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Use of hydrophobically associating copolymers as binders for pelletizing metal containing ores

The present invention relates to the use of hydrophobically associating copolymers, as binders
for pelletizing metal containing ores such as iron containing ores.

Background of Invention

A pelletizing process is a compressionless agglomeration of a material in the form of pellets. A
variety of different materials may undergo such a process, including chemicals, metal containing
ores such as iron ores, animal feed, and the like.

For example, iron ore pellets are spheres of typically 8 to 18 mm which are used as the raw
material for blast furnaces. They typically contain at least 60 % to 70 % iron ore and various
additional materials adjusting the chemical composition and the metallurgic properties of the
pellets.

In a direct reduction process, the pellets having a high, uniform mechanical strength and high
abrasive strength increase production of sponge iron when using the same amount of fuel. lron
ore pellets may also be less vulnerable to degradation during transportation due to higher abra-
sion resistance. Moreover, pellets allow for an easier handling.

The process of pelletizing combines mixing of the raw material, forming the pellet and a thermal
treatment baking the soft raw pellet to a hard sphere. The raw material is rolled into a ball and
then fired in a kiln to sinter the particles into a hard sphere. The configuration of metal contain-
ing ore pellets as packed spheres allows air to flow between the pellets while decreasing the
resistance to air that flows up through the layers of material during the smelting. In contrast, the
configuration of metal containing ore powder (instead of metal containing ore pellets) in a blast
furnace is more tightly packed and prevents the air flow, choking the furnace.

The additional materials that may be added for the pelletizing of a metal containing ore, such as
an Fe containing ore, may include additives to control the basicity. Examples of additonal mate-
rials include limestone and/or dolomite, and solid fuel additives such as coal /coke breeze. Fur-
thermore, a binder may be added. In many cases, Bentonite, an absorbent aluminium phyllosili-
cate, is used as a binder since its use typically provides pellets with the required mechanic
properties, e.g. wet strength, dry strength and drop number. Bentonite swells up on contact with
water and forms a viscous sticky mass that is used as the active binder. However, the Bentonite
is not burned off during the firing process and thus, residual Bentonite or other silicon-based
derivatives thereof formed during sintering remain, which is undesirable.
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Other binders, such as the organic binder Alcotac® FE13 (BASF SE) comprising a copolymer of
acrylamide and acrylic acid, or cellulose-based binders, are also known to be suitable for the
metal-containing ore pelletization. The advantage of organic binders is that they are burned off
when sintered and thus, the remaining metal pellets are free from residual organic binder. How-
ever, the prior art organic binders alone do typically not provide the same desired mechanic
properties to the metal containing pellets compared to Bentonite. Thus, compositions compris-
ing Bentonite together with other binders are oftentimes used as binder.

W02013010629 (A1) describes binder compositions for pelletization of fine mineral particles
comprising a) at least one colloid agent which exerts a cohesive force on the mineral particles
forming the pellets, and b) at least one synthetic polymer which disperses mineral particles
evenly in the pellets.

US 4684549 discloses a process in which iron ore pellets are made by addition of binder com-
prising organic polymer or copolymer of sodium acrylate and acrylamide.

US 4728537 discloses organic polymer binders like cationic polymers from diallyl dimethyl am-
monium chloride and quaternised dialkylaminoalkyl (methyl) acrylates and quaternised dialkyl-
aminoalkyl (methyl) acrylamides.

US 4767449 relates to a process of agglomerating, comprising a two component binder system,
a first component being a binding polymer and a second one being clay. The polymer or copol-

ymers is a derivative from monomer units of acrylamide, sodium acrylate, vinyl acetate and poly
(ethylene oxide). The polymer can also be a polysaccharide, e.g. carboxymethyl cellulose, guar
gum and hydroxyethyl cellulose.

US 5294250 discloses a self-fluxing clay free binder composition comprising in admixture of a
carrier selected from the group of synthetic or natural magnesium and/or calcium mineral such
as calcite, olivine, magnesite and dolomite, and one organic enhancer consisting of a natural
polysaccharide of high viscosity, e.g. guar gum.

Overall, there is still a need to reduce the amount of Bentonite in metal-containing ore pellets

while at least maintaining desired mechanic properties of the metal containing pellet.

There is also still a need to provide other organic binders for the pelletizing of metal containing
ores to afford metal containing ore pellets with desirable mechanic properties.

It is thus an object of the present invention to produce metal-containing ore pellets that provide
desired mechanic properties by using organic binders.



Summary

The object was solved by using copolymer, also called a hydrophobically associating
copolymer for pelietizing of metal containing ore.

Another embodiment of the invention relates to a use of a hydrophobically associating
copolymer for pelletizing of metal containing ore, wherein the hydrophobically

associating copolymer comprises monomer units derived from

i. at least one anionic monoethylenically unsaturated, hydrophilic monomer
A,
ii. at least one uncharged, monoethylenically unsaturated hydrophilic
monomer B, and
ii. atleast one unsaturated, hydrophobically associating monomer C;
wherein the at least one monomer C is a monomer of the general formula (l), formula
(1), formula (V) or formula (VI1),
H2C=C(R")-R2-O-(-CH2-CH2-O-)k-(-CH(R5)-CH(R?)-O-)-(-CH2-CH2-O-)m-R*  (I)

H2C=C(R")-(C=0)-0O-(-CH2-CH(R%)-O-)-R® (1

Rg Rc
Ry o)
Ro—N
a  x
RE—/N:
Ré Ro V)
Rb Rc
G
\
Ry (V1)
wherein
k: is a number from 10 to 150;

l: is a number from 5 to 20;

CA 2995006 2019-06-06
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m: is a number from 0 to 30;
R':  is H or methyi;

R2.  is independently a single bond or a divalent linking group selected from the
group consisting of —(CHz)n — and ~O—(CHz)~ —, where n is a natural number from 1 to 6
and n' is a natural number from 2 to 6;

R3and R5:  are each independently hydrogen or a hydrocarby! radical having 1 to 6
carbon atoms or an ether group of the general formula —CH2—-O-R¥ where R¥ is a
hydrocarbyl radical having at least 2 carbon atoms; with the proviso that the sum total of
the carbon atoms in all hydrocarbyl radicals R3 or R% and RS is in the range from 10 to
50; and

R4 is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms;
R5: is independently H, methyl or ethyl;

Reé: is independently an aliphatic and/or aromatic, straight-chain or branched
hydrocarbyl radical having 8 to 40 carbon atoms;

Ra, Rs, Rc, Ro, Re, Rr, Ra, Rb, Re: are each independently hydrogen or a hydrocarbyl
radical containing 1 to 4 carbon atoms;

Q: is a hydrocarbylene radical containing 1 to 8 carbon atoms;

Re:  is a hydrocarbyl radical containing 8 to 30 atoms;

Rqe:  is a saturated or unsaturated alkyl containing 4 to 18 carbon atoms;
X is a counterion with a negative charge; and

G: is —O- or =NH-.

Further, the object was solved by a composition for metal containing ore pelletizing
comprising

a hydrophobically associating copolymer, preferably comprising monomer units derived
from at least one anionic monoethylenically unsaturated, hydrophilic monomer A, at

least one uncharged, monoethylenically unsaturated hydrophilic

CA 2995006 2020-01-14
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monomer B, and at least one unsaturated, hydrophobically associating monomer
C;and
ii. a pelletizing aid and/or a water soluble treatment polymer,

wherein the pelletizing aid is a water soluble material selected from the group
consisting of sodium carbonate, sodium bicarbonate, sodium silicate, sodium
phosphate, sodium stearate, sodium benzoate, sodium tartrate, sodium oxalate,
sodium citrate, sodium acetate, the corresponding ammonium, potassium,
calcium and magnesium salts of the preceding sodium salts, urea and calcium
oxide, and preferably is sodium carbonate; and

wherein the water sobuble treatment polymer has molecular weight of from
about 1,000 to about 20,000 and is a synthetic polymer formed by
polymerisation of water soluble ethylenically unsaturated anionic monomer or
water soluble ethylenically unsaturated monomer blend containing at least 50%

by weight anionic monomer, and preferably is a homopolymer of acrylic acid.

Another embodiment of the invention relates to a composition for metal containing ore
pelletizing comprising
i. a hydrophobically associating copolymer as described hereinabove; and
i, a pelletizing aid and/or a water soluble treatment polymer,

wherein the pelletizing aid is a water soluble material selected from the group consisting
of sodium carbonate, sodium bicarbonate, sodium silicate, sodium phosphate, sodium
stearate, sodium benzoate, sodium tartrate, sodium oxalate, sodium citrate, sodium
acetate, the corresponding ammonium, potassium, calcium and magnesium salts of the
preceding sodium salts, urea and calcium oxide; and wherein the water soluble
treatment polymer has molecular weight of from 1,000 to 20,000 and is a synthetic
polymer formed by polymerisation of water soluble ethylenically unsaturated anionic
monomer or water soluble ethylenically unsaturated monomer blend containing at least

50% by weight anionic monomer.

CA 2995006 2019-06-06
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Detailed description

The present invention relates to the use of a copolymer, herein also called a
hydrophobically associating copolymer for pelletizing of metal containing ore. A
hydrophobically associating copolymer comprises monomer units which impart
hydrophobically associating properties.

In the ideal case, the copolymers used in accordance with the invention should be
miscible with water in any ratio. According to the invention, however, it is sufficient when
the copolymers are water-soluble at least at the desired use concentration and at the
desired pH. in general, the solubility of the copolymer in water at room temperature

under the use conditions should be at least about 10 g/l or at least 25 g/l.

In a preferred embodiment, the molecular weight of the copolymer is at least 300,000
Da, preferably at least 500,000 Da and even more preferably at least 1,000,000 Da.
The person skilled in the art will be aware how to determine the molecular weight of a

copolymer, which is typically

CA 2995006 2019-06-06
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determined as an average, preferably as the mass average molecular weight (Mw) or as a num-
ber-average molecular weight (M,). The molecular weight of the copolymer may be determined
for example by permeation chromatography which is particularly suitable for the determination
of the molecular weight for copolymers having a molecular weight up to about 1 MDa.

In a preferred embodiment, the amount of copolymer used in the intimate mixture for pelletizing
of the metal containing ore is generally from about 0.005% wt. to about 0.1 % wt., and prefera-
bly from about 0.01% wt to about 0.1% wt, based on the weight of the intimate mixture compris-
ing ore, copolymer and moisture. The amount of moisture will vary according to the ore and the
process but is typically in the range of from about 7 to about 15%, or from about 8 to about 12%
by weight based on the weight of the intimate mixture. Some or all of this moisture may be in-
troduced with the binder copolymer and/or an optional treatment polymer or by a deliberate ad-
dition of water, but often all the moisture is present in the ore and all the additives, such as the
copolymer, are added dry.

In a preferred embodiment, the hydrophobically associating copolymer comprises monomer
units derived from at least one unsaturated hydrophobically associating monomer C.

The hydrophobically associating monomers C comprise, as well as preferably an ethylenically
unsaturated group, a hydrophobic group which, after the polymerization, is responsible for the
hydrophobic association of the copolymer formed. They preferably further comprise hydrophilic
molecular components which impart a certain water solubility to the monomer.

In a particularly preferred embodiment, the at least one of the hydrophobically associating mon-
omers C is a monomer of the general formula (1)

HaC=C(R")~R2~0~(~CHz~CHz-O-)—(~CH(R8)~CH(R3)~O~)i-(~CH2-CH2-0-)m=R* (1),

wherein
k: is a number from 10 to 150, and preferably from 20 to 30;
I: is a number from 5 to 20;
m: is a number from 0 to 30;
R': is H or methyl;
R2: is independently a single bond or a divalent linking group selected from the group
consisting of -(CH2)n — and —O—(CH2)»—, where n is a natural number from 1 to 6 and n’
is a natural number from 2 to 6;
R3 and R®: are each independently hydrogen or a hydrocarbyl radical, preferably a hy-
drocarbyl radical having 1-6 carbon atoms, or more preferably a hydrocarbyl radical hav-
ing 1-3 carbon atoms or an ether group of the general formula —-CH>-O-R? where R¥is a
hydrocarbyl radical having at least 2 carbon atoms; with the proviso that the sum total of
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the carbon atoms in all hydrocarbyl radicals R®or R* and R?® is in the range from 10 to 50
and preferably in the range from 20 to 40,
R*: is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms.

In a preferred embodiment, R' is H.

The —(CH>),— and —(CH>) groups of R2 may be straight-chained or branched. In a preferred
embodiment, the —-(CHz).— and —(CH2)n groups are straight-chained.

In a preferred embodiment, the R? group is —(CH2)n—.

In a preferred embodiment, nis 1, 2 or 3. In a more preferred embodiment, n is 1.

In another preferred embodiment, each R? group is a -O—(CHa). group.

In another preferred embodiment, n’ is 2, 3, or 4. In a more preferred embodiment, n’ is 4.

In a particularly preferred embodiment, each R2 is independently selected from -CH->— and -O-
CH>-CH>-CH>-CHa—, and preferably is -O-CH>—CH>-CH>-CHo—.

The monomers C of formula () additionally have a polyalkyleneoxy radical consisting of —(—
CH>—CH~0-)«k, «(-CH(R®)-CH(R?)-0O-) and optionally —(-CH>—CH>—0-)m units, the units being
arranged in block structure in the sequence shown in formula (). The transition between the
blocks may be abrupt or else continuous.

In a preferred embodiment, the number of ethyleneoxy units k is a number from 12 to 100, more
preferably 15 to 80, even more preferably 20 to 30 and even more preferably form 22 to 26 and
even more preferably from 23 to 26. It will be apparent to the person skilled in the art in the field
of polyalkylene oxides that the numbers mentioned are mean values of distributions.

In a preferred embodiment, R*is independently a hydrocarbyl radical having at least 2 carbona-
toms and preferably is a hydrocarbyl having 2 to 14 carbon atoms, more preferably 2 to 4, and
even more preferably having 2 or 3 carbon atoms. The hydrocarboyl radical may be an aliphatic
and/or aromatic, linear or branched carbon radical.

In a preferred embodiment, R? is selected from ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-
heptyl, n-octyl, n-nonyl or n-decyl and phenyl. In a more preferred embodiment, R? is selected
from n-propyl, n-butyl, n-pentyl.
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In a particularly preferred embodiment, R? is selected from ethyl or n-propyl. Thus, in a pre-
ferred embodiment, the -(-CH>—CH(R3)-O-), block in formula (1) is a polybutyleneoxy block or a
polypentyleneoxy block.

In another preferred embodiment, R® may is an ether group of the general formula —-CH2>-O-R3.
In a preferred embodiment, R¥ is an aliphatic and/or aromatic, linear or branched hydrocarbyl
radical having at least 2 carbon atoms. In a preferred embodiment, R3 comprises from 2 to 10
carbon atoms and more preferably at least 3 carbon atoms. In another preferred embodiment,
R? is selected from n-propyl, n-butyl, n-pentyl, n-hexyl, 2-ethylhexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl or phenyl.

It will be apparent to the person skilled in the art in the field of polyalkylene oxides that the ori-
entation of the hydrocarbyl radicals R®* may depend on the conditions in the alkoxylation, for
example on the catalyst selected for the alkoxylation in the polymerisation reaction of the copol-
ymer of the present invention. The alkyleneoxy groups can thus be incorporated into the mono-
mer C in the orientation —-(-CH,—CH(R?)-O-)- or else the inverse orientation —(-CH(R?)-CH»-O-
). The representation in formula () shall therefore not be regarded as being restricted to a par-
ticular orientation of the R3 group.

The number of alkyleneoxy units | is a number from 5 to 20 and preferably from 8.5 to 17.25,
with the proviso that the sum total of the carbon atoms in all hydrocarbyl radicals R® or R¥ is in
the range from 20 to 40 and preferably from 25.5 to 34.5. If the R® radicals are an ether group -
CH2-O-R?¥, the proviso applies that the sum total of the hydrocarbyl radicals R is in the range
from 20 to 40 and preferably from 25.5 to 34.5, not including the carbon atom in the linking -
CH2-O- group in -CH>-O-R?.

A preferred embodiment relates to an above-described copolymer comprising a monomer C
wherein R3 is ethyl and | is a number from 12.75 to 17.25, preferably 13 to 17, and more prefer-
ably 14 or 16. A further preferred embodiment relates to an above-described copolymer com-
prising a monomer C where R3 is n-propyl and | is a number from 8.5 to 11.5, preferably 9 to 11,
for example 10 or 11. It will be apparent to the person skilled in the art in the field of poly-
alkylene oxides that the numbers mentioned are mean values of distributions.

The optional block —(-CH>—CH2-O-)n is a polyethyleneoxy block. The number of ethyleneoxy
units m is a number from 0 to 15, preferably from 0 to 10, more preferably from about 0.1 to
about 10, more preferably from 0.1 to about 5, even more preferably from about 0.5 to about 5
and most preferably from about 0.5 to about 2.5. It will be apparent to the person skilled in the
art in the field of polyalkylene oxides that the numbers mentioned are mean values of distribu-
tions.
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In a preferred embodiment, R* is selected from H, methyl and ethyl. In a more preferred embod-
iment, R* is selected from H or methyl. In a particularly preferred embodiment, R* is H.

In another preferred embodiment, R® is hydrogen.

In the monomers C of the formula (1}, a terminal, monoethylenic group is joined to a poly-
alkyleneoxy group with block structure, more specifically first to a hydrophilic block having poly-
ethyleneoxy units and the latter in turn to a second hydrophobic block formed from alkyleneoxy
units, preferably at least butyleneoxy units or units of higher alkylene oxides and more prefera-
bly from butyleneoxy or pentyleneoxy units. The second block may have a terminal -OR* group,
especially an OH group. The end group need not be etherified with a hydrocarbyl radical for
hydrophobic association; instead, the second block —(-CH>—CH(R?3)-O-),itself having the R3 or
R?* radicals may be responsible for the hydrophobic association of the copolymers prepared
using the monomers C. Etherification is just one option which can be selected by the person
skilled in the art according to the desired properties of the copolymer.

It will be apparent to the person skilled in the art in the field of polyalkyleneoxy block copolymers
that the transition between the two blocks, according to the method of preparation, may be ab-
rupt or else continuous. In the case of a continuous transition, there is a transition zone com-
prising monomers of both blocks between the blocks. If the block boundary is fixed in the middle
of the transition zone, the first block — (-CH>—CH2>-O-)x may correspondingly still have small
amounts of -(—CH>—-CH(R?)-0-)- units and the second block —(~CH(R?-CH(R?)-O-); small
amounts of -(—~CH>-CH2>-O-)- units, in which case these units, however, are not distributed ran-
domly over the block but are arranged within the transition zone mentioned. More particularly,
the optional third block (-CH-CH2>-0-),, may have small amounts of

units -(~CH>~CH(R3)-O-)-.

Thus, monomer C of formula (l) comprises (-CH2-CH2-O-)i, (-CH(R®%)-CH(R?®)-O-); and optionally
-(-CH>-CH»-O-)m units which are arranged in block structure in the sequence shown in formula
(). "Block structure” in the context of the present invention means that the blocks are formed
from the corresponding units to an extent of at least 85 mol%, preferably to an extent of at least
90 mol%, more preferably to an extent of at least 95 mol%, based on the total amount of the
respective block. This means that the blocks, as well as the corresponding units, may have
small amounts of other units (especially other polyalkyleneoxy units). More particularly, the op-
tional polyethyleneoxy block -(-CH»>-CH2-O-)m comprises at least 85 mol%, preferably at least 90
mol%, based on the total amount of the block, the unit (-CH2-CH2-O-). More particularly, the
optional polyethyleneoxy block -(-CH2-CH»-O-)m consists of 85 to 95 mol% of the unit (-CHa-
CH2>-O-) and of 5 to 15 mol% of the unit (-CH(R®%)-CH(R3)-O-).

In a preferred embodiment, k, | and m are selected as follows:
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k: is a number from 23 to 26;
I is a number from 8.5 to 17.25; and
m: is a number from 0 to 15.
In a particularly preferred embodiment of formula (1),
k: is a number from 23 to 26;
I is a number from 12.75 to 17.25;
m: is a number from 0 to 15, preferably O or preferably 0.5 to 10;
R isH;
R%  is adivalent linking group —O—(CHz) v — where n’ is 4;
R3: is independently a hydrocarbyl radical having 2 carbon atoms; and
R4  is H;and
RS  isH.
In another particularly preferred embodiment of formula (1),
k: is a number from 23 to 26;
I is a number from 8.5 to 11.5;
m: is a number from 0 to 15;
R1: is H;

Rz is a divalent linking group —O—(CH2)y— where n’ is 4;

R3; is a hydrocarbyl radical having 3 carbon atoms; and
R4 is H; and
RS: is H.

In another embodiment, the monomer C of formula (1) in the copolymer is a mixture of a
monomer C of formula (l) wherein m is 0 and a monomer C of the formula (l) wherein m
is 1 to 15, preferably 1 to 10. In a preferred embodiment, the weight ratio of the
monomer C of the formula (l) wherein m is 0 and the monomer C of the formula (l)

CA 2995006 2019-06-06
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wherein m is 1 to 15, preferably 1 to 10, is in the range from 19 : 1 to 1 : 19, preferably
in the range from 9 : 1 to 1 : 9. This mixture of monomer C of the formula (I) wherein m
is 0 and monomer C of the formula (I) wherein m is 1 to 15 more preferably gives rise to
a mean value (averaged over all monomers C in the copolymer) for m from about 0.1 to
about 10, preferably from about 0.1 to about 5, more preferably from about 0.5 to about

5 and even more preferably from about 0.5 to about 2.5.

Methods for preparing monomers C of formula (l) are for example described in
WO 2014/095608.

CA 2995006 2019-06-06



10

15

20

25

30

CA 02995006 2018-02-07

WO 2017/037207 PCT/EP2016/070671

9
In another preferred embodiment, the monoethylenically unsaturated water-soluble monomer C
is selected from the group of

H,C=C(R")-R?-0~(-CH-CH(R?)-O-)i-(-CH-CH(R3)-0-)-R* (1A},

H,C=C(R")-O-(-CH-CH(R5)-0-)«-R® (I,
H,C=C(R1)-(C=0)-O~(-CH,-CH(R®)-O-)-R® (),
H,C=C(R")-(C=0)-O-R¢ V),
Rg Rc
RA o0
Ro—N,
Q X-
RE*/N\+
RF Re (V); and
Rp Re
R, o
G
Ra (V1)
wherein

R!, R2, R, R4, k and | of formula (IA), (I1), and (I1l) may be selected as defined above for formula

().

In the -(-CH2-CH(R?)-O-)« block of formula (I1A), (I1) and (lll), each R%¥ is independently H, methyl
or ethyl, preferably H or methyl. In a preferred embodiment at least 50 mol% of the R¥ radicals
are H. Preferably at least 75 mol% of the R® radicals are H, more preferably at least 90 mol%,
and they are most preferably exclusively H. The block mentioned is thus a polyoxyethylene
block which may optionally also have certain proportions of propylene oxide and/or butylene
oxide units, preferably a pure polyoxyethylene block.

Ré in formula (Il) or (lll) or (IV) is an aliphatic and/or aromatic, straight-chain or branched
hydrocarbyl radical having 8 to 40 carbon atoms, preferably 12 to 32 carbon atoms. In a
preferred embodiment, R® may comprise n-alkyl groups such as n-octyl, n-decyl or n-dodecyl
groups, phenyl groups, and especially substituted phenyl groups. Substituents on the phenyl
groups may be alkyl groups, for example C+-Ce-alkyl groups, preferably styryl groups. Particular
preference is given to a tristyrylphenyl group.
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The hydrophobically associating monomers of the formulae (II) and (lll) and the
preparation thereof are known in principle to those skilled in the art, for example from
EP 705 854 A1.

Ra, Rs, R¢, Rp, Rg, Rr in formula (V) are each independently hydrogen or a hydrocarbyl
radical containing 1 to 4 carbon atoms;

Q is a hydrocarbylene radical containing 1 to 8 carbon atoms; and
Rc is an hydrocarbyl radical containing 8 to 30 atoms;
X is a counterion with a negative charge.

In a preferred embodiment, X is a halide selected from the group including bromide, or
chloride, iodide, fluoride. However, X may also be any other suitable counterion.

Ra, Rp and R¢ in formula (VI) are each independently selected as hydrogen or a
hydrocarbyl radical containing 1 to 4 carbon atoms.

Rqin formula (VI) may be selected as a saturated or unsaturated alkyl containing 4 to 18
carbon atoms.

G in formula (VI) is —=O- or —NH-.

In a preferred embodiment, at least 50% by weight, preferably at least 80% by weight,
of the hydrophobically associating monomers are monomers C of the general formula
(D, (A), (1), (1, (AVv), (V) and (VI), and particular preference is given to using only
monomers C of the general formula (1), (Il), (Il), (IV), (V) and/or (VI) as hydrophobically
associating monomers in the inventive copolymer. Particular preference is given to
using only mononomers C of the general formula (1) as the hydrophobically associating
monomers to prepare the copolymers used according to the present invention.

In a preferred embodiment, the amount of the monoethylenically unsaturated,
hydrophobically associating monomers C is from about 0.1 to about 15% by weight,
based on the total amount of all monomers in the copolymer, preferably from about 0.1
to about 10% by weight, more preferably from about 0.2 to about 5% by weight and
even more preferably from about 0.5 to about 2% by weight.

CA 2995006 2020-01-14
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In another preferred embodiment, the copolymer used according ot the present
invention comprises from about 0.1 to about 15% by wt. and preferably from about 0.5
to about 4 % by wt. at least one monomer C, wherein the % by wt. is based on the total

weight of all monomers in the copolymer.

CA 2995006 2020-01-14
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In another preferred embodiment, the hydrophobically associating copolymer used according to
the present invention further comprises monomer units derived from at least one anionic mo-
noethylenically unsaturated, hydrophilic monomer A. In a preferred embodiment, the at least
one monomer A comprises at least one group selected from the group consisting of -COOH, -
SOsH, -PO3zH,, salts thereof and mixtures of any of the foregoing.

Examples of Monomer A comprising —COOH groups include, but are not limited to, acrylic acid,
methacrylic acid, crotonic acid, itaconic acid, maleic acid or fumaric acid. In one embodiment,
the Monomer A comprising -COOH groups comprises crotonic acid, itaconic acid maleic acid or
fumaric acid.

Examples of monomers A comprising sulfonic acid groups include vinylsulfonic acid, al-
lylsulfonic acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-methacrylamido-2-
methylpropanesulfonic acid, 2-acrylamidobutanesulfonic acid, 3-acrylamido-3-
methylbutanesulfonic acid or 2-acrylamido-2,4,4-trimethylpentanesulfonic acid. Preference is
given to vinylsulfonic acid, allylsulfonic acid or 2-acrylamido-2-methylpropanesulfonic acid.

In a preferred embodiment, the at least one monomer A is 2-acrylamido-2-methyl-propane sul-
fonic acid (AMPS or ATBS).

Examples of monomers A comprising phosphonic acid groups comprise vinylphosphonic acid,
allylphosphonic acid, N-acrylamidoalkylphosphonic acids, N-methacrylamidoalkylphosphonic
acids acryloyloxyalkylphosphonic acids, methacryloyloxyalkylphosphonic acids, preference be-
ing given to vinylphosphonic acid.

In one preferred embodiment, the copolymer used according to the present invention comprises
monomer units derived from at least one unsaturated, hydrophobically associating monomer C
and at least one anionic monoethylenically unsaturated, hydrophilic monomer A.

In another preferred embodiment, the hydrophobically associating copolymer used according to
the present invention further comprises monomer units derived from at least one uncharged,
monoethylenically unsaturated hydrophilic monomer B. It is even more preferred that the
copolymer comprises monomer units derived from at least one unsaturated, hydrophobically
associating monomer C and at least one uncharged, monoethylenically unsaturated hydrophilic
monomer B.

In a preferred embodiment, the monoethylenically unsaturated, hydrophilic monomer B is
selected from the group consisting of acrylamide, methacrylamide, N-methyl acrylamide, N-
methyl methacrylamide, N,N’-dimethyl acrylamide, N,N’-dimethyl methacrylamide, N-methylol -
acrylamide N-methylol methacrylamide, uncharged vinylamides such as vinylformamide or N-
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vinylpyrrolidone; and mixtures thereof. Preference is given to acrylamide or methacrylamide,
especially acrylamide. In a preferred embodiment, when mixtures of different monomers B are
used, at least 50 mol% of the monomers B should be acrylamide or methacrylamide, and
preferably acrylamide.

In a preferred embodiment, the hydrophobically associating copolymer comprises monomer
units derived from

i. at least one anionic monoethylenically unsaturated, hydrophilic monomer A,
ii. at least one uncharged, monoethylenically unsaturated hydrophilic monomer B, and
iii. at least one unsaturated, hydrophobically associating monomer C.

The monomers may of course also be the salts of the anionic acidic monomers. Suitable coun-
terions comprise especially alkali metal ions such as Li*, Na* or K*, and ammonium ions such
as NH4* or ammonium ions with organic radicals.

It is preferred that in a copoylmer comprising monomer units derived from Monomers A and B,
Monomer A and B are miscible with water in any ratio, but it is sufficient for execution of the
invention that the inventive copolymer possesses the water solubility mentioned at the outset. In
a preferred embodiment, the solubility of the monomers A and B in water at room temperature
should be at least 50 g/l, preferably at least 150 g/l and more preferably at least 250 g/l.

In a preferred embodiment, monomer A is AMPS and/or monomer B is acrylamide.

In yet another preferred embodiment, the copolymer comprises about 2 % by wt. at least one
monomer C, about 48 % by wt. at least one monomer A and about 50 % by wt. at least cne
monomer B, wherein monomer A is preferably AMPS and/or monomer B is preferably acryla-
mide. The % by weight is in each case based on the total weight of monomers in the copolymer.

In one embodiment, the copolymer used according to the present invention has been made by
polymerisation of the monomer blend in the presence of at least one branching agent. The
branching agent may cause covalent or ionic cross linking through pendant groups, (e.g., by
use of a glycidyl ether or multivalent metal salt) but preferably the branching agent is a dieth-
ylenically unsaturated monomeric branching agent. The amount of branching agent is preferably
in the range of from about 2 to about 200 ppm and more preferably from about 10 to about 100
ppm. The ppm values are based on the total weight of the copolymer.

In a preferred embodiment, the at least one branching agent is selected from methylene bis
acrylamide (MBA) and tetra allyl ammonium chloride (TAAC) or combinations thereof.
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In one embodiment, the copolymer does not comprise monomers derived from monomers C of
formula (V) or (VI).

In another preferred embodiment, the copolymer does not comprise monomers derived from
Rosin or derivatives thereof. Rosin is a solid form of resin obtained from pines and some other
plans, mostly conifers, produced by heating fresh liquid resin to vaporize the volatile liquid ter-
pene components. It essentially consists of abietic acid. Common derivatives of Rosin are, for
example, esters of Rosin compounds. Examples of Rosin and derivatives thereof are CAS No.
8050-08-7, CAS No. 65997-06-0, CAS No. 68425-08-1, CAS No. 61790-50-9, CAS No. 61790-
51-0 and CAS No. 68783-82-4.

In another preferred embodiment, the copolymer according to the present invention does not
comprise a polyamide polyamine chain as a side chain.

In another preferred embodiment, the copolymer according to the present invention does not

comprise a COOH or COQO- residue as a side chain. Thus, in this embodiment, the copolymer
according to the present invention is not derived from monomers of acrylic acid and/or meth-

acrylic acid.

In a preferred embodiment of the present invention, the copolymer is used for pelletizing of
metal containing ore wherein the metal containing ore is selected from the group of Fe contain-
ing ore, Cu containing ore, Mo containing ore, Ni containing ore, Cr containing ore or mixtures
thereof and preferably is Fe containing ore. In a particularly preferred embodiment, the Fe con-
taining ore comprises magnetite, hematite or goethite or combinations thereof.

The present invention also relates to compositions comprising a hydrophobically associative
copolymer as described above and a pelletization aid and/or a water soluble treatment polymer.

In a preferred embodiment, the inventive composition further comprises at least one metal con-
taining ore as described above. Thus, the composition according to the present invention may
be a metal containing ore pelletization composition for pelletization.

In a preferred embodiment, the pelletizing aid is a water soluble material selected from the
group consisting of sodium carbonate, sodium bicarbonate, sodium silicate, sodium phosphate,
sodium stearate, sodium benzoate, sodium tartrate, sodium oxalate, sodium citrate, sodium
acetate, the corresponding ammonium, potassium, calcium and magnesium salts of the preced-
ing sodium salts, urea and calcium oxide.

In a more preferred embodiment, the pelletizing aid comprises sodium carbonate.
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In another preferred embodiment, the weight ratio of copolymer to pelletizing aid is generally in
the range of from about 5:1 to about 1:5 and more preferably from about 2:1 to about 1:2, by
weight.

The ratio of copolymer to treatment polymer is generally in the range of from about 10:1 to
about 1:2 and preferably from about 5:1 to about 1:1, by weight.

In another preferred embodiment, the water soluble treatment polymer has a molecular weight
(Mw) of about 1,000 to about 20,000. It is further preferred that the treatment polymer is a syn-
thetic polymer formed by polymerisation of water soluble ethylenically unsaturated anionic mon-
omer or water soluble ethylenically unsaturated monomer blend containing at least 50% by
weight anionic monomer.

The treatment polymer is generally formed of from about 50 to about 100% by weight, prefera-
bly from about 75 to 100 % by weight and even more preferably from about 80 to 100% by
weight anionic monomer with the balance being non-ionic monomer which will form a water sol-
uble blend with the anionic monomer. The non-ionic monomer can be a water soluble monomer
such as acrylamide or it can be a potentially water insoluble monomer such as an alkyl acrylate
or methacrylate, for instance methyl or butyl acrylate, provided that this insoluble monomer can
be dissolved in an aqueous solution of the anionic monomer during polymerisation and that the
blend provides a water soluble polymer.

The anionic monomer is generally ethylenically unsaturated carboxylic monomer, usually in the
form of an alkali metal (especially sodium) or other water soluble salt, but if desired some or all
of the anionic monomer can be an ethylenically unsaturated sulphonic monomer such as AMPS
or allyl sulphonate or vinyl sulphonate. The preferred carboxylic monomers are acrylic or meth-
acrylic acid and most preferably the anionic monomer is sodium acrylate. The preferred treat-
ment polymers are homopolymers of acrylic acid (usually as sodium polyacrylate).

The molecular weight of the treatment polymer is preferably at least 2,000 or 3,000. Often it is
below 10,000 and preferably below 8,000, with values of around 3,000 to 6,000 often being pre-
ferred, wherein the molecular weight is preferably the weight average molecular weight (Mu).
The molecular weight may be measured by gel permeation chromatography, preferably meas-
ured by size exclusion chromatography using Toao Haes TSK PWXL (G6000+G3000+guard)
columns or other suitable columns, e.g. using dipotassium hydrogen orthophosphate trihydrate
as eluant, and several sodium polyacrylate standards in the range 782200-1250 g/mol and so-
dium acrylate monomers as an additional standard. Molecular weights may be measured as the
full sodium salt.

Preferred treatment polymers also have narrow molecular weight distributions in addition to the
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defined very low molecular weight.

Higher molecular weights within the range of 1,000 to 20,000 are sometimes more suitable for
the treatment polymers when, as is sometimes preferred, the treatment polymer is to be intro-
duced in bead form. When the treatment polymer is to be supplied in liquid form, the treatment
polymer is usually made by solution polymerisation in conventional manner. When the treatment
polymer is supplied in powder form, the polymer is usually made by reverse phase bead
polymerisation or by spray drying a solution of the polymer.

If the treatment polymer is in particulate form, it generally has a particle size at least 90% by
weight below 300 pm and most preferably below 200 pm and often below 100 ym. Usually the
particle size is at least 90% by weight above 10 um. For example, the particle size may be de-
termined by sieving or laser granulometry.

It will be appreciated that the water soluble treatment polymers used in the invention are mate-
rials which are known in the industry as dispersing agents. It may be possible to obtain im-
proved dry strength by the incorporation of the treatment polymer in the inventive composition.
Further, this may preferably be achieved when the total amount of binding system (copolymer,
treatment polymer and/or pelletization aid) remains constant in the inventive composition.

The amount of treatment polymer which has to be added to the inventive composition will vary
according to the nature of the ore and the remainder of the binder system but is often at least
0.005% by wt. and most preferably is at least 0.008% by wt. Often it is in the range from about
0.01 to about 0.05% by wt. Amounts above 0.1% by wt. are usually unnecessary but can be
used if desired. The % by wt. are based on the intimate mixture composition comprising metal
containing ore, copolymer and moisture.

The treatment polymer may be incorporated in the intimate mixture of ore, binder polymer and

moisture by addition at any suitable stage. It is often desirable to mix the treatment polymer in-
timately with the ore and some or all of the moisture before adding the binder polymer or other
components of the binder system. For instance the treatment polymer can be added as a liquid
or powder prior to the filters which conventionally precede the addition to binder prior to pelleti-
zation in a drum or disc.

In one embodiment, the treatment polymer and copolymer are generally added separately, that
is to say from separate supplies, either simultaneously or sequentially in either order. This facili-
tates the possibility of adding the treatment and copolymers in different physical forms, for in-
stance the treatment polymer as a solution and the binder polymer as a powder. In particular
the treatment polymer may be added as a solution before filters and the copolymer as a powder
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after the filters but before pelletization.

Although it is often convenient to add the treatment polymer as a solution, it is usually preferred
to add it as a powder. The powder particles may be added separately from the copolymer (often
at the same time as the binder polymer) but often the treatment polymer particles may be added
as a blend with copolymer particles.

Instead of adding the treatment polymer as a solution or a blend of particles with particles of
copolymer, some of the treatment polymer can serve also as an aggregate bonding agent for
aggregates of polymer binder particles, as in EP 376,713. However it is necessary that those
aggregates should be disintegratable, as described in EP 376,713, and it is not usually practi-
cable to make disintegratable aggregates containing both the copolymer and all the desired
treatment polymer. Accordingly if the copolymer is to be introduced in the form of aggregates it
is usually preferred that these do not include treatment polymer as a bonding agent and usually
it is preferred that they do not contain any treatment polymer or, if they do, the amount of treat-
ment polymer in the aggregates should be not more than 50%, and generally not more than
10%, by weight of the total amount of treatment polymer used in the invention.

If desired, the composition according to the present invention may further comprise bentonite as
an additional binder.

In one embodiment, the inventive composition comprises from about 0 to about 60% by wt.
pelletization aid, from about 0 to about 50% by wt. treatment polymer and at least 30% by
weight of copolymer, wherein the total wt% of the composition adds up to 100 %. In a preferred
embodiment, the pelletization aid is sodium carbonate and/or the treatment polymer is polyacry-
late.

The present disclosure also relates to the use of a copolymer for pelletizing of metal containing
ore, wherein the copolymer comprises monomer units derived from at least one anionic
monoethylenically unsaturated, hydrophilic monomer A and wherein the at least one
monomer A comprises at least one group selected from the group consisting of —-SOsH, -PO3H>,
salts thereof and mixtures of any of the foregoing. Examples of monomers A comprising sulfonic
acid groups include vinylsulfonic acid, allylsulfonic acid, 2-acrylamido-2-methylpropanesulfonic
acid, 2-methacrylamido-2-methylpropanesulfonic acid, 2-acrylamidobutanesulfonic acid, 3-
acrylamido-3-methylbutanesulfonic acid or 2-acrylamido-2,4,4-trimethylpentanesulfonic acid.
Preference is given to vinylsulfonic acid, allylsulfonic acid or 2-acrylamido-2-
methylpropanesulfonic acid. Preferably the at least one monomer A is 2-acrylamido-2-methyl-
propane sulfonic acid (AMPS or ATBS). Examples of monomers A comprising phosphonic acid
groups comprise vinylphosphonic acid, allylphosphonic acid, N-acrylamidoalkylphosphonic
acids, N-methacrylamidoalkylphosphonic acids acryloyloxyalkylphosphonic acids,
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methacryloyloxyalkylphosphonic acids, preference being given to vinylphosphonic acid. In
another preferred embodiment, the copolymer further comprises monomer units derived from at
least one uncharged monosthylenically unsaturated hydrophilic monomer B. In yet another
preferred embodiment, the copolymer comprises at least one uncharged, monoethylenically
unsaturated, hydrophilic monomer B is selected from the group consisting of acrylamide,
methacrylamide, N-methyl acrylamide, N-methyl methacrylamide, N,N'-dimethyl acrylamide,
N,N’-dimethyl methacrylamide, N-methylol acrylamide, N-methylol methacrylamide, uncharged
vinylamides such as vinylformamide or N-vinylpyrrolidone; and mixtures thereof. Preference is
given to acrylamide or methacrylamide, especially acrylamide. In a preferred embodiment, when
mixtures of different monomers B are used, at least 50 mol% of the monomers B should be
acrylamide or methacrylamide, and preferably acrylamide. It is preferred that Monomer A and B
are miscible with water in any ratio, but it is sufficient for execution of the invention that the
inventive copolymer possesses the water solubility mentioned at the outset. In a preferred
embodiment, the solubility of the monomers A and B in water at room temperature should be at
least 50 g/l, preferably at least 150 g/l and more preferably at least 250 g/l. The copolymer
preferably comprises from about 10 to about 50 % by wt. monomer units derived from at least
one monomer A and from about 50 to about 90 % by wt. monomer units derived from at least
one monomer B. In this embodiment, the % by wi. is based on the total weight of monomer
units.

The present disclosure also pertains to an embodiment, wherein the copolymer comprises
monomer units derived from about 10 % by wt. of at least one monomer A and about 90 % by
wt. of at least one monomer B. In this embodiment, the % by wt. is based on the total weight of
monomer units. In a preferred embodiment thereof, monomer A is preferably AMPS and/or
monomer B is acrylamide.

In the scope of the present invention, “hydrophilic’ means that a corresponding solid “hydro-
philic particle” has a contact angle of water against air of < 90°.

Methods to determine the contact angle are well known to the skilled artisan. For example, for
the determination of the contact angle against water may be determined by optical drop shape
analysis, e.g. using a DSA 100 contact angle measuring device of Krisse (Hamburg, Germany)
with the respective software. Typically 5 to 10 independent measurements are performed in
order to determine a reliable average contact angle.

As used herein, the term “ore” or “metal containing ore” refers to a naturally occurring substance
that is solid inorganic and representable by a chemical formula, which is usually abiogenic and
may have an ordered atomic structure. Examples of metal-containing ores include, but are not
limited to, sulfides, oxides, halides, carbonates, sulfates, and phosphates of valuable metals
such as Ag, Au, Pt, Pd, Rh, Ru, Ir, Os, Cu, Mo, Ni, Cr, Mn, Zn, Pb, Te, Sn, Hg, Re, V, Fe or mix-
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tures thereof. Preferred metal containing ores are Fe containing ores. Examples of Fe contain-
ing ores include, but are not limited to, magnetite, hematite and goethite.

As used herein, the term “monoethylenically unsaturated” as in “monoethylenically unsaturated
monomer” refers to an organic compound that contains a -C=C- bond. Preferably, the mo-
noethylenically unsatured compound contains exactly one —C=C- bond. In the context of a “mo-
noethylenically unsaturated monomer”, it is meant that the monomer preferably contains a func-
tional -C=C- group for polymerisation.

As used herein, the term “diethylenically unsatured” as in a “diethylenically unsaturated mono-
meric branching agent” means that a compounds contains two —C=C- bonds which are prefera-
bly functional groups for polymerisation, respectively.

As used herein, the term “anionic” as in “anionic monomer” refers to a negatively charged com-
pound, such as an anionic monomer. However, the term “anionic monomer” as used herein also
includes to respective salt comprising the negatively charged anionic monomer and the respec-
tive free acid of the anionic monomer, i.e. the negatively charged anionic monomer bound to
hydrogen. Examples of anionic monomers thus include monomers containing at least one group
selected from —COOH, -SO3H, -POsHa, or -COO-, —-SOgs-, -PO3sH- or salts thereof. Other exam-
ples of anionic monomers include, but are not limited to, vinylsulfonic acid, allylsulfonic acid, 2-
acrylamido-2-methylpropanesulfonic acid, 2-methacrylamido-2-methylpropanesulfonic acid, 2-
acrylamidobutanesulfonic acid, 3-acrylamido-3-methylbutanesulfonic acid or 2-acrylamido-2.,4,4-
trimethylpentanesulfonic acid, and salts thereof.

As used herein, the term “uncharged” as in “uncharged monomer”, refers to a compound that
does typically not dissociate into anions and cations in significant amounts under standard con-
ditions such as in water at room temperature. In the context of uncharged monomers, this
means that the monomers may comprise respective functional groups such as amide groups.
Thus, examples of uncharged monomers include, but are not limited to, acrylamide, methac-
rylamide, N-methyl methacrylamide, N-methyl acrylamide, N,N’-dimethyl acrylamide, N,N’-
dimethyl methacrylamide, N-methylol acrylamide, N-methylolmethacrylamide or mixtures there-
of. It is emphasized that free acids, e.g a compound containing a COOH, -SO3zH or -PO3H>
group is not considered as uncharged according to the present invention but as anionic.

As used herein, the term “synthetic polymer” refers to a polymer that had been chemically syn-
thesized, i.e. a human-made polymer. Typically the term synthetic polymer includes thermoplas-
tics, thermosets, elastomers and synthetic fibers. The back bones of common synthetic poly-
mers such as polythene and polystyrene, poly acrylates are made up of carbon-carbon bonds,
whereas hetero chain polymers such as polyamides, polyesters, polyurethanes polysulfides and
polycarbonates have other elements (e.g. oxygen, sulfur, nitrogen) inserted along the back-
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bone. Also silicon form similar materials without the need of carbon atoms, such as silicones
through siloxane linkages; these compounds are thus said to be inorganic polymers. Coordina-
tion polymers may contain a range of metals in the backbone, with non-covalent bonding pre-
sent. The opposite of a synthetic polymer is a naturally occurring polymer such as cellulose.

As used herein, the term “water soluble polymer” refers to polymers having polar or charged
functional groups, rendering them soluble in water.

As used herein, the term “Drop number” means the number of the repeated drop of 9-16 mm
wet pellets onto a steel plate from a height of 45 cm without any cracks on the wet pellets. The
drop number measures the ability of the wet pellets to retain their shape during transfer opera-
tions.

As used herein, the term “wet strength” is a measure of how much load a wet pellet can bear
and it is determined by applying pressure onto a wet pellet until it cracks and the maximum load
is recorded.

As used herein, the term “dry strength” is a measure of how much load a dry pellet can bear.
Typically wet pellets may be dried, e.g. for 3 hours at 110 °C, and the dried pellet is crushed

and the maximum load is recorded. The dry strength may be considered as a measure of the
ability of dried pellets to survive handling during the firing process.

As used herein, the term “hydrophobically associating copolymer” comprises a water-soluble
copolymer which, as well as hydrophilic molecular components which ensure sufficient water
solubility, has lateral or terminal hydrophobic groups. In aqueous solution, the hydrophobic
groups of the polymer can associate with themselves or with other substances having
hydrophobic groups due to intermolecular forces. This gives rise to a polymeric network joined
by intermolecular forces, which thickens the aqueous medium.

As used herein, the term “hydrocarbyl” or “carbon radical” refers to an aliphatic and/or aromatic,
linear or branched carbon radical. Hydrocarby! radicals such as “hydrocarbyl radical containing

2 to 50 carbon atoms”, and the like thus refer to an aliphatic and/or aromatic, linear or branched
carbon radicals that contain 2 to 50 carbon atoms. For example, a hydrocarbyl radical contain-

ing 2 carbon atoms is ethyl, a hydrocarbyl radical containing 4 carbon atoms comprises n-butyl,
isobutyl and/or tert-butyl.

Preference is given to aliphatic radicals. Examples of aliphatic radicals include, but are not lim-
ited to methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, pentyl, in particular n-pentyl,

isopentyl, tert-pentyl, n-hexyl, isohexyl, tert-hexyl, n-heptyl, isoheptyl, tert-heptyl, n-octyl, isooc-
tyl, tert-octyl, nonyl, n-nonyl, isononyl, tert-nonyl, n-decyl, isodecyl, tert-decyl, undecyl, n-
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undecyl, isoundecyl, tert-undecyl, or dodecyl, n-dodecyl, isododecy! or tert-dodecyl. Particular
preference is given to an aliphatic unbranched hydrocarbyl radical, preferably having 2 or 3 car-
bon atoms, i.e. ethyl or propyl.

Further examples of aliphatic branched carbon radicals include cyclic hydrocarbons such as
mono-, bi- or tricyclic saturated or unsaturated hydrocarbons having from 6 to 30 carbon atoms.
Examples include, but are not limited to cyclohexyl, cecloheptyl, cyclooctyl, cyclononyl, cy-
clodecyl, cycloundecyl and cyclododecyl.

Examples of aromatic carbon radicals include, but are not limited to aromatic carbocyclic rings
of 6 to 30 ring members, including both mono, bi-, and tri-cyclic ring systems. Non-limiting ex-
amples include —indenyl, -phenyl, -naphthyl-, acenaphthyl- antranyl, -phenanthryl and the like.

As used herein, the term “saturated alkyl” comprises linear or branched aliphatic hydrocarbyl as
described above.

As used herein, the term “unsaturated alkyl” refers to a straight chain or branched non-cyclic
aliphatic hydrocarbyl including at least one carbon-carbon double bond. An unsaturated alkyl
containing 4 to 18 carbon atoms thus includes, for example, -1-butenyl, -2-butenyl-, isobutylen-
ly, -1-pentenyl, -2-pentenyl, -3-methyl-1-butenyl, -2-methyl-2-butenyl, and the like.

As used herein, the term “pelletizing aid” refers to a compound that assists in the pelletilization
of of metal containing ore when used together with the copolymer according to the present in-
vention. The pelletizing aid is preferably a water soluble, monomeric material. Examples of
pelletizing aids are described in and suitable materials are described in EP 225 171 and

EP 288 150, US 4 767 449 and US 4 802 914.

The term “about” in the context of the present application as e.g. in “about 50 % by wt.” means
that the value recited immediately after the “about” means that the term also comprises minor
diviations from the exact numeric value, e.g. due to weighing errors etc. In a preferred embodi-
ment, the term “about” means a value within 15% (£15 %) of the value recited immediately after
the term “about,” including any numeric value within this range, the value equal to the upper
limit (i.e., +15%) and the value equal to the lower limit (i.e., -15%) of this range. For example,
the phrase “about 100" encompasses any numeric value that is between 85 and 115, including
85 and 115 (with the exception of “about 100%”, which always has an upper limit of 100%). In
one aspect, “about” means +10 %, even more preferably +5%, even more preferably +1% or
less than +1%. In another preferred embodiment, the term “about” as in “about 50 % by wt.”
means a value of 50 % by wt. £ 1 % by wt or 50 % by wt. + 0.5 % by wt.



10

15

20

25

30

CA 02995006 2018-02-07

WO 2017/037207 PCT/EP2016/070671

21

Examples 1: preparation of co-polymers

The preparation of copolymers was done by adiabatic gel polymerization in agueous solution.

Example 1: Iron ore concentrate pelletization and pellet analysis

A magnetite ore having around 10% moisture (9.3 to 9.7%) was blended with a powdered pre-
mix of binder formulation, using a mixer machine brand Eirich model EL1, for three minutes.
The composition of the respective pellets are summarized in Table 2.1. The resultant intimate
mixture was subjected to pelletization by using an inclined pelletizing disk of 60 cm diamster,
rotating at a speed of 33 rpm. The produced pellets had a size between 9.4 to 13.4 mm. Dry
pellets were produced after drying for 3 hours at 110°C. The strength of wet and dry pellets was
determined using a Chatillon digital strength gauge. A total of 25 pellets were pressed in uniaxi-
al direction and the maximum compressive strength recorded when the pellets were crushed.
To determine the Drop number, wet pellets were repeatedly dropped onto a steel plate from a
height of 45 cm and inspected for any visible crack. The average number of drops until a crack
was detected was recorded as Drop number.

The following binder formulations were used for iron ore pelletization:

Alcotac® FE 13 (BASF SE) is a commercially available organic binder for iron ore pelletization
comprising a co-polymer of acrylamide and acrylate monomers.

Formulation 1 is comprised of a hydrophobically associating copolymer based on the mono-
mers Acrylamide (50 wt.%), Na-AMPS (48 wt. %) and an associative monomer type 1, sodium
carbonate and sodium polyacrylate homopolymer of average molecular weight of from about
4,000 to about 5,000. The associative monomer type 1 is CH,=CH-O-CH,-CH>-CH»-CH»-O-
(EO)n-(PeO)u-H, wherein n is 24-25 and m is about 10; EO is ethyleneoxide and PeO is pen-
tyleneoxide.

The binder formulation and the average results are shown in the following table 1.1.

Table 1.1 composition and analysis of iron ore pellets
. Wet Dry
Alcotac Formulation Drop
Test strength | strength
FE13[wt.%]* 1 [wt.%]* Number
[N] [N]
A (compara-
(comp 0.03 170 | 280 7.0
tive)
B (inventive) 0.03 19.6 35.0 8.2

* wt.% is based on total weight of iron ore pellet.
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The pellets comprising the formulations according to the present invention showed an increased
wet and dry strength and a higher drop number compared to the pellets comprising the com-
mercially available polymer-based binder formulation.

Example 2: Iron ore concentrate pelletization using bentonite in combination with organic binder

Following the same pelletization experimental procedure as described in the previous Exam-
ple 1, binder compositions comprising bentonite together with binder formulations according to
the present invention were tested.

The binder formulations 3, 4 and 5 were used for iron ore pelletization in combination with Ben-
tonite.

Formulation 3 was comprised of a hydrophobically associating copolymer based on the mono-
mers acrylamide (50 wt.%), Na-AMPS (48 wt. %) and the associative monomer type 1; and a
sodium polyacrylate homopolymer of average molecular weight of from about 4,000 to about
5,000. The formulation comprised 50 wt. % of the copolymer and 50 wt. % of the sodium poly-
acrylate homopolymer.

Formulation 4 was comprised of a hydrophobically associating copolymer based on the mon-
omers acrylamide (50 wt.%), Na-AMPS (48 wt. %) and the associative monomer type 1, and
sodium carbonate. The formulation comprised 50 wt. % of the copolymer and 50 wt.% of sodi-
um carbonate.

Formulation 5 was comprised of a hydrophobically associating copolymer based on the mon-
omers sodium acrylate (30 wt.%), acrylamide (68 wt. %) and the associative monomer type 1;
and a sodium polyacrylate homopolymer of average molecular weight of from about 4,000 to
about 5,000. The relative proportion of copolymer and polyacrylate homopolymer was 50 wit.
% of each component in the formulation.
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Table 2.1 composition and analysis of iron ore pellets using bentonite or compositions of ben-
tonite with inventive copolymer binders

, . . , Wet Dry
Bentonite | Formulation | Formulation | Formulation Drop
Test strength | strength
[wt.%]* 3 [wt.%]* 4 [wt.%]* 5 [wt.%]* Number
[N] [N]
D -
(compara- 1 7 150 | 57 10
tive)
E (inventive) 0.3 0.02 12.0 62 10
F (inventive) 0.3 0.02 9.0 61 10
G (inventive) 0.3 0.02 20 61 9.8

* wt.% is based on total weight of iron ore pellet.

The pellets comprising the formulations according to the present invention and a low amount of
bentonite provided similar dry strengths and drop numbers compared to those obtained from
pellets produced using bentonite alone as binder in higher amounts.
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Claims

1. Use of a hydrophobically associating copolymer for pelletizing of metal
containing ore, wherein the hydrophobically associating copolymer comprises
monomer units derived from

i. at least one anionic monoethylenically unsaturated, hydrophilic
monomer A,

i. at least one uncharged, monoethylenically unsaturated hydrophilic
monomer B, and

ii. atleast one unsaturated, hydrophobically associating monomer C;

wherein the at least one monomer C is a monomer of the general formula (l),
formula (1), formula (V) or formula (V1),

H2C=C(R")-R2-O-(-CH2-CH2-0-)x-(-CH(R?%)-CH(R?)-0-)i-(-CH2-CH2-O-)m-R* (1)
H2C=C(R")-(C=0)-0O-(-CH2-CH(R?%)-0-)x-R® nn

Re Re V)

(Vi)
wherein

k: is a number from 10 to 150;

I: is a number from 5 to 20;

m: is a number from 0 to 30;

CA 2995006 2019-06-06
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R1:  is H or methyl;

R2:  is independently a single bond or a divalent linking group selected from
the group consisting of —(CHz)» — and —O—(CHz)n —, where n is a natural number
from 1 to 6 and n’ is a natural number from 2 to 6;

R3and R%:  are each independently hydrogen or a hydrocarbyl radical having 1
to 6 carbon atoms or an ether group of the general formula —CH2—O-R% where
R¥ is a hydrocarbyl radical having at least 2 carbon atoms; with the proviso that
the sum total of the carbon atoms in all hydrocarbyl radicals R3 or R¥ and RS is in
the range from 10 to 50; and

R4 is independently H or a hydrocarbyl radical having 1 to 4 carbon atoms;
R%: is independently H, methyl or ethyl;

Ré: is independently an aliphatic and/or aromatic, straight-chain or branched
hydrocarbyl radical having 8 to 40 carbon atoms;

Ra, Rs, Rc, Rpo, Re, Rr, Ra, Rb, Rc: are each independently hydrogen or a
hydrocarbyl radical containing 1 to 4 carbon atoms;

Q: is a hydrocarbylene radical containing 1 to 8 carbon atoms;

Re: is a hydrocarbyl radical containing 8 to 30 atoms;

R4: s a saturated or unsaturated alkyl containing 4 to 18 carbon atoms;
X: is a counterion with a negative charge; and

G: is —O- or ~NH-.

2. Use according to claim 1, wherein the at least one monomer C is a monomer of
the general formula (1), wherein

K: is a number from 23 to 26;
I: is @a number from 8.5 to 17.25; and

m: is a number from 0 to 15.

CA 2995006 2020-01-14
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3. Use according to claim 1 or 2, wherein the at least one monomer C is a

monomer of the general formula (I), wherein:

(a)

k: is a number from 23 to 26;

I: is a number from 12.75 to 17.25;

m: is a number from 0 to 15;

R isH;

R2:  is a divalent linking group —O—(CHz) »— where n’ is 4;

R3: is independently a hydrocarbyl radical having 2 carbon atoms;

R4 is H: and

RS:  isH;or

(b)

k: is a number from 23 to 26;

X is a number from 8.5 to 11.5;
m: is a number from 0 to 15;
R isH;

RZ  is a divalent linking group —O—(CH.)»— where n’ is 4;

R3; is a hydrocarbyl radical having 3 carbon atoms; and
R4 is H; and
RS isH.
4, Use according to any one of claims 1 to 3, wherein the at least one monomer C

of the general formula (1) is a mixture of at least one monomer C of the formula
(I) wherein m = 0, and at least one monomer C of the formula (I) wherein m = 1
to 15.

CA 2995006 2019-06-06
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Use according to claim 4, wherein the weight ratio of the at least one monomer C
of the formula (), wherein m = 0, and the at least one monomer C of the formula

(1) wherein m = 1 to 15 is in the range from 19 : 1to 1 : 19.

Use according to claim 1, wherein the at least one monomer A comprises at
least one group selected from the group consisting of -COOH, —SOsH, -POsHz,
salts thereof and mixtures of any of the foregoing.

Use according to claim 6, wherein the at least one monomer A is 2-acrylamido-2-

methyl-propane sulfonic acid (AMPS) or a salt thereof.

Use according to any one of claims 1 to 7, wherein the at least one monomer A
comprises at least one group selected from the group consisting of -COOH,
~SOsH, -PO3H2, salts thereof and mixtures of any of the foregoing.

Use according to any one of claims 1 to 8, wherein the at least one monomer B
is selected from the group consisting of acrylamide, methacrylamide, N-methyl
methacrylamide, N-methyl acrylamide, N,N’-dimethyl acrylamide, N,N’-dimethyl
methacrylamide, N-methylol acrylamide, N-methyloimethacrylamide, uncharged
vinylamides and mixtures thereof.

Use according to any one of claims 1 to 9, wherein the copolymer comprises 0.1
to 15% by wt. of at least one monomer C.

Use according to any one of claims 1 to 10, wherein the copolymer comprises
about 2 % by wt. of at least one monomer C, about 48 % by wt. of at least one

monomer A and about 50 % by wt. of at least one monomer B.

Use according to any one of claims 1 to 11, wherein the copolymer has been
made by polymerisation of a monomer blend in the presence of at least one
branching agent.

Use according to any one of claims 1 to 12, wherein the molecular weight of the
copolymer is at least 300,000 Da.

Use according to any one of claims 1 to 13, wherein the copolymer is water-
soluble.

CA 2995006 2019-06-06
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15.  Use according to any one of claims 1 to 14, wherein the copolymer does not

comprise monomers derived from monomers C of formuia (V) or (V).

16.  Use according to any one of claims 1 to 15, wherein the metal containing ore is
selected from the group of Fe containing ore, Cu containing ore, Mo containing

ore, Ni containing ore, Cr containing ore and mixtures thereof.
17. A composition for metal containing ore pelletizing comprising

ii. a hydrophobically associating copolymer as described in claims 1 to 16;

and
. a pelletizing aid and/or a water soluble treatment polymer,

wherein the pelletizing aid is a water soluble material selected from the
group consisting of sodium carbonate, sodium bicarbonate, sodium
silicate, sodium phosphate, sodium stearate, sodium benzoate, sodium
tartrate, sodium oxalate, sodium citrate, sodium acetate, the
corresponding ammonium, potassium, calcium and magnesium salts of
the preceding sodium salts, urea and calcium oxide; and wherein the
water soluble treatment polymer has molecular weight of from 1,000 to
20,000 and is a synthetic polymer formed by polymerisation of water
soluble ethylenically unsaturated anionic monomer or water soluble
ethylenically unsaturated monomer blend containing at least 50% by

weight anionic monomer.

CA 2995006 2019-06-06
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