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THEM AND THEI R USE FI ELD OF THE | NVENTI ON The present invention relates to
m xed nmetwb 20@mssormds havi ng pharmaceutical activity, espedEbécuoas?
phosphate binders. It also extends to nmethods of manufacture of those
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conpounds. It further relates to their pharnmaceutical use. BACKGROUND OF
THE INVENTION I n patients with kidney flail ure on haenvodi al ysi s, phosphate
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FIELD OF THE INVENTION

5 The present invention relates to mixed metal compounds having
pharmaceutical activity, especially as phosphate binders. It also extends to
methods of manufacture of those compounds, as well as to pharmaceutical
compositions containing such compounds. It further relates to their
pharmaceutical use.

10 BACKGROUND OF THE INVENTION

In patients with kidney failure on haemodialysis, phosphate concentrations in
the blood plasma can rise dramatically and this condition, known as
hyperphosphataemia, can result in calcium phosphate deposition in soft
tissue. Plasma phosphate levels may be reduced by oral intake of inorganic
15  and organic phosphate binders. One of the most common treatments involves
dosing with aluminium hydroxide gel which forms an insoluble aluminium
phosphate. However, this can result in further toxic complications due to
Aluminium accumulation, e.g. reduction in haemoglobin production,
impairment in natural repair and production of bone and possible impairment
20  of neurological/cognitive function. Other aluminium compounds such as
microcrystalline aluminium oxide hydroxide (boehmite) and certain

hydrotalcites have been proposed for this use, such as disclosed in Ookubo et



Il npai rment in natural repair and production of bone and possibl e inpairnment
of neurol ogical/cognitive function. Oher alum nium conpounds such as

m cr ocr yswal2beamss@bum ni um oxi de hydroxi de (boehmite) amrdT@GB20@/000452
hydrotal cites have been proposed for this use, such as disclosed i n OGokubo
etal, Journal Pharmaceutical Sciences (Novenmber 1992), 81(1 1), 1139-1 140.
However, these suffer fromthe sane drawbacks. Many known inorganic
preparations for treatnent of hyperphosphataen a are efficient phosphate

bi nders only over a limted pH range, especially an acid pH range of about
3-5. Such phosphate binders effective at pH 3 woul d not necessarily bind as
effectively at higher pH e.g. 7, which are found in the | ower digestive

tract, e.g.aldiRARAUPRARGRRIIEH sa@ﬁlcé/&m@embéreﬁgyz)immh f3oe1 fdqndi ng of

phosphate may take place. Moreover, particularly alkaliné binders could

buffer the h | j ch they woul d not have a
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phosphat e bi ndi ng’ capaci 0 overconme rawbacks associated with

al um nium and al so problens of efficacy over a limted pH range,

WO A- 99/ 15189 di scl oses use of m xed netal conpounds which are free from
al um ni um and whi ch have a phosphate bhinding capacity of at |east 30% by
wei ght of t\ViRY kRQWN jRerganicoIrepamipRafer treatment of hypérphosphataemia are

5 efficient phosphate binders only over a limited pH range, especially an acid
pH range of about 3-5. Such phosphate binders effective at pH 3 would not
necessarily bind as effectively at higher pH, e.g. = 7, which are found in the
lower digestive tract, e.g. duodenum and below, and where at least some of
the binding of phosphate may take place. Moreover, particularly alkaline

10  binders could buffer the stomach pH up to a high level at which they would not

have a phosphate binding capacity.

To overcome the drawbacks associated with aluminium and aiso problems of
efficacy over a limited pH range, WO-A-99/15189 discloses use of mixed

15  metal compounds which are free from aluminium and which have a phosphate
binding capacity of at least 30% by weight of the total weight of phosphate

present, over a pH range of from 2-8.

Typically, such mixed metal compounds may contain iron (lll) and at least one
20 of magnesium, calcium, lanthanum and cerium. Preferably they also contain
at least one of hydroxyl and carbonate anions and optionally additionally, at

least one of sulphate, nitrate, chloride and oxide. However, we have found



present, over a pH range of from2-8. Typically, such m xed netal conpounds
may contain iron (Il11) and at |east one of magnesium cal cium | anthanum
and ceri uWO 2Bveafsso7abl y t hey al so contain at | east one ofcmaB2o06ydo0s2d
carbonate anions and optionally additionally, at |east one of sul phate,
nitrate, chloride and oxide. However, we have foundthat the m xed netal
conpounds of WO A-99/ 15189 rel ease sone of their divalent nmetal content in
sol ubl e form during use. JP-A-2004-8976® discl oses enhancenent of the
dephosporising activity of certain m xed netal conpounds for renoval of
phosphorus from donestic or industrial waste water by heat treatnent of
crystals of such conpounds which are defined as having the general formula:

MLVXMLLL X{ddiRé el Afetah&shpdiinds bﬂ/\@-AL@@ﬁ‘ﬂQQ?el%gé's%me oBthalr: ML" is

at Ieast one trivalent nmetal; An i1s a n-valent anion; and x , y and m

ful fil d“’a#é)”stgﬁ ?an% trjrrscﬂu @foﬁ.gdﬁpiﬁg uc‘sgrrpounds are said to have a

coeff|C|ent 0 Ion phosphorus” dissol ved in
water of at least 5. A preferred nethod of preparing such heat treated
conmpounds entails using a

JP-A-2004-89760 discloses enhancement of the dephosporising activity of

5 certain mixed metal compounds for removal of phosphorus from domestic or
industrial waste water by heat treatment of crystals of such compounds which
are defined as having the general formula:
MM (OH),A™y.mH,0
where M" is at least one bivalent metal; M" is at least one trivalent metal; A™

10 is an-valent anion; and x, yand mfulfl0 < x<0.67,0<y<1,0=sm=<2.

Such compounds are said to have a coefficient of selection for “sulphate ions

of phosphorus” dissolved in water of at least 5.

A preferred method of preparing such heat treated compounds entails using a
15 mixed aqueous solution of a water-soluble salt of an inorganic or organic acid
and alkali hydroxide which is added drop wise to an.aqueous solution
containing a water-soluble compound of bivalent metal and a water-soluble
compound of trivalent metal or of bivalent manganese and reacted at a
temperature kept at 0~90°C to obtain crystals of the compound metal
20 hydroxide expressed by the aforementioned general formula by precipitation.

This precipitate is separated-off and heat-treated at 200-500°C.



m xed aqueous solution of a water-soluble salt of an inorganic or organic
acid and al kali hydroxide which is added drop wi se to an aqueous sol ution
cont ai ni nyoaowassr79sol ubl e conpound of bival ent netal amdTaBradeese] Ubl e
conpound of trivalent netal or of bival ent nanganese and reacted at a
tenperature kept at 0~90C to obtain crystals of the conpound netal

hydr oxi de expressed by the aforenenti oned general formula by precipitation.
This precipitate is separated-off and heat-treated at 200-500C. Loss of
(trivalent) alumniumfrom MyAl LDH duri ng phosphate desorption, as well as
heat treatnment of MgWh LDH conpounds is disclosed in Tezuka, S., Bull

Chem Soc. Jpn., 77 (2004). 2101-7. We have now found that the rel ease of
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cannot be

5 We have now found that the release of the divalent metal, e.g. magnesium,
associated with the pharmaceutical use of compounds of WO-A-99/15189 can
be significantly reduced by heat treatment of a suitable mixed metal
compound, for example a layered double hydroxide or a compound having a
hydrotaicite structure. It can similarly reduce the release of other bivalent

10  metals when M" is other than magnesium.

By the term “mixed metal compound” is meant a single substance containing
two or more different metal types. A single substance generally cannot be
separated into its component elements by physical separation methods but

15  requires a chemical reaction.

As used herein, the term "Layered Double Hydroxide" (LDH) is used to
designate synthetic or natural lamellar hydroxides with two kinds of metallic
cations in the main layers and interlayer domains containing anionic species.
20 This wide family of compounds is sometime also referred to as anionic clays,
by comparison with the more usual cationic clays whose interlamellar
domains contain cationic species. LDHs have also been reported as

hydrotalcite-like compounds by reference to one of the polytypes of the



separated into its conponent el enents by physical separation nethods but
requires a chem cal reaction. As used herein, the term"Layered Doubl e

Hydr oxi dewo(2hdadkdssa7s used to desi gnate synthetic or nat uralr/deosldosss2
hydroxi des with two kinds of nmetallic cations in the main | ayers and

i nterl ayer domai ns containing anionic species. This wide fam |y of
conpounds is sonetine also referred to as anionic clays, by conparison with
the nore usual cationic clays whose int®rlanellar domains contain cationic
speci es. LDHs have al so been reported as hydrotalcite-|i ke conpounds by
reference to one of the polytypes of thecorresponding [M-Al] based

m neral. (See "Layered Doubl e Hydroxi des: Present and Future", ed, V Rives,

2001 pub. NoMBsSSHERGMIIETHALI Fh&HI, THEG I NYFEHDbubIE Hypfoadeect of the

present invention now provides a substance for use as a nedi canent,
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positive charges); M" is

DEFINITION OF THE INVENTION

5 Afirst aspect of the present invention now provides a substance for use as a
medicament, comprising a solid mixed metal compound of formula (1):
M", MM 0pA™.zH,0 ()
where M" is at least one bivalent metal (i.e. with two positive charges); M" is
at least one trivalent metal (i.e. with three positive charges); A™ is at least one
10  n-valent anion; 2+a = 2b+Zcn; a = number of moles of M"/(number of moles

of M"+number of moles of M"); and Zcn < 0.9a.

in the above formula (1), when A represents more than one anion, the valency
(i:e. the charge of the anion) (n) of each may vary.

15 In the above formula (1), “Zcn” means the sum of the number of moles of each
anion, per mole of compound of formula (l), multiplied by its respective

valency.

The value of z is suitably 2 or less, more preferably 1.8 or less, even more

20 preferably 1.5 or less. The value of z may be 1 or less.

The value of a is suitably from 0.1 to 0.5, preferably from 0.2 to 0.4.



at least one trivalent netal (i.e. with three positive charges); Ap~is at

| east one n-val ent anion; 2+a = 2b+cn; a = nunber of noles of M 7(nunber of
nol es of WoOznesmssr79of noles of ML"); and cn < 0.9a. |n trhe/GRe0000432 Ul a
(1), when A represents nore than one anion, the valency (i.e. the charge of
the anion) (n) of each may vary. In the above formula (1), "cn" means the
sum of the nunber of noles of each anion, per nole of conpound of formula
(1), nmultiplied by its respective valemy. The value of z is suitably 2 or
| ess, nore preferably 1.8 or |less, even nore preferably 1.5 or |less. The
value of z may be 1 or less. The value of a is suitably from0.1 to 0.5,
preferably fromO0.2 to 0.4. The value of b is suitably 1.5 or |ess,
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5 Whenais > 0.3itis preferred that Zcn < 0.5a. When a is < 0.3 it is preferred

that Zcn < 0.7a.

The value of ¢ for each anion is determined by the need for charge neutrality
as expressed by the formula 2+a = 2b+Zcn.

10
The substance according to the first aspect of the invention preferably
comprises greater than 30%, more preferably greater than 50% by weight of a
compound or compounds of formula (1), e.g. up to 95% or 90% by weight of
the substance.

15
The process for preparing compounds of formula (1) results in changes in the
structural detail of the compound which is the starting material. Therefore the
formula (I) as written is only intended to describe its elemental composition
and should not be taken as a definition of structure.

20
When the compound of formula (1) comprises magnesium as M" and iron as
M"" cations and carbonate as an anion, preferably it exhibits an x-ray

diffraction peak at 34° 26. At lower temperatures (< 250 °C), conflicting peaks



The substance according to the first aspect of the invention preferably
conprises greater than 30% nore preferably greater than 50% by wei ght of a
conpound wo 20@vgssarads of formula (1), e.g. up to 95% or Pe@AGH2900m@DFt Of

t he substance. The process for preparing conpounds of forrmula (I) results
in changes in the structural detail of the conpound which is the starting
material. Therefore the fornula (1) as witten is only intended to descri be
its elenental conposition and should noT be taken as a definition of
structure. Wien the conmpound of fornmula (I) conprises nmagnesiumas M and
iron as Mn cations and carbonate as an anion, preferably it exhibits an
x-ray diffraction peak at 34 2Q At |ower tenperatures ( 250 00,
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when the tenperature rises ( , conflicting pe ue to the oxide
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aspect of the invention apply to the qther aspects of the invention as
oberi bod DPERRBIRERE AR per bo JFsdhiat b BERCoTNOLU SReBPES: des a
substance for use as a nedi canment, conprising a solid m xed nmetal conpound
obt ai ned by or

5 These preferred values for the substance and compound of the first aspect of

the invention apply to the other aspects of the invention as described herein.
A second aspect of the present invention provides a substance for use as a
medicament, comprising a solid mixed metal compound obtained by or
obtainable by heating at a temperature of from 200°C to 600°C, preferably

10 from 225°C to 550°C, more preferably from 250°C to 500°C of a compound of
formula (11):
MM (OH)A™,.mH,0 (1)
where M" is at least one bivalent metal (i.e. with 2 positive charges); M" is at
least one trivalent metal (i.e. with three positive charges); A" is at least one n-

15 valent anion; x=2ny; and x and m fulfil0 < x < 0.5, 0 < m < 10.
It should be noted that formula (I1) is to be interpreted in such a way as to
preserve overall charge neutrality. In formula (I} and/or formula (1l) sub-
classes of compounds of either formula may comprise, respectively, those
wherein a or x is less than any of the following values and those wherein a or

20 xis greater than or equal to any of those values, these values being 0.1, 0.15,
0.2, 0.25, 0.3, 0.35, 0.4, 0.45. One such example comprises the subclasses,
wherein a is, respectively, greater than or equal to 0.3, and less than 0.3.The

value of x is suitably from 0.1 to 0.5, preferably from 0.2 to 0.4.



obt ai nabl e by heating at a tenperature of from 2000C to 6000C, preferably
from2250C to 55Q0C, nore preferably from 250C to 5000C of a conpound of
formul a (WO)Rnoddsso78- xM |1 x(OH) 2An-y. mH20 (I11) where M PCI/GH200620884520N€
bivalent netal (i.e. with 2 positive charges); Mi is at |east one
trivalent netal (i.e. with three positive charges); Ap" is at |east one
nval ent anion; x=ny; and x and mfulfil 0 <x < 0.5 0 m 10. It should be
noted that forrmula (I1) is to be interpdeted in such a way as to preserve
overall charge neutrality. In formula (1) and/or formula (11) sub cl asses
of conpounds of either forrmula may conprise, respectively, those wherein a
or Xx is less than any of the follow ng val ues and those wherein a or x is

greater th%‘fc%mﬁél@' Zh9 |§fﬁé Qjmtd?(?ﬁ@n\dﬁ{t}é%f eé@ﬁ’%\ﬁl \&ﬂ iB§ibYats0: 1
0.15, 0.2 25, 0 5, 0.4, 0.4 One such exanpl e nprlses t he

subcl asses respectlvely, greater than or equal to 0.3, and
| ess t han 66%?9\)'3?9@&?& X is suitably from0.1 to 0.5, preferably from

0.2to 0.4.In formula (I1), ny is the sumof the nunber of each anion
multiplied by its

The heating at a temperature of from 200°C to 600°C, preferably from 225°C
5 to 550°C, more preferably from 250°C to 500°C of a compound of formula (I1)

preferably results in a reduction in the amount of metal M" lost to solution by
at least 50% by weight compared to that lost from the unheated compound of
formula (11), under the conditions described in more detail herein. This
preference applies to any aspect of the invention involving formula (ll).

10
The heating is suitably carried out in a heated environment at 200°C to 600°C,
preferably from 225°C to 550°C, more preferably from 250°C to 500°C for a
period of 1 minute or longer, more preferably 5 minutes or longer, more
preferably 1 hour or longer. The compound is preferably in the heated

15  environment for 10 hours or less, more preferably 5 hours or less, even more

preferably 3 hours or less.

The heating as described above results in the calcination of the compound

according to formula (Il). The calcination is believed to lead to the formation of
20 a substance according to the first aspect of the invention. This results in the

value of a for a compound according to formula (l) being less than or equal to

the value of x for the corresponding untreated compound according to formula

(D).



respective val ency. The heating at a tenperature of from 2000C to 6000C,
preferably from 2250C to 55Q0C, nore preferably from 250C to 500C of a
conpound wb 2bavassi7a (11) preferably results in a reductipam/gBroddneosaount of
metal ML 1 |ost to solution by at |east 50% by wei ght conpared to that | ost
fromthe unheated conpound of forrmula (I1), under the conditions described
in nore detail herein. This preference applies to any aspect of the
invention involving fornmula (I1). The heating is suitably carried out in a
heat ed environnment at 2000C to 6000C, preferably from 2250C to 55Q0C, nore
preferably from 250C to 5000C for a period of 1 mnute or |onger, nore
preferably 5 mnutes or longer, nore preferably 1 hour or |onger. The

conpound i § g@[}%&ﬁﬁ@éﬁ/ ]s@gf&%bl&% %%8&4{'/% ﬂ{‘fa%ﬁ{? @Qﬁrgkgrﬁefg ?né%rl ess, nore

preferably rs or ven nore prefer rs or ress. The
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formati on of a substance according to the first aspect of the invention.
Thi s resul S5opld @W@WQ?G@OQ?C@'T'Bgr%th%h%BQHﬁﬁ,é’é’&ﬂ’%ﬁ%@ phesplateul a (1)

being Il ess than or equal to
binding performance which is less than optimal may be found.

Excessive calcination results in the reduction of the value of Zcn/a from
formula (1) to less than 0.03. Hence it is preferred that Zcn/a is greater than
0.03, more preferably greater than 0.05, even more preferably greater than
0.09, most preferably greater than 0.10. Excessive calcination also may lead

10  to the formation of a Spinel crystalline structure, hence it is preferred that the
substances of the invention do not exhibit a Spinel structure by x-ray
diffraction. Spinel has a value for a of 0.67 and so it is preferred if the
compound of formula (1) has a value for a of 0.66 or less, preferably 0.5 or
less, more preferably 0.5 or less.

16
Preferably calcination of the compound of formula (ll) results in a substance
with at least a 10% higher phosphate binding capacity relative to that of the
compound of formula (II) from which the substance is obtained or obtainable
by calcination. The preferred values describe hereinabove also apply to the

20 other aspect of the invention described below.

A suitable method for monitoring the degree of calcination is by measurement

of the percentage loss of crystalline surface water at 105°C. This is measured



the value of x for the correspondi ng untreated conpound according to
formula (OThe calcination is preferably not excessive in terns of

t enper at Wwe 2a0ub8sr79t i me of cal cination, by which it is mweamB20évz04she

cal cination tenperature should not exceed 6000C for nore than 3 hours,

ot herwi se a phosphate bi nding performance which is | ess than optimal nmay be
found. Excessive calcination results in the reduction of the value of cn/a
fromfornmula (1) to less than 0.03. Henoe it is preferred that cn/a is
greater than 0.03, nore preferably greater than 0.05, even nore preferably
greater than 0.09, nost preferably greater than 0.10. Excessive cal cination
also may lead to the formation of a Spinel crystalline structure, hence it
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structure by Xx-ray action. Spine as a value tor a and so it
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cal cination of the conpound of fornula (Il) results in a substance with at
| east a 10%hénm haetingabiPH2C dold hdursprchpavesighingdbastatdishdhe hegs iof  t he
conpound of forrmula (I1) fromwhich the substance is obtained or obtainable

weight, expressed as a percentage. Drying at 105 ©C removes the surface
5 absorbed water (i.e non-chemically-bound water or water on the crystal

surface)

Suitably, the mixed metal compound after calcination has less than 2%,
preferably less than 1.5%, more preferably less than 1% by weight crystallite-

10 surface absorbed water.

For convenience, any substance for use as a medicament as hereinbefore
defined in accordance with the first or the second aspect of the present
invention is hereinafter referred to as a “substance of the invention”.

15 These preferred values for the substance and compound of the first and
second aspects of the invention apply to the other aspects of the invention as

described herein.

A third aspect of the present invention provides use in a method of preparing
20 a medicament for phosphate binding in animals in need thereof, preferably
humans, preferably for the prophylaxis or treatment of hyperphosphataemia,

of a substance comprising a solid mixed metal compound of formula (I):



by cal cination. The preferred val ues describe herei nabove al so apply to the
ot her aspect of the invention described below A suitable nmethod for

noni t or i got2hes/mdsqypee of cal ci nation is by nmeasurenment eCTidBR20@a0CSAt age

| oss of crystalline surface water at 1050C. This is neasuredby allow ng a
sanple to reach an equilibrium noi sture content by storage for several days
at anbi ent conditions (200C, 20% RH), wei ghing the sanple, then heating at
1050C for 4 hours and reweighing to estidblish the I oss in weight, expressed
as a percentage. Drying at 105 OC renpves the surface absorbed water (i.e
non-chem cal | y-bound water or water on the crystal surface) Suitably, the
m xed netal conpound after calcination has |less than 2% preferably |ess

than 1.5% mlqrmlllgggli\rerﬂmd | ess tha3|)1% by wei ght crystallitesurface

absor bed wat er. cHBnveni ence, any ‘'substance for use as a nedi canent as
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0.9a.

The medicament may be used on animals, preferably humans.

A fourth aspect of the present invention provides use in a method of preparing

a medicament, for phosphate binding in animals in need thereof, preferably

humans, preferably for the prophylaxis or treatment of hyperphosphataemia,
10 of a substance obtained or obtainable by heating at a temperature of from

200°C to 600°C, preferably from 225°C to 550°C, more preferably from 250°C

to 500°C of a compound of formula (ll):

MM (OH)A™y.mH,0 (i

where M is at least one bivalent metal; M" is at least one trivalent metal; A™
15 s at least one n-valent anion; x=2ny; and xand mfulfil 0 < x<0.5,0=sm <

10. . The value of x is preferably from 0.1 to 0.5, more preferably from 0.2 to

0.4.

DETAILED DESCRIPTION OF THE INVENTION

20 Preparation of Active Substances

Substances of the invention are preferably made by heat treatment of a
suitable starting material of formula (lI) as hereinbefore defined. Optionally

other preparation methods may be employed to prepare the substance of



described herein. Athird aspect of the present invention provides use in a
nmet hod of preparing a nedi canent for phosphate binding in animals in need

t her eof , woeb@vmbl7y hunans, preferably for the prophyl arcs/aBotameatsoent of
hyper phosphat aem a, of a substance conprising a solid m xed netal conpound
of fornmula (l1):where M is at |east one bivalent netal; ML" is at |east one
trivalent netal; An is at |east one n-valent anion; 2+a = 2b+cn; a =
M7(M+M"'); and cn < 0.9a. The nedi cantent nmay be used on ani mal s,
preferably humans. A fourth aspect of the present invention provides use in
a nmet hod of preparing a nedi canment, for phosphate binding in animals in
need t hereof, preferably humans, preferably for the prophylaxis or

t t t : : L 43, : L an: ' bt ai nable b
eat | ng-at TMBASREA SRS M e, SHISRAR et B M0k to-)
550C, . y Ly. f .2500 f. d, of f. I [1):
Vv s, e oNRE g S BE Ry hifed maste) SfigBs BP VAR wifd ror et | M i s
at | east one trjval ent tal; A"

hydrot'wermal rou{gg or low temperature routes.

5 The substances of the invention prepared by heat treatment of a suitable
starting material of formula (ll) as hereinbefore defined may be prepared by
providing a first solution of a water soluble compound of metal M" and a water
soluble compound of metal M", the anions being chosen so as not to result in
precipitation from the first solution. A second solution is also provided, of a

10  water soluble hydroxide (e.g. NaOH) and a water soluble salt of anion A™ (the
cation being chosen so as not to precipitate with the hydroxide or the anion
with the metal from the hydroxide). The two solutions are then admixed and
the mixed metal compound starting material is formed by co-precipitation. [t
comprises solid crystalline material, usuaily also with presence of some solid

15 amorphous material. Preferably, at least some of the material so formed is of
a layered double hydroxide and/or of a hydrotalcite structure, usually also with
some amorphous and/or poorly crystalline material, preferably after co-
precipitation, the material is then filtered or centrifuged, washed then dried by
heating.

20
It is preferred that the material is washed in order to remove the water-soluble
salts that are the by product of the precipitation reaction. If significant amounts

of these soluble salts are left admixed with the solid precipitate, then the



Is at | east one n-valent anion; x=ny; and x and mfulfil 0 <x 0.5 0 m
10. . The value of x is preferably fromO0.1 to 0.5, nore preferably from
0.2 to 0.wo 2Disl8kd7zED DESCRI PTI ON OF THE | NVENTI ON Pr eparatriaB0@ioofsti ve
Subst ances Substances of the invention are preferably made by heat
treatment of a suitable starting material of formula (I1) as hereinbefore
defined. Optionally other preparation nethods nay be enployed to prepare

t he substance ofinvention such as solid3state synthesis, solid-solid
reactions or highly intensively mlling of single or m xed nmetal oxides or
hydr oxi des usi ng hydrothermal routes or |ow tenperature routes. The

subst ances of the invention prepared by heat treatnent of a suitable

starting n@&@ééﬂerﬁfheaﬂ Fehe Tb} n#@?éssgﬁ%%em@ npdoungoﬂphﬂ%e prepar ed

by providing a rst so |on 0 ubl'e co netal M and a

fosal t in BPELRERR 5@%%&%@9@”%“%9%@ A B d B DR Bflafors <2 s

provi ded, a water i de (e. C]-Q)D!;yr ter soluble salt
of anion AﬁLeﬁmatei%m% E’@Lﬁlﬁ'o material ?%B'Ee 14 ‘ﬂ@?‘b‘?q\ﬁ veh {fatihe he
hydr oxi de or the anion
remaining level of water soluble salts (having a solubility in water of 1g/litre or
5 more) is less than 15%, preferably less than 10%, more preferably less than
5% by weight of the solid mixed metal compound after drying as described

below.

After the filtering or centrifuging and washing, the drying is preferably carried
10  out at low temperature (such as up to 120°C), for example by oven drying,

spray drying or fluid bed drying.

Optionally, the dry material may be treated prior to heat treatment, to remove
oversize particles by milling and/or sieving and/or any other suitable

15  technique, for example to restrict the material to be heat treated to particles
which are substantially no greater than 100um in diameter. Preferably, as
measured by sieving, less than 10% by weight of particles are greater than
106um in diameter, more preferably less than 5%. Most preferably, no
particles are greater than 106um in diameter as measured by sieving.

20  The resultant dry material is then directly subjected to the necessary heat
treatment, preferably at a temperature of from 200 preferably from 225°C to
550°C, more preferably from 250°C to 500°C, for example by means of oven

drying or drying in a rotary calcinator or fluid bed dryer.



with the netal fromthe hydroxide). The two solutions are then adm xed and
the m xed netal conpound starting material is fornmed by co-precipitation.

It conpriweoemissatocrystalline material, usually al so wrCh/gBesanes20f sone
solid anmorphous material. Preferably, at |east some of the material so
formed is of a | ayered doubl e hydroxi de and/or of a hydrotalcite structure,
usual ly al so with sonme anorphous and/or poorly crystalline material,
preferably after coprecipitation, the rmaterial is then filtered or
centrifuged, washed then dried by heating. It is preferred that the
material is washed in order to renove the water-soluble salts that are the
by product of the precipitation reaction. |If significant anDunts of these

sol ubl e salgziotfy | AL WALEIE )b A RBIALA 1 fomblid

t hesubsequ |ng 0 erl nmay res e Inc rporatlon of

t he sol ubl e, sal he, resul ting soli ntiall n n adverse
cffect on FPRURRO0 e MBI BR R mRs e ihne Fidas P f 19Tl ably
washed such that the remaining | evel of water soluble salts (having a

sol ubi ity MiliN@at er of 1g/litre or nore) is less than 15% preferably |ess

than 10% nore preferably |l ess than 5% by wei ght of the solid m xed netal
conpound after drying as descri bed bel ow.

5  Afifth aspect of the present invention therefore provides a method of
preparing a substance for use as a medicament, the method comprising
heating, at a temperature of from 200°C to 600°C, preferably from 225°C to
550°C, more preferably from 250°C to 500°C a substance comprising a
compound of formula (Il):

10 M' M"(OH)A™,.mH,0 (1
where M" is at least one bivalent metal; M" is at least one trivalent metal; A™
is at least one n-valent anion; x=2Zny; and x and mfulfil0 <x<0.5,0=m <

10. . The value of x is preferably from 0.1 to 0.5, more preferably from 0.2 to

0.4.

16
Preferably, the heating results in a reduction in the amount of loss into
solution of metal M' from the heat-treated compound by at least 50% by
weight compared to loss from the untreated compound, when measuring the
loss of metal M" using the test as hereinafter described.

20

The substances of the invention may contain at least one compound of
formula (1) but the process mentioned above for making the starting material

may also cause other materials to be present in the intermediate product e.g.



After the filtering or centrifuging and washing, the drying is preferably
carried out at low tenperature (such as up to 1200C), for exanple by oven
dryi ng, swoayoadisgi7og or fluid bed drying. Optionally, tireTdyBRoORMess2al may
be treated prior to heat treatnent, to renove oversize particles by mlling
and/ or sieving and/or any other suitable technique, for exanple to restrict
the material to be heat treated to particles which are substantially no
greater than 100mmin dianeter. Preferal y, as neasured by sieving, |ess
than 10% by wei ght of particles are greater than 106nmin dianeter, nore
preferably | ess than 5% Mst preferably, no particles are greater than
106mm i n dianeter as neasured by sieving. The resultant dry material is

torper at ur S sy B RLER Kl aﬂﬁiﬁﬁm%E%@PE%&@?%%%%ﬁ"%ﬁ%ﬁ%‘?'ﬁaﬁf v

f 2500C 00C,, | | e f Vi i i

rotary cal AMAEEEMERH crtpdi R AR EpaEARR SR for el dithifedore Tt or i al “mmy
be directly s ected to tenperatures above 200 OC wi thout | ow tenperature

ubj
dryi ng (sudﬁeggit@ﬂ?"lﬁmfﬁéﬁ(:) and nilling. Afifth aspect of the present
I nvention therefore provides a nethod of

5 The Solid Mixed Metal Compounds

In formula (1) and formula (1), M" is preferably selected from Mg, Zn, Fe (1),
Cu (1) and Ni(ll). Of these, Mg is especially preferred. M" is preferably
selected from Mn(lil), Fe(ll), La(lll) and Ce(lll). Of these, Fe(lll) is especially
preferred, particularly in the case when M" is Mg. M" and M" may be different
10 metals or they may be the same metal but in different valence states. For
instance, M" might be Fe(il) and M" Fe(lll). However it is highly preferred that
M" and M" are different metals. M(lil) may also be Al(lll) for treatments where

aluminium accumulation and toxic complications are not a problem.
15 A" preferably comprises at least one anion selected from carbonate,
hydrogencarbonate, sulphate, nitrate, halide and hydroxide. Of these,

carbonate is especially preferred.

Preferably, any substance of the invention is substantially or totally free of

20  aluminium.

Determination of Phosphate Binding Capacity



preparing a substance for use as a nedi canent,

heati ng,

| oss of

the i nventi

t he met hod conpri sing

at a tenperature of from 2000C to 6000C, preferably from 2250C to
5500C, nowe 2pecafssa7abl y from 2500C to 5000C a substance ®QEWB28061Y0452
compound of formula (11): ML xML11 X(OH) 2A mH2O (||) where ML 1 is
one bivalent netal; M11 is at |east one trivalent netal; Alnis at
one n-val ent anion; x=ny; and x and mfulfil 0 <x 0.5 0 m 10. .
value of x is preferably fromO0.1 to 06, nore preferably from0.2 to 0. 4.
Preferably, the heating results in a reduction in the amount of loss into
solution of netal M fromthe heat-treated conpound by at |east 50% by

wei ght conpared to loss fromthe untreated conpound, when neasuring the

process MeghLPRELIRPIUR WAS tHB tRod BetuRiif Used th (Y ExdMbles. However,

10

15

20

as a generality, elsewhere in this specification, unless specifically indicated to
the contrary, any reference to percentage phosphate binding capacity is
preferably that determined by the following method. 0.4 gram of the
substance of the invention is added to 10ml, 40 mmol I'' sodium phosphate
solution adjusted to a pH of choice. Preferably, any quoted percentage
phosphate binding capacity herein is maintained for measurements at pH
values over the range of from 3 to 7, more preferably from 2 to 8. Samples
are homogenised and gently agitated at room temperature (20 °C) for 30
minutes. Following centrifugation for 5 min at 3000 rpm, the supernatant is
filtered through 0.22 um millipore filters. Soluble phosphate is measured in
the supernatant. The percentage phosphate bound by the phosphate binder

is then calculated relative to the untreated phosphate starting solution.

Formulations
The invention also relates to a pharmaceutical composition which comprises
as active ingredient, at least one substance of the invention together with a

pharmaceutically acceptable carrier therefor.

Thus, a sixth aspect of the present invention provides a pharmaceutical
formulation comprising a substance according to the first aspect of the

invention, i.e. a solid mixed metal compound of formula (1):

at | east
| east
The

MEA ghe&ﬂ*ic WSdtRSd Fdteddi8fhinity PRESHHAE bRidinteeapadigds given imuhsteances of

may contain at |east one conpound of fornula (1) but the



may al so cause other materials to be present in the internedi ate product
e.gof fornmula (11) and in the final product, for exanple single (as opposed
to m xed)womb@lossarapounds whi ch may al so be fornmed duri mgTiAdB2006/000452
coprecipitation process. The Solid M xed Metal Conpounds In forrmula (1) and
formula (1), M is preferably selected fromM, Zn, Fe (I1), Cu (Il) and
Ni (I'l). O these, My is especially preferred. ML" is preferably sel ected
fromm(lll), Fe(lll), La(lll) and Ce(1T1). O these, Fe(lll) is especially
preferred, particularly in the case when ML 1 is Mgj. M and ML" may be
different netals or they may be the sane netal but in different val ence
states. For instance, M mght be Fe(ll) and ML" Fe(lll). However it is

hi ghl'y prefgrngd ¢hat M cnd M argydifferent netals. MIIl) may al so be
AlL(111) for {'?ea? ment% vhere al um nﬁ m accunul ation and toxi c conplications

o0t RSB B 8 BB B AR 2% bseeine Bl B ot 0 (o
| vent i on RAdERRAN 1 ARIG BRIOrB2aP S 26T Eevt — el foieS 67! Ance ©f the
M™/(number of moles of M"+number of moles of M™); and Zcn < 0.9a.
5 A seventh aspect of the present invention provides a pharmaceutical
formulation comprising a substance according to the second aspect of the
invention, i.e. a solid mixed metal compound obtained or obtainable by
heating at a temperature of from 200°C to 600°C, preferably from 225°C to
550°C, more preferably from 250°C to 600°C of a compound of formula (II):
10 M" M (OH),A™y.mH,0 (1
where M" is at least one bivalent metal; M is at least one trivalent metal; A™
is at least one n-valent anion; x=2ny; and x and m fulfii 0 <x < 0.5,0 s m <
10. The value of x is preferably from 0.1 to 0.5, more preferably from 0.2 to
0.4.
15
A process for the preparation of a pharmaceutical composition as defined
above is also provided which comprises bringing at least one substance of the
invention into association with a pharmaceutically acceptable carrier and

optionally, any other ingredients including by-products resulting from

20  manufacture of the active ingredient.

A pharmaceutically acceptable carrier may be any material with which the

substance of the invention is formulated to facilitate its administration. A



Det erm nati on of Phosphate Bi nding CapacityA specific nmethod for
determ ni ng phosphate binding capacity is given in nore detail herein. This
was the rwOhoes/m@si7aal |y used in the Exanpl es. However, ®€TABeIwaneds2ty,

el sewhere in this specification, unless specifically indicated to the
contrary, any reference to percentage phosphate binding capacity is
preferably that determ ned by the follow ng nethod. 0.4 gram of the
substance of the invention is added to180m , 40 mml | 1 sodi um phosphate
solution adjusted to a pH of choice. Preferably, any quoted percentage
phosphat e bi ndi ng capacity herein is maintained for neasurenents at pH

val ues over the range of from3 to 7, nore preferably from2 to 8. Sanpl es

are hom)ge n%(}%@%’gdh &%ncgﬁ@qnahdrn W&mwleﬁ@sﬁ&%a@ for 30

m nut es. entri ugat| for 5 n at 3000 rpm the Supernatant is

filt d t h 2 d
Tteres < @%s eﬁ%"goznéﬂﬁss%@zq R Rt
is then cal cul at ed reh{a_ unt reat ed pho p at e Iartl ng, sol uti on.
For mul at i ofRTeReNPH)3l %“99@93( ’B‘aﬁeﬁﬁ E’QIS "eMBBsi tion

whi ch conprises as active |ngred| ent, at |east one substance of the
i nventi on ueRmbt Reeferahly, compositions according to the invention contain 0.5% to

5 95% by weight of active ingredient. The term pharmaceutically acceptable

carrier encompasses diluents, excipients or adjuvants.

Another aspect of the invention provides a method for the binding of excess

phosphate in animals, particularly humans. In particular it provides a method
10  for the prophylaxis or treatment of hyperphosphataemia in animals,

particularly humans. The method comprises the step of administering a

substance of the invention, preferably by oral administration.

Another aspect of the invention provides the use of a substance of the

15  invention in the preparation of a medicament for the binding of phosphate in
animals, preferably humans, in need thereof, preferably for the prophylaxis or
treatment of hyperphosphataemia in animals, preferably humans.
The substances of the invention can be formulated in any suitable
pharmaceutical composition form but especially in a form suitable for oral

20 administration for example in solid unit dose form such as tablets, capsules,
or in liquid form such as liquid suspensions, especially agueous suspensions.
However, dosage forms adapted for extra-corporeal or even intravenous

administration are also possible. Suitable formulations can be produced by



pharmaceutically acceptable carrier therefor. Thus, a sixth aspect of the
present invention provides a pharmaceutical fornulation conprising a

subst ancewacoavidsetg to the first aspect of the inventi orCTiIGB200620084321 d

m xed metal conpound of formula (1):MI| 1-aM |l a®An-c.zH20 (1) where Mi is
at | east one bivalent netal; M" is at |east one trivalent netal; An is at
| east one n-val ent anion; 2+a = 2b+cn; a = nunber of noles of M 7(nunber of
nol es of M +nunber of noles of M'1l) ; 48d cn < 0.9a. A seventh aspect of
the present invention provides a pharmaceutical formulation conprising a
substance according to the second aspect of the invention, i.e. a solid

m xed netal conpound obtai ned or obtainable by heating at a tenperature of

from 2000 ; bly f
D500C. o cSuaetoag LEief cHvknlioRER Sefd cafrfers lich A ot Y, 50 (1 1)
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0-5. 0 m oils or liquid paraffins. Other carriers which may be used include materials
derived from animal or vegetable proteins, such as the gelatins, dextrins and

5 soy, wheat and psyllium seed proteins; gums such as acacia, guar, agar, and

xanthan; polysaccharides; alginates; carboxymethylcelluloses;
carrageenans; dextrans; pectins; synthetic polymers such as
polyvinylpyrrolidone; polypeptide/protein or polysaccharide complexes such
as gelatin-acacia complexes; sugars such as mannitol, dextrose, galactose

10  and frehalose; cyclic sugars such as cyclodextrin; inorganic salts such as
sodium phosphate, sodium chloride and aluminium silicates; and arr;ino acids
having from 2 to 12 carbon atoms such as a glycine, L-alanine, L-aspartic
acid, L-glutamic acid, L-hydroxyproline, L-isoleucine, L-leucine and L-
phenylalanine.

16
Auxiliary components such as tablet disintegrants, solubilisers, preservatives,
antioxidants, surfactants, viscosity enhancers, colouring agents, flavouring
agents, pH modifiers, sweeteners or taste-masking agents may also be
incorporated into the composition. Suitable colouring agents include red,

20 black and yellow iron oxides and FD & C dyes such as FD & C blue No. 2 and
FD & C red No. 40 available from Ellis & Everard. Suitable flavouring agents

include mint, raspberry, liquorice, orange, lemon, grapefruit, caramel, vanilla,

cherry and grape flavours and combinations of these. Suitable pH modifiers



10. The value of x is preferably fromO0.1 to 0.5, nore preferably fromO. 2
to 0.4. A process for the preparation of a pharnaceutical conposition as
defi ned avoweodmss@bso provi ded which conprises bringi ngPratr/dBe&t00045e
substance of the invention into association with a pharmaceutically
acceptabl e carrier and optionally, any other ingredients including
by-products resulting frommanufacture of the active ingredient. A
pharmaceutically acceptable carrier nmag0be any material with which the
substance of the invention is fornmulated to facilitate its adm nistration.
Acarrier may be a solid or a liquid, including a material which is normally
gaseous but which has been conpressed to forma liquid, and any of the

carriers Nl éy%’odgt?)@g*na)d?o HBbGHAtBY RNBTHERE Sttdrichcil ORRASLRIAB RcERY be

sitTons according to the invention contain 0.5%to

95% by wei gh Lveqi | '
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prophyl axis or treatnent of hyperphosphataenia in aninals,
hydrogencarbonate, ion-exchange resins, cyclodextrin inclusion compounds,

5 adsorbates or microencapsulated actives.

For treatment of and prophylaxis of hyperphosphataemia, preferably amounts
of from 0.1 to 500mg, more preferably from 1 to 200, mg/kg body weight of
substance of the invention as active compound are administered daily to

10  obtain the desired results. Nevertheless, it may be necessary from time to
time to depart from the amounts mentioned above, depending on the body
weight of the patient, the method of application, the animal species of the
patient and its individual reaction to the drug or the kind of formulation or the
time or interval in which the drug is applied. In special cases, it may be

15  sufficient to use less than the minimum amount given above, whilst in other
cases the maximum dose may have to be exceeded. For a larger dose, it
may be advisable to divide the dose into several smaller single doses.
Ultimately, the dose will depend upon the discretion of the attendant
physician. Administration soon before meals, eg. within one hour before a

20 meal or taken with food will usually be preferred.



particularly humans. The net hod conprises the step of admnistering a

subst ance of the invention, preferably by oral adm nistration. Another
aspect ofwoheodssenti on provi des the use of a subst ance pafi/dBreoa00vnt i on in
the preparation of a nedicanent for the binding of phosphate in aninmals,
preferably humans, in need thereof, preferably for the prophylaxis or
treatnent of hyperphosphataem a in aninmals, preferably humans. The
substances of the invention can be for®ulated in any suitable
pharmaceutical conposition formbut especially in a formsuitable for ora
adm ni stration for exanple in solid unit dose form such as tablets,
capsules, or in liquid formsuch as |liquid suspensions, especially aqueous

suspensi OHA-'%1 YENRGle SARasR dae®r ﬁdﬁ%ﬁ%qLgpédrﬁﬁﬁgﬁtwraap%hmfseeven

I nt ravenous mnistration are al so poss Sui t e foriul ations can be

produced bykno t,ho | Wely) | | er ch as, for
exanpl e, | %@?‘0@@9@@' gﬁeféfébﬂ\g]‘r§ﬁﬂ]¥§wd ﬁ)q %ﬁ@aéf?lgb%iéﬁscﬁecﬁftg , for exanple,
water, fatty ojls or liquid paraffins. Qther carriers which my be used
i ncl ude ma¥¥PMYP: derived fromanimal or vegetable proteins, such as the
gel atins, dextrins and soy, wheat and psyllium seed proteins; guns such as
acaci a, guar, agar, and xanthan; pol ysacchari des; al gi nates;
car boxynet hyl cel | ul oses;

5 A solid unit dose form may also comprise a release rate controlling additive.

For example, the substance of the invention may be held within a hydrophobic
polymer matrix so that it is gradually leached out of the matrix upon contact
with body fluids. . Alternatively, the substance of the invention may be held
within a hydrophilic matrix which gradually or rapidly dissolves in the

10  presence of body fluid. The tablet may comprise two or more layers having
different release properties. The layers may be hydrophilic, hydrophobic or a
mixture of hydrophilic and hydrophobic layers. Adjacent layers in a
multilayer tablet may be separated by an insoluble barrier layer or hydrophilic
separation layer. An insoluble barrier layer may be formed of materials used

15 to form the insoluble casing. A hydrophilic separation layer may be formed
from a material more soluble than the other layers of the tablet core so that és
the separation layer dissolves the release layers of the tablet core are

exposed.

20 Suitable release rate controlling polymers include polymethacrylates,
ethylcellulose, hydroxypropylmethylcellulose, methylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, sodium

carboxymethylcellulose, calcium carboxymethylcellulose, acrylic acid polymer,



carrageenans; dextrans; pectins; synthetic polyners such as

pol yvi nyl pyrrolidone; polypeptide/protein or polysaccharide conpl exes such
as gel at iwoao@unisso7eonpl exes; sugars such as mannitol, dextrramels/gedsact ose
and trehal ose; cyclic sugars such as cyclodextrin; inorganic salts such as
sodi um phosphat e, sodium chloride and alum niumsilicates; and am no acids
having from2 to 12 carbon atons such as a glycine, L-alanine, L-aspartic
acid, L-glutam c acid, L-hydroxyproling22 L-isoleucine, L-leucine and
Lphenyl al ani ne. Auxiliary conponents such as tablet disintegrants,
solubilisers, preservatives, antioxidants, surfactants, viscosity
enhancers, colouring agents, flavouring agents, pH nodifiers, sweeteners or

taste-mas kb@gﬁ?gﬁéye;%lgﬁ%ﬂ,s B?ﬁ%}lﬁﬁeﬁ%@@,ﬁf&?é&édﬁr{? cbilflo§& BBaGId, iZ2th

Sui tabl e co ack” and yellow 1 ron oxi des and FD
& C dyes sg&p as FD & C blue No. 2 and FD & C red No. 40 avail able from
Ellis & Everard. Suitable flavouring agents include mnt, raspberry,
| i quorice, orange, |enon, grapefruit, caranel, vanilla, cherry and grape
flavours and conbi nati ons of these. Suitable pH nodifiersinclude sodi um
hydrogencar bonate, citric acid, tartaric acid, hydrochloric acid and naleic
aci d. Sui t 8bltablevmatesials whichawelkomepntachwidh agelesus figHigsineude t haunat i n.
Sui t abl e taste-maski ng agents include sodi um

5 polymeric materials include from cross-linked sodium carboxymethylcellulose,

cross-linked hydroxypropylicellulose, high molecular weight
hydroxypropylcellulose, carboxymethylamide, potassium
methacrylatedivinylbenzene copolymer, polymethylmethacrylate, cross-linked
polyvinylpyrrolidone and high molecular weight polyvinylalcohols.

10  Solid unit dose forms comprising a substance of the invention may be
packaged together in a container or presented in foil strips, blister packs or
the like, eg marked with days of the week against respective doses, for patient

guidance.

15  The invention is further described below in the following numbered

paragraphs:
1. A compound for use as a medicament, wherein the compound is of
formula (1):

20 MY M"0pA™.zH,0 (I

where M" is at least one bivalent metal;
M is at least one trivalent metal;

A" is at least one n-valent anion;



hydr ogencar bonat e, i on-exchange resins, cyclodextrin inclusion conmpounds,
adsorbates or m croencapsul ated actives. For treatnent of and prophyl axis
of hyper phopévaissemi a, preferably amounts of from 0.1 tecHEBrg)e/ o045
preferably from1l to 200, ng/ kg body wei ght of substance of the invention
as active conpound are admi nistered daily to obtain the desired results.
Neverthel ess, it may be necessary fromtine to tinme to depart fromthe
anounts nentioned above, dependi ng on 2he body wei ght of the patient, the
met hod of application, the animal species of the patient and its individual
reaction to the drug or the kind of fornmulation or the time or interval in
which the drug is applied. In special cases, it nay be sufficient to use

| ess than $he_Blistiy P4k (loyen above, whilst in other cases the maxi mum
dose may have to be exceeded. For a |arger dose, it may be advisable to

di vide the dose into several smaller single doses. Utimately, the dose

w || depend upon the discretion of the attendant physician. Adm nistration

soon before neals, eg. within one hour befqgre a negl or taken.with food
will usual 18 be'&ﬁPBTFPrL\“gJPWF?Sﬁ@amegfm@?s\ﬂh?@'%ﬂ?q CRHPQURAG, i W{Jrran adul t
adm nistration may conprise fromlng to 1g, preferably from 10 ng to 800 ny
of subst anfosmota he

5 M M",0pAY.zH,0 (1
where M" is at least one bivalent metal;
M" is at least one trivalent metal;
A" is at least one n-valent anion;
2+a =2b+2cn and Zcn < 0.93a;

10 zis 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.

1b. A compound for use as a medicament, wherein the compound is of
formula (1):
M. aM"0pA™.zH20 (1)
15  where M is at least one bivalent metal;
M is at least one trivalent metal;
A" is at least one n-valent anion;
a is from 0.1 to 0.5, preferably from 0.2 to 0.4.
b is 1.5 or less, preferably 1.2 or less.
20 the value of ¢ for each anion is determined by the need for charge neutrality
as expressed by the formula 2+a = 2b+2cn.

z is 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.



invention. A solid unit dose formmy also conprise a release rate
controlling additive. For exanple, the substance of the invention may be
hel d wi t Wwo 2a0dmgs7ophobi ¢ pol ynmer nmatrix so that it is grcadsbécoobsached
out of the matrix upon contact with body fluids. Aternatively, the
substance of the invention may be held within a hydrophilic matrix which
gradually or rapidly dissolves in the presence of body fluid. The tabl et
may conprise two or nore |ayers having24li fferent rel ease properties. The

| ayers may be hydrophilic, hydrophobic or a m xture of hydrophilic and

hydr ophobi ¢ | ayers. Adjacent layers in a multilayer tablet nmay be separated
by an insol uble barrier |ayer or hydrophilic separation |ayer. An insol uble
barrier |ayer : i e i casi ng.
A hydr oph; T ¢ 9B i B p T e L (PR bl o

t han t he o%he;§}$yers of the tablet core so that as the separation |ayer

di ssol ves The”ref ease | ayers of the tablet core are exposed. Suitable

rel ease rate controlling polyners include pol ynethacryl ates,

et hyl cel | ul ose, hydroxypropyl net hyl cel | ul ose, nethyl cel | ul ose,

3. A compound according to paragraph 1, 1a or 1b wherein in formula (1),
5 ais<0.3.
4, A compound according to paragraph 2, wherein in formula (I), 0.03a<
2cn < 0.5a.
10 5. A compound according to paragraph 3, wherein in formula (1), 03a <
2cn < 0.7a.
6. A compound according to any preceding paragraph, having less than

2%, preferably less than 1.5%, more preferably less than 1% by weight

15  crystallite-surface absorbed water.

7. A compound for use as a medicament, wherein the compound is
obtainable by heating a starting material comprising a layered double
hydroxide structure at a temperature of from 200°C to 600°C, preferably from

20 250°C to 500°C.

7a. A compound for use as a medicament, wherein the compound is

obtained by heating a starting material comprising a layered double hydroxide



hydr oxyet hyl cel | ul ose, hydroxypropyl cel | ul ose, sodi um

car boxynet hyl cel | ul ose, cal ci um car boxynet hyl cel | ul ose, acrylic acid

pol yner , ppbyeddngsene gl ycol , pol yet hyl ene oxi de, carrageemaBoaalob4skose
acetate, zein etc. Suitable materials which swell on contact w th aqueous
l'i quids include polyneric materials include fromcross-1linked sodi um

car boxynet hyl cel | ul ose, cross-1inked hydroxypropyl cellul ose, high nol ecul ar
wei ght hydr oxypropyl cel | ul ose, carboxy2®t hyl am de, potassi um

met hacryl at edi vi nyl benzene copol yner, pol ynet hyl net hacryl ate, cross-1|inked
pol yvi nyl pyrrol i done and hi gh nol ecul ar wei ght pol yvi nyl al cohols. Solid
unit dose forns conprising a substance of the invention may be packaged

toget her '&@ag%ﬁf@gg&faupé%w&ﬁéoomftelaboserpﬂ%raelyﬁérﬁrzamae&é or the

i ke, eg mar the week agai nst respective doses, for patient
gui dance. %&2 invention is further described belowin the follow ng
nunbered p (ﬁ'aphs: 1. A conmpound for use as a nedi canent, wherein the
conmpound is of formula (1):

8. A compound according to paragraph 7 or 7a, wherein the starting
5 material comprises a compound of formula (ll):
M" 1M (OH),A™,.mH,0 a
where M is at least one bivalent metal;
M" is at least one trivalent metal;
A™ is at least one n-valent anion;
10 0<x=0.5,
0O<y<1and
0<m=<10;

and wherein preferably x = Zyn

15 9. A compound according to paragraph 8, wherein in formula (ll), x is >

10. A compound according to paragraph 8, wherein in formula (Il), x is <
0.3.

20
11. A compound according to any of paragraphs 7 to 10, wherein the
substance has a 10% higher phosphate binding capacity relative to the

compound of formula (II) from which it is obtainable.



where M is at |east one bivalent netal; Mp is at |east one trival ent
netal; An is at |east one n-valent anion;2+a = 2b+cn and cn < 0.9a. la. A
conpound Wwonoesss@s a nedi cament, wherein the conpound ipsTafB2b@vaoodsa (1) :
M1 MIla®An-c.zH20 (1) where M is at |east one bivalent netal; M" is at
| east one trivalent netal; An is at |east one n-val ent anion; 2+a = 2b+cn
and cn < 0.9a; zis 2 or less, nore preferably 1.8 or |ess, even nore
preferably 1.5 or less. 1b. A conpound28or use as a nedi canent, wherein the
conmpound is of formula (1): Mi. MIIl aCbAn-c.zH2qg (I) where M is at |east
one bivalent netal; Mi is at |east one trivalent netal;

12.  Use of a compound in a method of preparing a medicament for binding
of phosphate, wherein the compound is of formula (1):
MM OpA™5.ZH,0 ()
5 where M" is at least one bivalent metal;
M" is at least one trivalent metal;
A" is at least one n-valent anion;

2+a = 2b+2cn and Zcn < 0.9a.

10 12a. Use of a compound in a method of preparing a medicament for binding
of phosphate, wherein the compound is of formula (l):
M MM OLA™.zH,0 ()
where M' is at least one bivalent metal;
M" is at least one trivalent metal;
15  A"is at least one n-valent anion;
2+a = 2b+Zcn and Zcn < 0.9a;

z is 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.

12b. Use of a compound in a method of preparing a medicament for binding
20 of phosphate, wherein the compound is of formula (1):

My .M 0,A™.2H,0 ()

where M' is at least one bivalent metal;

M is at least one trivalent metal:



An" is at |east one n-valent anion; ais fromO0.1 to 0.5, preferably from
0.2to 0.4. bis 1.5 or less, preferably 1.2 or less. the value of c for
each ani omoi2socdssepm ned by the need for charge neutral iPCy/GERo@pPIS3sed by
the fornmula 2+a = 2b+cn. z is 2 or less, nore preferably 1.8 or |ess, even
nore preferably 1.5 or less.2. A conpound according to paragraph 1, la or
1b wherein in formula (1), ais > 0.3 . 3. A conpound according to
paragraph 1, la or 1b wherein in formRa (1), ais < 0.3. 4. A conpound
according to paragraph 2, wherein in formula (1), 0.03a< cn < 0.5a. 5. A
conpound according to paragraph 3, wherein in formula (1), 03a < cn < Ja.
6. A conpound according to any precedi ng paragraph, having |less than 2%

preferabl yph-es EQé”ﬂﬂbr%e ﬁ%’al rhidH; .eferably | ess than 1% by wei ght
crystal I|te su ace sorbed water. 7. A conpound for use as a nedi canent,

wherein t hg |sCPrg;%o(5'q'qo 0> 5, preferably from 0.2 to 0.4.

b is 1.5 or less, preferably 1.2 or less.
the value of ¢ for each anion is determined by the need for charge neutrality
5 as expressed by the formula 2+a = 2b+>cn.

zis 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.

13.  Use of a compound in a method of preparing a medicament for

prophylaxis or treatment of hyperphosphataemia, wherein the compound is of
10  formula (i)

M". M 0pA™..zH,0 (1)

where M" is at least one bivalent metal;

M" is at least one trivalent metal;

A is at least one n-valent anion;

15 2+a=2b+Xcn and Xcn < 0.9a.

13a. Use of a compound in a method of preparing a medicament for
prophylaxis or treatment of hyperphosphataemia, wherein the compound is of
formula (1):

20 M"M",0,A™.zH,0 (1)
where M is at least one bivalent metal;
M" is at least one trivalent metal;

A" is at least one n-valent anion;



obt ai nabl e by heating a starting material conprising a | ayered doubl e
hydr oxi de structure at a tenperature of from 2000C to 6000C, preferably
from 2500€0t2006%88039 7a. A conpound for use as a nedi campor/GBRr@v®4352t he
conpound is obtained by heating a starting material conprising a | ayered
doubl e hydroxi destructure at a tenperature of from 2000C to 6000C,
preferably from 250C to 500C. 8. A conpound according to paragraph 7 or 7a,
wherein the starting material conprisega conpound of fornmula (I11): ML 1 L
xML11 X(OH) 2A VnH2O (11) where ML 1 is at |east one bivalent netal; M" is
at least one trivalent nmetal; An is at |east one n-valent anion; 0 < x <
0.5, 0<y 1 and 0 < m< 10;

2+a = 2b+Xcn and Zcn < 0.93;

z is 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.

13b. Use of a compound in a method of preparing a medicament for
5 prophylaxis or treatment of hyperphosphataemia, wherein the compound is of

formula (1):
M1 M, 0pA™¢.2H,0 (1)
where M' is at least one bivalent metal;
M" is at least one trivalent metal;

10 A" is at least one n-valent anion;
a is from 0.1 to 0.5, preferably from 0.2 to 0.4.
b is 1.5 or less, preferably 1.2 or less.
the value of ¢ for each anion is determined by the need for charge neutrality
as expressed by the formula 2+a = 2b+Zcn.

15 zis 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less.

14.  Use, according to any one of paragraphs 12 to 13b, wherein in formula

(1), aiis > 0.3 and preferably 0.03a < Zcn < 0.5a.

20 15. Use according to any one of paragraphs 12 to 13b, wherein in formula

(1), ais < 0.3 and preferably 0.03a < 2cn < 0.7a..



and wherein preferably x = yn 9. A conpound according to paragraph 8,
wherein in formula (I11), x is > 0.3. 10. A conpound according to paragraph
8, wher eiwoiznodossomal a (11), x is < 0.3. 11. A conpound actaBioewgpovb42any of
paragraphs 7 to 10, wherein the substance has a 10% hi gher phosphate

bi ndi ng capacity relative to the conmpound of forrmula (Il) fromwhich it is
obt ai nabl e. 12. Use of a conpound in a nethod of preparing a nedi canent for
bi ndi ng of phosphate, wherein the conp#nd is of forrmula (I): MIi

M1l albAn-c.zH20 (1) where M is at |east one bivalent netal; M" is at

| east one trivalent netal; An~ is at |east one n-val ent anion; 2+a = 2b+cn
and cn < 0.9a. 12a. Use of a conpound in a nethod of preparing a nedi canent

for bindingsof g ewaaé&npdmﬁ{iﬁwn{eh%&eﬂafamnb% RedicaniBHtdol bihdingher e M

is at | east one bivalent neta
of phosphate, wherein the compound is obtainable by heating a starting

material comprising a layered double hydroxide structure at a temperature of

from 200°C to 600°C, preferably from 250°C to 500°C.

5
16a. Use of a compound in a method of preparing a medicament for binding
of phosphate, wherein the compound is obtained by heating a starting
material comprising a layered double hydroxide structure at a temperature of
from 200°C to 600°C, preferably from 250°C to 500°C.
10

17.  Use of a compound in a method of preparing a medicament for
prophylaxis or treatment of hyperphosphataemia, wherein the compound is
obtainable by heating a starting material comprising a layered double
hydroxide structure at a temperature of from 200°C to 600°C, preferably from

15  250°C to 500°C.

17a. Use of a compound in a method of preparing a medicament for
prophylaxis or treatment of hyperphosphataemia, wherein the compound is
obtained by heating a starting material comprising a layered double hydroxide

20 structure at a temperature of from 200°C to 600°C, preferably from 250°C to
500°C.



Mpi is at least one trivalent nmetal; An" is at |east one n-val ent anion;
2+a = 2b+cn and cn < 0.9a; z is 2 or less, nore preferably 1.8 or |ess,
even nor evpredeussisby 1.5 or | ess. 12b. Use of a conpounecirceosmebbzd of
preparing a nedi canent for binding of phosphate, wherein the conpound is of
formula (1): M MIIlalbAn-c.zH20 (1) where M is at |east one bival ent
netal; ML" is at |least one trivalent netal; Ap" is at | east one n-val ent
anion; ais from0.1 to 0.5, preferabl$0from0.2 to 0.4. b is 1.5 or |ess,
preferably 1.2 or less. the value of ¢ for each anion is determ ned by the
need for charge neutrality as expressed by the fornmula 2+a = 2b+cn. z is 2
or less, nore preferably 1.8 or less, even nore preferably 1.5 or less. 13.

reatment o0 hy oS e L T T S 1

material comprises a compound of formula (11):
MM (OH),A™,.mH,0 (I
where M'" is at least one bivalent metal;

5 M"is at least one trivalent metal;
A" is at least one n-valent anion;
0<x=0.5,
O<y=1and

0<m=10;

10  and wherein preferably x = Xyn
19. Use, according to paragraph 18, wherein in formula (il), x is > 0.3.

20. Use according to paragraph 18, wherein in formula (ll), x is < 0.3.
15

21. A pharmaceutical composition comprising

(i) a compound of formula (1):

M M"20,A™ 6.zH,0 (1)

where M" is at least one bivalent metal;
20 M"is at least one trivalent metal;

A" is at least one n-valent anion;

2+a =2b+Zcn and 2cn < 0.9a;



Ml 1.aMIl a®An-c.zH20 (1) where M' is at |east one bivalent netal; M"
Is at |east one trivalent netal; An" is at |east one n-valent anion; 2+a =
2b+cn andworoes/@s@a. 13a. Use of a conpound in a nethodPafi/gB2e@ani4sg a

medi cament for prophylaxis or treatnent of hyperphosphataem a, wherein the
conmpound is of formula (1): MI i MIIlaObAn-c.zH20 (I) where M is at |east
one bivalent netal; M" is at least one trivalent netal; An' is at |east
one n-val ent anion;2+a = 2b+cn and cn 810.9a; z is 2 or |less, nore
preferably 1.8 or |less, even nore preferably 1.5 or less. 13b. Use of a
conpound in a nethod of preparing a nedi canent for

z is 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less;
and

(i) a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.

5 22. A pharmaceutical composition comprising

(i) a compound of formula (l):
MM, 0pA™.zH,0 ()
where M" is at least one bivalent metal;
M" is at least one trivalent metal;

10 A"™is at least one n-valent anion;
a is from 0.1 to 0.5, preferably from 0.2 to 0.4.
b is 1.5 or less, preferably 1.2 or less.
the value of ¢ for each anion is determined by the need for charge neutrality
as expressed by the formula 2+a = 2b+2cn.

15 zis 2 or less, more preferably 1.8 or less, even more preferably 1.5 or less;
and

(i) a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.

23. A pharmaceutical composition according to paragraph 21 or 22,

20 wherein in formula (1), a is > 0.3 and preferably 0.03a < Zcn < 0.5a.

24. A pharmaceutical composition according to paragraph 21 or 22,

wherein in formula (1), a is < 0.3 and preferably 0.03a < ¥cn < 0.7a.



prophyl axis or treatnent of hyperphosphataem a, wherein the conpound is of
formula (l1): where M is at | east one bivalent netal; M" is at |east one
trival entwoeb@losso®n” is at | east one n-val ent anion; a PsTiGRdM0d4520 O. 5,
preferably from0.2 to 0.4. bis 1.5 or less, preferably 1.2 or less. the
value of ¢ for each anion is determ ned by the need for charge neutrality
as expressed by the fornula 2+a = 2b+cn. z is 2 or less, nore preferably
1.8 or less, even nore preferably 1.5 82 |ess. 14. Use, according to any
one of paragraphs 12 to 13b, wherein in formula (1), ais > 0.3 and
preferably 0.03a < cn < 0.5a. 15. Use according to any one of paragraphs 12
to 13b, wherein in formula (I), ais < 0.3 and preferably 0.03a < cn <
0.7a..16. Use of a conpound in a nmethod of preparing a nedi canent for

bi ndi ng of phosphate, wherein the conmpound is obtainable by heating a

starting erigl ¢ [ Si: d .2 _hydroxi de structure at a
t enper at upgé'of grpm?%ﬁé@'% Céﬂb%ﬁfog}%‘%qﬁ#@%ﬁ% from 2500C to 5000C.
(i) a compound obtainable by heating a starting material comprising a layered
double hydroxide structure at a temperature of from 200°C to 600°C,

5 preferably from 250°C to 500°C; and

(i) a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.

26. A pharmaceutical composition comprising

(i) a compound obtained by heating a starting material comprising a layered
10  double hydroxide structure at a temperature of from 200°C to 600°C,

preferably from 250°C to 500°C; and

(i) a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.

27. A pharmaceutical composition according to paragraph 26, wherein the
15  starting material comprises a compound of formula (l1):

M1 M (OH)RA™,.mH,0 (1

where M is at least one bivalent metal;

M" is at least one trivalent metal;

A" is at least one n-valent anion;
20 0<x=0.5,

O<y=<1and

0<m=10;

and wherein preferably x = Zyn



16a. Use of a conpound in a method of preparing a nmedicanent for binding of
phosphat e, wherein the conpound is obtained by heating a starting materi al
conpri si /yoaodengsr7ed doubl e hydroxi de structure at a tempercGR006000852f r om
2000C to 600C, preferably from 250C to 5000C. 17. Use of a conpound in a
met hod of preparing a nedicanment for prophylaxis or treatnent of

hyper phosphat aem a, wherein the conpound is obtai nable by heating a
starting material conprising a |ayered3doubl e hydroxi de structure at a
tenperature of from 2000C to 6000C, preferably from250C to 500C. 17a. Use
of a conmpound in a nethod of preparing a nedi canent for prophylaxis or
treat nent of hyper phosphataem a, wherein the conpound is obtained by
heating a starting material conprising a | ayered doubl e hydroxi de structure
at a tenperature of from 2000C to 600C, preferably from 2500C to 500C. 18.

corpr | ses 2 corbBURLNEr SR Eef EombBfiort Sopbrdifyo Paraabn 27, whatdi 8 2 B!
met al ; N[L"folrrrslulgt(llge)?igsg 8ne trival ent netal:

5 29. A pharmaceutical composition according to paragraph 27, wherein in

formula (II), x is < 0.3.

All publications mentioned in the above specification are herein incorporated
by reference. Various modifications and variations of the described methods
10  and system of the invention will be apparent to those skilled in the art without
departing from the scope and spirit of the invention. Although the invention
has been described in connection with specific preferred embodiments, it
should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the
15  described modes for carrying out the invention which are obvious to those
skilled in chemistry or related fields are intended to be within the scope of the

following claims

The present invention will now be explained in more detail by way of the

20 following non-limiting examples.



An is at least one n-valent anion; 0 < x < 0.5 0<y 1 and 0 < m< 10;
and wherein preferably x = yn 19. Use, according to paragraph 18, wherein
i n fornmulwo@bdeassooi s > 0.3. 20. Use according to paragrapiGB28)c/ontmszei n in
formula (I1l1), x is <0.3. 2 1. A pharmaceutical conposition conprising (i)
a conmpound of forrmula (I): where M is at |east one bivalent netal; M" is
at least one trivalent netal; An is at |east one n-valent anion; 2+a =
2b+cn and cn < 0.9a;z is 2 or less, no¥® preferably 1.8 or |less, even nore
preferably 1.5 or less; and (ii) a pharmaceutically acceptable carrier,
di l uent, excipient or adjuvant. 22. A pharmaceutical conposition conprising
(i) a compound of formula (1):

EXAMPLES

Method 1(M1)

(a) Preparation of Starting Materials
Two starting materials, designated Batch A and Batch B were prepared by the

5 method set out below.

Sodium carbonate (21 kg solid ) and sodium hydroxide (25 kg solid) were
dissolved in 158 kg de-ionised water(DIW). In a separate vessel 129 kg de-
ionised water 52 kg Magnesium sulphate (MgS04.7H20; solid ) and 50 kg

10 iron sulphate solution (supplied by Kemira), 43 % w/w were dissolved to
prepare batch A (2:1 ratio Mg:Fe) or alternatively 143 kg de-ionised water was
used to dissolve 62 kg Magnesium sulphate and 30 kg iron sulphate solution
to prepare batch B (4:1 ratio Mg:Fe). The solutions were then added
simultaneously over 60 minutes to a stirred 68 kg cold water pool at controlled

15  flow rates sufficient to maintain pH 10.3 in the reaction mixture, (+/- 0.2pH
units), at a reaction temperature not exceeding 30°C. When the additions
were complete, the reaction mixture was mixed for another 30 minutes and
then filtered using a filter press (plate and frame press). The filtered product
was then washed 3 times (39 litres/wash) with cold deionised water(DIW) and

20 blown with compressed air to dewater the solid. After isolation, the product

was dried using a large tray-oven at 100-120°C.



Mi M1l a0ObAn-c.zH20 (1) where M is at |east one bivalent netal; M" is at
| east one trivalent netal; An is at |east one n-valent anion; ais fromO.1
to 0.5, pwefessissyrofrom 0.2 to 0.4. b is 1.5 or |ess, prerarBbiopodss2 or

|l ess. the value of ¢ for each anion is determ ned by the need for charge
neutrality as expressed by the fornula 2+a = 2b+cn. z is 2 or less, nore
preferably 1.8 or less, even nore preferably 1.5 or less; and (ii) a
pharmaceutical |y acceptable carrier, dBbuent, excipient or adjuvant. 23. A
pharmaceutical conposition according to paragraph 2 1 or 22, wherein in
formula (1), ais > 0.3 and preferably 0.03a < cn < 0.5a. 24. A

phar maceuti cal conposition according to paragraph 2 1 or 22, wherein in

formil a (1yne@okfions Wete HI9p At iR 280 7 pragtie drufs/iising-a Highs
ron %I a &

phar maceut i cal” conposi conpri sing onpound obt ai nabl € by heating

tarti terial . . :
?ersrle; alt 3?gﬂ%‘@reﬁlb%m%%gé@'ﬂﬁgé@&jh%‘é‘ebﬁf‘} doubl e hydroxi de structure at a

For the caustic soda solution, the mixing head was completely covered by the
5  water before switching on the mixer. The pearl sodium hydroxide was then
added in one lot, followed by the sodium carbonate. The solution was stitred

until the entire solid had dissolved.

For the Magnesium/Ferric sulphate solution, the Unishear mixing head was
10  completely covered by the water before switching on the mixer. The

magnesium sulphate was added to the water followed by addition of the ferric

sulphate solution. The solution was stirred until all of the magnesium sulphate

had dissolved.

15  For precipitation, sufficient DIW (deionised water) was used to just cover the
agitator blades in the reactor vessel (this was ca. 68kg of water).
Flow control units were used to deliver the appropriate flow rates of the

alkaline carbonate and metal sulphate solution

20 After starting the propeller-blade mixer in the 100 gallon (ca. 455 litres)
reaction-vessel , the feed pumps were started. The alkaline carbonate and
metal sulphate solutions then started flowing into the reaction-vessel. During

- the precipitation the pH of the reaction mixture was monitored using a pH-



preferably from 250C to 500 OC, and (ii) a pharmaceutically acceptable
carrier, diluent, excipient or adjuvant. 26. A pharmaceutical conposition
conpri si ngo@bde/mserenpound obt ai ned by heating a starti ng@CratBnicai00452
conprising a |l ayered doubl e hydroxide structure at a tenperature of from
200 OC to 600 OC, preferably from2500C to 500 0C, and (ii) a
phar maceutically acceptable carrier, diluent, excipient or adjuvant. 27. A
pharmaceuti cal conposition accordi ng t86 paragraph 26, wherein the starting
materi al conprises a conmpound of formula (I1): ML -XML11 X(OH) 2A VnH 20
(I'l') where M' is at |east one bivalent netal; M" is at |east one trivalent
metal; An is at |east one n-valent anion; 0 < x < 0.5, 0<y 1 and

meter. The target pH was 10.3, (+/- 0.2pH units). It took ca. 5-10 minutes

before the pH stabilised within the desired band. The pH was checked at

regular intervals during the one-hour addition time, and the flow rates adjusted

of either the carbonate or sulphate stream as necessary to alter and control

5 the pH. The temperature was also checked at regular intervals. The reaction

temperature increased slowly partly due to the heat of reaction and also

because the feed solutions were warm due to the action of the high shear

mixer during dissolution or heat of reaction. When the temperature

approached 30°C, the cooling water was switched on. The total addition time

10 was 60 minutes. The batch was then stirred for 30 minutes at 25-30°C.

The batch was then filtered on a filter-press. The press batch was then blown
with compressed air for ca. 30-60 minutes and then discharged. The cake

was then dried at 100-120°C for 16 hours in the tray oven.

15
Small product samples, for analysis of samples prior to calcination, were
ground by using a pestle and mortar. Larger quantities, for samples to be
calcined, were ground in a Waring commercial blender (blender 800 E) for not
more than 8 minutes.

20

Samples were classified using a 200mm diameter, stainless steel, certified
106um sieve/lid/receiver. The sample was sieved by hand, oversize material

is returned to the stock dried sample to be reground. Continue until the entire



0 < nx 10; and wherein preferably x = yn28. A pharmaceutical conposition
according to paragraph 27, wherein in formula (Il), xis > 0.3. 29. A

phar macewoads/08s07posi ti on accordi ng to paragraph 27, werergBrosanobssemul a
(1), xis <0.3. Al publications nentioned in the above specification are
herein incorporated by reference. Various nodifications and vari ations of

t he descri bed net hods and system of tB? i nvention will be apparent to those
skilled in the art w thout departing omthe scope and spirit of the

i nvention. Although the invention has been described in connection with
specific preferred enbodi nents, it should be understood that the invention
as clainmed should not be unduly limted to such specific enbodi nents.

| ndeed, vaaimplsiset06irodn sizes Tefnsferdhd asound produnt és afself-ssal plastig out t he

i nvention which are obvious to those skilled in chem stry or related fields
are intengag 4rel fgitatethé Bapte Bobpeoughly hex ftol | owi ng cl ai s The present

i nvention wll now be explained in nore detail by way of the follow ng
non-limting exanpl es. EXAMPLES

The materials of Batch A and Batch B were targeted to have Mg:Fe ratios of
5 2:1 and 4:1 respectively, and the actual molecular formulae found by analysis

were:

Batch A: [Mgo.67F€0.33(OH)2][(CO3)0.17(SO4)0.01.0.43H20]{NazSO4]o.03

Batch B: [Mgo.s0F€0.20(OH)2][(CO3)0.16(SO4)0.01.0.60H201[Na2SO4]o.03

10 (b) Preparation of Example substances according to the Invention

Samples were calcined (heat-treatment of samples up to 1000 °C) by different
methods namely; rotary calcination, fluid-bed calcination, and standard static
oven caicination. Between 10g and 100 g of ground and sieved samples,
according to method 4a and 4b, were placed in the oven. The 2:1 and 4:1

15  samples tested by the different calcination methods at 500 °C and 3 hours
resulted in higher phosphate-binding and lower soluble Mg versus that for the
uncalcined material though the improvements varied depending on method
and conditions. The fluid bed treatment included an experiment where the
sample was over-heated for 15 hours at 500 °C, which resulted in a decrease

20 in phosphate binding versus that for the uncalcined. In contrast, all the
samples heat-treated for 3 hours at 500 °C showed an increase in phosphate

binding and decrease in soluble magnesium relative to the uncalcined



Met hod KM (a) Preparation of Starting Materials Two starting materials,
desi gnated Batch A and Batch B were prepared by the nmethod set out bel ow
Sodi um cawban@tmss(721 kg solid ) and sodi um hydroxi de (2PChgBRoba/md452er €

di ssolved in 158 kg de-ionised water(DIW. In a separate vessel 129 kg

dei oni sed water 52 kg Magnesi um sul phate (MgSH. 7TH2O, solid ) and 50 kg

i ron sul phate solution (supplied by Kemra), 43 %ww were dissolved to
prepare batch A (2:1 ratio My: Fe) or aB&ernatively 143 kg de-ioni sed water
was used to dissolve 62 kg Magnesi um sul phate and 30 kg iron sul phate
solution to prepare batch B (4:1 ratio My: Fe). The solutions were then
added sinul taneously over 60 mnutes to a stirred 68 kg cold water pool at

control | edm}agé}g&.;g%fgtawf Vefi RBihot RS didt dalitidPgdanipled &t HfRerton

m xture, (+ units), at a reaction tenperature not exceedi ng 300C.

anot her socmmsrebtes iy HAGHE sffblos AF oERAEWRER, REPUBNTS TIIFC ana frane

press). The filtered product was then washed 3 tines (39 litres/wash) with
col d dei oni sed water(DI'W and

Mixed metal compound samples weighing between 10-30 gram were placed
5 in a porcelain-type dish (below 500°C) or silica-type dish (for temperatures

above 500°C). The diameter of the dishes or bowls varied between 7 and 16
cm. In all experiments the sample-bed was kept below a depth of 1 cm. Four
standard type ovens were used, namely; for temperatures up to 500°C:
Gallenkamp (Oven300 plus series) and Vectstar (ML0O16) whereas for

10  temperatures above 500 °C Vectstar (HTL3 and SP14). The samples were left
in the pre-heated oven for duration of 3 hours. After 3 hours the calcined
samples were placed in a dessicator to cool down. Samples were then stored

under dry and cool conditions.

15  The heat treated materials thus obtained were then tested for phosphate
binding capacity, soluble magnesium , surface absorbed water content and
also subjected to X-ray diffraction analysis. The methods employed are

described below.

20 Test Method 1: Determination of the Percentage Loss of Crystalline Surface

Water at 105 OC.




bl own with conpressed air to dewater the solid. After isolation, the
product was dried using a |large tray-oven at 100-1200C. The sol utions were
prepar ed wo 20666507200 |litre plastic druns using a hi ghsrearGBzosaN0450
di ssolve the solids in DW For the caustic soda solution, the m xi ng head
was conpletely covered by the water before switching on the m xer. The
pear| sodi um hydroxi de was then added _in one lot, followed by the sodium
carbonate. The solution was stirred ufPil the entire solid had di ssol ved.
For the Magnesium Ferric sul phate solution, the Unishear m xi ng head was
conpletely covered by the water before switching on the m xer. The
magnesi um sul phate was added to the water foll owed by addition of the
ferric sulreasamplasuwvhich. hahdesal altived teasquilibriatedfarraavierall daysf art he
magnesi um sul phat e had di ssol ved. For precipitation, sufficient DIW
(dei oni se t S ] yer L Ot I he reactor
vessel (t |0\36%ma/§{s&(2:g% %ﬁ'ﬁ‘gg%%a&%ﬁc‘?)ﬁ%%\?vp%g?ﬁ% uni ng%ﬁwgggg to
deliver the appropriate flow rates of the al kaline carbonate and net al
sul phat e sAsIEKRIesAed s atpRercenigoenOngnepall 105 9§ sermonek dhe isyrigae 100
gallon (ca. 455 litres)

absorbed water (i.e. non-chemically-bound water).

A clean dry weighing dish (crucible) was accurately weighed and the weight

recorded (W1). The crucible was filled with from 1.0 to 3.0g of sample and the

total weight recorded (W2). The crucible was placed in an oven set at 105 °C
for 4 hours. After 4 hours the crucible was removed from the oven, cooled to

10 room teﬁperature in a desiccator, re-weighed and the final weight recorded

(W3).
The % loss at 105°C = (W2 - W3)x 100%
(W2 -WH1)
15
Test Method 2: Determination of Phosphate Binding Capacity and

Soluble Magnesium

40mM Sodium Phosphate solution (pH 4) was prepared and treated with
20 the phosphate-binder. The supernatant of the centrifuged phosphate-
solution and binder mixture was then diluted and analysed by ICP-OES for

Fe, Mg and P content. The latter analysis technique is well known to



reacti on-vessel , the feed punps were started. The al kaline carbonate and
netal sul phate solutions then started flowng into the reaction-vessel.

Duri ng t hwopneaispi7vati on the pH of the reacti on m xturePo@sGBIOwMOssed usi ng
a pHreter. The target pH was 10.3, (+/- 0.2pH units). It took ca. 5-10

m nutes before the pH stabilised within the desired band. The pH was
checked at regular intervals during the one-hour addition tinme, and the
flow rates adjusted of either the carbdbate or sul phate stream as necessary
to alter and control the pH The tenperature was al so checked at regul ar
intervals. The reaction tenperature increased slowy partly due to the heat
of reaction and al so because the feed solutions were warmdue to the action

of the hi g’fho%'éeélhllég])ﬁ?rthéjlérrﬂ WGPdOE‘S)ﬁéJEHé)'&chnyﬂ?%r RautAgay | upleren the

t enper at ure approached 300C, the cooling water was swtched on. The total

addition t h was then stirred for 30 m nutes at

25- 300C. Th@ﬂﬁ@%@%@@%ﬁﬁﬁaﬂgrﬁb h afilter-press. The press batch was

then blown with conpressed air for ca. 30-60 m nutes and then di scharged.

The cake was then dried at 100-1200C for 16 hours in the tray oven. Snmall

product sanples, for analysis of sanples prior to calcination, were ground
Ros $pba

by using aReegents asedniort s roethger WeliainSodiwg | Dilydrege |
5 Monohydrate (Aldrich), 1M hydrochloric acid, AnalaR™ water, standard
phosphorous solution (10.000ug/ml, Romil Ltd), standard magnesium
solution (10,000ug/ml, Romil Ltd), standard iron solution (1.000ug/ml),

sodium chloride (BDH).

10  Specific apparatus used were centrifuge (Metler 2000E), blood-tube rotator
(Stuart Scientific), minishaker (MS1), ICP-OES, blood collection tubes.
Phosphate buffer (pH = 4) was prepared by weighing 5.520 g (+/-0.001 g)
of sodium di-hydrogen phosphate followed by addition of AnalaR™ water
and transferring to a 1lir volumetric flask.

15
To the 1 ltr volumetric flask was then added 1 M HCI drop-wise to adjust
the pH to pH 4 (+/-0.1) mixing between additions. The volume was then

accurately made up to 1ltr using AnalaR™ water and mixed thoroughly.

20  0.4g (+/- 0.0059) of each sample was weighed into the supplied blood
collection tubes and placed in the holding rack. All samples were prepared in
duplicate. 10ml aliquots of the phosphate buffer were pipetted into each of the

blood collection tubes containing the pre-weighed test materials and the



cal cined, were ground in a Waring comercial bl ender (blender 800 E) for
not nore than 8 mnutes. Sanples were classified using a 200nm di aneter,

st ai nl esswete@lossaerti fi ed 106mm si eve/lid/receiver. Thecsapbe/oms2si eved
by hand, oversize material is returned to the stock dried sanple to be
reground. Continue until the entiresanple is <106 mMmin size. Transfer the
ground product to a self-seal plastic bag and agitate the sanple to
thoroughly mix it. The materials of Bdtlch A and Batch B were targeted to
have My: Fe ratios of 2:1 and 4:1 respectively, and the actual nol ecul ar
formul ae found by analysis were: Batch A: [M0.67Feo. 33(OH) 2] [ (Cq

3)0.i 7(SO4)0.0i .0.43H 20 [Na 2SMlo 03 Batch B:

[ My0. BoFe@crsw SepAitledCTPBE veb§15Wore agjitalebovbr2OhiiNighiGspfopab®)t tBhepar at i on
of Exanpl e substances according to the Invention Sanples were cal ci ned

(heat-tr e%%gﬁ?'gﬁhé ??%’%e? weRe randfepedtnto Y hiBbhi tah e Ritatdridnadnieane! v;

rotary calcin bed cal cination, and standard static oven .
o met nod TAGRINGEFS (i2r2 PifuERh thelesdol B BRo T fgga R p6lgnac" & ™
tested by afn%eﬂ()j‘j(t, ;Oerr rrHinlﬁgle..Qli'hneaéér%Bleréevtvgr%drsen%ve%of(r)or(r)lghg rc]:OeIn?rifttllgoéJ and
5 2.5ml aliquots were pipetted of the supernatant and transferred into a fresh
blood collection tubes. 7.5 ml of AnalaR™ water were pipetted to each 2.5ml

aliquot and the screw cap fitted and mixed thoroughly. The solutions were

then analysed on a calibrated ICP-OES.

10  The phosphate binding capacity was determined by: phosphate binding (%)
=100 - (Te/Sp x 100)
Magnesium release was determined by: Magnesium release (mmol/l)
=Tmg — Simg
where:
15  Tp = Analyte value for phosphate in the phosphate solution after reaction
with phosphate binder.
Sp = Analyte value for phosphate in the phosphate solution before reaction
with phosphate binder.
Tmg = Analyte value for magnesium in the phosphate solution after reaction
20  with phosphate binder.
Swmg = Analyte value for magnesium in the phosphate solution before reaction

with phosphate binder.



resulted in higher phosphate-binding and | ower soluble My versus that for
the uncal cined material though the inprovenents varied dependi ng on nethod
and condiwoane/0s3i7e fl uid bed treatment included an expecirmaBroodoesse t he
sanpl e was over-heated for 15 hours at 500 C, which resulted in a decrease
i n phosphate binding versus that for the uncalcined. In contrast, all the
sanpl es heat-treated for 3 hours at 500 C showed an increase in phosphate
bi ndi ng and decrease in soluble magnestdimrel ative to the

uncal ci nedmaterial. The static oven nmethod was used for cal cining sanples
at different tenperatures by placing sanples for only 3 hours in the oven.
M xed netal conpound sanpl es wei ghing between 10-30 gramwere placed in a

por cel ai n-tagaethsh 3:be! oxrAPB@rasiors(XROpmasRarathets( f or tenper at ur es
above 500 ) € di aneter of t i shes or bow s varied between 7 and 16

e
cm In al |9§@§5%%Wé&e& By @‘gé@ér‘ﬁcaﬁ% &gﬁplﬁs%m@i-w 20 $fRd thES (%O(C::m Four

standard t vens were useda, nane tenperatures up to

Gal | enkanp_ (.Oven300 pl us, seri and, Vect s %ﬁf’ for

t enper at ur 051?6‘9@%%(@69@?%‘#0'@%3?%?%&rgpg?%.%%%% T ES were left in
t he pre-heated oven for duration of 3 hours. After 3 hours the calcined
sanpl es wegengipiaseat 40kMaand S9Mit or to cool down. Sanpl es were then stored

5

Experimental Test Results

The results of the above tests performed on the heat treated materials

resulting from the starting materials of Batch A and Batch B are presented

below in Table 1. According to the temperature of heat treatment, in either
10 case, these are designated as a to m in Table 1. Example “a” is a control

example, in each case representing the un-heat treated starting material.



under dry and cool conditions. The heat treated materials thus obtained
were then tested for phosphate binding capacity, sol uble nagnesium,
surface abeaniwadsomter content and al so subjected to X-rey/GB2bderommesseon

anal ysis. The net hods enpl oyed are descri bed bel ow. Test Method 1:

Det erm nati on of the Percentage Loss of Crystalline Surface Water at 105
ogThe sanpl es which had been allowed to equilibriate for several days art
200C and 20% RH were dried at 1050 C for 4 hours and the loss in weight was
expressed as a percentage. Drying at 105 0 C renoves the surface absorbed

water (i.e. rnon-chem callTy-bouhd water). A cléean dry wei ghing digh
(crucible) was accurately wei ghed and the wei ght recorded (W). [The
cruci bl e was faul;||=‘d W th @omlOtoSOgof sanpl e and the total] weight
recorded (W2)|:g Thg crucibl® was placed in an oven set at 105 0 ¢ for 4
hours. After |Bholrs thg dFué ble was renoved fromthe oven, coojed to room
terrperaturelﬁadem cﬁt(ﬁ,g(b-welghed:aaﬂcbhe;fbnai vvelght recprded (WB).
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(W -WL) Test Method 2: Determ nation of Phosphate Bi nding Capacity and

Sol ubl e Magnesi um 40mM Sodi um Phosphate sol ution (pH 4) was prepared and
treat ed wohotdmss@hosphat e- bi nder. The supernat ant of treTaBO6/G0NKFed
phosphat esol uti on and bi nder m xture was then diluted and anal ysed by

| CP-OES for Fe, My and P content. The latter analysis technique is well
known tothose skilled in the art. ICP-CES is the acronymfor inductively
coupl ed plasnma optical em ssion spectréscopy. Reagents used for this nethod
wer e: Sodi um Di hydr ogen Phosphat e Monohydrate (Al drich), 1M hydrochloric
acid, AnalaR(tnm) water, standard phosphorous solution (10.000 ng/m, Rom |
Ltd), standard nagnesi um sol ution (10,000ng/ M, Rom | Ltd), standard iron

solution (g %ﬁ%{‘ R reh! A dsksi R§ i used
were centri %B%O I?%% Wﬁg?g;i bl oodqgtﬁgéé@rgggoﬁgg ?gtmtglger?ﬂ%gl{o?r?ﬁéh c),

m ni shaker %\65' | CP- OES, bl ood collection tubes. Phosphate buffer (pH =
4) was preB tlﬂp'wei ghing 5.520 g (+/-0.001 g) of sodiumdi-hydrogen

phosphat e If\II?El'Il'I-(I)%dZ b 2addi tion of AnalaR(tm water

Two starting materials, designated solution 1 and solution 2 were prepared by

5 the method set out below.

Magnesium sulphate and iron sulphate were dissolved in AnalaR™ water to
prepare solution 1. In a separate vessel sodium carbonate and sodium
hydroxide were dissolved in AnalaR™ water to prepare solution 2. The

10  weights used were calculated to give the desired ratio of metal cations. The
solutions were then added simultaneously over 50 minutes to stirred heel
water at controlled flow rates sufficient to maintain pH 10.3 in the reaction
mixture (+/- 0.2 pH units) at a reaction temperature not exceeding 30°C.
When the additions were complete, the reaction mixture was mixed for

15 another 30 minutes and then filtered using a buchner filtration set up. The
filtered product was then washed with 220ml portions of cold AnalaR™ water.

After isolation the product was dried using a preheated oven.

For the preparation of solution 1, AnalaR™ water was weighed out into a
20 vessel and stirred using an overhead mixer, into which was dissolved an
appropriate amount of iron sulphate solution (Ferripure, ex Kemira). Once

dissolved, magnesium sulphate (Epsom Salt, ex William Blythe) was



and transferring to a 1ltr volunmetric flask. To the 1 Itr volunmetric flask
was then added 1 M HCI drop-wise to adjust the pHto pH 4 (+/-0.1) m xing
bet ween awlQi20e60085079 The vol ume was then accurately nade wpTiGB2006/0004531 NQ
Anal aR(tnm) water and m xed thoroughly. 0.4g (+/- 0.005g) of each sanple was
wei ghed into the supplied blood collection tubes and placed in the hol ding
rack. All sanples were prepared in duplicate. 10m aliquots of the
phosphate buffer were pipetted into eath of the blood collection tubes
containing the pre-weighed test materials and thescrew cap fitted. The
vessel s were agitated over a m nishaker for about ten seconds. The vessels
were transferred onto a blood tube rotator and m xed for 30 mnutes (+/- 2

m nut es). Tja%ﬁi’aecﬁi%gl falSiERel 16 he siréd IroaatiIsHate 0RBMRAIRNE foor S
ﬂ1e sanpl es f|

m nut es. were renmoved fromthe centrifuge and 2.5m aliquots
were pipett.ed,of the supernatant and transferred into a fresh bl ood
collectio '??ﬂ%%‘. 7.5 mM of AnalaR(tm water were pipetted to each 2.5n
aliquot and the screw cap fitted and m xed thoroughly. The sol utions were
t hen anal ysed on a calibrated | CP-OES. The phosphate bi nding capacity was

determ ned by: phosphate binding (% Mignesiumrel ease was determ ned by:
Magnesi um Fari tbegwepatation|of solution 2, AnalaR™ water was weighed out into a

5 vessel and stirred using an overhead mixer, into which was dissolved an
appropriate amount of sodium carbonate (Pharmakarb, ex Brunner Mond).
Once dissolved, sodium hydroxide (Pearl Caustic Soda, ex INEOS Chlor) was
quantitatively transferred to the stirred sodium carbonate solution and allowed
to dissolve.

10
A calculated weight of AnalaR™ water was placed into a vessel. Flow control
units were used to deliver the appropriate flow rates of the alkaline carbonate

and metal sulphate solutions.

15  After starting the propeller-blade mixer in the vessel containing the water, the
feed pumps were started. The alkaline carbonate and metal sulphate
solutions then started flowing into the vessel. During the precipitation the pH
of the reaction was monitored using a pH-meter. The target pH was 10.3 (+/-
0.2 pH units). It tool ca. 5-10 minutes before the pH stabilised within the

20 desired band. The pH was checked at 1 minute intervals during the 50 minute
addition time, and the flow rate adjusted of the carbonate stream as

necessary to control the pH. The temperature was also checked at 1 minute



- Sivig where: Tp = Anal yte value for phosphate in the phosphate sol ution
after reaction with phosphate binder. S P = Anal yte value for phosphate in
t he phospNeteocssarbi on before reaction with phosphat e bipogarB2006/90452Anal yt e
val ue for magnesiumin the phosphate solution after reaction with phosphate
bi nder. Sivig = Analyte value for magnesiumin the phosphate sol ution
before reaction with phosphate binder.Test Method 3. X-Rav Diffraction
(XRD) neasurenents Data was col | ected 4%r fine particul ate sanples from
2-70 2Qon a Philips automatic powder X-ray diffractonmeter using Copper K

al pha radi ati on generated at 40kV and 55mA. Experinental Test Results The
results of the above tests perforned on the heat treated naterials

resul ting jh{aIsené tetal additioRtiaid whs 50fmBates) TheavatcBatasithen atieredr esent ed
below in Table 1. According to the tenperature of heat treatnent, in either

for 30 minutes after the addition phase.

The product siurry was then filtered using a vacuum pump and buchner flask
5  with a Whatman™ hardened ashless filter paper (No 541). After filtering, the

filter cake was washed with portions of AnalaR™ water. After isolation the

washed product was transferred to a vessel and dried in a preheated oven at

120°C.

10  Product sample for analysis were ground using a balf mill (Retsch PM 100).

Product sample for analysis was milled through a stainless steel, 200mm
diameter, 106um sieve, using a sieve shaker (Retsch AS-200). Oversize
material was returned to the stock dried sample to be reground, until all

15 material is < 106pum.

The composition of solutions 1 and 2 used to produce Examples 1 and 3,
prepared according to method M2, were the following:
Example Solution 1 Solution 2
20 Example1 570 g MgS0O4.7H,0O 277 g NaOH
552 g Ferric Sulphate solution 230 g Na2CO3
1415 g AnalaR™ water 1735 g AnalaR™ water

Example 2 412 g MgS04.7H,0 167 g NaOH



case, these are designated as a to min Table 1. Exanple "a" is a contro
exanpl e, in each case representing the un-heat treated starting

mat eri al .WB20@0BOB9Tabl e 1 . Furt her exanpl es were prepaPret/GaRoaaineisked

bel ow using further nmethods for preparation. METHOD 2 (M2) Two starting
materi al s, designated solution 1 and solution 2 were prepared by the nethod
set out bel ow. Magnesi um sul phate and iron sul phate were dissolved in

Anal aR(tnm) water to prepare solution 147 1n a separate vessel sodium
carbonat e and sodi um hydroxi de were dissolved in AnalaR(tm water to
prepare solution 2. The weights used were calculated to give the desired
ratio of netal cations. The solutions were then added simultaneously over

50 nminutes to stirrefbdigdlerMeteiptitite soNiibAl | ef3d havaz@oes sufficient to
maintain pH 10.3 in the reaction mxture (+/- 0.2 pHunits) at a reaction

t enper at ure not excegfg Q%‘ﬁ%m \r@%‘?ﬁeﬁ he addi{@)@@aﬁ|ﬁ2\gwalt e, the

reaction mxture was m or a 30 m nutes tered using a
buchner filtration set up. The

The reaction for example 1 can be described by the following equation:
5 4MgSO4 + Fex(S04); + 12 NaOH + Na,CO3; -> Mg4Feg(OH)12.CO3.nH20 +

7N32304

By changing the ratio of M : M" cations to 2:1, 3:1, 4:1 different composition

materials were achieved.

10
Method 3 (M3)
Preparation of the product was as for the method detailed in M2 except that
the two solutions were pumped into a flask with an overflow at ~ 2 litres and
constantly mixing.

16

After discarding the first litre, 3-4 litres of overflowing slurry was collected.

Method 4 (M4)

Preparation of the product was performed as for the method detailed in M2,
20 up to the addition of solutions 1 and 2. On production of the slurry and

subsequent filtering no washing process was performed on the product. After

isolation the unwashed product was transferred to a vessel and dried in a

preheated oven at 120°C.



filtered product was then washed with 220m portions of cold Anal aR(tm
water. After isolation the product was dried using a preheated oven. For

t he prepawvetz@mssd7osol ution 1, Anal aR(tm) water was wei goedBR2046/000450 a
vessel and stirred using an overhead m xer, into which was dissolved an
appropriate anmount of iron sul phate solution (Ferripure, ex Kemra). Once
di ssol ved, nmagnesi um sul phate (Epsom Salt, ex WIIliam Bl yt he)
wasquantitatively transferred to the s48rred iron sul phate solution and

al lowed to dissolve. For the preparation of solution 2, AnalaR(tm water
was wei ghed out into a vessel and stirred using an overhead m xer, into
whi ch was di ssol ved an appropri ate anount of sodi um carbonate (Pharmakarb,
ex Brunner Mond). Once dissol ved, sodi um hydroxide (Pearl Caustic Soda, ex
| NECS Chlor) was quantitatively transferred to the stirred sodi um carbonate

sol ution aﬁl%!!alcl'g@&]to di ssolve. A cal cul ated weight of AnalaR(tm water

was pl ace sel . Flow control units were used to deliver the
ol Ut one. PreRcERtar o e ArratRa BB ES B AREaAS BF thenriieod BeBipe”
containi r]gintl\rlllg, nlgttg {h’e ;dhdeition of solutions A and B. On production of the slurry the
5  batch was split into two halves. One half of the slurry was treated as for M2

method, which involved filtering using buchner filtration equipment, washed

with the required AnalaR™ water and dried in a pre heated oven at 120°C.

The second half of the slurry was subjected to an aging process involving

transferred to a glass beaker and heated on a heating mantle at 60°C for 4

10 hours. The product was the filtered, washed and dried as for M2. The aged

sample was then used as example 5.

Method 6 (M6)

Example 6 was a commercial MgAl mixed metal compound (Macrosorb CT-

15  100) sourced from Ineos Silicas Ltd UK.

Method (M7)

This route involved anionic exchange with chloride ions.

To a stirred slurry of 3:1 ratio material (prepared by method M3), a solution of
20 Hydrochloric acid was added over 20 minutes at a controlled flow rate

sufficient to maintain pH 9.5 to 10.5 in the reaction mixture. This addition was

performed under a nitrogen atmosphere, achieved by purging the slurry

throughout the addition step with a nitrogen stream. When the addition was



feed punps were started. The al kaline carbonate and netal sul phate
solutions then started flowng into the vessel. During the precipitation

t he pH ofwoDheowmsarbi on was nonitored using a pH neter. Phe/dBo@ano4k was
10.3 (+/- 0.2 pHunits). It tool ca. 5-1 0 mnutes before the pH stabilised
wi thin the desired band. The pH was checked at 1 m nute intervals during
the 50 mnute addition tinme, and the flow rate adjusted of the carbonate
stream as necessary to control the pHA49The tenperature was al so checked at
1 mnuteintervals. The total addition tinme was 50 m nutes. The batch was
then stirred for 30 mnutes after the addition phase. The product slurry
was then filtered using a vacuum punp and buchner flask wth a Wiat man(tn

har dened ?Jﬁl. 8o {rd Fe%&h&‘?‘?rﬁktufé“@a%%ﬁred%? 8hofhiel 5ahinhtes WK nftrddgerr cake

was washe portions of Anal aR(t water. After isolation the washed

roduct n r I 1200C.

Pr oduct Eﬁbﬁgbén%f 3hahe 3&8@6%%8@§rb3@ﬁﬂeﬁ§'.*f%“°hgﬁf‘vﬁ ﬁ*‘?ﬁ“%%&?%@ﬁﬂ%ﬁn 100).

Product sa or a a |l ed thr |, 200

di amet er, W rbYV@§ z‘@#‘?ﬂgmgﬁg\%\?@ﬁ CO%E@‘P@%?W %6)’§ﬁ%?er si zerTm

mat eri al was returnedtothe stock dried sanple to be reground, until all
isolation the product was dried using a preheated oven.

5
For the preparation of the stock slurry , 22g of 3:1 ratio material was weighed
out and quantitatively transferred into a vessel containing 200ml AnalaR™
water stirred using an overhead mixer. The resulting slurry was subjected to
continuous nitrogen purging.
10

For the preparation of Hydrochloric acid solution, a 1M stock solution was
diluted to give a suitable 0.05M solution. The solution was purged with

nitrogen for 30 minutes prior to use.

15  After starting the overhead mixer in the vessel containing the stock slurry, the
feed pump was started introducing the hydrochloric acid solution info the
vessel. During the addition phase, the pH of the reaction and temperature was
monitored using a pH-meter. The total addition time was 20 minutes. Aﬁer the
addition phase the batch was then stirred for 5 minutes with continuous

20 nitrogen purging.

The product slurry was then filtered using a vacuum pump and buchner flask

with a Whatman™ hardened ashless filter paper (No 541). After filtering, the



material is < 106mm The conposition of solutions 1 and 2 used to produce
Exanples 1 and 3, prepared according to nethod M2, were the foll ow ng:
Exanpl e SsbuveenssdzoSol uti on 2 Exanple 1 570 g MgSO4. 7TH2@C2iGB2g06Mal¥d2552 ¢
Ferric Sul phate solution 230 g Na2C38 14 15 g Anal aR(tm water 1735 g

Anal aR(tm) water Exanple 2 4 12 g MgSO4. 7H20 167 g NaOH199 g Ferric

Sul phate solution 138 g Na2CO3 928 g Anal aR(tm water 1044 g Anal aR(tm
water The reaction for exanple 1 can %0 descri bed by the foll ow ng
equation: 4MgSHA + Fe2(SO4)3 + 12 NaOH + Na2CAB -> Mg4Fe2(OH)i 2. CG3. nH20 +
7Na2SO4 By changing the ratio of M : M" cations to 2:1, 311, 4:1
different conposition materials were achieved. Method 3 (M3 Preparation of

the pr OdUCﬁlte%%ké%vés%aéﬁé‘d Wth@ﬁoﬁ#@h@b\‘ odoini AMBIRTeRbterhaftet he two
solutions were punped Iinto a k with an overflowat ~ 2 litres and
isolation the washed product was transferred to a vessel and dried in a

preheated oven at 120°C.

5  Product sample for analysis were ground using a ball mill (Retsch PM 100).
Product sample for analysis was milled through a stainless steel, 200mm
diameter, 106um sieve, using a sieve shaker (Retsch AS-200). Oversize
material was returned to the stock dried sample to be reground, until all

10  material is < 106um.

Test Method 4 Carbonate Analysis

A sample of known mass is combusted at around 1350°C in a furnace in a

pure oxygen atmosphere. Any carbon in the sample is converted to CO2

15 which is passéd through a moisture trap before being measured by an
infra-red detector. By comparing against a standard of known

concentration, the carbon content of the sample can be found.

A Leco SC-144DR Carbon and Sulphur Analyser, with oxygen supply,

20 ceramic combustion boats, boat lance and tongs was used.



constantly m xing. After discarding the first litre, 3-4 litres of
overflow ng slurry was collected. Method 4 (M4) Preparation of the product
was perf owoedocassd7or t he nethod detailed in M2, up to treTanad/ @Msf
solutions 1 and 2. On production of the slurry and subsequent filtering no
washi ng process was perforned on the product. After isolation the unwashed
product was transferred to a vessel and dried in a preheated oven at
1200C. Method 5 (Mb) Preparation of a 411 ratio material was perforned as
for the nethod detailed in M2, up to the addition of solutions A and B. On
production of the slurry the batch was split into two hal ves. One half of
the slurry was treated as for M2 nethod, which involved filtering using

buchner fid.égﬁ@tg@glaf%@we WiRSRERhBl irtotdheomBasiicreBodnaheR(dar) water and
eat e

dried inanp oven at 12Q0C." The second half of the slurry was

subj ect ed j I I I beaker and
neat od on o HRTHCRLRIBIAEE LRI ANAEE GRS RIGFEoN@nEaRanEe OERe
filtered, washed and dried as for M2. The aged sanple was then used as
exanpl e 5.

The analysis was performed in duplicate.

5
The % carbonate was determined by:
%C (sample) = (%Cq + %Co)/2
where C4 and C2 are individual carbon results.
%CO3 = %C x 60/12.
10

Test Method 5 XRF analysis

XRF analysis of the product was performed by using a Philips PW2400
Wavelength Dispersive XRF Spectrometer. The sample was fused with 50:50
lithium tetra/metaborate (high purity) and presented to the instrument as a

15 glass like bead.

All reagents used are analytical grade or equivalent unless specified.
AnalaR™ water , Lithium tetraborate 50% metaborate 50% flux (high Purity
Grade ICPH Fluore-X 50),

20
A muffle Furnace capable of 1025 °C, extended tongs, hand tongs, Pt/5%Au

casting tray and Pt/5%/Au dish were used.



Method 6 (M5) Exanple 6 was a commercial MyAI m xed netal conpound
(Macrosorb CT- 100) sourced fromlneos Silicas Ltd UK Mthod (M/) This
rout e i nwebveas/®mi7oni c exchange with chloride ions. To &C3téB2@dosdsarry of
3:1 ratio material (prepared by nethod M3), a solution of Hydrochloric acid
was added over 20 mnutes at a controlled flowrate sufficient to maintain
pH 9.5 to 10.5 in the reaction mxture. This addition was perforned under a
ni trogen at nosphere, achieved by purgi% the slurry throughout the addition
step with a nitrogen stream Wen the addition wasconplete the reaction

m xture was stirred for another 5 mnutes with nitrogen purging, and then
filtered using a buchner filtration set up. The filtered product was then
washed with 9 x 220m portions of cold AnalaR(tm water. After isolation

t he product was dried usi ng a preheated oven. For the preparation of the

stock sl ur%gg rgt Zgoagzé) ﬁ}f @; %?r@ggﬂx@% n%\@gg?gg?p@ra%gtmy tatively

transferre COI’] al ni ng wat er stirred usi ng

ﬁ,n t (r)\égregegg g‘ pégurate-{y welgei\Slg tnlﬂto a Pi/sY Al dish! BHESHRS cbRstABh s WHS

lightly mixed in the dish using a spatula, prior to placement in the furnace

5 preset to 1025°C for 12minutes. The dish was agitated at 6 minutes and 9
minutes to ensure homogeneity of the sample. Also at 9 minutes the casting
tray was placed in the furnace to allow for temperature equlibriation. After 12
minutes the molten sample was poured into the casting tray, which was
removed from the furnace and allowed to cool. The bead composition was

10 determined using the spectrophotometer.

Details of the M":M" ratios and methods of preparation are detailed in Table 2

for the original samples A and B as, and for the further samples 1 to 7

15

20



For the preparation of Hydrochloric acid solution, a 1M stock sol ution was
diluted to give a suitable 0.05M solution. The solution was purged with

ni t r ogen woro@mssa7aut es prior to use. After starting thecows2be@adosszxer in
the vessel containing the stock slurry, the feed punp was started

i ntroducing the hydrochloric acid solution into the vessel. During the
addi ti on phase, the pH of the reaction and tenperature was nonitored using
a pHneter. The total addition tine w3 20 mi nutes. After the addition
phase the batch was then stirred for 5 mnutes with continuous nitrogen
purgi ng. The product slurry was then filtered using a vacuum punp and
buchner flask with a Wiatman(tm hardened ashless filter paper (No 541).
After filtegjsg, thefilter cake was washed with 9 portions of 220m

Anal aR(tnm) water. After isolation the washed product was transferred to a
vessel and dried in a pr eheat ed oven at 1200C. Product sanple for analysis

were ground psimg @ bhs GREBFEbrBA IS o Topdaiefi@mD © Tor anal ysi s
was mlled through a e§ﬁ§;ﬂtrﬁ§s steel, 200nm di aneter, 106mm sieye, using a
si eve shaker [£Ret St 56 H—AS- 20Uy ﬂ% PRRiOh ypdad Nighed ned to|the stock
dried sanpl e| TO be reground; mmm na of preparation

A Mg and Fe carbonate M1

B Mg and Fe 4 carbonate M1

1 MgandFe |2 carbonate M2

2 MgandFe |3 carbonate M3

3 MgandFe |4 carbonate M2

4 MgandFe |2 carbonate M4

5 MgandFe |4 carbonate M5

6 Mg and Al 3 carbonate M6

7 Mgand Fe [3 chlorine M7

Table 3 shows the compositional analysis results (nominally expressed as
oxide percentages) for the examples for uncalcined and for calcined

5 materials.

10



material is < 106mm Test Method 4 Carbonate Anal ysis A sanple of known
mass is conbusted at around 135Q0C in a furnace in a pure oxygen

at nospherwo 28owp0ss@pbon in the sanple is converted to COPCRUBR2NOG/®O4FaSsed
through a noisture trap before being nmeasured by an infra-red detector. By
conparing agai nst a standard of known concentration, the carbon content of
the sanple can be found. A Leco SC- 144DR Carbon and Sul phur Anal yser, with
oxygen supply, ceram ¢ conbustion boat® boat |ance and tongs was used. 0. 2g
(+/- 0.01 g) of sanple was weighed into a conbustion boat. The boat was
then placed into the Leco furnace and the carbon content anal ysed. The
anal ysis was performed in duplicate. The % carbonate was determ ned by: %C
(sanpl e) T&%Z@Cl + 9%C2 ) /| 2 where G and C-2 are individual car bon

resul gt O O07 sbfcent weighPBlphested aXldxidanal ysi s XRF anal ysi s| of the
producga?g@ ogerf )5{]@,8 )ypéuselnng g Phi | |pse PV\24bO

time | %Na20 | %MgO | %Fe203 | %H20 | %CO2 | %S03 | %CO3

u 1.98 29.71 ] 28.39 28.92 |7.97 3.03 10.9
300 [3hrs |244 35.49 |33.74 17.88 | 7.79 2.66 10.6
500 |3hrs |1.64 4228 | 41.78 6.19 1.87 6.25 2.6
600 |3hrs |3.19 45.81 | 43.64 3.65 0.36 3.36 0.5
1000 |3 hrs | 3.25 47.14 | 45.08 0.00 0.00 4.61 0.0

u 1.74 37.06 | 18.64 31.40 |8.02 3.14 10.9
300 [3hrs

500 [3hrs 1.89 2.6
600 |3 hrs 0.24 0.3
1000 | 3 hrs 0.00 0.0
u 0.05 28.08 | 28.72 34.82 |6.47 1.86 8.8
300 [3hrs |0.05 30.82 | 31.07 29.54 | 6.60 1.92 9.0
500 |3hrs |0.05 37.23 | 38.00 2096 [1.11 2.65 1.5
750 |3hrs 0.00 0.0
u 0.05 32.78 | 22.43 36.47 |6.82 1.45 9.3
500 |[3hrs ]0.05 53.81 | 36.63 5.69 0.51 3.31 0.7
u 0.05 37.26 | 19.31 34.07 16.99 2.32 9.5

200 |3hrs |0.05 43.63 | 22.64 22.77 |8.17 2.74 11.1
500 |3hrs }0.05 59.12 | 31.03 5.00 1.00 3.80 1.4
u 20.91 17.70 | 17.21 15.77 | 7.85 20.56 | 10.7
300 [3hrs |22.35 20.13 | 19.10 8.50 8.04 21.88 | 11.0
500 [3hrs |26.75 23.17 | 22.44 4.16 3.28 20.20 {45
750 [ 3hrs 0.83 1.1
u 0.05 40.14 |20.70 29.39 [7.98 1.74 10.9
200 | 3hrs |0.05 4291 | 21.89 2456 | 8.75 1.84 11.9
500 |3hrs |0.05 57.01 |29.54 9.00 1.93 248 |26
U

300 3 hrs
500 3 hrs
750 3 hrs
u 0.05 35.62 | 24.85
500 3 hrs
750 3 hrs

500 |5 min | 0.09 43.34 | 42.84 8.94 2.09 270 128
500 16 hrs | 1.34 45.41 | 44.83 4.33 1.25 2.84 1.7

pinll~iNleloelololalals | sls|dw|e(eidiN]|a (=== |ojo|o| o |E| 2> 2> | 2> > >

u= uncalcined material



Wavel engt h Di spersive XRF Spectroneter. The sanple was fused with 50: 50
lithiumtetra/ metaborate (high purity) and presented to the instrunent as a
gl ass | i kwohe@sse®| reagents used are anal ytical gradepror/cGxuicabesnt

unl ess specified. AnalaR(tm water , Lithiumtetraborate 50% netaborate 50%
flux (high Purity Gade | CPH Fluore-X 50), A nuffle Furnace capable of 1025
C, extended tongs, hand tongs, Pt/5%Au casting tray and Pt/ 5% Au di sh were
used. 1.5g (+/- 0.0002g) of sanple and5?.5000y (+/- 0.0002g) of

tetral/ netaborate was accurately weighed out into a Pt/5% Au di sh. The two
constituents were lightly mxed in the dish using a spatula, prior to

pl acenment in the furnace preset to 10250C for 12m nutes. The di sh was

agi tated gipf 41 nutes and 9 minutes to ensure honogeneity of the sanple.
Also at 9 mnutes the casting tray was placed in the furnace to allow for

t enper at (T € FghbArcAd. [ Farméthicenstd@tsm nut es t he nol t eRC&anpliMgvas ppur ed
into thelcasting tray, ml',pJMMSbA’QmHm)j fromthe furhage andelebserdved t o
cool . The beaeCCOMM@wd {1 on Was def erm ned| usi ng| t he $pevadighdgmomoliet pr .
Details gf—t METI Mg at an:lcrrFt hod$,0f pregaa ation arle detai|led in
Table 2 I, 033 |- [y0i7 _ |mi47|-  [511_ |74
A [300 3hrs |0.32 |1.03 |0.14 0.76 [0.84 |61.7 2.0
A | 500 3hrs | 0.33 | 1.11 | 0.06 0.22 1034 |64.0 0.8
A 600 3hrs | 0.32 | 1.15 | 0.01 0.12 |0.07 |42.8 6.0
A |1000 {3hrs {0.33 |1.15 | 0.01 0.00 [0.09 |17.6 13.3
B |u x0.20 | - y0.16 - - 43.2 8.8
B (300 3 hrs 54.8 2.6
B {500 3 hrs 84.6 0.3
B [ 600 3 hrs 58.3 8.4
B | 1000 | 3hrs 13.0 19.5
1 u x0.34 | - y0.14 m1.83 | - 67.6 6.0
1 300 3hrs | 0.34 | 1.04 (0.13 142 (077 |73.2 0.2
1 500 3hrs | 0.34 | 1.15 |0.02 0.83 |0.11 180.0 0.4
1 750 3 hrs 51.0 12.1
2 u x0.26 | - y0.14 m1.85 | - 59.7 7.8
2 500 3hrs {0.26 | 1.12 | 0.01 0.18 (0.09 |794 0.3
3 |u x0.21 | - y0.14 m1.62 | - 51.7 5.9
3 200 3hrs | 0.21 |10.97 |0.14 0.93 1.33 | 64.8 1.7
3 500 3hrs | 0.21 (1.08 |0.02 0.15 (020 |91.3 0.1
4 u x0.33 | - y0.62 m1.34 | - 28.3 2.8
4 1300 3hrs | 0.32 | 0.59 |0.57 0.64 (355 |307 3.5
4 | 500 3hrs | 0.33 [0.82 |0.34 027 1210 171 1.4
4 1750 3 hrs 10.6 0.5
5 u x0.21 | - y0.14 m1.30 | - 66.2 3.4
5 200 3hrs | 0.20 | 0.95 |0.15 1.02 1.45 | 67.6 1.6
5 500 3hrs | 0.21 | 1.08 | 0.02 0.28 0.24 871 0.0
6 u - 42.8 8.13
6 300 3 hrs 47.6 3.32
6 500 3 hrs 94.2 0
6 750 3 hrs 71.7 1.87
7 |u x0.26 | - - 44.3 6.55
7 |500 |3hrs ' 72.6 0.36
7 1750 |3hrs 64.1 0.71
2 (500 |5 0.33 [ 1.14 |0.03 0.31 |0.18 |84.6 0.15
min
2 | 500 |16 0.33 | 1.15 |0.02 0.14 |0.10 |73.5 1.05
hrs

u=uncalcined



for the original sanples A and B as, and for the further sanples 1 to
7Table 2 Table 3 shows the conpositional analysis results (nomnally

expr essedwvaoaxissEIper cent ages) for the exanpl es for unealraBres/mnd2f or
calcined materials. Table 3 u= uncal ci ned materi al Tabl e4 u=uncal ci nedNot e
that for the uncalcined material, which is in the formof formula (I11),
values of x , y and m have been indicated in the table in place of a, ¢ and
z. In Table 4, % H2O i s cal cul ated as®follows: o/ o H 20 = 100% - (%\a20 +
%O + %e2@8 + YB3 + UCO2) By %is neant %wei ght/wei ght. %Na20 + %O +
%e203 + ¥SO3 was determ ned by XRF %02 determ ned by LECO Carbon anal ysis
UWCR2 = (Mv CO2/ MMCOB) x (%CO3) = 44/ 60* %CC3 The values for a, b, ¢ and z
vere deri e ifhtTapine dhdaldmed hriteraliehichns TathesfoBmasf forhulaviil),(i n t he

cal cul ati ons, Mwv denotes nol ecul ar weight. Calculatio n of a

values of x, y and m have been indicated in the table in place of a, c and z.

In Table 4, % H,0 is calculated as follows:

5 % H,0 = 100% - (%Nax0 + %MgO + %Fe;03 + %S0; + %CO,)
By % is meant %weight/weight.
%Na,0 + %MgO + %Fe203 + %SO3 was determined by XRF
%CQ, determined by LECO Carbon analysis

%CO, = (Mw CO2/MwCO3) x (%CO3) = 44/60* %COs3

10
The values for a, b, ¢ and z were derived in Table 4 from the values in Table 3
as follows (in the calculations, M,, denotes molecular weight.
Calculation of a
_ molesM™
a=" (molesM " + molesM ary
15

Substituting molar fractions in this formula gives

2x %Fe,0, | MwFe,O
, = (2% %Fe,0; | MwFe, 3)((%MgO/MwMgO)+(2><%Fezos/MWFezos))

Mw F9203 = 159.6

Mw MgO = 40.3



a = nolesMn /{nolesM 11 +nolesM "' ) Substituting nmolar fractions in this
formula gives _ (2 x OAFe 20 1MMe20)/ a ~/ ((99v0 I MMWO + (2 x %e20
IMvFe2C3)woldhds228 = 159. 6 Mv MgO = 40. 3%-e203 and %vh@cTaiBres/do4m t abl e
4 Calculation of ¢ Molar fraction trivalent nmetal (Fe"1) divided by nolar

fraction anion (C3B) = a divided by c. (2x%e 20/ MMe20) =/ {%O3

[ MMCO3) Substituting value for a and nol ecul ar weights and %W w (table 3)

for Fe203 and COB in above equation gdP¥es c. Ml ar fraction of SO4

avai l abl e as interlayer anion was cal cul ated by subtracting fromthe total
amount of SO4 the anmount of SO which would be associated with the Na2O in

the formof Na2SO . The val ue for exchangeabl e

%Fe,03 and %MgO values from table 4

Calculation of ¢

5  Molar fraction trivalent metal (Fe') divided by molar fraction anion (COs) = a

divided by c.

2x%Fe,O. | MwFe,0 _
(2x%Fe,0, ’ 3)(%003/cho3)‘%

10  Substituting value for a and molecular weights and %wi/w (table 3) for Fe;O3

and COs in above equation gives c.

%CO
O.33x( %JWCO3)

°= 2x%Fe,0,
MwFe,O,

Molar fraction of SO, available as interlayer anion was calculated by

15  subtracting from the total amount of SO4 the amount of SO, which would be
associated with the Na,O in the form of Na,SO,. The value for exchangeable
S0, was then added to the mole fraction of that for the carbonate anion in the

calculation above.



SH was then added to the nole fraction of that for the carbonate anion in
the cal cul ati on above. Calculation of b b is calculated by assum ng that
formul a [Wbl2006/@3db| | (a) GbAp" c.zH2q ] is chargeneutralPCT/iB2800mda433 t hat
the total of product of charge associated with each el enent and constants
a, b, c should be zero resulting in the follow ng equation: 2(1 -a) + 3a
+(-2b) +(-nc) = 0 this can be rewitten as: b= _ ( 2+a - nc substituting n
= 2 (charge for the carbonate anion) &Bd value for a and ¢ into above
formula gives b.Calculation of z Mdlar fraction trivalent nmetal (Fel")

di vided by nolar fraction H20 = a divided by z . (2 %e203/ Mfe2@3) -a
{%20 MMH0O) Substituting a and nol ecul ar wei ght and %/ w (table 4) for H20
and Fe2 3 in above equation gives z .

Calculation of b

b is calculated by assuming that formula [M'"(1.oM" 5OpA™c.zH20] is charge-

5 neutral.

This means that the total of product of charge associated with each element

and constants a, b, ¢ should be zero resulting in the following equation:
10 2(1-a) + 3a +(-2b) +(-nc) =0

this can be rewritten as:
(2+a-nc )
p=( A

15  substituting n = 2 (charge for the carbonate anion)

and value for a and ¢ into above formula gives b.

20



Cal cul ation of cn/a Cal cul ated by substituting ¢, n and a val ues. pH Effect
Tabl e 6 bel ow shows the effect of pH of the phosphate solution on the
bi ndi ng awmo 2desgissEdUM rel ease. Table 6The results from trallcB2606/00452
obt ai ned by the phosphate binding test as described in test nethod 2 but
with the foll ow ng changes: 0.5 g of the phosphate binder was dissolved in
125 mM 4 nmol /1 phosphate solution. The sanples were then incubated in
st oppered pol ypropyl ene coni cal flaskssgn a shaking water bath at 370C and
200rpm for 30 m nutes. CLAIMS 1. A substance for use as a nedi canent,
conprising a solid mxed netal conmpound of forrmula (I): Mni
-aM "abAn-o0.zH20 (1) where M is at |east one bivalent netal; ML" is at
| east one Eri val.ent netal; An" is at |east one n-val ent anion; 2+a = 2b+ cn
and cn < de@gulaionRf £ hst ance accor di ng to claiml1, whereinin formula (1),
ais >0.3. 3. A substance according to claim1l, wherein in formula (1), a
is < 0.3.

Molar fraction trivalent metal (Fe'") divided by molar fraction H,O = a divided

by z.

2x %Fe,0, | MwFe,0 _
(236F2,0, ’ %A)HZO/MWHZO)_%

5  Substituting a and molecular weight and %w/w (table 4) for H20 and Fe,O3 in

above equation gives z.

%H,0

0.33 x( A, 0)

z=

2x%Fe,0,
MwFe, O,

Calculation of >.cn/a

Calculated by substituting ¢, n and a values.

10  pH Effect

Table 6 below shows the effect of pH of the phosphate solution on the binding

and Magnesium release.

Table 6

Phosphate Calcination PO4 PO4 Mg Mg

binder Temp bound bound release | release
pH=4 pH=7 pH=4 [(pH=7
% % mmol/l | mmol/l

Example 1 500°C for3 | 81 79 0.07 0.06

hrs
Exampie 1 uncalcined 56 57 0.32 0.16




4. A substance according to claim2, wherein in formula (1), 0.03a< cn <
0.5a. 5. A substance according to claim3, wherein in fornmula (1), 0.03a <
cn < 0. 7av0o@oo6fssabi d m xed netal conpound accordi ng topremGR@&RLisRg
claim having |ess than 2% preferably less than 1.5% nore preferably |ess
than 1% by weight crystallite-surface absorbed water. 7. A substance for
use as a nedi canent, conprising a solid m xed netal conpound obtai ned or
obt ai nabl e by heating a starting mate®9al conprising a | ayered doubl e

hydr oxi de structure at a tenperature of from 200 OC to 600 OC, preferably
from 250C to 500 0C. 8. A substance according to claim7, wherein the
starting material conprises a conpound of fornmula (11): ML 1 xML11l X(COH) 2A

VIH 20 (1) Woslie Mdmitablate weasbbiaireecbby tHeephospitaté birlding testas | east one
trivalent netal; A" is at |east one n-valent anion; x =yn, 0 <x 0.5, 0<

y 1 and Odéséﬂbejdom test method 2 but with the following changes: 0.5 g of the
phosphate binder was dissolved in 125 ml 4 mmol/l phosphate solution. The

samples were then incubated in stoppered polypropylene conical flasks in a

5 shaking water bath at 37°C and 200rpm for 30 minutes.



9. A substance according to claim8, wherein in fornmula (I1l), x is > 0.3.
10. A substance according to claim8, wherein in formula (lI1), x is < 0.3.
11. A subsoanmwassizeor ding to any of clains 7 to 10, whePeTrGHR2he&/ B33t ance
has a 10% hi gher phosphate bi nding capacity relative to the conpound of
formula (1) fromwhich it is obtainable. 12. Use in a nethod of preparing
a nedi canent for binding of phosphate in an animal in need thereof, of a
substance conprising a solid m xed metd| conmpound of forrmula (I): where M
is at | east one bivalent netal; Mnis at |east one trivalent nmetal; An is
at | east one n-valent anion; 2+a = 2b+cn and cn < 0.9a. 13. Use in a nethod
of preparing a nedi canent for prophylaxis or treatnent of

hyper phosiigaidd®i a, of a substance conprising a solid m xed nmetal conpound
of fornmula (1):where M is at |east one bivalent netal; Mnis at |east one
trivalent netal; An is at |east one n-val ent anion; 2+a = 2b+cn and cn <

0.9a. 14. {Use, poagpetticRdol Gs&hdatadicamentt adampdsingaesotidmmixadfmetal a (1), a
is > 0.3 and preferably 0.03a < cn < 0.5a. 15. Use according to claim 12 or

claim13, é’(‘f‘?\‘?ﬁ&ﬁﬂh bflfofrmhmlﬁl (1), ais <0.3
M"1.aM"20pA™.zH,0 (I

5 where M" is at least one bivalent metal; M" is at least one trivalent metal; A™

is at least one n-valent anion; 2+a = 2b+Xcn and Zcn < 0.9a.
2. A substance according to claim 1, wherein in formula (1), ais > 0.3.
3. A substance according to claim 1, wherein in formula (1), a is < 0.3.

4. A substance according to claim 2, wherein in formula (1), 0.03a< 2cn <

10 0.5a.

5. A substance according to claim 3, wherein in formula (1), 0.03a < Zcn <

0.7a.

6. A solid mixed metal compound according to any preceding claim, having
less than 2%, preferably less than 1.5%, more preferably less than 1% by

15  weight crystallite-surface absorbed water.

7. A substance for use as a medicament, comprising a solid mixed metal
compound obtained or obtainable by heating a starting material comprising a
layered double hydroxide structure at a temperature of from 200°C to 600°C,

preferably from 250°C to 500°C.



and preferably 0.03a < cn < 0.7a.. 16. Use in a nethod of preparing a
medi canent, for binding of phosphate in an animal in need thereof, of a
subst ancewohv@iossizbe by heating a starting material compcirgiBrgocaobeyer ed
doubl e hydroxi de structure at a tenperature of from 200 OC to 6000C,
preferably from 250C to 5000C. 17. Use in a nethod of preparing a

nmedi canent, for prophylaxis or treatnent of hyperphosphataem a, of a
subst ance obtai nabl e by heating a sta¥i ng material conprising a |ayered
doubl e hydroxi de structure at a tenperature of from 200C to 600 0OC,
preferably from 2500C to 500C. 18. Use according to claim116 or claim 17,
wherein the starting material conprises a conpound of fornmula (I1):

MLVXML11X(@H) 24 sMBbtadice (dccd & Ollin 7i svhareihabs istarting mataliant netal ; ML11
is at |least one trivalent netal; An~ is at |east one n-val ent anion; Xx=ny;

and 0 < x N 19 forkiifia (pecording to claim 18, wherein in
ornmul a X 1s > 0.3. : reacorlngtocalml& erein in formla
f or mul (|ﬁ%§"9"'?sesoa°m6‘p§’g"30 Qe (B i | ai wherein in forml
(1), xis <0.3. 2 1. Anethod of preparing a substance for use as a

medi canment, .t baw G- I sing ting a starting material conprising a
| ayer ed chHrXEP X(SHB]Z(A yHABO h(m

where M" is at least one bivalent metal; M" is at least one trivalent metal; A™
5 is at least one n-valent anion; x = Xyn,0<x<0.5,0<y=<1and 0 <m=10.
9. A substance according to claim 8, wherein in formula (ll), x is > 0.3.

10. A substance according to claim 8, wherein in formula (I1), x is < 0.3.

11. A substance according to any of claims 7 to 10, wherein the substance
has a 10% higher phosphate binding capacity relative to the compound of

10  formula (1) from which it is obtainable.

12. Use in a method of preparing a medicament for binding of phosphate
in an animal in need thereof, of a substance comprising a solid mixed metal

compound of formula (1):
M" MM 0,A™.zH,0 )

15 where M is at least one bivalent metal; M" is at least one trivalent metal; A™

is at least one n-valent anion; 2+a = 2b+Xcn and Zcn < 0.9a.

13.  Use in a method of preparing a medicament for prophylaxis or
treatment of hyperphosphataemia, of a substance comprising a solid mixed

metal compound of formula (1):



hydr oxi de structure at a tenperature of from 2000C to 600C, preferably from
2500C to 5000C. 22. A nethod according to claim2 1, wherein the starting
mat eri al worrped/seoa conpound of formula (I11): M xML11pEr@#280s/0mdd220 (I11)
where ML1 is at |east one bivalent netal; M" is at |east one trivalent
metal; An is at |east one n-valent anion; x=ny; and 0 < x 0.5, 0 m 10.
23. A method according to claim?22, wherein in formula (11), x is > 0.3.

24. A method according to claim 22, vvhgﬁein in formula (11), x is < 0.3.

25. A nmethod according to any of clainms 2 1 to 24, wherein the starting
material is substantially free of particles greater than 100mm 26. A

phar maceuti cal formulation conprising a solid m xed netal conpound of

formula (I MY M",0,M.286@N- c. ZH20 (1)) where M' is at |east one bival ent
nmetal; ML" is at |east one trivalent nmetal; An

where M" is at least one bivalent metal; M" is at least one trivalent metal; A™

is at least one n-valent anion; 2+a = 2b+Xcn and Zcn < 0.9a.

14.  Use, according to claim 12 or claim 13, wherein in formula (1), ais > 0.3

5 and preferably 0.03a < ¥cn < 0.5a.

15.  Use according to claim 12 or claim 13, wherein in formula (1), a is < 0.3

and preferably 0.03a < Zcn < 0.7a..

16. Use in a method of preparing a medicament, for binding of phosphate
in an animal in need thereof, of a substance obtainable by heating a starting
10  material comprising a layered double hydroxide structure at a temperature of

from 200°C to 600°C, preferably from 250°C to 500°C.

17. Use in a method of preparing a medicament, for prophylaxis or
treatment of hyperphosphataemia, of a substance obtainable by heating a
starting material comprising a layered double hydroxide structure at a

15  temperature of from 200°C to 600°C, preferably from 250°C to 500°C.

18. Use according to claim 16 or claim 17, wherein the starting material

comprises a compound of formula (ll):

MM (OH)A™.mH,0 ()



Is at | east one n-valent anion; 2+a = 2b+ cn and cn < 0.9a; and a

phar maceutically acceptable carrier. 27. A pharmaceutical fornulation
accor di ngvoaoalasim 26, wherein in formula (1), a is > 0r8TaRo@@be2abl y
0.03a < cn < 0.5a. 28. A pharmaceutical fornmulation according to claim 26,
wherein in formula (1), ais < 0.3 and preferably 0.03a < cn < 0.7a. 29. A
phar maceuti cal formulation conprising a solid m xed netal conpound
obt ai nabl e by heating a starting mat er$4| conprising a |layered doubl e

hydr oxi de structure at a tenperature of from 2000C to 6000C, preferably
from 25Q0C to 500 OC, and a pharnmaceutically acceptable carrier. 30. A
phar maceuti cal formulation according to claim27, wherein the starting

materi al oanpre Méss at kaspone Bivaferf onetal; M id at ledtonevirivalext GigtaR ALLVITH 20
(I'l') where M is at |east one bivalent netal; M" is at |east one trivalent

metal ; Ap"isizt |@dstldPRSh-vaRAt BnivAl RBENRHMNY XcRV.5Md <4k < 0.5, 0 m
10.3 1. A pharmaceutical formulation according to claim30, wherein in
formula (11), x is > 0.3.

19. Use, according to claim 18, wherein in formula (l1), x is > 0.3.
20. Use according to claim 18, wherein in formula (11), x is < 0.3.

5 21, A method of preparing a substance for use as a medicament, the
method comprising heating a starting material comprising a layered double
hydroxide structure at a temperature of from 200°C to 600°C, preferably from

250°C to 500°C.

22. A method according to claim 21, wherein the starting material

10 comprises a compound of formula (11):
MM (OH),A™,.mH,0 (I

where M" is at least one bivalent metal: M" is at least one trivalent metal; A™

is at least one n-valent anion; x=2ny; and 0 <x<0.5,0=m =10.
23. A method according to claim 22, wherein in formula (I1), x is > 0.3.
15 24. A method according to claim 22, wherein in formula (ll), x is < 0.3.

25. A method according to any of claims 21 to 24, wherein the starting

material is substantially free of particles greater than 100um.



32. A pharmaceutical formulation according to claim 30, wherein in formula
(1), xis <0.3. 33. Anethod of preparing a pharmaceutical fornulation
accor di ngvoeo@mgsad clainms 26 to 32, the nethod conpri sipog/Gamcuong2t he
solid m xed netal compound, the pharnaceutically acceptable carrier and
optionally, any other ingredients.
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26. A pharmaceutical formulation comprising a solid mixed metal

compound of formula (1):
MM 0pA™¢.ZH,0 (1)

where M is at least one bivalent metal; M"" is at least one trivalent metal; A™
- 5 is at least one n-valent anion; 2+a = 2b+Zcn and Zcn < 0.92a; and a

pharmaceutically acceptable carrier.

27. A pharmaceutical formulation according to claim 26, wherein in formula

(1), ais > 0.3 and preferably 0.03a < Zcn < 0.5a.

28. A pharmaceutical formulation according to claim 26, wherein in formula

10  (l), ais < 0.3 and preferably 0.03a < Zcn < 0.7a.

29. A pharmaceutical formulation comprising a solid mixed metal
compound obtainable by heating a starting material comprising a layered
double hydroxide structure at a temperature of from 200°C to 600°C,

preferably from 250°C to 500°C, and a pharmaceutically acceptable carrier.

15 30. A pharmaceutical formulation according to claim 27, wherein the

starting material comprises a compound of formula (If):
M LM (OH),A™,.mH0 (n

where M is at least one bivalent metal; M" is at least one trivalent metal; A™

is at least one n-valent anion; x=2ny; and 0 < x<0.5,0=<m = 10.
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31. A pharmaceutical formulation according to claim 30, wherein in formula

(1, x is > 0.3.

32. A pharmaceutical formulation according to claim 30, wherein in formula

(), x is < 0.3.

33. A method of preparing a pharmaceutical formulation according to any
of claims 26 to 32, the method comprising admixing the solid mixed metal
compound, the pharmaceutically acceptable carrier and optionally, any other

ingredients.



