1 METHOD FOR PREPARING A COWPLEX OF AN ACID AND A METAL The
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position of the carboxylic group by an am no or hydroxyl group. The
met hod of the invention finds particular interest in the obtaining of
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h b and the 10 carboxylic
;rﬁu‘gafs"zsiﬁ{m il oRTREPBRIE A Sritte PR S AR ACHR ANR driiET AL
t hereof, L- D, or the m xtures thereof and in particular the
i C. A_an
nal ogue of gpthi o necien SEPRTEAod B 1oAY o BBpR ¢ ar b gud
f ood suppl en@nﬁ agto '?F’eme@it Q‘GF? Pf&ﬁ@erv@i?h'%mamd ﬁ%ﬁtﬁlﬁ iothe rmarifacis af a
salts, fdr exwig enplex ofhoiacu ésﬁbs!itutadrm ey pos1fbr5@f ihe éé?bﬂ?( VIiERHohS

d. t
o515, o7 o ERALID Ao ARG R ok S
di cal ci um sal't er@éﬁfﬂ 8 ABEiniRg el esal emBlax e Ay abidnehgsen nahearabng
cal ci um neet irrgghibhieef %w&&y(m&ﬁ)tﬁ@@utdﬁb%ﬁ (H9 8% ?Eﬁﬁé Eé@?c%ﬂj IS

known for prepari a | al ts of A, con nor e

t han two aﬁd Pessggﬁé n% :#% scaérfy’rﬁ\/gﬁﬁ T RYE S EIY‘? éYI §Auw @nd the
cal ci um 10rhes@rboyylicsgraup islasymmestribyby aoki lsgnEM’tB#emm eRetC bf Wid Isomers
source of caliium Ehoson of AT AR tﬁéﬂeg H@gﬁ‘;&éﬂ‘ﬁ%ﬂlgﬂ% rabdhfe) L

hydr oxi de (Ca(OH) cal ci um car bonat e a sal HMTBA
eyg t he sgl t (Hl\}ﬁ%x)!%e BBFESediay &ipa) fgd; @nd gMTEA ot eanalegusd of
aqueous 25 swlelitipoing, find exterisblelyt tvidec applicatios® i eean &8s ey ﬁl@ﬁhehb%r

of 700 The. Tedtcands, %ﬁa%émw@? PernEIRE 1 Sibuih tie el

hi ghl y v1£c095 ZiGvealisy in3Rid: 'RERy May: be Prefreeds She Isitarycan axsodw used to

honogeni ze | compzrsate dor Hefcibnties @fWdneHs Virt fadtO BRSO "Ahe 35T RLAWR

systems, and ra AR08 10l Bl agh! c?o?ng'ar‘fsxr%gstv\r}(? Goety Hivfrea equivalent
per mole of calcium meeting the formula (HMTBA),Ca.

From EP 140866A a method is known for preparing calcium salts of

20 HMTBA, consisting of more than two and less than ten moles of HMTBA

equivalent per mole of calcium. These salts are obtained by causing HMTBA to

react with a source of calcium chosen from among calcium oxide (Ca0),

calcium hydroxide (Ca{OH)y), calcium carbonate (CaCOs;) and a salt of HMTBA

e.g. the salt (HMTBA),Ca. HMBTA is generally in highly concentrated aqueous

25  solution, with which the caleium source is mixed, and the reaction medium thus

obtained is dried at a femperaiure of the order of 70°C. The reaction medium of

HMTBA with the calcium source is highly viscous however and tacky; it is

therefore very difficult to homogenize in mixers or reactors equipped with

conventional agitation systems, and at the end of the reaction it is necessary to

30 conduct in situ drying in order to be able to empty the reactor. Recycling of the

calcium salt of HMTBA, for example the (HMTBA).Ca salt, towards the calcium

source before placing it in contact with HMTBA provides an improvement in the

consistency of the reaction medium and facilitates the implementation of the

method. However, as taught by US 4,335,257, this improvement is observed

36 for a weight proportion of at least 20 % of the said salt relative to the reaction

medium, and to arrive at an acceptable consistency it may be necessary for
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extruder . the above-mentioned obstacles, without however having recourse 1o a
substrate or other excipient.
25 Therefore, there is provided according to the invention a method for

preparing a complex of an acid chosen from among methionine, 2-hydroxy-4-
methylthiobutanoic acid (HMTBA) and lactic acid, and of at least one metal,
starting from the said acid and a mineral metal source, a method according to
which the acid and the mineral metal source are caused to react in a extruder.
30 The authors have discovered that the kinetics of the aforementioned
reaction are perfectly compatible with this continuous technoiogy, despite the
residence time which does not exceed a few minutes, even in general less than
one minute. This technology effectively allows maximizing of the intensity of the
mixing of the reagents, and the obtaining of a perfectly homogeneous mixture
35  despite the high viscosity. Therefore, the vield of the reaction is excelient and
the salts formed are practically free of residual cligomers. In addition, the self-
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does not compr:se several of the above described compounds. As an illustration, a
30  complex of the invention may be represented by the formula (Acid)XpYp where
X and Y each independently represent a metal, n varies from 1 1o 10, and p
and q vary from 0 to 10, the sum of p and g varying from 1 to 10. The present
invention is more particularly illustrated by the preparation of salts, but the
method of the invention applies to any complex such as defined above.
35 The expression « practically free of oligomers » relating to the complex
obtained according to the invention, means that the method generally does not



4 lead to a content of residual oligoners of nore than 0.4 % even no
nore than 0.1% Thi's is the content observed when the acid is HVIBA
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for the reaction nedium according to the invention. As an exanpl e,
mention may 5 be made of twi n-screw, co-rotating or counter-rotating
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Advantageously several mixing zones are alternated with conveying zones.
25 The jacket of the extruder is preferably equipped with several heating sleeves
which allow the temperature to be varied along the extruder. Therefore the
reaction conditions, shear rate and mass temperature are optimized along the
extruder in accordance with the state of progress of the reaction. These optimal
conditions evidently depend upon the chemical nature of the reagents and the
30  desired complex. The determination thereof follows from the general skill of

those skilled in the art.

At its end part the extruder can be fitted with a die. In this case, the
complex is preferably expelled from the extruder in the form of rods that are
nan-tacky and can be used directly or if necessary easily transported towards a
35  drying step. This forming of the complex allows the use of any type of dryer in



The feed rates of the two reagents, acid and netal source, are
regulated in relation to their respective chenical nature and the
type of desired conplex. 5 |If necessary, water is simultaneously
added so that the total quantity of water injected into the extruder
allows the formation of a paste. Typically, the total quantity of
wat er represents between 10 and 1596of the total mass. If the

i ntended application so requires, Slso possi ble to add smal
guantities of excipients, e.g. starch possi bly reaching 15%
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- a complex of a metal chosen from among zinc, copper and
manganese, methionine or HMTBA is also a preferred complex of the
invention, the metal source is then advantageously chosen from
among  zinc/copper/manganese oxide, zinc/copper/manganese

30 hydroxide, an agueous solution zinc/copper/manganese hydroxide
and zinc/copper/manganese carbonate.

- the acid/metal source weight ratio is determined by those skilled in the
art in relation to the desired complex,

- the reaction temperature is lower than 150°C, preferably it varies

35 between 60 and 120°C, more preferably from 80 to 95°C.



continuous process, reagents used without any pre-treatment, in
particular no di'lution or pre-heating, 15- no recycling of the final
product and no addition of essential additives, hence a flowto be
treated that is equal to the actual production flow, conversion rate
of the acid higher than 99 % and content of residual oligoners |ess
than 0.4 % form ng when |eaving the extruder, allow ng convective
drying, 20- no excipient in the final product, hence a very high
content of active material. In addrtion to the ease of
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32 is fed with: . continuous process,
- reagents used without any pre-treatment, in particular no dilution or
pre-heating,
15 - no recycling of the final product and no addition of essential additives,
hence a flow to be treated that is equal to the actual production flow,

- conversion rate of the acid higher than 99 % and content of residual

oligomers less than 0.4 %,

- forming when leaving the extruder, allowing convective drying,

20 - no excipient in the final product, hence a very high content of active
material.

In addition to the ease of implementation of the method, all these
advaniages give rise fo an economic advantage: minimized investment
(number and size of the equipment), increased energy vield (intensive process,

25  convective drying).

The invention Is illustrated below in connection with the sole figure and
the following examples in which:

- the Figure illustrates an extruder in which the method of the invention,

in particular the one described in Example 1 is implemented,

30 - the examples describe the preparation of a calcium complex of
HMTBA starting from HMTBA and slaked lime in a iwin-screw
extruder.

Evidently, the method of the invention is not resticted to the said
implementation, and in particular it is fully adapted for forming other metal
35  complexes of HMTBA and any metal complexes of methionine and lactic acid.
Example 1: (internal reference for the record: AGT 49)



1.2kg/ h of GPR Rectapur slaked |ine marketed by VAR, using a K-lron
gravinetric feedér, 5- 6.0 kg/h of A188 narketed by Adisseo, using a
net eri ng punp. The two reagents are at anbi ent tenperature when
added to the extruder. The tenperature profile inposed al ong the
extruder is described in the figure and allows the reaction nmass to
be held at: T<60C in the m xing zone of the 2 reagents, 10- T = 95C
in the reaction zone, - T = 80C at the die, The screw rotating speed
is 150 rpm The residence time in the exfruder is estlnated at 90

seconds. ss is extruded. thou -hole die
havi ng a di anmet er'™ I?@jaﬁ%%q(ﬂe figare Fha- f@%@i'?@l’&ﬁ‘ﬁ%ﬁr@ %F%HR&FEBCQT
dried for 12CHBides eﬂh'ﬂ@ﬁdw@rﬁ mekesd.e.tlib « 88 isdad withoi st ur e cont ent
is 0.5 % HPLC analy, f i

- Qk h cﬁ\@ﬂhﬁf{ téﬁﬁ ﬂ%ﬁ d finihe AR har ac %ﬁg Rc

0.01 % DSC anal yS|.lts Si ng ermal Si gnal
of the 20 deconposi PBrQ"%\f'mPH@fa @I‘B’Ive salt (HMTBA)2Ca: onset
temperat &re of 257@. ahg/remﬁm*éaaomamt@day%cssé@,ru@ng aRaEAhY @mgl se of

2C/ m. The absen n t re range o

140 proves it bii oA lard ot BT Bl Mebird, WHHR, e e the
salt. 25Exanffgider temne@éurﬁo@r@fﬂen@pqsmralem de exEdmRAE dBGRdbed in
ext r uder ethpﬁgﬂlr@\ah@aﬂowgﬂi@eie‘éctfdm masblt@be hefyatt s fed wth: 2.4

kg/ h of GPR Rectap usi ng a KTron
gravinetric feederullﬁti;gJ élﬁﬁ(&bﬁ’l {1‘57? 6?”%9% erf'ﬁl'%@\/\?/\@& by Adisseo, using
a neterify punp. - T =957Gdntheoreacteerene,ar e at anbi ent tenperature
when added to the eerg@d@ra“ﬂ'@g,eterrperature profile inposed along the

extruder allows t Lon é e held at: 1<60C in the m xing
zone of the 2 rea t‘srew rotating spaed 15 T50 rpm.

The residence time in the extruder is estimated at 90 seconds.
The reaction mass is extruded though a 1-hole die having a diameter of
15 1.6 mm.
The extrudates obtained are dried for 12 hours in an oven at 60°C; the
residual moisture content is 0.5 %.
HPLC analysis reveals a residual dimer content of less than 0.01 %.
DSC analysis shows a single endothermal signal characteristic of the
20  decomposition of the double salt (HMTBA),Ca: onset temperature of 257°C
and enthalpy of 270 J/g for a temperature rise of 2°C/mn. The absence of any
signal in the temperature range of 120 — 140°C proves that the product
obtained is fully free of (HMTBA),Ca salt.

25 Example 2:

A co-rotating, twin-screw CLEXTRAL BC21 extruder equipped with 9
jackets, i.e. L/D = 36, is fed with:

- 2.4 kg/h of GPR Rectapur slaked limed marketed by VWR, using a K-

Tron gravimetric feeder,
30 - 10.0 kg/h of AT88 marketed by Adisseo, using a metering pump.

The two reagents are at ambient temperature when added to the
extruder, The temperature profile imposed along the extruder allows the
reaction mass to be held at:

- T<60°C in the mixing zone of the 2 reagents,

35 - T =105°C in the reaction zone,

- T =105°C at the die.



35- T = 105C in the reaction zone, - T = 105C at the die. 8 The
screw rotating speed is 250 rpm The residence time in the extruder
is estimated at 50 seconds. The reaction mass is extruded through a
7-hole die, the hole dianmeter being 1.2 nm The extrudates obtained
are dried for 4 hours in an oven at 560C; the residual noisture
content is 1.5 % HPLC analysis reveals a residual diner content of
| ess than 0.03% Exanple 3: A go-rotating, tw n-screw
CLEXTRAL BC21 extruder equipped with 9 19jackets, i.e. LID = 36, is

RAL ‘ | keted by WR,
fed with: 3.6 kore %re?@a@@%é??%ﬁé#ﬁ%?-hl g? ,Z?’r886rrgr ke%/ed by

sing a KTron gravi netr|c ) | . :
Xdi sgeo, usi nggaaﬁﬁ @sfcl?@cﬁlymﬁ Inthe exifkderda getimetedras Satseanbilent
t enper at ure when Euleshction trhassll @tudedahroubhea t?%ﬂ?@{o?é,ggé h@é&fdg’d{fﬁetef
TOB0c i -t heoing s S hirk A8, B BHBec BRI AL b 38 1 havrs e aneaan ah
zone, - ‘IE[: 1@@9 ?éfﬁegquwmoissgrm@ré@mw Fo¥%at i ng speed is 450 rpm
HPLC analysis reveals a residual dimer content of less than 0.03%.

Example 3:

A co-rotating, twin-screw CLEXTRAL BC21 extruder equipped with 9
10 jackets, i.e. L/D = 36, is fed with:

- 3.6 kg/h of GPR Rectapur slaked lime marketed by VWR, using a K-

Tron gravimetric feeder,

- 15.0 kg/h of AT88 marketed by Adisseo, using a metering pump.

The two reagents are at ambient temperature when added to the
18 extruder. The temperature profile imposed along the extruder allows the

reaction mass to be held at:

- T<60°C in the mixing zone of the 2 reagents,

- T=105°C in the reaction zone,

- T =105°C at the die.

20 The screw rotating speed is 450 rpm.

The residence time in the extruder is estimated at 25 seconds.

The reaction mass is extruded through a 12-hole die, the hole diameter
being 0.8 mm. The extrudaies obtained are dried for 4 hours in an oven at
60°C; the residual moisture content is 1.5 %.

25 HPLC analysis shows a residual dimer content of less than 0.08 %.

Example 4:

A co-rotating, twin-screw CLEXTRAL Evolum HT 53 D 101 exiruder
equipped with 10 jackets, i.e. L/D = 40, is fed with:

- 19.4 kg/h of A2205 slaked lime marketed by Bonargent-Goyon using

30 a K-Tron gravimetric feeder,

- 76.6 kg/h of AT88 marketed by Adisseo, using a metering pump.

The two reagents are at ambient temperature when added to the
extruder. The temperature profile imposed along the extruder allows the
reaction mass to be held at:

35 - T<B0°C in the mixing zone of the 2 reagenis,

- T =110°C in the reaction zone,



The residence time  in the extruder is estinmated at 25 seconds.

The reaction mass is extruded through a 12-hole die, the hole

di aneter being 0.8 mm The extrudates obtained are dried for 4 hours
in an oven at 60C, the residual noisture content is 1.5 % 25HPLC
anal ysis shows a residual dinmer content of |less than 0.06 % Exanple
4. A co-rotating, tw n-screw CLEXTRAL Evol um HT 53 D 101
extruder equi pped with 10 jackets, i.e. /D =40, is fed with:

- 19.4 kg/h of A2205 sl aked |ine marketed by Bonargent-Goyon using
30a K-Tron gravi netT =@0Peetiels dic. 76. 6 kg/ h of AT88 nmar ket ed by

Adi sseo, using a ' : . e two reagents are at anbient
t enper at ure when gﬁdgg?@%of#@e%%%%?wm- tenperature profile

i nposed al ong t hel & fasidencedimainsthe mairudarcs iestimarsattay fohesd at:

35- T<60C in the Thk i il =1 in the,.
Peact o ponge 0 o TR A aOeth 3 g bR
rpm The T estaBfce MMe!ihe %8 Phigiied ayeditier far 2 HOUS IB@ @wwromdBN°C;
The react i ontheaesidusl meisturd@dntemt @b %8, 14- hol e die, the hole

di aneter 5 being ined are. . dried for 2
hours in a oven aﬁpgggna tly-éfeéer ¥ gé%iguﬁgl%g@ﬁg@h}%é 088‘@{‘@8?'9?%%@%0@9 PLC

anal ysis reveals a residual dinmer content of less than 0.09 %

10



10 10 CLAIM5 1. A nethod for preparing a conplex of an acid chosen
f rom among net hi oni ne, 2-hydr oxy- 4- net hyl t hi obut anoi ¢ aci d (HMIBA)
and lactic 5 acid, and of at |east one netal, starting fromthe said
acid and a mneral netal source, characterized in that the acid is
placed in reaction with the mneral netal source in an extruder.

2. The nethod according to claim1, characterized in that the netal
is 10chosen fromanong Li, Na, K, M, Cqm M, Fe, Co, Ni, Cu, Zn, Pt.
3. The nethod according to claim1 or 2,'“characterized in that the

m neral metal source is chosen from aﬁg_mqmget al l'i c hydroxi des, _
metal lic hydroxide mlks, netallic oxidées and corresponding netallic
carbonat es, 15whether or not of natural origin. 4. The nethod

accor di ng tol.cl @ nm8thochésraptepariagdai sorhpiak éﬁ‘%ﬂ”}a?i@réﬁoé@# ?tlr?g?%(gx‘(ﬁ: i
is of natural orjginhAnd bs en fr anong shel l.s, or S~
5. The net hod acdégi!rh gjl ng 't 33”3@5%418{9&5@&“‘%0@%“4? %‘H‘ir Q’@Y‘i%fg‘ge@“q njactic
Uhat the Saci d | SAOMMASK ot A%t ons aletalssteding foom thasathhdl wmdso wiseral
bei ng chosen frame@mesgrcki BRaraictibe®t {H'a@%z iake _
hydrggen car bon%% and alci u% cair%oglnat ) E'.'ébfﬁe %ilétdﬁo T\é%%%tfd@%h%e
claim5 charact el %ag ni"%a FAC] ReATHPFEHAE™ netal source is chosen from
anong oyster shell, snail shell, dolomte. 7. The net hod

S0cal ci u socron s "Eediacbolding o Banich et ltehied il g e i

1 tC o 4, u|r§r1ar act é?m?@*ﬂlc%l%ﬁq%wgﬂg%é\@&idﬂﬁ:scﬁré‘ﬂ%iFcﬁai% NorCeMIrBARtand a

nmetal is chosen fromanong zinc, manganese and copper, the netal

Pydr oxi de oottt g oy, B8BRnG I8 Claftl s hea o edptitect BB e mineral
metal source is chosen from among metallic hydroxides, metallic

hydroxide milks, metallic oxides and corresponding metallic carbonates,
15 whether or not of natural origin.

4. The method according to claim 3, characterized in that the mineral metal

source is of natural origin and is chosen from among shells, ores and
rocks.
20
5. The method according to any of claims 1 to 4, characterized in that the
acid is HMTBA and the metal is calcium, the calcium source being chosen
from among lime, milk of lime, slaked lime, calcium hydrogen carbonate
and calcium carbonate.
25
8. The method according to claim 5 characterized in that the mineral metal
source is chosen from among oyster shell, snail shell, dolomite.

7. The method according to any of claims 3 to 6, characterized in that the
30 calcium source is Ca(OH)s.

8. The method according to any of claims 1 to 4, characterized in that the
acid is methionine or HMTBA and a metal is chosen from among zinc,
manganese and copper, the metal source being chosen from among the

35 oxide, hydroxide, aqueous hydroxide solution and the corresponding
metal carbonate.



11 9. The nmethod according to any of clains 1 to 8 characterized in
t hat "the reaction is conducted between the acid and the m neral netal
source in an extruder chosen from anong a single-screw m xer and a
tw n-screw 5extruder. 10. The nethod according to any of clains 1 to
7 and 9 characterized in that the reaction is conducted between HMIBA
and Ca(OH)2 in a twin-screw extruder. 10 11. The nmethod according to
claim 10, characterized in that the twn-screw extruder is
co-rotating. 12. The met hod accordi1ng to any of clains 1 to 11,
characterized in that the 15reaction tenperature is [ower than 150C.
13. The method according to claim 12, characterized in that the
reaction t erer athe Beied ascasdingeionamo ohptiniedoe Brasbexciiizecbiet theethe

80 and 95C. 20 Jréactﬁiﬁns”@id@%@te@cﬁ&h@bﬁ%é%o@d‘én@fihé'n%ﬁ?iral ;\EFTQI é&iwc mp

characterized i onpri,ses a fracti.onatin ryi ng
of the conpl ex or}ﬂ} g?l:[l%%er CHoseh TN apfengha: $ E%Ymﬁ‘if 2 @{@Y'WEWW

charact el zed i reXimvger.fractionation is 25conduct ed by passing through
a die or by grindi ng 16. The method according to any of clains 1 to

15, characte o rises a step for form ng the conpl ex
obt ai ned, e. eﬂ_l g}qgf]@ Bgr%o 80y of C|almSQl to7and 9 chagrl’actenzed ]r;r}p that

the react[on is conducted between HMTBA and Ca{OH), in a twin-screw
extruder.
10

11. The method according to claim 10, characterized in that the twin-screw
extruder is co-rotating.

12. The method according to any of claims 1 to 11, characterized in that the
15 reaction temperature is lower than 150°C.

13. The method according to claim 12, characterized in that the reaction
temperature varies between 60 and 120°C, preferably between 80 and
95°C.

20

14. The method according to any of claims 1 to 13, characterized in that it

comprises a fractionating and/or drying step of the complex obtained.

15. The method according to claim 14, characterized in that fractionation is
25 conducted by passing through a die or by grinding.

16. The method according to any of claims 1 to 15, characterized in that it
comprises a step for forming the complex obtained, e.g. by
spheronization.

30



