portion of the flocculated desilication product thus
tormed.

22. The flocculation method of Claim 21, wherein the silicon-containing
polymet flocculant comprises a plurality of -Si{(OR); groups, wherein R is independently
selected from the group consisting of hydrogen, Cj.yg alkyl, Cj.zp alkenyl, Ce.12 aryl, Crap
aralkyl, a group I metal ion, a group II metal ion, and NR’;"; wherein R’ is independently
selected from the group consisting of hydrogen, C|.¢ alkyl, C,¢ alkenyl, Ce.1» aryl, and
Cy0 aralkyl; and wherein R and R’ are independently unsubstituted, hydroxy-substituted,
ot beta hydroxy substituted.

23. The flocculation method of Claim 22, where R 1s selected from the group
consisting of Na™, K, and NHy "

24. The flocculation method of any one of Claims 21 to 23, whetein the
silicon-containing polymer flocculant is selected fiom the group consisting of a silicon-
containing polyethyleneimine, a vinyl tricthoxysilane copolymer, a copolymer of acrylic
acid and triethoxysilylpropylacrylamide, a copolymer of acrylic acid and
triethoxyvinylsilane, a silicon-containing polysaccharide, a silicon-containing
styrene/maleic anhydtide copolymet, a silicon-containing maleic anhydiide/alkyl vinyl
ether copolymer, and mixtures thercofa silicon-containing polysaccharide, a silicon-
containing maleic anhydride/alkyl vinyl ether copolymer, and mixtures thereof

25 The flocculation method of any one of Claims 21 to 24, wherein the
silicon-containing polymer flocculant is hydroxamated.

26.  The flocculation method of any onc of Claims 20 to 25, wherem aft least a
portion of the intermixing of the silicon-containing polymer flocculant with the Bayer
process stream is conducted in at least one of a washer and a settler.

27 The flocculation method of any one of Claims 21 to 26, further comprising
adding the silicon-containing polymer flocculant to the Bayer process stream in an
amount in the range of from about 0 1 part per million to about 500 parts per million

28. The flocculation method of any one of Claims 21 to 27, wherein the Bayet

process stream further comprises a suspended red mud.
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29 I he flocculation method of any one of Claims 21 to 25, further compiising
intetmixing an anionic polymer with the Baver process stream, wherein the anionic
polymer 1s different from the silicon-containing polymer flocculant.

30. The flocculation method of Claim 29, wherein the anionic polymer 1s
selected from the group consisting of a hydroxamated polyaciylamide, a polyacrylate, a
poly(acrylamide-co-acrylate), and mixtures thereot.

31, The flocculation method of any one of Claims 28 to 30, further comprising
flocculating at least a portion of the suspended red mud.

32 A water-soluble or water-dispersible silicon-containing polymer
comptising at least about 5 weight % of a -Si(OR); group, wherein the silicon-containing
polvmer is configured so that the -Si(OR); group enhances an ability of the silicon-
containing polymei to flocculate a suspended desilication product, and wherein R 1s
selected from the group consisting of Na™, K", and NH,"

33.  The silicon-containing polymer of Claim 32, wherein the silicon-
containing polymer is selected from the group consisting of a silicon-containing
polyethyleneimine, a vinyl triethoxysilane copolymer, a copolymer of actylic acid and
triethoxysilylpropylacrylamide, a copolymer of acrylic acid and triethoxyvinylsilane, a
silicon-containing polysaccharide, a silicon-containing styrene/maleic anhydride
copolymer, a silicon-containing maleic anhydride/alkyl vinyl ether copolymer, and
mixtures thereof

34, The silicon-containing polymer of Claim 33, wherein the silicon-

containing polymet is a silicon-containing styrene/maleic anhydtide copolymer.

35.  The silicon-containing polymet of Claim 33, wherein the silicon-
containing polymer is a silicon-containing maleic anhydiide/alkyl vinyl ether copolymer

36. The silicon-containing polymer of Claim 35, wherein the silicon-
containing maleic anhvdride/alkyl vinyl ether copolymer 1s a silicon-containing maleic
anhydride/methyl vinyl ether copolymer

37 The silicon-containing polymer of Claim 33, wherein the silicon-
containing polymer is a silicon-containing polysaccharide.

38. The silicon-containing polymer of Claim 37, wherein the silicon-
containing polysaccharide 1s a silicon-containing starch or a silicon-containing celiulose.

39 The silicon-containing polymer of Claim 38, wherein the silicon-

containing cellulose is a silicon-containing hydroxyethylcellulose.
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40.  The silicon-containing polymer of Claim 38, wherein the silicon-
containing cellulose is a silicon-containing peatil starch.

41. The silicon-containing polymer of any one of Claims 32 to 40, wherein the
silicon-containing polymer 18 a hydroxamated polymer. .

42. The silicon-containing polymer of Claim 32, wherein the silicon-
containing polymer comprises recurring units, the recuriing units comprising a first
recurring unit having a structure —[CH>,C(R")YH]- and a second recurring unit having a
structure —{CHgC(RZ)H]——, wherein R' s —C(=0)0, and wheiein R® is —
C(=0)NH)CH;CH>CH,CH»S1(0);.

43 Lhe silicon-containing polymer of Claim 42, wherein the silicon-
containing polymer comprises at least about 90% by number of the first recurting unit

44 The silicon-containing polymer of Claim 42, wherein the silicon-
containing polymer comptises about 96% by number of the first recurring unit and about
4% by number of the second recurring unit.

45 The silicon-containing polymer of Claim 32, wherein the polymer
compiises recutring units, the 1ecurting units comprising a first recurring unit having a
structure ~[CH.C(RYH]-, a second recurring unit having a stiucture —[CH>C(R*)H]-, a
third recurring umit having a structure —[CHQC(RB)H]—“, a fourth recurring unit having a
structure —[CH,C(RMYH)-, and a fifth recurting unit having a structure —-[CH,C(R"H],
wherein R' is C(=0)NH,, wherein R” is —C(=0)0", wherein R’ is ~-C(=0)NHO', wherein
R*is -NHCH,CH(OH)CH,OCH,CH,CH,Si(0"); and wherein R’ is -NH,

46. IThe silicon-containing polymer of Claim 45, wherein the silicon-
containing polymer comprises up to about 50% by number of the fitst 1ecurting unit, up to
about 90% by number of the second recurring umt, from about 1% to about 60% by
number of the third recurting unit, from about 1% to about 30% by number of the fourth
recurring unit, and from about 1% to about 30% by number of the fifth recurring ﬁnit.

47. The silicon-containing polymer of Claim 45, wherein the first recuiring
unit and the second recurring unit together comprise about 80% to about 85% by number
of the recurring units, wherein the third recurrning unit comprises about 5% to about 15%
by number of the recurring units, and wherein the fourth and fifth recurring units together
comprise the remainder of the recurting units.

48. The silicon;containing polymer of Claim 45, wheremn the hirst recurring

unit and the second recurting unit together comprise about 82% by number of the
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recuriing units, wherein the third recuiting unit comprises about 10% by number of the

recutiing units, and wherein the fourth and fifth recurting units together comprise the
remainder of the recurring units.

49, The silicon-containing polymer of Claim 32, wherein the polymer
comprises recurring units, the recuiting units comprising a first recurring unit having a
structuze —[CH;;C(RI)H]—, a second recurting unit having a structure —‘[CHQC(RQ)H]“—‘, a
third recurting unit having a stiucture —[CH,C(RH]-, a fourth recurring unit having a
stiucture —[CH,C(RMYH]-, and a fifth recurring unit having a structure —[CH;,;C(RS)H]_—,
wherein R' is C(=0)NH,, wherein R” is —C(=0)0, whetein R’ is -C(=0)NHO", wherein
R* is -NHC(=0)NHCH>CH,CH,S8i(0"); and wherein R® is -NH,.

50. The silicon-containing polymer of Claim 49, wherein the first recurting
unit and the second recurting unit together comprise about 65% to about 70% by number
of the recurring units, wherein the third recurring unit comprises about 20 to about 30%
by number of the recurring units, and wherein the fourth and fifth recurring units together
compiise the remainder of the recuriing units.

31 The silicon-containing polymer of Claim 32, wherein the polymer
compiises recurring units, the recurring units comprising a first recurring unit having a
structure —[CH,C(RMYH]-, a second recurring unit having a structure —[CH>C(RHH]-, a
third 1ecurting unit having a structure —[CH>C(RH]-, a fourth recurting unit having a
structure —[CH-C(R*)H]~, and a fifth recurring unit having a structure —-[CH,C(RH]-,
wherein R' is C(=0)NH,, wherein R* is ~C(=0)0", whetein R’ is -C(=0)NHO", wherein
R" is -NHCH,CH(OH)CH,OCH,CH,CH,Si(0)s. and wherein R’ is -NH,

52 The silicon-containing polvmer of Claim 51, wherein the first recurring
unit and the second recurring unit together compiise about 80 % to about 85% by number
of the recurring units, wherein the third recurring unit comprises about 5% to about 15%
by number of the recurzing units, and wherein the fourth and fifth recutiing units together
comprise the remainder of the recurring units.

33 A flocculation method, comprising intermixing a silicon-containing
polymer according to any one of Claims 32 to 52 with a Bayer process stream 1n an
amount effective to flocculate at least a portion of solids suspended therein, wherein the
suspended solids are selected fiom the group consisting of red mud, desilication product,

and mixtures theieof.
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54, T he flocculation method of Claim 53, conducted in the substantial absence
ot flocculants other than the silicon-containing polymer.

55 The tlocculation method of Claim 33 or Claim 54, further compiising
intermixing an anionic polymeric flocculant with the Bayer process stream, wherein the
anionic polymeric flocculant 1s different from the hydroxamated silicon-containing
polymer

36.  lhe flocculation method of Claim 55, wherein the anionic polymetic
flocculant is hydroxamated

57. A hydioxamated water-soluble or water-dispersible silicon-containing

polymer comprising a silicon-containing group attached thereto.

38. I'he hydioxamated silicon-containing polymer of Claim 57, wherein the
stlicon-containing polymer comprises at least one -Si(OR); group, wherein R s
independently selected from the group consisting of hydrogen, C;.20 alkyl, Ci.29 alkenyl,
Cs.12 aryl, C7.29 arylkyl, a group I metal ion, a group 1l metal ion, and NR’;"; wherein R’ is
independently selected from the group consisting of hydrogen, Ci.0 alkyl, Ci.p0 alkenyl,
Cs.12 aryl, and Cq¢ arylkyl; and wherein R and R’ are independently unsubstituted,
hydroxy-substituted, or beta hydroxy substituted,

59.  lhe hydroxamated silicon-containing polymer of Claim 58, where R 1s

selected from the group consisting of Na™, K™, and NH;".

60.  lhe hydroxamated silicon-containing polymer of Claim 58 or Claim 59,
wherein the silicon-containing polymer contains at least about 5 weight % of the -S1{OR);
group.

61 I he hydroxamated silicon-containing polymer of any one of Claims 57 to

60, wherein the hydroxamated silicon-contaming polymer is selected fiom the group
consisting of a hyvdroxamated silicon-containing polyethyleneimine, a hydroxamated vinyl

triethoxysilane copolymer, a hydroxamated copolymer of acirylic acid and

triethoxysilylpropvlaciylamide, a hydroxamated copolymer of actylic acid and
triethoxyvinylsilane; a hydroxamated silicon-containing polysacchaiide, a hydroxamated
silicon-containing  styrene/maleic  anhydride copolymer, a hydroxamated silicon-
containing maleic anhydride/alkyl vinyl ether copolymer, and mixtures thereof.

62.  1he hydroxamated silicon-containing polymer of Claim 61, wherein the
hydroxamated silicon-containing polymer is a hydroxamated silicon-containing maleic

anhydiide/alkyl vinyl ether copolymer
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63. The hydioxamated silicon-containing polymer of Claim 62, wheiein the
hydroxamated silicon-containing maleic anhydride/alkyl vinyl ether copolymer is a
hydroxamated silicon-containing maleic anhydiide/methyl vinyl ether copolymer.

64. IThe hydroxamated silicon-containing polymer of any one of Claim 61,
wherein the hydroxamated silicon-containing polymer is a hydroxamated silicon-
containing polysaccharide

6> The hydioxamated silicon-containing polymer of Claim 64, wherein the
hydroxamated silicon-containing polysaccharide is a hydioxamated silicon-containing
starch or a hydroxamated silicon-containing cellulose.

66. lThe hydroxamated silicon-containing polymer of Claim 65, wherein the
hydroxamated silicon-containing cellulose 1s a hydroxamated silicon-containing
hydroxyethylcellulose

67. A flocculation method, comprising intermixing a hydroxamated silicon-
containing polymetr according to any one of Claims 57 to 66 with a Bayer process stream
in an amount effective to flocculate at least a portion of solids suspended therein, whetein
the suspended solids are selected from the group consisting of red mud, desilication
product, and mixtures thereof

68. 1 he floccuiation method of Claim 67, conducted in the substantial absence

of flocculants other than the hydroxamated silicon-containing polymer .
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