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PULVERULENT COMPOSITIONS OF A COMPLEX BETWEEN AN
ACID AND A HIGH-TEN METAL OF SULFUR ORGANIC
COMPOUNDSAND THEIR PREPARATION METHOD

The present invention relates to pulverulent comtjpps of an acid-metal complex
with a high content of organic compounds sulfur poomds, and the process for their
preparation.

Methionine, an essential amino acid, and 2-hydr»yethylthio-butanoic acid
(HMTBA), a methionine analogue, are widely usednan as a dietary supplement or drug,
and animal nutrition. Their metal salts, for exaephlcium, magnesium or zinc, in solid
form, are advantageous because they make it pessildill in deficiencies in elements or
trace elements. The most known HMTBA salt is thmaltium salt, comprising two moles of
HMTBA equivalent per mol of calcium correspondingiie formula (HMTBA)2Ca.

Many examples describe the manufacture of meth@aommethionine analogue salts,
especially HMTBA.

In the case of HMTBA, if the concentrated acid peidis found in liquid form, at a
high concentration often higher than 87% of HMTRBHe salts are in solid form and are less
concentrated in HMTBA due to the cations used &irfermation.

The powder forms have for the most part a commwsittorresponding to the
stoichiometry of the dicalcium salt (HMTBA)2Ca.

Thus, US Pat. No. 4,335,257 describes the preparatif a salt of formula
(HMTBA)2Ca which makes it possible to obtain a casion in solid form which brings no
more than 85% HMTBA in its composition by mass.

US Pat. No. 3,272,860, EP 0 049 057, US Pat. \a876627 and FR 2,964,968 thus
describe the production of salts of formula (HMTB@a obtained from HMTBA which are
all in stoichiometric proportions and therefordHaTBAs from 80% to 87%.

Few documents of the prior art relate the obtairmfigcompositions containing an
HMTBA content higher than the stoichiometric prapmr of the formation of the dicalcium
salt (HMTBA).Ca.

Romoser et al. (Poult. Sci. 1976, 55 (3), pp. 10903) obtain an MHA-rich
composition in the acid form (HMTBA) by sprayingidaacid form on a solid support

(vermiculite). In this case, however, the HMTBA tamt is only 50%.
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Likewise, EP 140865 describes the production afigal salts of HMTBA consisting
of more than two and less than ten moles of egeintabf HMTBA per mole of calcium.
These salts are obtained by reactitfMTBA with a calcium source selected from calcium
oxide (CaO), calcium hydroxide (Ca(Ofi)calcium carbonate (CaGjoand a salt of calcium
HMTBA, e.g. salt (HMTBA)YCa. The HMTBA is generally in highly concentrateglaous
solution, to which the source of calcium is mix#ten the reaction medium thus obtained is
dried at a temperature of the order of 70.degree.

The product obtained is 94% HMTBA equivalent. Hoeg\the reaction medium of
HMTBA with the source of calcium is very viscousdasticky: it is therefore very difficult to
homogenize in mixers or reactors equipped with eatienal stirring systems and, at the end
of the reaction, it is necessary to carry out dyyim-situ in order to drain the reactor. It also
requires a shaping step after drying by grindingl @émen sieving. Finally, this method,
necessarily by batch, does not allow continuousgse adaptation.

Recycling of the calcium salt of HMTBA, for exampsalt (HMTBA)2Ca, to the
calcium source before addifdIMTBA, makes it possible to improve the consistencyhef t
reaction medium and facilitates the implementatbthe process. However, as described in
US Pat. No. 4,335,257, this improvement requirdsagt 20% by weight of said salt and up
to 80% of said salt. As a result of this requiremehis process reduces productivity and
increases the over-dimensioning of installations.

It is therefore an object of the present inventmprovide complexes between an acid
and a solid powdered metal having a content of recgaulfur compounds, in particular
HMTBA, of greater than 87%.

Another object of the invention is to provide, cdexes between an acid and a metal,
in the form of stable powders, easily manipulated adapted to the application to which said
complexes are intended.

Another object of the invention is to provide a q@es for the preparation of
complexes between an acid and a metal, in batcthouti difficulties of adhesion or
appearance of viscous mass during the preparatimhyithout using the base of the vessel to
produce the product.

Another object of the invention is to provide a qess for the preparation of
complexes between an acid and a metal, continuously

The subject of the invention is thus a particle padsing:

* A nucleus consisting essentially of a salt of folan(l) below:

(A)M™ (1)

2
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in which :
A represents an anion selected from the group swngi of 2-hydroxy-4-
methylthiobutanoate, methionate and cysteine,
M represents a divalent or trivalent metal,
n being equal to 2 when said metal is divalenttan® when said metal is trivalent,
and

* A layer comprising a compound B selected from thmeug consisting of 2-
hydroxy-4-methyl-thio-butanoic acid (HMTBA), methime, cysteine, their

mixtures, their salts and complexes ,

said layer coating said core,

the weight percentage of said compound B relativihé salt of formula (1) of the ring being
from about 10% to about 50%,

said compound B not being, or not solely, in thenf@f a salt of formula (l), the content of
sulfur-containing organic compounds (TOS) in saadtiple being greater than 87% by mass,
in particular greater than 88 %, 89% or 90% by Wweidpased on the total mass of said
particle.

The content of organic sulfur compounds correspaodgOS (Total Organic Sulfur).

When the particle comprises HMTBA, the HMTBA corttés measured by TOS

measurement.

Surprisingly, the particle obtained is stable aechains in pulverulent form, despite
high TOS. It is neither viscous nor sticky.

The term "particle” is understood to mean a snlalnent of matter which, with the
naked eye, appears in one piece and not constibytaduxtaposition of smaller elements.

The term "core consisting essentially of a saltfafmula (I)" is understood in
particular to mean a core comprising more than B§%veight of said salt of formula (1).

The percentage by weight of said compound B induidesaid layer is given with
respect to the mass of salt of formula (1) of tbee¢c and not with respect to the total mass of
said patrticle.

By "said compound B is not, or not solely, in tloeni of a salt of formula (I)", it is
meant that compound B is in a form other than aafalormula (1), in free form or in the
form of a complex of formula (Il) as described helar in the form of a mixture comprising

a salt of formula (I) and at least one other forrarsas the free form or a complex of formula

().
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According to an advantageous embodiment, the praésesntion relates to a particle
as defined above, in which said compound B is énfthim:
- free, selected from 2-hydroxy-4-methylthio-butanagd (HMTBA), methionine and
cysteine, and / or
- said said salt of formula (1) as defined above, aoid
- a complex of formula (A) 4M (ll) in which A and Mra as defined above, A
preferably representing 2-hydroxy-4-methylthio-mdie acid (HMTBA)

said compound B not being, or not solely, in thenfof a salt of formula (1),

said compound B being in particular in the form:
- free,
- of the complex of formula (Il),
- of a mixture of the free form and the complex ofiala (11),
- a mixture of the free form and the salt of form{l)a
- of a mixture of the salt of formula (I) and of tbemplex of formula (l1), or

- of a mixture of the free form, of the salt of forial) and of the complex of formula

().

According to an advantageous embodiment, the préseention relates to a particle as
defined above, in which said compound B is in threnf of:

- the complex of formula (Il),

- a mixture of the free form and the complex of folan{il),

- a mixture of the salt of formula (I) and of the qaeax of formula (II), or

- a mixture of the free form, the salt of formulaghd the complex of formula (1l),
said compound B being in particular in the fornthe complex of formula (l1).

According to an advantageous embodiment, the présesntion relates to a particle
as defined above, comprising less than 3%, inqdati less than 2% or 1.5%, of water by
weight.

According to an advantageous embodiment, the présesntion relates to a particle
as defined above, the calcium content of whickeisveen 6 and 11% by weight, in particular
6.5 to 10%, more particularly 7 to 9 %, even moagtipularly of 7.5%, 8.0% or 8.5%, the
calcium content being in particular about 8%.

According to an advantageous embodiment, the praésesntion relates to a particle

as defined above, in which the weight percentageaaf compound B relative to the salt of

4



10

15

20

25

30

formula (I) of the ring is between about 10% andw40% , more preferably from about
15% to about 35%, more preferably from about 20%ltout 32%, most preferably from
21%, 22%, 23%, 24%, 25%, 26%, 27% 28%, 29%, 30% &6.

According to an advantageous embodiment, the praésesntion relates to a particle
as defined above, in which said metal is chosem fitee group comprising Mg, Be, Ca, Sr,
Ba, Mn, Fe, Co, Ni, Cu, Zn, Pt, B, Al, Ga, In, iarpcular Mg, Ca, Fe, Mn, Al, Cu, Zn.

According to an advantageous embodiment, the présesntion relates to a particle
as defined above, in which said metal and n arh tat M represents Mg, Be?*, C&", Sr
2 B&', Mn**, F&*, Fe*, Cd*, o, Ni¥*, CU#*, zn?*, P, AI¥*, G&* or In**, especially
Mg**, F&*, Fe*, AI**, Mn?*, CU#" or Zrf™.

According to an advantageous embodiment, the praésesntion relates to a particle
as defined above, wherein said salt of formula i¢§l) (HMTBA).Ca, (HMTBA)Mg,
(HMTBA).Fe, (HMTBALMN, (HMTBA)2Zn, (HMTBA):Cu, (HMTBA)Fe, (HMTBA)AI,
(Methionine}Ca, (MethioningyMg, (MethioninejFe, (MethioningyMin, (Methionine)Zn,
(Methionine}Cu, (MethioninejFe, (Methionine)Al, (Cysteine)Ca, (CysteingMag,
(Cysteine)Fe, (CysteineMn, (CysteineyZn, (Cysteine)Cu, (CysteinegjFe, (CysteineAl, in
particular a salt of formula (HMTBALa, (HMTBALMg, (HMTBA).Fe, (HMTBA)XLMN,
(HMTBA)2Zn, (HMTBA),Cu, (MethionineyCa, (MethioningjMg, (Methionine)Fe,
(Methionine}Mn, (Methionine)Zn, (Methionine)Cu, (CysteinglCa, (CysteineMg,
(Cysteine)Fe, (CysteingMn, (CysteineyZn, (Cysteine)Cu.

According to an advantageous embodiment, the présesntion relates to a particle
as defined above, in which said anioni#2-hydroxy-4-methyl-thio-butanoate.

According to an advantageous embodiment, the préseention relates to a particle
as defined above, in which said compound B includedsaid layer is 2-hydroxy-4-
methylthio-butanoic acid (HMTBA), or one of its tabr complexes.

According to an advantageous embodiment, the présesntion relates to a particle
as defined above, in which said anion i& 2-hydroxy-4-methylthiobutanoate, and said
compound B included in said layer is 2-hydroxy-4thyéhio-butanoic acid (HMTBA), or a
salt or complex thereof.

According to an advantageous embodiment, the praésesntion relates to a particle
as defined above, in which the compound A formiaigl &nion A and said compound B if B
is in free form, or the compound forming compoundfBB is in the form of salt or complex,

are different.
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According to an advantageous embodiment, the preseention relates to a particle as
defined above, in which said 2-hydroxy-4-methylthistanoic acid (HMTBA) is in
monomeric form with more than 60% by weight.

According to an advantageous embodiment, the prdsgantion relates to a particle
comprising:

* anucleus consisting essentially of a salt of fder{l) (HMTBA),Ca, and

* alayer comprising a compound B selected from tloem consisting of 2-hydroxy-4-

methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,
said layer coating said core,
the weight percentage of said compound B relatvin¢ salt of formula (I) (HMTBAXa of
the ring being from about 10% to about 50%,
said compound B not being, or not solely, in therfo@f the salt of formula (1) (HMTBAXCa,
the content of sulfur-containing organic compou(SS) in said particle being greater than
87% to 88%, 89% or 90% by weight, based on thé to#ss of said particle.
According to an advantageous embodiment, the preseention relates to a particle
comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and

e a layer comprising 2-hydroxy-4-methyl-thio-butancecid (HMTBA), said layer

coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (1)
(HMTBA)2Ca of the core being from about 10% to atso,
the HMTBA of said layer not being, or not only, the form of the salt of formula (I)
(HMTBA)Ca,
the content of organic sulfur compounds (TOS) i garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.

According to an advantageous embodiment, the présesntion relates to a particle
comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and

* a layer comprising 2-hydroxy-4-methylthio-butanamd (HMTBA) and calcium, the

atomic ratio S/Ca being between 2.7 and 3.7,

said layer coating said core,
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the weight percentage of the HMTBA of said layelatiee to the salt of formula (1)
(HMTBA) .Ca of the core being from about 10% to about 50%,

the content of organic sulfur compounds (TOS) i garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.

According to an advantageous embodiment, the praésesntion relates to a particle
comprising:

* anucleus consisting essentially of a salt of fdenf) (HMTBA)2Ca, and

» alayer comprising complex of formula (Il) (HMTBA)a,
said layer coating said core,
the mass percentage of HMTBA of said layer relatteeto the salt of formula (I)
(HMTBA) ,Ca of the ring being from about 10% to about 50%,
the content of organic sulfur compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.

The invention also relates to a pulverulent contpmsiconsisting or comprising
particles as defined above.

By "pulverulent particle composition" is meant alidoin a fractioned state, ie,
particulate, according to the present invention.

According to an advantageous embodiment, the preses@ntion relates to a
composition as defined above, in which the granelnim size of said particles varies from 10
to 3000um, in particular from 20 to 30Qm, in particular from 100 to 250m, in mean
particle size distribution [Dv (0.5)].

By mean particle size distribution [Dv (0.5)] is am the average particle size
diameter measured by laser diffraction, 50% of pheticles of said composition having a
diameter greater than said average diameter and @0#te particles of said composition
having a diameter lower than said mean diameter.

According to an advantageous embodiment, the presemntion relates to a
composition as defined above, the uncapped dens§ityhich is greater than 350 g / |, in
particular greater than 400 g / I.

The uncapped (or aerated) density of said pulvetudemposition can be measured
using a 250 ml test piece graduated every 2 mis fimtthod is described in the standard
AFNOR NF X 04-344. The procedure consists in pautime powder composition into the

test piece so as to be close to the maximum graduat the receptacle and then measuring
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the mass as well as the volume occupied by saidepuent composition. The uncapped
density is then calculated by the ratio of the nafsgowder to the volume occupied by the
pulverulent composition.

According to an advantageous embodiment, the presesention relates to a
composition as defined above, the bulk density loiicty after 10 motions is greater than 400
g/, in particular greater than 450 g/ I.

The compacted density of said pulverulent compmsitian be measured using a 250 ml test
piece graduated every 2 ml and a Dual Autotap vetemtype conforming to the ASTM
B527 and D4164 standards. The procedure consigteunng the pulverulent composition
into the test piece so as to be close to the mawimgtaduation of the receptacle. The test
specimen is then gently placed on the Autotap ptatendergo the desired number of vertical
shocks as a function of the target packed denBity) (= ten packed density, D500 = density
packed at 500 strokes). The compacted densityeis ¢alculated by the ratio of the mass of
packed powder to the volume occupied by the satigzhpowder in the said test piece.

According to an advantageous embodiment, the preses@ntion relates to a
composition as defined above, the angle of indlimabf which is between 34° and 40°, in
particular of 36° to 38°.

The angle of slope of said pulverulent composittan be measured by determining the
angle at the base of the slide cone obtained bginmshe sample through a special funnel
(stainless steel funnel whose base diameter (d)ans 6 mm) at a conventional height, above
a perfectly flat and horizontal marble plate. Thegedure, performed four times, consists of:

- adjust the height (H) between the plate and basieedfunnel to 40 mm,

- check the center of the funnel with the marbleglat

- place a sheet of paper on the plate by centeriwghtthe funnel,

- pour the powder into the funnel,

- stop the feed when the top of the cone touchebake of the funnel,

- inscribe the base of the cone, in the form of eejin a square,

- measures the distance D separating two oppos#s sidsaid square.

The angle of slide slopeis expressed in degrees and is given by the famul

H
a= arctg(D — d)
with
H: the cone height in mm (H = 40),

d: inside diameter of the base of the funnel in @dm 6 mm),
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D: arithmetic mean of the 4 measurements in mm.

According to an advantageous embodiment, the presesention relates to a
composition as defined above, comprising, in additio said particles, oil, especially
vegetable oil.

The vegetable oil is in particular chosen from &b oil, sunflower oil, rapeseed oll,
groundnut oil and mixtures thereof.

The invention also relates to a method for pregaaimparticle comprising:

* anucleus consisting essentially of a salt of fdenfl) below:
(A)M™

in which :

A" represents an anion selected from the group dorgisof 2-hydroxy-4-

methylthiobutanoate, methionate and cysteine,

M represents a divalent or trivalent metal,

n being equal to 2 when said metal is divalent @nd@ when said metal is trivalent,
and

* a layer comprising a compound B selected from tloeg consisting of 2-hydroxy-4-
methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,

said layer coating said core,

the weight percentage of said compound B relativihé salt of formula (1) of the ring being
from about 10% to about 50%

said compound B not being, or not solely, in thenfof a salt of formula (1),

the content of sulfur-containing organic compou(lSS) in said particle being greater than

87% by mass, in particular greater than 88 %, 80%08&6 by weight,

said method comprising a step of spraying on @ smnsisting essentially of a salt of formula
() as defined above, of a composition comprisingoapound B selected from the group
consisting of 2-hydroxy-4-methylthio-butanoic aciHMTBA), methionine, cysteine,
mixtures thereof, salts and complexes, the masaidfcompound B being from about 10% to
about 50% of the mass of the salt of formula (Dhef solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process

as defined above, in which said composition conegria compound B selected from the
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group consisting of 2-hydroxy-4-methylthio-butanoaxid (HMTBA) methionine and
cysteine, in free form.
According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said spraying stepnsezhout:
- in afluidized bed of air in a batch or continugyisl
or

- in atomization tower by copulverization.

By sputtering is meant the spraying together adfaid and a powder.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said spraying stepnsezhout continuously.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said spraying stepnsezhout on a vibrofluidizer.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said spraying step isethout under an inert atmosphere, in
particular under nitrogen, the inert gas being npamicularly recycled.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said composition isquoit form.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said composition addiitily comprises water, the percentage by
weight of water of said composition being compribetiveen 0.5 and 50.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which the core consistingrdigly of a salt of formula (1) is obtained
by reactive atomization.

By reactive atomization is meant the atomizatioraokaction mixture, said mixture
being the combination of two or more compounds Wiian react chemically together when
mixed, the contacting of the compounds of the reaanixture being followed immediately
by spraying by atomization.

According to an advantageous embodiment, the préseention relates to a process
as defined above, in which the core consistingre&sly of a salt of formula (1) is obtained as
a fluidized air bed, a granulator, a rotary gratarlamixer.

According to an advantageous embodiment, the praésesntion relates to a process
as defined above, in which the core consistingresgly of a salt of formula (1) is obtained

by reactive extrusion.
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The reactive extrusion can be carried out by tepes well known to those skilled in
the art. In particular, the salt of formula (I) che obtained by the reactive extrusion as
described in application FR 2 964 968.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which the core consistingrdigly of a salt of formula (1) is obtained
using a static or dynamic mixer.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which the core consistingrdigly of a salt of formula (1) is obtained
by reactive atomization under an inert atmospherearticular under nitrogen, the inert gas
being in particular recycled when the core consis@issentially of a salt of formula (1) is not
obtained by reactive extrusion.

According to an advantageous embodiment, the préseention relates to a process
as defined above, in which said compound B includesdid layer is in the form:

- free, selected from 2-hydroxy-4-methylthio-butanagd (HMTBA), methionine and
cysteine, and / or

- said salt of formula (I) as defined above, and / or

- a complex of formula (AM (II) in which A and M are as defined above, A fgrably
representing 2-hydroxy-4-methylthio-butanoic a¢tiM(TBA)

said compound B not being, or not solely, in thenfof a salt of formula (1),

said compound B being in particular in the form:
- free,
- the complex of formula (Il),
- a mixture of the free form and the complex of folan{ll),
- a mixture of the free form and the salt of form{l)a
- a mixture of the salt of formula (I) and the comptd formula (II), or

- a mixture of the free form, of the salt of form{la and of the complex of formula

().

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said particle compriess than 3%, 2% or 1.5% of water by mass
According to an advantageous embodiment, the présesntion relates to a process

as defined above, in which the said particle haaleium content of between 6 and 11% by
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weight, in particular of 6.5 to 10%, more partigiyaf 7 to 9%, the calcium content being in
particular about 8%.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which the weight percentagsaaf compound B relative to the salt of
formula (1) of the ring is from about 10% to abd®®so , particularly from about 15% to about
35%, more preferably from about 20% to about 32%.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said metal is chosem fitee group comprising Mg, Be, Ca, Sr,
Ba, Mn, Fe, Co, Ni, Cu, Zn, Pt, B, Al, Ga, In, iarpcular Mg, Ca, Fe, Mn, Al, Cu, Zn.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said metal and n ark that M represents Mg, Be?*, C&*, Sr
2 B&', Mn**, F&*, Fe*, Cd*, o, Ni¥*, CU#*, zn?*, P, AI¥*, G&* or In**, especially
Mg?*, F&*, Fe*, AI¥*, Mn?*, CU* or Zr?".

According to an advantageous embodiment, the prdasgantion relates to a process as
defined above, in which said salt of formula (I) ($IMTBA).Ca, (HMTBA)Mg,
(HMTBA).Fe, (HMTBARMN, (HMTBA)2Zn, (HMTBA):Cu, (HMTBA)Fe, (HMTBA)AI,
(Methionine}Ca, (MethioningMg, (Methionine)Fe, (MethionineMn, (Methionine)Zn,
(Methionine}Cu, (MethioninejFe, (Methionine)Al, (Cysteine)Ca, (CysteingMag,
(Cysteine)Fe, (CysteinegMn, (Cysteine)Zn, (Cysteine)Cu, (Cysteingfe, (CysteingAl, in
particular a salt of formula (HMTBALa, (HMTBALMg, (HMTBA).Fe, (HMTBA)XLMN,
(HMTBA)2Zn, (HMTBA),Cu, (Methionine)Ca, (MethioningMg, (Methionine)Fe,
(Methionine}Mn, (Methionine)Zn, (Methionine)Cu, (CysteinglCa, (CysteineMg,
(Cysteine)Fe, (CysteingMn, (Cysteine)Zn, (Cysteine)Cu.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said anioni#2-hydroxy-4-methyl-thio-butanoate.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said compound B includedsaid layer is 2-hydroxy-4-
methylthio-butanoic acid (HMTBA), or one of its tsabr complexes.

According to an advantageous embodiment, the présesntion relates to a process
as defined above, in which said anion i& 2-hydroxy-4-methylthiobutanoate, and said
compound B included in said layer is 2-hydroxy-4tiyéhio-butanoic acid (HMTBA), or a

salt or complex thereof.
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According to an advantageous embodiment, the praésesntion relates to a process
as defined above, in which said 2-hydroxy-4-mettighoutanoic acid (HMTBA) is in
monomeric form with more than 60% by weight.

According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:

* anucleus consisting essentially of a salt of fder{l) (HMTBA),Ca, and
* alayer comprising a compound B selected from tloem consisting of 2-hydroxy-4-
methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,
said layer coating said core,
the weight percentage of said compound B relatvin¢ salt of formula (I) (HMTBAXa of
the ring being from about 10% to about 50%,
said compound B not being, or not only, in the faritthe salt of formula (I) (HMTBAXa,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle,
said process comprising a step of spraying onid sohsisting essentially of a salt of formula
(D (HMTBA).Ca, of a composition comprising a compound B setbdtom the group
consisting of 2-hydroxy-4-methylthio (HMTBA), methiine, cysteine, mixtures thereof, salts
and complexes, the weight of said compound B b&mm about 10% to about 50% of the
weight of the salt of formula (1) of the solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
* anucleus consisting essentially of a salt of fdenf) (HMTBA)2Ca, and
* a layer comprising a compound B selected from tloem consisting of 2-hydroxy-4-
methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,
said layer coating said core,
the weight percentage of said compound B relatvin¢ salt of formula (I) (HMTBAXa of
the ring being from about 10% to about 50%,
said compound B not being, or not only, in the faithe salt of formula (I) (HMTBAXa,
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the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying inidilead bed of air in a batch or continuously
on a solid consisting essentially of a salt of folan(l) (HMTBA).Ca, of a composition
comprising a compound B selected from the groupsisting of | 2-hydroxy-4-methylthio-
butanoic acid (HMTBA), methionine, cysteine, theiixtures, their salts and complexes, the
mass of said compound B being from about 10% aboUt of the mass of the salt of formula
() of the solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA),Ca, and
» alayer comprising a compound B selected from tloeg consisting of 2-hydroxy-4-

methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts

and complexes,
said layer coating said core, wherein the weightgretage of said compound B relative to the
salt of formula (I) (HMTBA)Ca of the ring is from about 10% to about 50%
said compound B not being, or not only, in the faithe salt of formula (I) (HMTBAX a,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying inidiflad bed of air in a batch or continuously
on a solid consisting essentially of a salt of folan(l) (HMTBA),Ca, said solid being
obtained by reactive atomization of a compositiomprising a compound B group selected
from the group consisting of 2-hydroxy-4-methyltfiotanoic acid (HMTBA), methionine,
cysteine, their mixtures, their salts and complekes mass of said compound B being from
about 10% to about 50% of the mass of the sabrofidila (I) of the solid,
to obtain said particle.

According to an advantageous embodiment, the préseention relates to a process
for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and
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» alayer comprising a compound B selected from tloeg consisting of 2-hydroxy-4-
methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,
said layer coating said core,
the weight percentage of said compound B relatvin¢ salt of formula (I) (HMTBAXa of
the ring being from about 10% to about 50%,
said compound B not being, or not only, in the faithe salt of formula (I) (HMTBAX a,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying in aatimn tower by copulverization onto a
solid consisting essentially of a salt of formulp (HMTBA).,Ca, of a composition
comprising a compound B selected from the group sisting of 2- hydroxy-4-
methylthiobutanoic acid (HMTBA), methionine, cystej mixtures thereof, salts and
complexes, the weight of said compound B being fedoraut 10% to about 50% of the mass
of the salt of formula (1) of the solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and

» alayer comprising a compound B selected from tloeg consisting of 2-hydroxy-4-
methyl-thio-butanoic acid (HMTBA), methionine, cgste, their mixtures, their salts
and complexes,

said layer coating said core,

the weight percentage of said compound B relatvine salt of formula (1) (HMTBA)Ca of
the ring being from about 10% to about 50%,

said compound B not being, or not only, in the faithe salt of formula (I) (HMTBAX a,

the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,

said process comprising a step of spraying in &atiwin towers by copulverization onto a
solid consisting essentially of a salt of formula(HMTBA) ,Ca, said solid being obtained by
reactive atomization in said atomization tower ocfanposition comprising a compound B

selected from the group consisting of 2-hydroxy-dtmylthio-butanoic acid (HMTBA),
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methionine, cysteine, their mixtures, their sattd aomplexes, compound B being from about
10% to about 50%) of the mass of the salt of foar{y)l of the solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process

for preparing a particle comprising:

» acore consisting essentially of a salt of formlgHMTBA) ,Ca, and

» alayer comprising 2-hydroxy-4-methylthio-butanawmd (HMTBA),
said layer coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (I)
(HMTBA) ,Ca of the ring being from about 10% to about 50%,
the HMTBA of said layer not being, or not only, the form of the salt of formula (1)
(HMTBA)Ca,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle,
said method comprising a step of spraying on @ smlnsisting essentially of a salt of formula
() (HMTBA).Ca, a composition comprising 2-hydroxy-4-methybtbutanoic acid
(HMTBA) of said compound B being from about 10%atmut 50% of the mass of the salt of
formula (1) of the solid,
to obtain said particle.

According to an advantageous embodiment, the praésesntion relates to a process

for preparing a particle comprising:

» a core consisting essentially of a salt of formilgHMTBA)2Ca, and

» alayer comprising 2-hydroxy-4-methyl-thio-butanawd (HMTBA),
said layer coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (I)
(HMTBA) ,Ca of the core being from about 10% to about 50%,
the HMTBA of said layer not being, or not only, the form of the salt of formula (1)
(HMTBA)Ca,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said

particle,
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said process comprising a step of spraying a #eulibed of air in a batch or continuously on
a solid consisting essentially of a salt of form{lx (HMTBA).Ca, of a composition
comprising 2-hydroxy-4- methyl-thio-butanoic acldMTBA), the mass of said compound B
being from about 10% to about 50% of the weighhefsalt of formula (1) of the solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
» a core consisting essentially of a salt of formilgHMTBA) ,Ca, and
» a layer comprising 2-hydroxy-4-methylthio-butana@cid (HMTBA), or one of its
salts or complexes,
said layer coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (1)
(HMTBA) .Ca of the core being from about 10% to about 50%,
the HMTBA of said layer not being, or not only, the form of the salt of formula (1)
(HMTBA)Ca,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying in adbéldiidized air in a batch or continuously
on a solid consisting essentially of a salt of folan(l) (HMTBA).Ca, said solid being
obtained by reactive atomization of a compositiamprising 2-hydroxy-4-methylthio-
butanoic acid (HMTBA), the mass of said HMTBA oficsdayer being from about 10% to
about 50% of the mass of the salt of formula ()haf solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
» acore consisting essentially of a salt of form{ldHMTBA) ».Ca, and
* a layer comprising 2-hydroxy-4-methylthio-butanaicid (HMTBA), or one of its
salts or complexes, said layer coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (I)
(HMTBA) ,Ca of the core being from about 10% to about 50%,
the HMTBA of said layer not being, or not only, the form of the salt of formula (I)
(HMTBA) .Ca,
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the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying in aatin tower by copulverization onto a
solid consisting essentially of a salt of formulp (HMTBA).Ca, of a composition
comprising 2-hydroxy-4-methylthio- butanoic acidMMABA), the mass of said HMTBA of
said layer being from about 10% to about 50% ofrttass of the salt of formula (1) of the
solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and
* a layer comprising 2-hydroxy-4-methylthio-butanacid (HMTBA), or one of its
salts or complexes, said layer coating said core,
the weight percentage of the HMTBA of said layelatige to the salt of formula (1)
(HMTBA) ,Ca of the core being from about 10% to about 50%,
the HMTBA of said layer not being, or not only, the form of the salt of formula (I)
(HMTBA) .Ca,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle,
said process comprising a step of spraying in &aftiwin towers by copulverization onto a
solid consisting essentially of a salt of formula(HMTBA) ,Ca, said solid being obtained by
reactive atomization in said atomization tower afaaposition comprising of 2-hydroxy-4-
methylthio-butanoic acid (HMTBA), the mass of said
HMTBA of said layer being from about 10% to abo08®& of the mass of the salt of formula
() of the solid, of the solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
* anucleus consisting essentially of a salt of fdenfl) (HMTBA),Ca, and
* alayer comprising 2-hydroxy-4-methylthio-butanaaid (HMTBA) or one of its salts

or complexes, and calcium, the atomic ratio S b&iag between 2.7 and 3.7,
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said layer coating said core,
the weight percentage of HMTBA of said layer relatto the salt of formula (1) of the core
being from about 10% to about 50%;
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.
said method comprising a step of spraying on @ smlnsisting essentially of a salt of formula
(D (HMTBA).Ca, a composition comprising 2-hydroxy-4-methybtbutanoic acid
(HMTBA) of said HMTBA of said layer being from abibii0% to about 50% of the weight of
the salt of formula (l) of the solid,
to obtain said particle.
According to an advantageous embodiment, the préseention relates to a process
for preparing a particle comprising:
* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and
* alayer comprising 2-hydroxy-4-methylthio-butanaaid (HMTBA) or one of its salts
or complexes, and calcium, the atomic ratio S b&iag between 2.7 and 3.7,

said layer coating said core,
the weight percent of the HMTBA of said layer redatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle.
said process comprising a step of spraying a #eulibed of air in a batch or continuously on
a solid consisting essentially of a salt of formla (HMTBA),Ca, of a composition
comprising 2-hydroxy-4- methylthio-butanoic acidMAIBA), the mass of said HMTBA of
said layer being from about 10% to about 50% ofwlegght of the salt of formula (I) of the
solid,
to obtain said particle.

According to an advantageous embodiment, the préseention relates to a process
for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and
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* alayer comprising 2-hydroxy-4-methylthio-butanaaid (HMTBA) or one of its salts
or complexes, and calcium, the S / Ca atomic faiog from 2.7 to 3.7,
said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.
said process comprising a step of spraying in adbéldiidized air in a batch or continuously
on a solid consisting essentially of a salt of folan(l) (HMTBA).,Ca, said solid being
obtained by reactive atomization of a compositiamprising 2-hydroxy-4-methylthio-
butanoic acid (HMTBA), the mass of said HMTBA oficsdayer being from about 10% to
about 50% of the mass of the salt of formula ()haf solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process
for preparing a particle comprising:
* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and
* alayer comprising 2-hydroxy-4-methylthio-butanawd (HMTBA) or one of its salts
or complexes, and calcium, the atomic ratio S b&ag between 2.7 and 3.7,
said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) id garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle.
said process comprising a step of spraying in atafitin tower by copulverization onto a
solid consisting essentially of a salt of formulp (HMTBA).Ca, of a composition
comprising 2-hydroxy-4-methylthio- butanoic acidMAIBA), the mass of said HMTBA of
said layer being from about 10% to about 50% ofrtfeess of the salt of formula (1) of the
solid, to obtain said particle.
According to an advantageous embodiment, the praseantion relates to a process for

preparing a particle comprising:
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A nucleus consisting essentially of a salt of folan{l) (HMTBA)2Ca, and a layer comprising
2-hydroxy-4-methylthio-butanoic acid (HMTBA) or onef its salts or complexes, and
calcium, the S/ Ca atomic ratio being from 2.3 16, said layer coating said core,
the weight percent of the HMTBA of said layer redatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.
said process comprising a step of spraying in aatimn towers by copulverization onto a
solid consisting essentially of a salt of formula(HMTBA) .Ca, said solid being obtained by
reactive atomization in said atomization tower atamnposition comprising (HMTBA), the
mass of said HMTBA of said layer being from aboQ%dlto about 50% of the mass of the
salt of formula (I) of the solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process

for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdax{l) (HMTBA),Ca, and

» alayer comprising complex of formula (Il) (HMTBA)a,
said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.
said method comprising a step of spraying on @ smlnsisting essentially of a salt of formula
(D (HMTBA).Ca, a composition comprising 2-hydroxy-4-methybtbutanoic acid
(HMTBA) of said HMTBA of said layer being from abbli0% to about 50% of the mass of
the salt of formula (l) of the solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process

for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and

» alayer comprising complex of formula (Il) (HMTBA)a,
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said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle.
said process comprising a step of spraying a fteilibed of air in a batch or continuously on
a solid consisting essentially of a salt of formla (HMTBA),Ca, of a composition
comprising 2-hydroxy-4-methylthio-butanoic acid (HIBA), the mass of said HMTBA of
said layer being from about 10% to about 50% ofwlegght of the salt of formula (I) of the
solid,
to obtain said particle.
According to an advantageous embodiment, the présesntion relates to a process

for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdexf{l) (HMTBA),Ca, and

» alayer comprising complex of formula (Il) (HMTBA)a,
said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle.
said process comprising a step of spraying in adbdhliidised air in a batch or continuously
on a solid consisting essentially of a salt of folan(l) (HMTBA),Ca, said solid being
obtained by reactive atomization of a compositiaamprising 2-hydroxy-4-methylthio-
butanoic acid (HMTBA), the mass of said HMTBA ofiGsdayer being from about 10% to
about 50% of the weight of the salt of formulagbtaining said particle.

According to an advantageous embodiment, the présesntion relates to a process

for preparing a particle comprising:

* anucleus consisting essentially of a salt of fdenfl) (HMTBA).Ca, and

» alayer comprising complex of formula (Il) (HMTBA)a,

said layer coating said core,
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the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,

the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhbgs, relative to the total mass of said
particle.

said process comprising a step of spraying in aatimn tower by copulverization onto a
solid consisting essentially of a salt of formulp (HMTBA).Ca, of a composition
comprising 2-hydroxy-4-methylthio-butanoic acid (HIBA), the mass of said HMTBA of
said layer being from about 10% to about 50% ofrttass of the salt of formula (1) of the
solid,

to obtain said particle.

According to an advantageous embodiment, the préseention relates to a process

for preparing a particle comprising:

* A nucleus consisting essentially of a salt of folan) (HMTBA).Ca, and

* A layer comprising complex of formula (II) (HMTBACa,
said layer coating said core,
the weight percent of the HMTBA of said layer relatto the salt of formula (I) of the ring
being from about 10% to about 50%,
the content of Sulfur Organic Compounds (TOS) il garticle being greater than 87% by
mass, in particular greater than 88%, 89% or 90%nhgs, relative to the total mass of said
particle.
said process comprising a step of spraying in &atiwin towers by copulverization onto a
solid consisting essentially of a salt of formula(HMTBA) ,Ca, said solid being obtained by
reactive atomization in said atomization tower o€@amposition comprising 2-hydroxy-4-
methylthio-butanoic acid (HMTBA), the mass of s TBA of said layer being from about
10% to about 50% of the mass of the salt of fornf)laf the solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the caupd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiamng compound B, if B is in salt or
complex form, are different.

According to an advantageous embodiment, the présesntion relates to a process

for the preparation of a particle in which the caupd A forming said anion ‘Aand said
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compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different,

said method comprising a step of spraying on al sansisting essentially of a salt of formula
(1) (A)M"™ as defined above, of a composition comprisingmpmind B selected from the
group consisting of 2-hydroxy-4-methyl-thio-butanaicid

(HMTBA), methionine and cysteine, mixtures theresaflts and complexes, the weight of said
compound B being from about 10% to about 50% ofatbight of the salt of formula 1) of the
solid,

to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the caupd A forming said anion Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the caupd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different,
said process comprising a step of spraying a #edibed of air in a discontinuous or
continuous manner on a solid consisting essentiaiya salt of formula (I) (A.M™ as
defined above, of A composition comprising a commbwB selected from the group
consisting of 2-hydroxy-4-methylthio-butanoic aciddMTBA), methionine and cysteine,
mixtures thereof, salts and complexes. mass of gaigpound B being from about 10% to
about 50% of the mass of the salt of formula (haf solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the campd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the caupd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different,
said process comprising a step of spraying a #edibed of air in a discontinuous or

continuous manner on a solid consisting essentiaflya salt of formula (1) (A.M"" as
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defined above, said solid being obtained by reacitomization, of a composition comprising
a compound B selected from the group consisting-bfdroxy-4-methylthio-butanoic acid
(HMTBA), methionine and cysteine, mixtures therdabgir salts and complexes, the mass of
said compound B being from about 10% to about 50%emass of the salt of formula (1) of
the solid

to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the campd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiamng compound B, if B is in salt or
complex form, are different.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the campd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different,
said process comprising a step of spraying in &atiwin towers by copulverization onto a
solid consisting essentially of a salt of formulg (A),M"™ as defined above, of a
composition comprising a compound B group seledtedh the group consisting of 2-
hydroxy-4-methylthio-butanoic acid (HMTBA), methioe and cysteine, their mixtures, their
salts and complexes, the mass of said compoundng flem about 10% to about 50% of the
mass of the salt of formula (I) of the solid,
to obtain said particle.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the campd A forming said anion A and said
compound B if B is in free form or the compoundnfiamg compound B, if B is in salt or
complex form, are different.

According to an advantageous embodiment, the présesntion relates to a process
for the preparation of a particle in which the campd A forming said anion ‘Aand said
compound B if B is in free form or the compoundnfiang compound B, if B is in salt or
complex form, are different,
said process comprising a step of spraying in &aftiwin towers by copulverization onto a
solid consisting essentially of a salt of formula(A),M"" as defined above, said solid being
obtained by reactive atomization in said spray toweth a composition comprising a
compound B selected from the group consisting ¢fy@-oxy-4-methylthio-butanoic acid

(HMTBA), methionine and cysteine, mixtures theretieir salts and complexes, the mass of
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said compound B being from about 10% to about 50%emass of the salt of formula (1) of
the solid,

to obtain said particle.

DESCRIPTION OF THE FIGURES

FIG. 1A is an optical microscopy plate relating to the dewobtained at the end of
Example 1.

FIG. 1B is an optical microscopy shot relating to the pewdbtained at the end of
Example 12.

FIG. 2A is a scanning optical microscopy photo relativéhe powder obtained at the
end of Example 1.

FIG. 2B is a scanning optical microscopy photo relativéhis powder obtained at the
end of Example 12.

FIG. 3A shows the X-ray powder analysis spectrum of sarApbetween 20 = 1 °
and 20 = 24 ° obtained usin§lo-Ko radiation § = 0.71073 A).

FIG. 3B shows the X-ray powder analysis spectrum of sarBphetween 2 = 1 °
and 20 = 24 ° obtained by means of a radiatdn-Ka (A = 0.71073 A).

FIG. 3C shows the X-ray powder analysis spectrum of sar@pletween = 1 °
and 20 = 24 ° obtained usin§lo-Ka radiation § = 0.71073 A).

Sample A corresponds to the salt powder of fornfl)ItHMTBA)2Ca obtained in the
first part of Example 9.

Sample B corresponds to the powder obtained arideof Example 1.

Sample C corresponds to the powder obtained artieof Example 12.

FIG. 4 shows a scanning electron microscope (SEM) armalgsupled to X-ray
emission spectrometry, performed at the core (Al @nthe surface (B) of the same patrticle
according to Example 3.

FIG. 5 is a block diagram of a method according to thesirion, implemented in a
multi-effects tower.

An agueous medium containing an acid, symbolizethbycircle A, optionally passes
through a heater 130 and feeds the contact de@éeby a pump 131. An aqueous medium
containing a metal or metal cation symbolized by dircle B optionally passes through a
heater 132 and feeds by a pump 133 the contactnigel 134. The aqueous phase resulting

26



10

15

20

25

30

from the mixture between the aqueous medium A hadajueous medium B is sprayed into
the atomization tower via the spraying device 1@dended for the production of
monodisperse or polydisperse aerosols.

An aqueous medium containing an acid, symbolizedthgy circle A ', optionally
passes through a heater 144 and feeds by a punthd 4praying device 147 intended for the
production of aerosols.

An agueous medium containing an acid, symbolizedhay circle A ", optionally
passes through a heater 151 and feeds by a punthdSpraying device 148 intended for the
production of aerosols.

The circle C represents a complementary sprayimicedor anti-caking agent via a
powder meter 136, if necessary.

The circle D represents the introduction of the d¢aotier gasin particular air and /
or inert gas, into the spray-drying version, via the fan 124.

The circle E represents the introduction of theosdary carrier gas, for drying and /
or final cooling of the final stabilized compositi@btained, solid or solidifying via a fan 137.

The circle J represents the introduction of theieaigas onto the external vibrated
fluidized bed 139, for the final drying or / andotiog of the final stabilized composition
obtained, solid or solidified via the fan 146.

A cyclone 138 separates all or part of the finaldoict F, that is to say the pulverulent
composition which is recovered, and the carrier@asghich is evacuated.

The external vibrated fluidized bed 139 allows teeovery of all or part of the final
product H, that is to say the pulverulent compositfrom the bottom of the tower.

The introduction of the secondary air E takes pthceugh a permeable bottom 142 of
the tower 135 to bring the pulverulent materiabiatfluidized bed. The spent air is evacuated
by one or more orifices 143 provided through thparpwvall of the enclosure 101.

The introduction of the secondary air J takes pthoeugh a permeable bottom 149 of
the vibrated fluidized bed 139 to bring the pullent material into a fluidized bed. The waste
air is evacuated via the line 150 connected tortle¢ of the cyclone 138.

In this example, the spent air then passes thrtlugityclone 138 which produces on
one side of the product particles F and on theroside the air to be evacuated G. The
majority of the particles are collected just abdle permeable wall 142. FIG. 1 illustrates
that the particles are collected either directlyFior via the external fluidized bed 139 at H.
FIG.
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The addition of a powdered substance, in partictifer particles of the pulverulent
composition recovered at the outlet of the cycld®8, product F, or of the powdered
composition, can also be provided, representedécircle I, in the spraying zone. which is
injected by means of the device 141 consisting yaha powder dispenser.

FIG. 6 is a block diagram of a method according to thesirion, implemented in a
multi-effects tower and as described in FIG. 5hwfit=A'= A ".

FIG. 7 is a block diagram of a method according to thesirion, implemented in a
multi-effects tower.

An aqueous medium containing an acid, symbolizethbycircle A, is transferred into
a reactor C equipped with a thermostatically cdlgtdojacket 161. An aqueous medium
containing a metal or metal cation symbolized l®y/¢hicle B is added gradually to the reactor
C with stirring. The aqueous phase K resulting frtme mixture between the aqueous
medium A and the aqueous medium B is fed by theelyl pump 162 to be sprayed into the
atomization tower via the spraying device 104 ideghfor the production of monodisperse
aerosols or polydispersed.

An aqueous medium containing an acid, symbolizedthgy circle A ', optionally
passes through a heater 144 and feeds by a puntpd 4praying device 147 intended for the
production of aerosols.

An agueous medium containing an acid, symbolizedhgy circle A ", optionally
passes through a heater 151 and feeds by a punthd Spraying device 148 intended for the
production of aerosols.

The circle C represents a complementary sprayimicedor anti-caking agent via a
powder meter 136, if necessary.

The circle D represents the introduction of the dastier gas, in particular air and / or
inert gas, into the spray-drying version, via tae 124.

The circle E represents the introduction of theoedary carrier gas, for drying and /
or final cooling of the final stabilized composii@btained, solid or solidifying via a fan 137.

The circle J represents the introduction of theieaigas onto the external vibrated
fluidized bed 139, for the final drying or / andotiog of the final stabilized composition
obtained, solid or solidified via the fan 146.

A cyclone 138 separates all or part of the finaldoict F, that is to say the pulverulent
composition which is recovered, and the carrier@ashich is evacuated.

The external vibrated fluidized bed 139 allows teeovery of all or part of the final

product H, that is to say the pulverulent compositfrom the bottom of the tower.
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The introduction of the secondary air E takes pthceugh a permeable bottom 142 of
the tower 135 in order to put the pulverulent maten the form of a fluidized bed. The spent
air is evacuated through an orifice 143 providedugh the upper wall of the enclosure 101.
The introduction of the secondary air J takes pliwceugh a permeable bottom 149 of the
vibrated fluidized bed 139 to bring the pulverulerdterial into a fluidized bed. The waste air
is evacuated via the line 150 connected to the @ifléhe cyclone 138.

In this example, the spent air then passes thrtlugityclone 138 which produces on
one side of the product particles F and on therotide the air to be evacuated G. The
majority of the particles are collected just aboke permeable wall 142. FIG. 1 illustrates
that the particles are collected either directlyFior via the external fluidized bed 139 at H.
FIG.

The addition of a powdered substance, in particfiter particles of the pulverulent
composition recovered at the outlet of the cycld®8, product F, or of the powdered
substance represented by the circle I, can be gedvin the spraying zone. which is injected
by means of the device 141 consisting mainly obager metering device.

FIG. 8 is a schematic diagram of a method accordingdartention, implemented in
a fluidized air bed.

A powder composition of salt type (HMTB#Ja, symbolized by the circle B is
incorporated in a fluidized air bed 170. An aquemeglium containing an acid, symbolized
by the circle A, optionally passes through a hea#r and feeds by a pump 172 a spraying
device 173 intended for the production of aerosols.

The circle D represents the introduction of therieargas for drying and / or final
cooling of the final stabilized composition obtaineolid or solidified via a fan 174.

The introduction of the gas D takes place througheemeable bottom 175 of the
fluidized bed in order to put the pulverulent mateB in the form of a fluidized bed. The
spent air is evacuated through filter (s) througloafice 176 provided through the upper wall
of the enclosure 177.

The final pulverulent composition H is recoveredila end of the batch when the
fluidized bed is emptied.

EXAMPLES

The following Examples 1 to 12 illustrate the intien.
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Example 1: Preparation of a powder having a TOS of 88.3 wt.%.

One kilogram of salt (HMTBA)2Ca at 85.5% TOS, 11.¢8&tcium and 2.3% moisture
was incorporated in a fluidized air bed of a useflume of 5 liters. 300 g of a solution of
HMTBA containing 88% dry matter was sprayed atte td 450 g / hr, a spraying pressure of
1.5 bar and an inlet temperature on the d air mexéd 60 ° C. At the end of the spraying, the
product was dried for 5 min.

The product obtained had a TOS of 88.3%, a caldantent of 9.2% and a moisture content
of 1.3%). The average particle size of this prodsid91um, the unflatted density of 390 g / |
and the packed density at 480 g/ I.

Example 2: Preparation of a powder having a TOS of 89.3% bigit

One kilogram of salt (HMTBA)2Ca at 84.6% TOS, 11.6&tcium and 1.9% moisture
was incorporated into a fluidized air bed of a useblume of 5 liters. To this powder, 504 g
of a HMTBA solution containing 88% dry matter wasayed at a flow rate of 250 g / H, a
spraying pressure of 1.5 bar and an inlet tempeyatn the bed of fluidized air of 60 ° C. At
the end of the spraying, the product was driedfonin.

The product obtained had a TOS of 89.3%, a calcantent of 8% and a moisture content of
1.6%.
Example 3: Preparation of a powder having a TOS of 88.2% hgsn

Two kilograms of salt (HMTBA)Ca at 85.5% TOS, 11.7% calcium and 2.3%
moisture were incorporated into a fluidized air lwfda useful volume of 12 liters. On this
powder, 670 g of a HMTBA solution containing 88% dnatter was sprayed at a flow rate of
600 g / H, a spray pressure of 1 bar and an iefeperature of the air bed fluidized bed of 55
° C. At the end of the spraying, the product wasdifor 5 min.

The product obtained had a TOS of 88.2%, a caldantent of 8.8%, and a moisture content
of 2.2%. The average particle size of this prodsict50um, the uncut density of 370 g / |,
and the packed density of 400 g/ I.

Example 4 :Preparation of a powder having a TOS of 88.1%mnlags

A grinding stage on a knife mill is carried out dwo kilograms of a salt
(HMTBA)Ca in the form of extrudates obtained accordingat@ent FR2964968. The powder
obtained after grinding has a TOS of 74%, a calcaomtent of 11.2%, a water content of
11% and an average particle size of 150 One kilogram of this product is incorporateaint
a fluidized bed of a useful volume of 5 liters. 49@f an HMTBA solution containing 88%

dry matter is sprayed onto this powder at a flote & 300 g / H, a spraying pressure of 1.5
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bar and an inlet temperature of the air bed fl@dibed of 60 ° C. The product is then dried
for 30 minutes.

The product obtained had a TOS of 88.1%, a caldantent of 9.2% and a moisture content
of 1.4%. The average particle size of this proda@50um and the bulk density is 510 g / L.
Example 5: Preparation of a powder having a TOS of 88.4 mass%

One kilogram of salt (HMTBA)a at 85.5% TOS, 11.7% calcium and 2.3% moisture
is incorporated in a fluidized air bed. 275 g 09®47% HMTBA solution of dry matter
heated at a temperature of 60 ° C. is sprayed thiggpowder at a flow rate of 300 g/ H, a
spraying pressure of 1.5 bar and a fluidized bethkdt temperature of 60 ° C. The product is
then dried for 5 minutes.

The product obtained had a TOS of 88.4%, a caladantent of 8.9%, and a moisture content
of 1.5%. The average particle size of this prodssid80um, the uncut density of 380 g / |,
and the bulk density of 410 g/ |.

Example 5 bis: Preparation of a powder having a TOS of 88.2%nbgs

Three kilograms of salt (HMTBALa at 85.5% TOS, 11.7% calcium and 2.3% moistue ar
incorporated in a rotary granulator with a usefullvne of 5 liters of GLATT GRC3 type. On
this powder, 1 kg of a HMTBA solution containing8&Iry matter is sprayed at a flow rate
of 600 g / H, a spraying pressure of 1.5 bar, &t temperature of the granulator of 60 ° C
and a disk rotation speed of 200 rpm. The produttién dried for 5 minutes.

The product obtained had a TOS of 88.2%, a caldanent of 9.1% and a moisture content
of 1.7%. The average particle size of this proda@30um and the bulk density is 540 g / |.
Example 6: Preparation of a powder having a TOS of 88.1% bigit

A salt powder (HMTBA)2Ca containing 85.2% TOS, 1.88%lcium and 1.8%
moisture a was continuously fed to a multiple agation tower at a flow rate of 200 kg / H.
At the bottom of the drying tower was continuousyrayed a solution of HMTBA with 88%
dry matter. This solution was sprayed on the onmallmn the static bed of the industrial plant
at a flow rate of 60 kg / h and a spraying pressdirg bar and on the vibrofluidizer at a flow
rate of 16 kg / h and a spray pressure of 1.5 bar.

The temperatures applied were 100 ° C. for thécdvatd temperature, 70 ° C. for the first part
of the vibrofluidizer and 30 ° C. for the secondtp the vibrofluidizer.

The product obtained had a TOS of 88.1%, a caladantent of 9.1%, and a moisture content
of 1.4%. The average particle size of this prodsid96um, the bulk density 530 g / | and the

packed density at 10 strokes of 560 g / I.

Example 7: Preparation of a powder having a TOS of 88.5%nkgs
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A salt powder (HMTBA)Ca with 85.18% TOS, 11.78% calcium and 1.79% muoestu
is continuously fed into a multiple effect toweraatlow rate of 200 kg / H. At the bottom of
the drying tower is continuously sprayed a solutdtHMTBA with 96% dry matter, heated
to a temperature of 60 ° C. so as to lower itsosgyg to below 200 centipoises. This solution
is sprayed on the one hand on the static bed ahthestrial plant at a flow rate of 48 kg / h
and a spraying pressure of 3.5 bar, and on the bdrel to the vibrofluidizer at a flow rate of
13 kg / H and a spraying pressure of 1.5 bar.

The temperatures of the liquid feed lines are tlostated at 60 ° C. so as to ensure a
satisfactory spraying of the concentrated HMTBAusioh.

The temperatures applied are 100 ° C. for thecskatd temperature, 70 ° C. for the first part
of the vibrofluidizer and 30 ° C. for the secondtp the vibrofluidizer.

The product obtained had a TOS of 88.5%, a caldantent of 8.8%, and a moisture content
of 1.3%. The average particle size of this proda@50um and the bulk density is 550 g / L.
Example 8 Preparation of a powder having a TOS of 88.3% bigiat.

A lime milk prepared with 30% dry matter and a siolu of HMTBA with 88% dry
matter are continuously mixed according to the damts of the patent FR2988091.

The feed rates are respectively 95 kg / H for limiék and 130 kg / H for the HMTBA
solution.

The reaction mixture is sprayed with a nozzle atiogy to the knowledge of those skilled in
the art into a multi-effect atomization tower hayian inlet temperature of 180 ° C. and an
outlet temperature of 102 ° C.

At the bottom of the tower, a solution of HMTBA WiB8% of EST is sprayed on the one
hand on the static bed of the MSD tower at a flate of 35 kg / h and a spraying pressure of
3 bars, on the vibrofluidizer at a flow rate of i)/ h and a spraying pressure of 1.5 bar.

The temperatures applied are 70 ° C. for the stetittemperature, 60 ° C. for the first part of
the vibrofluidizer and 30 ° C. for the second prthe vibrofluidizer.

The product obtained had a TOS of 88.3%, a calaomtent of 8.9%, and a humidity of
1.6%. The average grain size of this product isyirf@8Gnd the bulk density of 420 g/ .
Example 9: Preparation of a powder having a TOS of 88.6% biglte

A lime milk prepared with 30% dry matter and an HBA solution containing 88%
dry matter were continuously mixed in an atomizingoine (of the NIRO Atomizer type).
The feed rates were respectively 3.5 kg / h forelimilk and 4.5 kg / h for the HMTBA

solution.
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The reaction mixture was atomized in a single-¢ffgray tower at an inlet temperature of
140° C. Outlet temperature of 85° C.
The product was then taken up in a fluidized ad teesimulate a multiple effect tower.
330 g of a solution of HMTBA containing 88% dry rieatwas sprayed onto 1 kg of powder
previously manufactured at a flow rate of 300 g @ Ispraying pressure of 1.5 bar and an inlet
temperature of fluidized air bed of 60 ° C. At #med of the spraying, the product was dried
for 5 min.
The product obtained had a TOS of 88.6%, a caldanent of 8.7% and a moisture content
of 1.5%.
Example 10: Preparation of a powder having a TOS of 88.6%mlags

A lime milk prepared with 37% dry matter and a $iolu of HMTBA with 88% dry
matter are continuously mixed according to the @b of patent FR2988091.
The feed rates are respectively 90 kg / H for thi& of lime and 150 kg / H for the HMTBA
solution.
The mixture is sprayed with a nozzle accordingh®knowledge of those skilled in the art in
a multi-effect atomization tower with an inlet teempture of 180 ° C. and an outlet
temperature of 105 ° C.
At the bottom of the tower, a solution of HMTBA ammntrated with 96% dry matter is
sprayed on the one hand on the static bed of the M®%er at a flow rate of 31 kg / h and a
spraying pressure of 3 bar, and d on the other bantthe vibrofluidizer at a flow rate of 16
kg / h and a spraying pressure of 1.5 bar.
The temperatures of the liquid supply lines arenttwestatically controlled at 60 ° C.
The temperatures applied are 70 ° C. for the stetittemperature, 60 ° C. for the first part of
the vibrofluidizer and 30 ° C. for the second prthe vibrofluidizer.
The product obtained had a TOS of 88.6%, a caldantent of 8.7%, and a moisture content
of 1.3%). The average patrticle size of this prodsi@10um and the bulk density of 430 g/ I.
Example 11: Preparation of a powder having a TOS of 88.2% bgsn

A lime milk prepared with 30% dry matter and a $iolu of HMTBA with 88% dry
matter are continuously mixed according to the @b of patent FR2988091.
The feed rates are 75 kg / h for lime milk and 1@2/ h for the HMTBA solution,
respectively.
The reaction mixture is sprayed with a nozzle adiogyr to the knowledge of those skilled in

the art, into a multiple effect atomization toweithwan inlet temperature of 160 ° C. and an
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outlet temperature of 85 ° C. The drying is carreed under nitrogen in a tower equipped
with a closed-circuit gas recycling system.
At the bottom of the tower, a solution of 88% HMTBAEST is sprayed on the one hand on
the static bed of the MSD tower at a flow rate 0fk® / h and a spraying pressure of 3 bar,
and d on the other hand on the vibrofluidizer dtoav rate of 15 kg / h and a spraying
pressure of 1.5 bar. The temperatures applied@re@ for the static bed temperature, 50 °
C. for the first part of the vibrofluidizer and 2. for the second part of the vibrofluidizer.
The product obtained had a TOS of 88.2%, a cala@antent of 9%, and a humidity of 1%.
The average grain size of this product is gdDand the bulk density 480 g / L.
Example 12: Preparation of a Powder comprising HMTBA accordioga Method Not
Applicable to the Present Invention and Comparisbthe Product Obtained with a Product
According to the Invention

The preparation was carried out batchwise in ard-anixer open to the atmosphere.
3729 of a crystalline HMTBA(Ca) powder was incorporated in the mixer and tineated to
85 ° C. by means of the jacket of the material.
A solution of HMTBA with 88% dry matter was addedidhes and at 15 minutes intervals in
the mixer in operation. The amounts added were, 3 g, 94 g and 96 g. At the end of the
last addition, the preparation was kept underisgrfor 37 min at a temperature of 73-82 ° C.
The recovered paste was then subjected to a dogagation for 24 hours in an oven at 70 °
C.
The product obtained after drying was then grounolitain coarse particles.
A comparative analysis of the products made acogrth Example 12 and Example 1 of the
present application was carried out.
The table below shows the physical and chemicgigntaes of powders.

Example 1 Example 12

Process belonging to the
present invention

Process not belonging to the
present invention

Physical properties

Grain size, um

Homogeneous grain size.
Gauss curve with a median at

Heterogeneous grain size
agglomeration with a size

200 pm from several mm to cm
Bulk density, g/l 370 680
Chemical properties
Humidity, % 1,5 1
Calcium, % 10,1 9,4
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TOS, % | 88,4 | 89,9 |

These results clearly indicate a significant ddfeze in the physical properties of these

powders. Example 12 results in the obtaining oétmgeneous granules in size with a density

of 650 g / | whereas Example 1 of the present apptin leads to obtaining a homogeneous

powder in size with a density close to 400 g/ 1.

Other analyzes distinguish the two types of proslu@hus, the visual appearance of the

powders was studied with an optical microscope (Fl§ and with a scanning optical

microscope (FIG. 2).

The particles produced according to Example 1 amallsspherical particles with a fairly

narrow granular size distribution and a cream color

The particles of Example 12 are compact aggregelésh may be angular, heterogeneous in

size and shape, brown in color and smooth in serfac

X-ray analysis also revealed differences in therele@f crystallinity of the particles obtained

according to the process (FIG. 3), related to titenisity of the peak at 2thta = 9 °.

These results make it possible to propose a dieatsifin in ascending order of crystallinity
A<B<C

The sample A corresponds to the salt powder of ditan{l) (HMTBA),Ca obtained in

Example 9, before spraying: it is the salt nucletisormula (I) (HMTBA),Ca, without an

outer layer.

Sample B corresponds to the powder obtained arideof Example 1.

Sample C corresponds to the powder obtained aritieof Example 12.

The powder A (the salt core of formula (I) with@ut outer layer) and the powder B (subject

of the present invention) are therefore less chystathan the powder C.

Example 13: SEM analysis coupled to emission spectrometryfXhe particles obtained

according to Example 3

A SEM analysis coupled with X-ray emission spectetmyn was carried out on a particle

manufactured according to Example 3 in order to atestrate the difference in chemical

composition between the core of the outside optirticle (FIG. 4).

The internal quantification (FIG. 4A) is as follows

Element % Weight % At
C 44,11 62,47
O 17,88 19,01
S 22,58 11,98
Ca 15,42 6,54
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Total 100,00 100,00

The atomic ratio S / Ca is, within the particle tfwe core), about 1.8.
The external quantification (FIG. 4B) is as follows

Element % Weight % At
C 53,01 67,39

@] 22,74 21,7

S 17,6 8,38

Ca 6,65 2,53
Total 100,00 100,00

The atomic ratio S / Ca is, on the outside of taeigle (at its surface), about 3.3.
This analysis makes it possible to demonstrateff@reince in the chemical composition
between the core of the particle and the outsidthefparticle, in particular as regards the
percentage of calcium

10 The theoretical chemical composition of the saltfofmula () (HMTBA)Ca and the
complex of formula (II) (HMTBA)Ca is as follows:

Salt form of formula (1) =338 g/ mol

15
Atoms Numbers Total molecular Ratio of the atom
weight, g/mol on the total molecular weight
Carbon 10 120 35,5
Oxygen 6 96 28,4
Sulfur 2 64 18,9
Hydrogen 18 18 5,32
Calcium 1 40 11,8
The theoretical atomic ratio S / Ca is, for the eaformula (1), about 1.6.
Complex form of formula (11) =636 g/ mol
20
Total molecular Ratio of the atome
Atomes Numbers . .
weight, g/mol on the total molecular weight
Carbon 20 240 37,7
Oxygen 12 192 30,1
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Sulfur 4 128 20,1

Hydrogen 36 36 5,6

Calcium 1 40 6,28

The theoretical atomic ratio S / Ca is, for the eaformula (1), about 3.2.
The comparison between the theoretical values hadneasured values for sulfur% and
calcium% indicates the presence of a salt of foanf)l of HMBTA within the particle and a

complex of formula (ll) on the outside.
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CLAIMS

1. A particle comprising:

a core consisting essentially of a salt of theofelhg formula (1):
(A )M (N

wherein A represents an anion selected from the group dorngisf 2-hydroxy-4-methyl-
thio- butanoate, methioniate and cysteinate,

M is a divalent or trivalent metal,

n being 2 when said metal is divalent and 3 whéah rsetal is trivalent, and

a layer comprising a compound B selected from thegconsisting of 2-hydroxy-4-
methylthio-butanoic acid (HMTBA), methionine, cyiste, mixtures thereof, salts and
complexes,

said layer coating said core,

the weight percentage of said compound B relabviae salt of formula (I) of the ring being
from about 10% to about 50%,

said compound B not being, or not solely, in thenfof a salt of (1),

the content of organic sulfur compounds (TOS) id garticle being greater than 87% by

weight, particularly more than 88%, 89% or 90% kmight, based on the total weight of said

particle.

2. A particle according to claim 1 wherein said commb® is in the form:

-free, selected from 2-hydroxy-4-methylthio-butanacid (HMTBA), methionine and
cysteine, and / or

-said salt of formula (I) as defined in claim 1gdror

-of a complex of formula (AM (l) in which A and M are as defined in claimA,
representing preferably 2-hydroxy-4-methylthio-mdie acid (HMTBA), said compound
B not being, or not solely, in the form of a sdlfamula (1),
said compound B being in particular in the form:

-free,

-of a complex of formula (11),

-of a mixture of the free form and the complexainfiula (l1),
-of a mixture of the free form and the salt of foten(l),

-of a mixture of the salt of formula (l) and thengglex of formula (II), or
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-of a mixture of the free form, the salt of formlaand the complex of formula (II).

3. Patrticle according to any one of claims 1 to Zyimch:

-the water content is less than 3%, in particidas lthan 2% or 1.5%, by weight,

-the calcium content is from 6 to 11% by weightpanrticular 6.5 to 10%, more
particularly 7 to 9%, the calcium content beingarticular approximately 8%, or

-the percentage by weight of said compound B radat) the salt of formula (l) ranges
from about 10% to about 40%, particularly from abbb®o to about 35%, more
preferably from about 20% to about 32%.

4. A particle according to any one of claims 1 to 3evéin said metal is selected from
the group comprising Mg, Be, Ca, Sr, Ba, Mn, Fe, RipCu, Zn, Pt, B, Al, Ga, In, in
particular Mg, Ca, Fe, Mn, Al, Cu, Zn,
said salt of formula (1) being in particular (HMTB£A<a, (HMTBA)LMg,
(HMTBA)Fe, (HMTBA)LMn, (HMTBA).Zn, (HMTBA).Cu, (HMTBA)Fe,
(HMTBA) 3Al, (Methionine}Ca, (MethioningjMg, (MethioninejFe,
(Methionine}Mn, (Methionine)Zn, (Methionine)Cu, (MethioninejFe,
(Methionine}Al, (Cysteine)Ca, (CysteingMg, (CysteinejFe, (CysteingMn,
(Cysteine)zn, (Cysteine)Cu, (Cysteingfe, (CysteingAl, in particular a salt of
formula (HMTBA)Ca, (HMTBALMg, (HMTBA).Fe, (HMTBA)Mn, (HMTBA).Zn,
(HMTBA) .Cu, (Methionine)Ca, (MethioninejMg, (Methionine)Fe,
(Methionine}Mn, (Methionine)Zn, (Methionine)Cu, (Cysteing)Xa, (CysteineMg,
(Cysteine)Fe, (CysteingMn, (Cysteine)Zn, (Cysteine)Cu.

5. A particle according to any one of claims 1 to Bevein:
-said anion Ais 2-hydroxy-4-methyl-thio-butanoate,
and / or
-said compound B included in said layer is 2 -hygird-methylthio-butanoic acid

(HMTBA), or a salt or complex thereof.

6. Pulverulent composition consisting of or comprispagticles as defined in any one of

claims 1 to 5.
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. Pulverulent particle composition according to clainwherein the particle size

distribution of said particles varies from 10 td8@m, in particular from 20 to 300
um, more particularly from 100 to 250n, with a mean particle size distribution
[Dv(0.5)].

. Pulverulent composition according to any one ofif@$a6 to 7, of which:

-the uncapped density is greater than 350 g/Lamtiqular greater than 400 g/L, or
-the packed density is greater than 400 g/L, itiq#ar greater than 450 g/L.

. Pulverulent composition according to any one oineta6 to 8, comprising, in addition

to said particles, oil, especially vegetable oil.

10. A process for the preparation of a particle conipgis

a core consisting essentially of a salt of theofelihg formula (1):

(A)M"Y (1)

wherein:
A'represents an anion selected from the group corgist 2-hydroxy-4-
methylthiobutanoate, methioniate and cysteinate,
M is a divalent or trivalent metal,
n being 2 when said metal is divalent and 3 whéh rsetal is trivalent, and
a layer comprising a compound B selected from thegconsisting of 2-
hydroxy-4-methylthio-butanoic acid (HMTBA), methioe and cysteine,
said layer coating said core,
the percentage by weight of said compound B wisipeet to the salt of formula
(1) of the ring being from about 10% to about 50%,
said compound B being not, or not only, in the faha salt of formula (1)
content of sulfur-containing organic compound (T@E$aid particle being
greater than 87% by weight, in particular greatent88%, 89% or 90% by

weight, relative to the total weight of said pdgijc

said method comprising a step of spraying on a sminsisting essentially of a salt

of formula (l) composition comprising a compounddected from the group
consisting of 2-hydroxy-4-methylthio-butanoic a¢idMTBA), methionine and
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cysteine, the weight of said compound B being fediout 10% to about 50% of
the weight of the salt of formula (I) of the solid,order to obtain said patrticle,
in particular said composition additionally comprgwater, the percentage by

weight of water of said composition being from ®50.

11.A method according to claim 10, wherein said spraugtep is carried out:

in a fluidized bed of batchwise or

continuous flow, or —

on a vibrofluidizer, or

in atomization tower by copulverization,
said spraying step being in particular carriedaauttinuously.

12. A process according to any one of claims 10 tortierein the core consisting
essentially of a salt of formula (I) is obtained:
-by reactive atomization,
-fluidized air bed, granulator, rotary granulatora mixer, by reactive extrusion, or

-by means of a static or dynamic mixer.
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