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(34) Title: PROCESS FOR OBTAINING 2-HYDROXY-4-METHYL THIOBUTYRIC ACID (MHA), MHA AND ITS USE

(54) Bezeichnung: VERFAHREN ZUR GEWINNUNG VON 2-HYDROXY-4-METHYLTHIOBUTTERSAURE (MHA), MHA UND
DESSEN VERWENDUNG

(57) Abstract

It is known to isolate MHA from a reaction mixture obtained by the addition of hydrocyanic acid (HCN) to methyl mercaptopropionic
aldehyde (MMP) and the hydrolysis of the methyl mercapto propionic aldehyde cyanohydrine (MMP-CH) obtained thereby with sulphuric
acid, in which the reaction mixture is brought into contact with a substantially non-water-miscible organic solvent, in order to form an
mmmmmmmmmmwmmemmmmmmnommaummmmm
extraction soluticn by concentration. The simplest and most economical process of the invention concerning the processing of the reaction
product which facilitates the production of a highly concentrated product with an extremely low dimer, olipomer and by-product content,
is characterised in that the concentration is conducted in such a way that the remaining extract contains less than 4 wt % and prefesably
less than 2 wt % of water. Animal feed supplement, mixtures for supplementing animal feed, e.g. with methionine or ammonium-MHA,

(57) Zusammenfagsung

Es ist bekannt, MHA aus einem Reaktionsgemisch zu isolieren, welches durch Anlagerung von Blaustiure (HCN) an Methylmercap-

topropionaldehyd (MMP) und Bydrolyse des dabel erhaltenen Methylmercaptopropionakiehyd-Cyanhydring (MMP-CH) mit Schwefelsiure
erhaiten wird, wobel das Reaktionsgemisch mit einem im wesentlichen mit Wasser nicht mischbaren organischen Lsungsmittel in einem
FHissig/Flissig-Extraktionssystem in Kontakt gebracht wird, um eine Extraktionsidsung zu bilden, die das Lisungsmittel und aus dem
Resaktionsgemisch Oiberfihrtes MHA aufweist, und das MHA als Extrakt aus dieser Extraktionsltsung durch Eindampfen gewonnen wird.
Das hinsichtlich der Aufarbeitung der Reaktionsprodukte mdglichst einfache und kostengtinstige Verfahren der Erfindung, das die Herstel-
{ lung eines hochkonzentrierten Produkis mit SuBerst geringem Gehalt an Dimeren, Oligomeren und Nebenprodukten gestattet, kennzeichnet
R sich dadurch, daB die Eindampfung so gefithrt wird, dal der verblefbende Extrakt weniger als 4 Gew.-% Wasser, bevorzugt weniger als
- 2 Gew.-% Wasser aufweist. Tierfuttermittelsupplement, Mischungen fir die Tierfuttermittelsupplementierung, 2.8. mitMeﬁmmmoder
Ammonium-MHA.
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2 Use of the calciumsalt and m xed cal ci um ammoni um salt of VHA as
anp animal feed additive is al so known. Production of t hese salts,
however, is associated with higher production costs. In addition, as
powdered solids they are less easy 5 to incorporate into the feedstuff
formul ation than readily sprayed aqueous concentrates of the free acids
with | ow proportions of oligoners. The synthetic route to MHA
consists of 3 reactions. 10 The general process for preparing MHA starts
from 3- et hyl t hi opr opi onal dehyde, al so cal |l ed _

met hyl mer capt opr opi onal dehyde or MW, which is reacted with hydr ogen
cyanide to give 2-hydroxy-4- 15 nethylthiobutyronitrile, also called

MWP- cyanohydrin or MWP- CH (equation 1). [err] The

MWP- cyanohydrin produced is then-usually hydrol ysed Wi th strong

I norgani c acids via the internmedi ate stage of

2- hydr oxy-4- et hyl t hi obutyram de, al so called VHA-am de 25 (equation I1),
30 [err]
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to give the nethionin hydroxy anal ogue (MHA) (equation 111). [err]

3 ' This hydrolysis can be perforned in either one or two st ages,
wherein "stages" is understood to mean that i norgani ¢ acid and/ or water
i s added either once or twce to hydral yse the MMWP-CH, i.e. the nunber
of stages 5 corresponds to the nunber of addition processes. A

t wo- st age net Aogirotessr fomrgobtaining RrbydivbRyeg¢amekhgilthiobutysideaciidbed
in US patents 5 , 9 0 and 3 175 000. There, the
cyanohydrin iéﬁFéﬁfigﬁﬁyaggagﬁgdﬁgf 10 relatively |ow tenperatures wth
concentrated inorganic acids, e.g. wth 50 - 85 % strength sul phuric
acid, to give VHA- am de, wher eupon hydrolysis to give MHA is then
performed at evated tenperature after the addition of ., . maée . .The
Sal ci um or Scal BRURTXRREAPANFEAPESST LA BRACERE 187 BRBRLALPPodnBYSEaR¥ um
sul phate is oé4tmethglthdobubysibyacid t(MHA)I agcbbdiagpooi theati on m xture
wi th cal cium I QX .QL_car es T¢ gt i ' ptoducti on
of unmantgﬁgsggé%§5F$rﬁgé gb ggﬂgﬁelFi?%?X@mg’pgﬁénp§¥bkﬁghgﬁtﬁgned
reconmend usi agcondanger wighi theedgrentiohphudi useoofcthei MHA prepared

sub- st oi chi ongyr g4 Ekabr8ckRgMVP- cyanohydrin of, for exanple, 0.55 -
0.8:1. British” patent™ 722 024, which describes a simlar nethod of
forming th8 MHA salts from IVHA- ami de, al so inplies the two-stage nethod

of working. TRHE AnteAtibadeelxndes! ¥ai parsialhizarugsedahniimpeovrehodew

type of isolation process for MHA in very high
concentration and purity from a reaction mixture resulting
during preparation.

15
2-hydroxy-4-methylthiobutyric acid (MHA) is the hydroxyl
analogue of the essential amino acid methionin in racemic
form and like the latter is an important additive in animal
nutrition. When rearing poultry, MHA shows similar growth

20 stimulating properties to those of the amino acid
recognised for this purpose. The additive is also being
used increasingly in other areas of animal nutrition.

MHA is mostly uéed in the form of aqueous concentrates,

25 wherein these contain, in addition to the monomer, a
certain proportion of oligomers, mainly dimeric and
trimeric linear ester acids. The actual amount of these
oligomers depends on the conditions of preparation and the
concentration selected. Due to their low nutritive action -

30 and the inconvenient effect on the flow properties, due to
an increase in viscosity, it is desirable, however, to keep
their percentage proportion as low as possible. Commercial
formulations preferably have, for a total concentration of
88 - 90 wt.%, up to 24 wt.%, corresponding to ca. 27 mol.%

35 in total of oligomers, corresponding to a monomer/oligomer
.ratio of ~3:1. '



di scl osed in European patents 0 142 488 (using sul phuric acid) and O
1437100 {using inorganic acids), the object of whi ch is the obtaining
of WVHAin a liquid form that is in hi ghly concentrated agueous
solutions. These are obtained 30 after th@ hydrolysis reaction, perforned
under defi ned concentration and tenperature conditions via the am de
stage usi ng e¥sesofi thegsaileian ¢althpndemixedi cadicium ammondym salitoof

wher ei n_speci g %%' %n%iimﬁﬂc&eéheaaﬁfkh%b|ls als® REbANS Wrbdupalieh ¥ee
used. 35 Accor % to the data in these patents, the character]sing

feature of th&H ﬁﬁ?h@ G@scPPU@BEFheﬂélﬁsﬁ§cﬂ§§§ﬂd¥&t§shﬂﬁger PERERCHLAR of
MHA from the ewstact I9naddittiion) ashipokdered solids they are less easy

4 ' d h t | ud th

or gani ¢ soPvekD RCETEORPESeRRE o, eBaaruas apriuiag R HPan’ peadi V(F,
respect to theprayadnaqyeensraoncentr@hHA)ofNHhelfrebtacnés Wﬁah!ﬂbw
extraction SObEEbBQtQ%n o%l%&lé% Lan (see the exanples), wherein steam

distillation I'sS preferre renovi ng the solvent fromthe extraction
solution during steamdistillation, the bot t om product obtained is a

m xture of N*ﬁhénﬁyﬂ@hétlcsk%@%bdt%tMhhﬁbbﬁ%lsts bg Bheegkesenperformed in
such a mai that the bottom 10 product contains at least 5 w.% of water.

‘At anot he p0|nt the patents in question specify that the col um
condi tions duTheggéherhulprb@assrfomoprepbkedgiMHA stamecs fromy that

t hr oughout thg §Eth§53#%355n§9335éﬁr $§FolQa&Egdbotton1fract|on t he

i qui d phase con Fromthis, it
fol | ows that met:hmmerﬁappppy@m@naﬂdghyde ouf MMBj, ewhighoist repchedemith

?urln? obta;nh9grg%eyHéyghgathg &9veeBLhpabey-gal ution the increasing
ormation_of uhwa
! 15 %ethylthlobutyronltrlle, also called MMP-cyanohydrin or

MMP-CH (equation 1).

H
Mo rHON = HCS_ LN
20 '

The MMP-cyanohydrin produced is then usually hydrolysed

with strong inorganic acids via the intermediate stage of

2-hydroxy-4-methylthiobutyramide, also called MHA-amide
25 (equation II),

H .
H3CS\/\(‘;/CN O — FBCS\/\(]:/CONHZ (I1)
: (HSO4)
OH Su
30 .
to give the methionin hydroxy analogue (MHA) (equation
I11).

H
SO
HCS_ . JCONH, 59 g CO,H
35 \/\éf -NHHSO4 \/\é/ (III)

OH +H,0 OH



secondary products (dinmers and oligoners) is to be feared.

Furthernbre, the steamis used during distillation as a driving agent
for conplete renoval of the extraction agent 25 fromthe MHA sol ution,

e.g. by formng a | owboiling azeotro@ c m xture with the correspondi ng
extracti on agent. Concentrated MHA solutions wi thout the use of a
solvent are Thigbiyidned ysdeoratimde @els qraeshting eirheg? prgy aredwo of a 30
two-stage hyd selaéess Wt YRl 1) SRR BB to med

hydrochloric aci subsequent copcentration o saponiftication -
m xture and sdPFGANEE GCithandApn Materds addeg)eifheshionae Motice The

MHA concent r attes Wyl liesk Itlhe MME-UH, 2. hewevRinbex W stfagdld goners and
are dark 3,;1 cal our ed. SQ &ﬁr%ate%l% umchloride is heavily
cont ani nat 8d. corresponds to, b g%@@@rPn4E§§§QQ§?S’the excess

I norgani c acid, after two-stage hydrolysis using hydrochloric aci d,

|3, et ral | soq Wi AR o el R U RGP aep- oy BRI o

MHA solutions with ver eW COrrosive ertre

way. A 5ﬁoé@§§r ededay USepatienys @at'7ér$t 74531@ &3@ 05 3wimngh,

af t er_ hydr ol ysi a_7\tsr folp ohy et ok | a(ih fxrwgter @.rﬂé.%tlallynQ@ard c?:'ﬁ@% with
caustic s a soLuti,.on_under precrse ned condlitl o an (5]

anmoni um gﬂl oFPAEt |1§’e(:}¥na'é’r“t &emperal (‘Yﬂ'ﬁ%‘n cgacten&;&%mogg% ng
subsequent traatident e.g. wiilth Slakedsl |%mst::telmgt[ﬁ|—l/éma@ltmrum aadild,i *oolfiatened

as a sl urwmr % Q.d‘é' rg,?%lxj AT %%ﬁ_y"%hq_l u%_‘olong;e Qn % 31 After

solid/liquid separ 1-on or| ate IS recycled to
prepare the s bgikEormede a&) @ﬂﬁW@geﬂ ﬁem@exaturew@¢tegomh@taddm@nomh@f

effluent is redéeed and K39 8Am or calcium ammonium salt of MHA and the
15 coupled product calcium sulphate is obtained from this by

treating the saponification mixture with calcium hydroxide
or carbonate. To avoid the inevitable production of
unwanted secondary products, the first two patents
mentioned recommend using the hydrolysis reagent sulphuric
20 acid in a sub-stoichiometric ratio to MMP-cyanohydrin of,
for example, 0.55 - 0.8:1. British patent 722 024, which
describes a similar method of forming the MHA salts from
MHA-~amide, also implies the two-stage method of working.

25 A two-stage hydrolysis is also used in the methods
disclosed in European patents 0 142 488 (using sulphuric
acid) and 0 143 100 (using inorganic acids), the object of
which is the obtaining of MHA in a liquid form, that is in
highly concentrated aqueous solutions. These are obtained

30 after the hydrolysis reaction, performed under defined
concentration and temperature conditions via the amide
stage using excess inorganic acids, by means of solvent
extraction, wherein specific solvents which are partially
miscible with water are used.

35
According to the data in these patents, the characterising
feature of the method described therein is regarded as the
obtaining of MHA from the extraction solution, which is



productlon of unwanted or environnmentally polluting Impurities is

avoi ded. 20 One-stage hydrolysis nethods are al so described in the
patent literature. Thus, the process according to British pat ent 915
193 is ained at the obtaining of the MHA @al ci um salt, wherein after
saponi fication of MW-cyanohydrin with excess dilute sul phuric acid,

t he VHA forneperioxmpdraneGUZ& ﬁruaythhasapbnaﬁnaaglgncéuﬂaslmnmbyaﬁeaﬂS of
extraction - ébe ughﬂﬁcb%bhb%%te ??Eﬁéagéekgﬁc¥Héf03ECiQEF%aEbohi

obt ai ned by su treatnment o xtract wt ci um hydr oxi de.
Return of the5aH5e5u9frHﬁFPﬁatU1F8 EREPects Qo fhe EEMPAR1BE5ELKALCEN | S
-provided in tNMHAQQHMHRUQ@So&@aﬂh@@ﬁi&omh@hévéktrh@&ﬁ&ntQoiﬂt&@ﬁuﬁylatlon
of i norganic consti tuen aten

.. Q0 330 52 .
i scl osea Bt (HERAT18H308: 4585 thi, xampLes) oy BRACEIhe Pheot, APRRALLECR as
the 35 saponichprbdaragdntBywhembvuageShplsoévanthﬁmbmsuheeERSractland
| eads di t ti ,
crystalline abgudriSRcBRriabiCeRaTRIBEAETOH, | OAS: porrokl BhBUllcr,
co- product . Tﬁb§aé9F§cﬂBvé mdxfuee pEdMER and water. Steam distillation

6 HEUtrahbstﬂﬂrbhér%agg&fbkﬁéh'Qﬂ Ehéhuéew&ytEhé&“@ﬂéuﬁbttomhydr0X|de’
solution until the excess |nor%F &c acid anmoni um bi sul phat e
0

produced h8vePBEEHCELROBFAARS] eREt > Wﬁeﬁtpglwgﬁﬁﬁhate wherein two

i quid phases are produced 5 which for thelr part can be separated and
evapor at ed do 0 (Lo t ae_h tallLine
annnniunlsulpﬁgtenOth%ﬁeb ghe( %@%dﬁhpeuﬁé Qgg?egﬁg gggcsggig&é% @he
filtration angodbmai songisiops duclngndnﬁédlintéguhare contaplikdt in
virtual Iy no Eﬁeﬁuat wh§ LRk ens.ioﬁgnaa&:t théocBthHt edreibhyent noweRpeduced.

The resultlng simla ual ity to _the product obtai ned
accor di ngltPo in the bottom fraction, the llquld phase contains about

5B wt.% of water.

From this, it follows that without the presence of a

sufficient amount of water during obtaining of MHA from the
20 extraction solution the increasing formation of unwanted

secondary products (dimers and oligomers) is to be feared.

Furthermore, the steam is used during distillation as a

driving agent for complete removal of the extraction agent
25 from the MHA solution, e.g. by forming a low-boiling

azeotropic mixture with the corresponding extraction agent.

Concentrated MHA solutions without the use of a solvent are
obtained according to US patent 3 773 927 by means of a

30 two-stage hydrolysis of MMP-cyanohydrin using excess
‘aqueous hydrochloric acid, subsequent concentration of the
saponification mixture and separation of the crystallised-
out ammonium chloride. The MHA concentrates obtained in
this way, however, smell of oligomers and are dark

35 coloured. Also, the isolated ammonium chloride is heavily
contaminated.



EP Q0 142 488. However, even this environnentally friendly process has
15 various di sadvant ages. As the applicant of the present I nvention
establ i shed when reworking this process, as a result of the
conparatively high dilution of the sul phubic acid (20 - 50 % a

consi derably hi gher excess of acid than stated has to be used in order
to achi eve coRFCOrding &paliehpatientcdnd8Bsi93d., ALheoexcesgydneorgamic

deposi tion of gcig, salftteciurtwws&%g@ &W&%tl?%as ﬁ'sghgdhwtrbgﬂio%\@a‘%ﬁdbe

used in order to able to se fate the two hases cl éanly.
U A A Ml AL INRIC T I L
associ at ed W Conecpetetticd MIp edlutidhsswithaveait €ei edicieBtivesuch as e. g.

h-fil II Iy ' d, which h
costs of o BReBsrriest SR Bbfaind aforhle’ BVeLres more encroy in the

evaporation steps than the process in EP-A O 142 488 which is cited for
conpari son, dFT%%b%@%%yl%ha%FI 1%%§?ry?ﬁs ?QFQHE'QS3Hgn§bb”Q Fhigpged in
two separate t ering/ cent ugi ng .and, not shown in the

flow chart, aftgryhydrelyeds Wiebnhydrochipxic acidaths warpuresdmsy and

utilises Corrpheﬁt@auuaaanmth %5ub|&1w gwaaf sbmﬁtﬂbhoﬁnaéfr gh:bedséigzel n and
wi.t h. known pr.oc ect

t he di d t
|n8en{?gn ﬁs ag%bPSQi algﬁgF%ePn8r59§s§mP8 1PWecaiorbﬁ?pé?a%P&HE%Fed
2- hydr oxy- 4- nénhplcbmmbutﬁalt aodd afnivbiA) aof During subsequent treatment

! the ty&?tﬂegihﬂgadliheth%hQﬁﬁhﬂ”hQ%c1Wﬂ'Eglts bnbﬁﬂgﬁﬂehoas a be as

sinmpl e and cos ectrve~as poss roceSS|ng
reaction prod8&usTHndn 8 VArsHaddyt sapnsared SOlth@nnﬁgtCﬁmgﬁnysa t.

concentrat ed ﬂfeéu%omawhhalw tsaptahauénl opBat Mgk BY o@oﬁﬁénff'iﬁi:h:ﬁ%e()f
di mers, oligopers and second aré B i The 1nvention h grQV|des
dat a for 1f 1s recycled to prepar ed lime s urrles
way, pollution of the effluent is reduced and the co-
production of unwanted or environmentally polluting

impurities is avoided.

20 One-stage hydrolysis methods are also described in the
patent literature. Thus, the process according to British
patent 915 193 is aimed at the obtaining of the MHA calcium
salt, wherein after saponification of MMP-cyanohydrin with
excess dilute sulphuric acid, the MHA formed is separated

25 from the saponification solution by means of extraction
with high-boiling ethers and the MHA calcium salt is
obtained by subsequent treatment of the extract with
calcium hydroxide. Return of the agqueous raffinate to the
saponification stage which is provided in this continuous

30 process, however, leads-to an accumulation of inorganic
minor constituents.

European patent 0 330 527 discloses a further one-stage
hydrolysis process using sulphuric acid as the

35 saponification agent, which takes place without solvents
and leads directly to concentrated agqueous MHA solutions,
wherein crystalline ammonium sulphate in saleable form is
obtained as the co-product. This objective is achieved by



|nproved MHA and its use. This is achieved along with further objects
whi ch ar? not 10 stated in detail by a process of the type nmentioned at the

begi nni ng which has the features in the characterising section of Caim
1. Advant ageous process variants arg protected under the 15 process
Cl ai ns which depend on Claiml1l. Wth reference to an i nproved MHA,

Cl ai m 8 repr epentsadisdngt the sapondficatpoobiértareowdihgatmontien

i nvent i on. d % S n \% r on
of 'the oxtrachYaroRifll sblupies Haria HAVELaLES tnordinit SE R ARA ST
i s perforned amuéﬁmabmylphatﬁhﬁrodﬁéeﬂeham hgeeXsan@r§eﬁt AnKe kass

than 4 wt. % neuEEaﬁe%ﬁQbﬁahésswhﬁﬁalﬁ wvo?aighina Eésebhﬁrénﬁﬁaah@@d
provi des a prog %hlch enabl es the p % par ation quid 25 VHA
HARERy 18

5
out st andi ng q ﬁdt%ﬁFEhPPFtp&PPu SPPArahe §nd evpporpted 86wn
unf or eseeabl einnorderatbi gbtpinoMEANbnathd bhguhdn8HAnd crykethlaihew
proportion of r S r pei.n o] he known
processes in ?%hbﬂﬁﬁﬁ §u§pﬂagb”%h thg gEhEF Pﬁ ?h Egggoéégg ngénts 0
142 488 and 3UaU1Qu8 £¢®trat1nasand bbtaenogguséepasanergomhaneduuprsyphg
that this Ca”abﬁa?cEhﬁﬁeqlﬁthali?ahbe%réaﬁﬁﬂt§s0io§@t§hd no khap.a person

skilled in the ar Infer fromt ga ents nentioned. Wthin the
scope of t+Re PR¥LHEPEneLfluent jgsprpdycedns hessegBlyingn¥ip LFapPt
appr oxi mat el ygif@1%e-3qualiepoth bHA pebdlcensbaatnelt aceakleénghteh can be

transported w,ihqu n | ear loss of quality and then adjusted to
desired concgﬁ# §tﬁsgsxﬁﬁfh suitabl e additives
8 or diluents. This finding is an enornous econom ¢ advant age

However, even this environmentally friendly process has

15 wvarious disadvantages. As the applicant of the present
invention established when reworking this process, as a
result of the comparatively high dilution of the sulphuric
acid (20 - 50 %) a considerably higher excess of acid than
stated has to be used in order to achieve complete

20 cyanohydrin conversion. Also, to avoid the deposition of
salt during neutralisation, high dilutions have to be used
in order to be able to separate the two liquid phases
cleanly. Next, the ammonium sulphate obtained is of a
sticky consistency and associated with a penetrating odour

25 so that aftertreatment, such as e.g. wash-filtration or
recrystallisation is required, which increases the costs of
the process. Again, the process consumes more energy in the
evaporation steps than the process in EP-A 0 142 488 which
is cited for comparison, differently than is asserted.

30 Solids handling, arranged in two separate lines with
filtering/centrifuging and, not shown in the flow-chart,
drying of the ammonium sulphate, is also very costly and
utilises complex equipment.

35 In view of the prior art cited herein and the disadvantages
associated with known processes, the object of the
invention is to provide a further process for the
preparation of 2-hydroxy-4-methylthiobutyric acid (MHA) of



for a Iarge scal e process. The present invention is thus concerned
with one ‘inportant 5 aspect, in particular the evaporation of an

extraction solution, in the formin which it is obtained follow ng
liquid/liquid extraction of a reaction mgture which is  obtained, for
exanpl e, by hydrolysis of MW-CH with sul phuric acid. 10 The

extraction sokbei typeseentdonedapdr &hieobeginoingi, nwhiiéh is datebdedbtai ned
fromthe reacbbog‘sms&gylee Q%dp%%%s%.%%ecjl;hvfeaﬁ‘sl F:@%s&ﬁ ] Wi"tﬁoQ' §%‘zjd| gbin

the art, for exanple extraction ¢ SQ ven use

extraction | nPERCESE3ng: shes Fearsdon 9€°€§§§ﬁtﬁaﬂl}sl#ﬁﬁ§6ﬂ§ﬂe°ﬂ prroyader .

However, particae mb%thhbh Qonldea teagaal r&@ht&nbowbhble witvht @hecan be
tolerated A % vent § ich are suitable erial separation in
"I BeeE,

the |iqui dPl PPEEP ﬁ °°n°6P&EB§§°&r8fadﬁWﬁE§v ﬁhﬁ@ﬁm§5ﬁi the
condi tions ofsé&onﬁamyc@kodn@t@neiheaddventawmsahuhlprbyldewaddsamﬂum’am n
general it is b t Iub|||ty of water in t he sol vent
shoul d be notlgbea?%g M?A Q%h E?% w% preferably not greater than 10
w.% at room tenperature. Fron1annng t he suitable solvents, those

whi ch are prefrﬁ&rseqs%cha\é%a lam;hgmlml @hr‘Eﬁb‘fE%BI%%tsfS%‘ibiﬂ Grandiofa.

200[err] C pref erably between Ca. err] C.-and [err]C. The partition
coefficiehP f8takAd iR Q&GFPFbPVUﬁlBéPﬁ@ e t8S F¥pe, men 1WHFéh ot ns
the extract edbh@&nndlﬁ@ wihe chqhagughe fevaahﬁceeatm, thei chatraeeietrd siaki nd

after the soly h hydrol ysate are placed in contact, should
be at | east gg%é%HZCE ﬁlég IvlliAltlon coefficient should preferably be at

|l east 5. Al'so, the partltlon coefficient for MHA in equi li brium bet ween
extracti on sop Ebhﬁﬂ %Qo@%%?rvarlaﬁEQUEgenBEoEQCEEESuEBQQ %%%Ut
Furt her nor e, e so vent 35 shqu have | ow t oxli

ket ones, &5deH?&S?S&n§1é&W§oWPP§Pe§eEP§d on E&ﬁﬂmcalaWFyth?FSEPBC&StQ
sol vent in thgneiimpeetle@'MHA, Claim 8 represents a solution to the

problem according to the invention. Claims 9 and 10 provide
novel uses.

20 Since evaporation of the extraction solution to obtain MHA
as product (remaining extract) is performed in such a way
that the remaining extract contains less than 4 wt.%,
preferably less than 2 wt.%, of water, the invention
provides a process which enables the preparation of liquid

25 MHA of outstanding quality and which in particular produces
in an unforeseeable manner a highly concentrated liquid MHA
with a low proportion of oligomers and dimers. From the
point of view of the known processes in the prior art, in
particular the two European patents 0 142 488 and

30 0 143 100, it has to be recognised as more than surprising
that this can be achieved with smaller amounts of water
than a person skilled in the art would infer from the
patents mentioned. Within the scope of the invention, it
was also, unforeseeably, shown that approximately 100 %

35 strength MHA solutions are obtainable which can be
transported without any clear loss of quality and then
adjusted to desired concentrations with suitable additives



9 process. Particularly preferred solvents are ketones with
conparatively | ow nol ecul ar wei ghts such as, for instance,

nmet hyl - n- propyl ketone, nethylethyl ketone, nethylanyl ket one,
met hyl i soanyl ketone, nethylisobutyl keto®e, 5 ethylbutyl ketone and
di i sobutyl ketone. H ghly suitable solvents for the extraction process

are al so al depydddéluentis. This ffindingstisnen, enopmoysakegonpidc advastiages
such as, for gor bn§5§ggescg§@ybrgegggte n-butyl acetate, n-propyl acetate
and |sopropyl acetate. "Al cohol s"may al so be used, although 10 these are

| ess preferred due to their mutual solubility with water, slow phase
separation anthhprbeéﬂtndnvéﬁtﬁeﬂchs thug tbnbfned W1tthﬁeeimp@@tbﬂm
itsel f may_basi cal ky be continuou i nter tte . For a

bat chwi se Br obBEECTS LA ne By abaRtadn br. Ay pRbkhER o P07
Preferably, hsméueuanhenexheafbmmn1nswpechonnedsinbaalnedcﬁaﬂlnwang

count er cur 1 enf ;4 254 A9 PEARLAWRL BN BES2ARenct 8K ARELAD GATERISS Oned

to accelerate t rans et een S01Vent aqueous ase Thus,
it is avahFé@é@Gs fP6re§%@9§Pe bVohHGFPéYﬁFFh@feMMPagﬁl HAt

cascade of cophipHawsccadAler current mxer/separators, a packed col um,
a perfora%sd pl ate columm, preferably as a - pulsed colum or a colum
wi t h novable perforated plates a 25 colum with rotary plates or a
centrifugal eTheaekbracktihoa solpaibhcubedlyopreﬁapoedtéahodbnebtauhEMHA
extraction is r n e r (o] I| uid
extraction. grﬁgtp ﬂeh g@dE§§r?é§§tgb ﬁQEL#g“b§ ? Fb andqthus
not contlnuouﬁamnllhg §9n§eP§tSpapsﬁliﬂ§@ 30 thﬁegrtaréoregaﬂmpaeaby

"continuous” éﬂtEQBEQBh'OQh@'bQ higc soﬂ%@ﬁ%”hs@&sEBQSH&EractlonTﬁﬁ this

extraction_process IS E grﬁ cont .ol h pr oduce and
mai nt ai n the BEPGERE FhY etﬁgséyFFéé Yoﬁm§53569éea¥1FHe 85RFi-nuous
phase. Howetree; parkeap mhecibliliegnbenthef okanficnsblpeaduatitho a

water can be tolerated. Among solvents which are suitable
for material separation in the liquid/liquid extraction
process are a number which satisfy the conditions of
20 chemical inertness and a low solubility towards water. In
general it is preferable that the solubility of water in
the solvent should be not greater than ca. 15 wt.%,
preferably not greater than 10 wt.%, at room temperature.
From among the suitable solvents, those which are preferred
25 have a boiling point between ca. 60°C and ca. 200°C,
preferably between ca. 70°C and 150°C. The partition
coefficient for MHA in equilibrium between the solvent,
which contains the extracted MHA, and the aqueous
raffinate, which remains behind after the solvent and the
30 MHA hydrolysate are placed in contact, should be at least
' ca. 2. This partition coefficient should preferably be at
least 5. Also, the partition coefficient for MHA in
equilibrium between extraction solution and wash water
should not be less than about 1. Furthermore, the solvent
35 should have low toxicity.

A number of ketones, aldehydes and carboxylates are
particularly suitable as a solvent in the extraction



m ni,mum  the extract is preferably washed with water. In a

10 conti nuous countercurrent extraction system the extract can be
washed by mxing with water at a point which is upstream with
reference to the direction of the organic9 current, of the point at

whi ch the hydrolysate is 5 introduced into the I|qU|d/I|qU|d extraction
system Thus, procegs. Epafiicalardyapreferzed solluentsnareskegonesomidin

whose SPeEbRPSrWEhQQHy'io&rﬁkﬂééﬁhﬁrl%%ighﬁ%nsﬁchsabVe%br'instance,
i ntroduced into the colum at _a point bel ow whi ch the

aqueous hydr oPpEaYd -S5PFOPYH k?tPHFPOEGEQH &ﬁHY}Okﬁ&?ﬁemaWQFthamﬂﬂroduced
to the col urmkatonepomthgvha\eeahiy& ketoheedme@hpulfsobutm Redbaeysat e

| uti t I t lied, a t
of about oo SeRYIESEYE keror®) 080 B bopu Yy RetERe c R4RHS: Sy ERB s ar e,
when an extraeplwentisa fopethe exteraghtionf pxbcess0age adsdsaldebydesd sach
total MA 00”8 nt g Fr %ﬁ/i@g% ’ %ugg%ﬁ%%hyﬁ?’a‘ and Egggggr §ucﬁ' E%fsftr

ol i goners + op i ona % | tal ne he
productivity éﬂsFRBC@xtﬁ&@ﬁﬂoﬁcsﬁé§éssnr§Utﬁéré§§§ét§y EOP6SPVétﬁﬁ&té¢ea

slightly el evahad ikepRepbitiuaeetBY el AYcBhbd s mayaaﬂ.ﬁbabeﬁlséd owmh&a@ﬂ ty

Lamper at ufl | RRER. RERyCSS EEREBERE B honbhet LoBRENA] ComtEp L Euces a

slightly w&nhfwater ekfleat phasehsepbitapdohi andntbeetendeany ket weaet25
t he organic agg bhﬁHiqueous phase. In the scope of the invention, MHA
can be obtaine romthe extraction solution by evaporation, as already
ment i oned. In a particularly preferred enbodi mrent according to the 30

i nvention, thepgr Qﬁﬂkﬁcéﬁbﬁefﬁzsbifr ﬁlHS}VBQs%aﬂWBEaabé%o%ed using a unit
whi ch alloms a short residence tinme t he extraction,solution in an

evaporatlﬁﬁ Spggglnﬁﬁgﬁéyopg gﬁgermlttently For a batchwise process, a
stirred tank reactor, for_lnstance, is suitable.

Preferably, however, the extraction is performed in a
continuous countercurrent extraction plant which has an
extraction zone designed to accelerate the mass transfer

20 between solvent and aqueous phase. Thus, it is
advantageous, for example, to perform the extraction in a
cascade of continuous countercurrent mixer/separators, a
packed column, a perforated plate column, preferably as a
pulsed column or a column with movable perforated plates, a

25 column with rotary plates or a centrifugal extractor. In a
particularly preferred embodiment the extraction is
performed in a perforated plate column for liquid/liquid
extraction. Intermittent or pulsed currents, although
cyclical and thus not continuous in the sense of rapid flow

30 rates, are regarded as "continuous” in connection with the
present disclosure.

The extraction process is preferably controlled in order to
produce and maintain the solvent phase in the extraction
35 zone as the continuous phase.

In order to keep the salt content of the final product to a
minimum, the extract is preferably washed with water. In a



organic solvent is particularly preferably separated from the extraction
sol ution during evaporation by using a 35 falling-filmevaporator, thin

| ayer evaporator and/or short-path evaporator or with the aid of this
type of unit. The expressionidbwith the aid of this type of
unit" is understood to nean, within the scope of the invention, that

the unit ment comédnpaus samharquasiaidnexthansion syssen, the extmant
sol ution nay @aﬁpb@emﬁw \mfﬁdéewl%%dmaéatgoa&emw@éled in

the art for separating solvents from extraction solutions. In th

case, the uni MPSFEERTo Widtmrefenanee: fmitha ddress ot ofedbss gHgaPitave to
be those w thcurrentsh@s tﬂ'féSlpiﬁfiﬁﬁ dd mhiok thy hyedidlysae He nentioned,

e et o e A, ST A1 T B CaURET o) t“eaémsf'ed
Conbi nat i1 ons ot lexiamgdlege JSE\eer\mrto.fcatlhe:olunmmrlds wsing shedlvesd ddrose
times |isted %?;%r%ﬁ% F&a%&%ﬁ' %ﬁs prefexjaﬂ)l%n 1%%%3'11}11 Fequs JHYLiCcald on of

t he process ac ng to nvent i € evapordtion proce ure is

preferably  ingFedsced iinteudhen CRATEh AL 8h POodmk) v ddis Hieed esimtal
amount of sol w@nthieHd el eoﬂy % d&'oﬂ%a%\ée%olftﬁ&on iSNHHRudRE and

conbi ni n ever of the .uni, e t|o above with a stri e,
oo oy 1B Sl ater 4 SOETRMASEn HHS EOHI kA B At B, th
previously ITEIfBedngiblnt f_tm:l tthe Ihytdmlwwf golutivyst dn sUereferded

nst ance, a t r n 4 |
lavaporat orvI eﬁ‘go%e%gzﬁel& | (%%(L:ig%é&t |J%‘nsg“$g’ﬁé%a% %?rgﬁ:%ne%c@egggqﬁ 3) {%a
with the partitéul0a® Panksnibyusedabdr pe¥puind&t |0(fnwier!-9btte of hydwodysaten

process. Basi gl anVagi rati§ritrs WP apRIIF1 ¢ Widlight o oSkl k@81 dence

time for the evaporatjon proce It I's preférred_that the pressure

during evafor &-©9dnand gototal MHA ‘concentration (total MHA = sum of MHA
monomers, dimers + oligomers + optional MHA-amide) of 35 to

40 wt.% is obtained.

The productivity of the extraction process is increased by
20 operating at a slightly elevated temperature, by providing

a relatively low viscosgity for the solvent phase within the

extraction system. Operating at a temperature in the range

of about 50 to about 80°C also produces a slightly

beneficial effect on the MHA partition coefficient between
25 the organic and the aqueous phase.

In the scope of the invention, MHA can be obtained from the
extraction solution by evaporation, as already mentioned.

. In a particularly preferred embodiment according to the

30 invention, the organic solvent is removed by evaporation by
using a unit which allows a short residence time for the
extraction solution in an evaporation stage. Therefore the
organic solvent is particularly preferably separated from
the extraction solution during evaporation by using a

35 falling-film evaporator, thin layer evaporator and/or
short-path evaporator or with the aid of this type of unit.



30  higher than 600 nbar, preferably 400 nbar and in particular 200
nbar . ’ The tenperature to be used for evaporation generally

depends on the solvent being separated. It is striven, 35 however, and is
thus also particularly preferred in the 11 scope of the invention, to keep
the tenperature during evaporation no higher than 150[err]C. If this
tenperature i Fhe enmeﬁsﬂoear"lwtéxct@@d@dd tofeehtilse typsl ofd uymdedudts may be

12 Subj eglded- SRR Ho HUIBIC wiltelit e e SPRe bR Hhe q.‘x'ﬁr'e@ﬁlon, that

evaporation is_not necessarily understoo be”t he contact enperature

of the producthfi t“ﬁ”-tth@%lﬂi’@@ Sitma shord, zesidense tire oz dj—ﬁ’@d f or
short-term corbktgiactildh g2 uthdl adyClalstaee iconbifelde Miehadend cdid kitbwn
cvapor ati of | 9 GnRErsA, SREs R i Ehs o 10, FepRTOE g SOOI Eom
unit may, if eeatessdipn lseoludhpnsiciInhithhisr calsen th@[emuthusEﬂeto form
Tty of - CORMACL it ol cP VRO LB 198 oS bl chliB el W EhiTa

factor. This avol ermal damage, even St act erat ur &

shoul d be wel Ehassy cepidencs cime. At \hig p@@,@utdmar rrﬂ'@in&tl@ﬂ@d inter

di stribution, autlahaaﬂ%rtqm@m@m coluli@ss %H%hofna?h%e' @v;tﬁ&bp%a tflaﬁI thie i s of
speci al adxanta 5 fqr product uallt% f th eratyre of the

remai ni ng PRUCtION Of Pream px &t SPF'G Re SEFAPBAAG G9e8%Sr i s
between 30 andsl@eperited. @oabdnaltliyns0whd ciSiacildeagdvieiral ofpahie cul ar

fgné."n.gﬂ[ger ") g 2t B, USRI RRC 1”1 BRLECRER ST BhebiEre o

of the MHA product striven for. In an advantageous devel opnment of the
process accor ¢hngnt @dvaRcagveRls fddifi®ation of the process according to

15 the invention, the evaporation procedure is preferably

operated in such a way that the smallest possible residual
amount of solvent is produced. This is achieved, for
example, by combining several of the units mentioned above
with a stripping stage, which may be present as an

20 additional unit or integrated into the previously mentioned
units in the evaporation system such as, for instance, via
direct introduction of the stripping medium into such an
evaporator.

25 The specific conditions for evaporation necessarily vary
with the particular solvent used for application in the
extraction process. Basically, when using a separation unit
with a short residence time for the evaporation process, it

_ is preferred that the pressure during evaporation is not

30 higher than 600 mbar, preferably 400 mbar and in particular
200 mbar.

The temperature to be used for evaporation generally
depends on the solvent being separated. It is striven,
35 however, and is thus also particularly preferred in the
scope of the invention, to keep the temperature during
evaporation no higher than 150°C. If this temperature is
very clearly exceeded, then the desired product may be



residence time of the remaining extract in the evaporation 25 unit is not

| onger than 1.5 hours. This refers to the residence tine in the whole
evaporation system which has at | east one evaporation stage with a
very short residence time. The residerze tine in the unit with a very
short residence tine is nore likely to be within the m nute range 30 or
| ess as againsubﬂhetnﬁpimhﬁwnwﬂaﬁamagbdeﬁeeeninheotemperatﬁrh dutrdahg | n
this case, B&%E 5eQS'ﬁth%e%%%@%rﬁ& undePEtbBYCEL B8, Wge@ontact
evapor ati on cons sts 0 r evaporator an /o

~falling- f|In1§§HFGF&F§Feaﬁ€yGPeaPrOdu§ﬁoWﬂtﬁtheeﬁaﬁgﬁéﬁoPf Fh&t the

re[SI de]nce ti rrevapo&aes.gn?:ﬁnw a&sltlgnaat foengabritbagrh Eonﬁé%i:sﬁril&hy tﬂ:@t
mijerr as roces agcor (6] e i,nvention
al so |npro§esprpau&&d %P&ﬁer Eﬁ@ t?@P&FE&HrSr§E§aﬂﬁeeygg°ratl°n 1s to

13 VHA f bemthbaghtaolfi aus mhntawerabéatamgehathrérdhyshs eviporation
sul phuric aci gy heTﬂlédE%h\g:%ﬁt‘afreWE GEJ ﬁ?’ffaceTBEsth*en 8ﬁaEEL‘6‘he”ed

enbodi nent accor nventi on
performed in Yoék ma\‘ﬂay ifhaecessaryir be yeéfgemush highgwPtiam; 358y 6r.oMhreed

with 60 - 85 pre¥igy' 8#9tbntact EE&EEEﬁbEhe65vap%9aW&on5hh§E§tﬁse&”ﬁ%hur'C
acid in the nmol ar ,ratio of MVP-CH to H2S04_ of 1,

pref er abl $91: 8he cyueiglgfactornpdhifupyoigs §5ermgéoéamage,ppgpgr&§|yhgo

70ferr] C, essebhtaktky temperbiiargr edvaldobeovell Wbévanugecochere,
essentially MHA-am de i s produced from MWP- cyanohydrin, wherein the
m xture being produced is essentially free of unconverted

MVP- cyanohydr Wath| wegaidr to tewpegaturki dissaabuthon,t bt hadr prpyes in

proceeds virtyghl ¥cope B%aﬁhbtihb%ﬁhlonlﬁhat 1EUEEh6E”EP§c1h§ ?avantage

particul arly advant ageous to_the I nvention if SIS o
MHA- ani del®bt APReRTPRUCRequalifyy £ §P§g§em§e€§FPF8d°§uF Pnrem3dBdng st age

by addi ng ewdiractagdrebtngcagsany butlber £sompBHel evapbdadRohOunie is
between 30 and 100°C, preferably 50 to 95°C and in
particular 70 to 90°C.

20 As already mentioned, the residence time of the remaining
extract is a crucial factor for the quality and composition
of the MHA product striven for. In an advantageous
development of the process according to the invention, the
residence time of the remaining extract in the evaporation

25 unit is not longer than 1.5 hours. This refers to the
residence time in the whole evaporation system, which has
at least one evaporation stage with a very short residence
time. The residence time in the unit with a very short
residence time is more likely to be within the minute range

30 or less as against the maximum total residence time of
1.5 h cited. In this case, it is preferred in the scope of
the invention, when evaporation consists of only a thin
layer evaporator and/or a falling-film evaporator and/or a
short-path evaporator, that the residence time in these

35 units is not longer than 1 h, preferably 40 min.

In a further aspect, the process according to the invention
also improves, in addition to the isolation procedure for



20 stoichionetric upper limt, preferably however w thout the further

addition of further H2SO4, at tenperatures up to 140[err] C, preferably
bet ween 100 and 140[err] C, preferably under reflux conditions, in order
to conpl ete hydrol ysis of the VHA-am 2 to give VHA BaS|caIIy, t he

second hydrolysis 25 stage can al so be perfornmed at tenperatures bel ow
100[err] C, MHA( £ rofta ihiee ngaatd am pdxtiuneg obtatined st fydred ysfisowith

100C. In thisgpagmui@AG, e addiddi9sief offuw@et:n iteedleNnihG agigd 4ip
to a maxi num of fhe stoichi Onetric upper, limt, is required. |n_order

to conpl ete hPFESEFEes smbaddmentyaecoRddas: foyithe dRvemEdone lvdralivisisut
addi ng furtheof MMPS@HPHW 'pérff@zmedbtih elch adéhapg thatein it ffi&%'tprs(t\agé

advant ageoys nt| to u te rature t err]C. It
is also w &rgﬁhgﬁgc%le Iﬁig LR iwg'% §t0 %Se?ﬂt‘dr m ttf'f? (ri)'r érnmedi at e
hydrol ysi s of pmec:y!bﬂo’hﬁ&rl nsz%m t%hﬁtacs!ngmﬂupalsadplultmq heidr dor tihet, nore
hi ghl'y Coppeal 3hed o5 WP bp-ere ¢l i gSL@étf'&fb e300 'f i%ého at

nost stoichionetric ratios, wherein in case of subst ol |onetr|c
addition in t BESERTaPlyydrdl-Psit® 898 at temperatures of 30 -

| t14 gam dpréegﬁrazollsrn)so?t— L?ﬁ»\htf b@@éﬁrtahuw wtlehs Raet QQOFﬁ%tllon I’dEaCt ion
ime in nd_st.age urther ci i ona e

hdded o ADacHARRETSHRC Hesa: ARETisaLLY M amide, 13 BraBugeremrbmn ur e,

in order to cHMPleyanohydmiwgr stheredh the arkttertobeliegaprdduced isThe

I nvention als e Mﬁ?@ C S ab

process |ike %ﬁ%&%ﬁgggigi?rggg gbggg rwgb ﬁMb cgangﬂ%ﬂ%&?s cﬁaragterlsed

according to Wﬁ€dﬁmvéﬁﬂﬁoWe?ﬁslﬁhﬁﬁaﬁhﬁthﬁégoﬁﬁﬁést§§909§dﬁtVWF&ﬂaﬂéﬂal VHA

where total Mgfantitatikeigum of nononeric MHA, MHA dinmers and MHA

ol i goners and between nore than 0.1 and less than 5 wt. % of water. In

partlcuIaF It has proved advantageous to the invention that an IVHA can
be obtai ned, Rukbheirmarei, ghitdegr parefictiaripantrantagaogsakiot yhewhi ch is

characterlsedlnvehgggn Ef hydrolysis of the MHA-amide obtained in the

first stage is carried out in a second stage by adding
water and if necessary further sulphuric acid up to the

20 stoichiometric upper limit, preferably however without the
further addition of further H,SO,, at temperatures up to
140°C, preferably between 100 and 140°C, preferably under
reflux conditions, in order to complete hydrolysis of the
MHA-amide to give MHA. Basically, the second hydrolysis

25 stage can also be performed at temperatures below 100°C,
for example up to upper limits of temperatures of 90 -
100°C. In this case, however, the addition of further
sulphuric acid up to a maximum of the stoichiometric upper
limit, is required. ‘In order to complete hydrolysis of the

30 MHA-amide to give the desired MHA without adding further
sulphuric acid, but only adding water, it has proven

advantageous to the invention to use temperatures up to
140°C. It is also within the scope of the invention to
perform the intermediate hydrolysis of MMP-cyanohydrin

35 with, as compared with the prior art, more highly
concentrated sulphuric acid in substoichiometric up to at
most stoichiometric ratios, wherein in the case of
substoichiometric addition in the first hydrolysis stage



has nore than 98 w. % of MHA as the sum of nononeric MHA VHA di ners
and MHA oligoners and a water content of between 0.1 and less than 2
wt. % and a kinematic viscosity of > 100 m2/s at 25[err]C.
Surprisingly, it has been denonstrated 201#hat the kinematic viscosity,
measured by the Cannon- Fenske nmet hod, of the highly concentrated
concentrate (tfrnide fpymation) fat aloven stemperatuse; tetshereemstheace),

after storage reactfh dtimdi DR thé SOEDR AL tfudtigaKi ﬁflt‘!'é@fé' ty
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ca. 25 wt. % ofrylh MBhFerdfon! A DOH B Sovides |dh
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unacceptably h VISCOSI I es.
.1 and less than 2 wt.% and a kinematic v1sc051ty of

> 100 mm?/s at 25°C. Surprisingly, it has been demonstrated

20 that the kinematic viscosity, measured by the Cannon-Fenske
method, of the highly concentrated concentrate (that is MHA
with at least 98 wt.%¥ of active substance), after storage
and dilution, is comparable with the kinematic viscosity of
an 88 wt.% strength pfoduct. Despite a relatively high

25 dimer and oligomer content of ca. 50 wt.% being set up in
the concentrate after storage for ca. 300 days at room
temperature, on dilution of the stored concentrate with
water to ca. 88 wt.% its kinematic viscosity corresponds to
that of the 88 wt.% strength commercial product which in

30 corresponding storage tests has an equilibrium
concentration of only ca. 25 wt.%¥ of dimers and oligomers.
In both cases, with both the diluted concentrate and the
commercial product, the equilibrium state was reached. This
fact is very surprising and is proven to be of great

35 advantage for a variant of the MHA concentrate prepared
according to the invention. In view of the fact that
dimeric and oligomeric fractions generally impair the
viscosity of the MHA which in practice is disadvantageous



Furt.hermore, it has turned out, within the scope of the . I nvention, that
an especially high quality MHA is 15 obtainable foll ow ng appropriate
managenent of the hydrol ysis reaction conbined with the mld

evapor ati on procedure used according b the invention with very short
residence tinmes. The MHA which can be particularly advant ageousl y
prepared is cHam@radtianl ipyegasssidicnr ity was@1lptdyso manen ssfrpmtiesisign of
di mers and ol Iﬂfater%é@gﬁé IRAF lindidl0 é&ﬁ:ér@sallrﬁwtsdﬁca{ﬁ%d)fhfgﬂﬁ

nmol - % preferabl his means that, as conpared w.th
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extent, dependifig Ot tﬁa&g%ﬂe% 'anéﬂvé;%%f%‘% Mr%%sgﬁ&adéa odd1e

addition of water and t ect o t enperat ur
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ammoni um VHA) havingpia gned lup M4t H aursraobpdabiy -Hilgh) visdodiltdamutriti ve
16 val ues basically required by the market can be produced wi t hout

any loss in quality. Above all it _has proved extrenely surprising

that, by 5 p&urdhammplene ithhas jtarnedhouh, x Witdsing the Bosipeals
only by the adgiidn¥ic, HHdt2Rlre dBpediti1aYMARMN IghadU®y MA is

15 obtainable following appropriate management of the
hydrolysis reaction combined with the mild evaporation
procedure used according to the invention with very short
residence times. The MHA which can be particularly
advantageously prepared is characterised in particular by a

20 proportion of the sum of dimers and oligomers with respect
to the total amount of MHA of < 10 mol-%, preferably
< 7 mol-%. This means that, as compared with the prejudice
which is widespread in the prior art, a highly concentrated
MHA is obtainable which represents a form which is very

25 suitable for transport due to the extremely small
proportion of dimers and oligomers. For an extended time of
shipment, it may sometimes be necessary to convert the
dimers and oligomers which are formed to an increasing
extent, depending on the storage time, into monomer MHA

30 again by the addition of water and the effect of elevated
temperature.

Furthermore it is possible, within the scope of the
invention, to use the highly concentrated MHA product to
35 produce animal feedstuff supplements. In this case, it is
shown that, by admixing the MHA concentrate with water,
methionin and/or salts of MHA (preferably ammonium MHA)
(optionally NH, to produce NH,-MHA), all the nutritive



wat er, mgthionin and/or ammoni um MHA at the outlet for the desired MHA
product fromthe evaporation stage, but that al so and furthernore of
particul ar advantage in the event 10 that ammonium VHA is adm xed, ammoni a
can be introduced directly into the Mdé product fromthe evaporation

st age. In this case, a desired proportion of the MHA is converted
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characterised jgyddrat a mxture is prepared with nethionin, whose VHA
content incl udl ng 17 nonomners,
di mers and5oligomers is < 80 wt.% and whose ol i gonmer content including

VHA di mers angn@itheei®ir®e,afifttthas proved to be particularly advantageous
that a product based on the extraction solution which
contains virtually no dimers or oligomers is obtainable if
ammonia is added to the extraction solution before

20 evaporation and the two phases produced are separated into
an organic and an aqueous phase and the aqueous phase is
fed to the evaporation unit which preferably has a short
residence time. With this method of operation, a mixture of
MHA and ammonium MHA is produced at the outlet from the

25 evaporation stage which contains virtually no dimers and
oligomers. Furthermore, it is also possible to feed ammonia
directly into the evaporation unit. In addition ammonia may
also be used as a stripping medium.

30 In a particularly preferred embodiment according to the
invention, the MHA obtainable by a process described
herein, which contains more than 98 wt.% of MHA, calculated
as the sum of monomeric MHA, MHA dimers and MHA oligomers,
as well as more than 0.1 and less than 2 wt.¥%¥ of water and

35 having a kinematic viscosity of > 100 mm?/s at 25°C, is
used to prepare mixtures for animal feedstuff supplements,
wherein the use is characterised in that a mixture is
prepared with methionin, whose MHA content including



storage f;or 300 days at roomtenperature is < 25 nol.% Wi th respect to
the total active substance content of WMHA, 5 diners and oligoners and

met hi oni n. The m xtures of MHA and nethionin are ani mal feedstuff
suppl ements with outstanding properties. Wth regard to met hi oni n on
its own, it is known that in practice it is 10 barely soluble or even

i nsol ubl e i n @bnomegsni digeirseand oligomess ils waBdr yit . Acenddivbigseo t he

invention, itotagomer @INRER li¥icd WA NS MG hﬁ%&%ﬁa%ugg&m&&g‘ %egapel |

in MHA, even~at room tenperature. Furthernore, it
commer ci al 88Sﬁ9r§9?tF@Hg?ﬁowﬂﬂystﬁ&tr&ﬁmb§em99rﬁﬁprﬁ)}§ <e&§|WPBrﬁum
ConcentratlOnwﬁthdtﬁ&p&c&nicotmﬁomﬁtall&ct&beuBubstah&e366nﬂéht5bﬁrMﬂh

tests at om.te erat re al r ead nent.i oned above, the highly
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higher dimer and oligomer content of ca. 50 mol-% after a
storage time of 300 days. When studying mixtures of

20 methionin and MHA in the storage tests, it has been shown,
surprisingly, that after 300 days storage time, in an
advantageous manner, a significantly smaller proportion of
oligomers and dimers is present. This is, for example,

20 mol-% after 300 days, wherein this still has to be

25 corrected for the methionin substitution for MHA, which
leads to a change in the value to ca. 21.5 mol-%.
Nevertheless, this improvement is significant because a
lower oligomer content is required due to the less
favourable biological efficacy of the monomers. Even an

30 improvement of “"only” 3.5 mol-% can lead to a significant
improvement in the efficacy of the product in animal
feedstuff supplements. In particular, the tendency towards
improved activity is crucial.In addition, the cold storage
stability of mixtures of MHA and methionin, surprisingly,

35 is greatly improved. A mixture of 78 wt.% of MHA and
10 wt.% of methionin at -20°C shows no tendency whatsoever
to crystallise after 4 weeks (thus no substance
precipitates out), which is surprising because methionin in



18 = at her sol vents under conparable conditions, precipitates

I mredi ately. Current nmarket products with ca. 88 wt. % of IVHA cont ent
begin to precipitate at -20[err]C after 3 to 21 days. Thus, in an
advant ageous manner, the m xtures of 5 neghionin and MHA do not require
t he use of suppl enentary heating to a certain extent when being
transported fother solotesytgedingsn mldmgarmmccdoahdimd.@ints oms:ec&lmd:aﬂie:s age
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enbodi nent, the inventi,on provides the usé of VHA as it is obtalnable
froma préPes@dgition dtsdsS poFeyogidy that,MiR, enbances: fHhes medhignisy o5
feedstuff supphaiedve wilter eieyalride tés diologizadceEfizady.nThis tikanovel

m xture is pr r Si.N a QuUS. _ammoni agueou ammpni. a and/o
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oligoners is +igOivt férawmdatione haveobegordiscdosed: andcitbei ng M—IA di rrers
and ol i gomfsav%fﬂ%lgc.ltfb@ Qe ﬁﬁx%%g‘é%y%%tld“%%r hl-&; M—IEﬁ 25 mol -

with respect to acti1 ve substance_content di mers, and

ol i gorer s 15\ iRmMeEdatelyo OPVirage Lo ahPerePiafkidded in £hgpersyudaeoto
during cold Stﬁéaﬂﬁex@@dt@ﬁe%og.hbw&tgndwf metRIFRAKUANVMAAS| 3@ denonstrate

ast oni shi ng advantages_as _35 ar th ure wherein t
advant ages, IP?EQ %EPEOS@ B'F'x%\ug%upg Mgfp %Pﬁpoﬁ'ﬁnt%@ %I:L&'sr‘f’ot have
been easi Lyghadefeedstiuf fpauppdement amhn aabhaiogncadv afffagecys
which is greater than that of the only known liquid
20 feedstuff additives based on MHA.

In yet another preferred embodiment, the invention provides
the use of MHA as it is obtainable from a process as
described above, for preparing mixtures for animal

25 feedstuff supplements, wherein the use is characterised in
that a mixture is prepared using gaseous ammonia, aqueous
ammonia and/or ammonium MHA, whose MHA content, including
monomer, dimers and oligomers is < 80 wt.% and whose
oligomer content including MHA dimers and oligomers, after

30 storage for 30 days at 40°C, is < 25 mol-%, with respect to
the total active substance content of MHA, dimers, and
oligomers. With regard to storage-stability at room
temperature or during cold storage, mixtures of MHA and
ammonium MHA also demonstrate astonishing advantages as

35 compared with pure MHA, wherein these advantages, like
those of mixtures of MHA and methionin, could not have been
easily foreseen. In particular, ammonia has an advantageous



19 . ef fect on the position of the equilibrium between nononers,

di mers and ol i goners. The invention is explained in nore detail in
the following 5 by making use of exanples which refer to the encl osed
figure. The figures show Figl®e 1 a schematic overview of part
of a large-scale 10 pl ant for obtaining MEA, wherein for
sinplicity effect on thenippsitdomoaf ﬁ@m@mcltlgmmns beitymaen monomeXsyur e
2 a plot of tggngagp@nﬁpqg_g% dighatic viscosity for highly
concentrated MHA (ca. 98 Wt . stored 15 for 300 days, as
conpared with an 88 wt. commerci al product, as well as an
MHA sol ution The 1nvent:|.on adi @igﬂ&ﬂﬁécﬁ&m&@%d@ﬁma&ngwmmﬂg ute

S QIR T S ———

concentratlon of MHA and dlners + ollgoners during the

st orage of NH? %pgggﬁﬁg Iﬁﬁﬂ 98 wt.9% for 300 days at room
t enperature g | gure a representation of the variation in
concentration of MHA and diners + oligoners in nmol - % duri ng

the storage OfFlg'dee( 48 soﬁiefrﬁtﬁ.o%vervn.ew of artd@)ES adllarRMscale
Lerperatung, 3077 ovhe R 3 entesSal oot i A Qg
nmol - % during the storag®ndy e working-up sectibonuries shiown8 wt. % of MHA
and 10 wt. % of 35 met hionin for 300 days at room tenperature.
Figure 2 a plot of the Canon-Fenske kinematic viscosity
for highly concentrated MHA (ca. 98 wt.%) stored
15 for 300 days, as compared with an 88 wt.%
commercial product, as well as an MHA solution
adjusted to 88 wt.% MHA by using water to dilute
a concentrate which has been stored, at different
temperatures.
20
Figure 3 a representation of the variation in
concentration of MHA and dimers + oligomers
during the storage of MHA concentrate (ca.
98 wt.%) for 300 days at room temperatﬁre.
25
Figure 4 a representation of the variation in
concentration of MHA and dimers + oligomers in
mol-% during the storage of MHA (88 wt.%) for 300
days at room temperature.
30
Figure 5 a representation of the variation in MHA +
methionin, dimers + oligomers and the methionin
content in mol-% during the storage of MHA
mixtures of 78 wt.% of MHA and 10 wt.% of
35 methionin for 300 days at room temperature.

Figure 6 a representation of the variation in MHA +
ammonium MHA, dimers + oligomers, and ammonium



Figure 6.a representation of the variation in MHA + anmmoni um
MHA, di-nérs + ol i gomers, and anmoni um

20 _ IVHA content in nol-%during the storage of MHA
m xtures of 78 wt.% VHA + 10 wt. % of amm2dum VHA for 30 days
at 40[err]C Exanpl es Anal ytical methods of determ nation and

definitions 10 The codntqomtients igf malP3c ganimgdthe svacage of MUAA
nmononers and net hi oni N wWakG Nt atd Vgl % Mer mpedd & of ahiild ng_
andard Epure

solution by HPLC by nmeans of conparison with an external st

substance). 15 The cod@nht3%dayi® &t #6°4- VHA = (tot. MHA) = MHA-ami de
(optional) + MHA nononer + MHA (dinmers + oligoners) + nmet hi oni n
(optional) was determned by titrimetric determ nation of the 20

t hi oet her Puncti on using a KBr/KBrO3 standard sol ution and expressed as
the sum of th&xaomplespondi ng MHA nononer equivalents in [w.% or [d]
or [nmol] or [nol-9%. The concentration of IMHA dinmers + MHA ol i goners

(DM + CQLI') 25 was determ ned by cal culating the difference between total
Analytical methods of determination and definitions

10 The concentrations of MMP-cyanochydrin, MHA-amide, MHA
monomers and methionin were quantitatively determined in
the process solution by HPLC by means of comparison with an
external standard (pure substance).

15 The concentration of total MHA = (tot. MHA) = MHA-amide
(optional) + MHA monomer + MHA (dimers + oligomers) +
methionin (optional)

was determined by titrimetric determination of the

20 thioether function using a KBr/KBrO, standard solution and
expressed as the sum of the corresponding MHA monomer
equivalents in [wt.%] or [g] or [mol] or [mol-%].

The concentration of MHA dimers + MHA oligomers (DIM + OLI)
25 was determined by calculating the difference between total
MHA and MHA monomer + (optional MHA-amide and/or methionin)
and expressed as the sum of the corresponding MHA monomer
equivalents in [wt.%] or [g] or [mol] or [mol-%].

30 The water content was determined by Karl-Fischer titration,
the MIBK content by GC or a difference sum, the sulphate or
ammonium content by ionic chromatography using standard
methods.

35



MHA .and WHA nononer + (optional MHA-am de and/or nethionin) and

expressed as the sum of the correspondi ng MHA nononer equi valents in
[wt.% or [g] or [nol] or [nol-9%. 30 The water content was determ ned by
Karl - Fi scher titration, the MBK content by GC or a difference sum the
sul phate or ammoni um content by ionic chromatography using standard
nmet hods. 35Example 1 21 Exanple 1

In a set of experinments, it was investigated to what extent
MVP- cyanohydrin is converted into MHA-am de on contact with 5 aqueous
sul phuri ¢ aci duRd&ety &f sxPermentisondt was investdomted &opahateextent

141 g (1. 03 memMp-@fyaRlonipdid sO4 2 lcoaledtidddC itice MHA-Gdldey obl 2epdtat? Witk 1
1 three-ne%ked fl ask m&%ﬁ a r.ef | ux condenser, . dro§P|q3¥Junnel, i nt er nal
t her monet eP aRGURRYTe S PG acid "‘é‘%ﬁrlgg‘r OUf, FORGHEIPNS5 o

MWP- cyanohydrin were added dropwi se over 30 mnutes with stirring.

After a furth . ' agtion tine at this tenperature
NNP—cyanohydr?% ‘EﬁuggEﬁﬁﬁﬁghﬁéﬁ gé detected in the reaction solution.

Perform ng experiment 2
141 g (1.03 mol) of 65 % H,S0, at 50°C were initially placed

10 in a 1 1 three-necked flask with a reflux condenser,
dropping funnel, internal thermometer and magnetic stirrer
and 138 g (1.0 mol) of 95 % MMP-cyanohydrin were added
dropwise over 30 minutes with stifring. After a further 15
min post reaction time at this temperature, MMP-cyanohydrin

15 could no longer be detected in the reaction solution.

Performing experiment 2

Experiment 2 was performed in the same way as experiment 1

20 using 72 g (0.55 mol) of 75 % H,SO, and 138 g (1.0 mol) of
95 % MMP-cyanohydrin. After 150 min post reaction time,
0.1 % of the theoretical amount of MMP-cyanohydrin could
still be detected.

25 Performing experiment 3

155 g (1.03 mol) of 65 % H,S0, and 138 g (1.0 mol) of 95 %
MMP-cyanohydrin were simultaneously supplied over 15
minutes at a temperature of 50°C to a 1 1 four-necked flask

30 with a reflux condenser, two dropping funnels, an internal
thermometer and a magnetic stirrer. After a further 15 min
post reaction time at this temperature, MMP-cyanohydrin
could no longer be detected.

35



Experinment 2 was perforned in the same way as experinent'l 20 using 72 g

(0.55 nmol) of 75 % H2SO4 and 138 g (1.0 nol) of 95 % MWP- cyanohydri n.
After 150 min post reaction tine, 0.1 % of the theoretical anmount of
MWP- cyanohydrin coul d still be detectza. 25 Perform ng experinment 3
155 g (1.03 nol) of 65 % H2SO4 and 138 g (1.0 nol) of 95 %

MVP- cyanohydr Perfiermingnekpemdmesty 4uppliled over 15 m nutes at a
tenperature of 50[err]Cto a 11 four-necked flask 30 with a refl ux
condenser, two dropping funnels, an internal thernmoneter and a magnetic

stirrer. AfteExperdmenés #5-nild werepperfpgmedi 4R thResamet WAY B&nperature,

MVWP- cyanohydr gfiperimegit! 8 Rathordéer reacégbacpadtametdes and results

22 Perfornin%ygxgerinent 4._- %&‘ Experinments 4 - 11 were perforned
in the sang wajHger S@QpépiﬁﬁﬁgeB ith the reaction paranmeters and results
5 sunmarised in Table 1. 23



i ncreasing

As shown in Table 1,

24

5 The reaction tinme required

found within the stated reaction tines

CH wi 2R H2SO4 i ncreases with

10 and 11.

7,

6,

3,

1

conpl ete conversion of MWP-CH was

in experinents 1,
rati o of MWP-

for conpl ete conversion of MWP-

nol ar

[err]
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CH to H2SO4 (conpare experinents 8 and 11). The different sequences of
addition of the substances used which was practised here (1) or 2)) had
no serious effect on the 10 reaction results (conpare experinments 1 and 3
or 2 and 4). Exanpl e 2 Perform B4 experinment 1 15 35.8.9 (0.35
mol, 0.7 nol equ.) of 96 % H2SO4 in a 500 ni t hree-necked flask with a
refl ux condender shingppimable vnnalomplete ranvesiomaie MMErCHBGRRL i C
stirrer were coutld Wiathitl idhe' Uit dep Feat il imel 11 CABRANISH é)&ofs 20
78.9 vvt.%HZSOf. O/erlq-'q-ﬁe course of 23 rﬁ%neult es, 1VCI:\'II1 hl stirring, 67.5

(0.5 mol) of &z F:4¥vietdH Mer e added dropwi se at a tenperature of 49 -
56[err]C. After a further 20 mn post reaction time at ca. 50[err]C,
conpl ete caonversi on anoh dr|n am de (.66. 2 00 was
35 ont 1 R RACHOn b e agpred i Somd e sRvRE 1ot jag v o
transferred byﬂhwanﬂ1dgsoz Bngreasaatulth01nc26631ngnmokaeeraanooofamupmﬁth
a gl ass inser | r ﬂ%ﬂé r | e, iR d
nagnetlc s?ﬁrf@% a?Oﬁﬁe %o%%g ? ra |o% %Pg?ﬁzyggueousqgfﬁéﬁﬁ?ﬁg 30
acid present ﬁ?W%(ﬁﬁ addiibdan ofivdhepustances usst é’fhlsﬂé?alwaﬂg t he

aut ocl ave, therzRaqlded Héﬁ@ U(ﬂe 882y akgl no fseraoﬁga@thsaett grpehat ure of
140[ err] C over the .course @ Qﬁ? mn and stirred at this tenperatur for

anot her 120 m&Facis-or &&= S FERSTFMEE 8,k GG e OF1 50 ARG 4f- MHA
hydr ol ysate were obtalned A total ampunt of 71.5 g (0.48 nol , 95 2 % of

t heoreti cal ﬁ? JMA were obt ai ned, as
25 measur 64D Hltratlon of the sulphurlc aci d equi val ents

Performing experiment 1

15 _
35.8 g (0.35 mol, 0.7 mol equ.) of 96 % H,SO, in a 500 ml
three-necked flask with a reflux condenser, dropping

funnel, internal thermometer and magnetic stirrer were
diluted with water to a sulphuric acid concentration of

20 78.9 wt.% H,S0,. Over the course of 23 minutes, with
stirring, 67.5 g (0.5 mol) of 97.2 % MMP-CH were added
dropwise at a temperature of 49 - 56°C. After a further
20 min post reaction time at ca. 50°C, complete conversion
of cyanohydrin (0 wt.%) to MHA-amide (66.2 wt.%) was

25 confirmed by means of HPLC analysis. The contents of the
flask were transferred by means of 42.3 g of water to a 200
ml steel autoclave with a glass insert, internal
temperature measuring device, manometer and magnetic
stirrer so that the concentration of the agqueous sulphuric

30 acid present in the reaction mixture was 44 wt.%.

After sealing the autoclave, the reaction mixture was taken
to a reaction temperature of 140°C over the course of 45
min and stirred at this temperature for another 120 min.

35 After cooling and opening the autoclave, 150.4 g of MHA
hydrolysate were obtained. A total amount of 71.5 g (0.48
mol, 95.2 % of theoretical yield) of MHA were obtained, as



Wi th brom de/ bromate solution. 57.5 g (76.6 % of theoretical) of MHA

nononmer were found by neans of HPLC analysis. By difference, this gives
14.0 g (18.6 % of 5 theoretical) of MHA (dinmers + oligoners), each
expressed as VHA nonomer. MHA-am de co26d no | onger be detected by neans
of HPLC. Perfornmng experinents 2 - 5 10 Experiments 2 - 5 were

perfornmed in weasyxed Wy tdi¢ratiomef et splphumic keidegguismlsntanet ers

and results w:.%!th”'ﬁ‘&n%.% 'ﬁ@b_lee s&1ult] B P&, rgegt (‘476 Jlehe b3t stage was
perforrredlna gass | ask, the 2nd staeln 115 autoclave in

experinent 5 wéte Mgy monoEer ¥ ogng bvadeans, gf HPLC
26 44 [errhnalysn.s. By difference, this gives 14.0 g (18.6 % of

5 theoretical) of MHA (dimers + oligomers), each expressed as
MHA monomer. MHA-amide could no longer be detected by means
of HPLC.

Performing experiments 2 - 5

10
Experiments 2 - 5 were performed in the same way as
experiment 1, with the reaction parameters and results
summarised in Table 2. In experiment 4, the 1lst stage was
performed in a 2 1 glass flask, the 2nd stége ina32l

15 autoclave, in experiment 5 both stages were performed in a
2 1 glass flask.
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| sol ating highly concentrated MHA from VHA hydrol ysate by

liquid/liquid extraction and evaporating the

Process description naking reference to f2ure 1
schematic di agram of the apparatus used 10 for exanple 3. This conprises

essentially the

Exampl e 3

means of
5 extraction solution.

Figure 1 shows a

pul sed perforat
2.1 cminternal
pl at es,

Thin | ayer evapd
exchange area, |
Condensati on sys
Col | ection cont 3

1st stage: MHA-amide formation

Table 2
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The.VHA hydrol ysate | eaving the MHA hydrol ysis stage which

consi sts
essentially of MHA (nononer + diners + oligoners + 30 optional am de),
(NH4) 2S04 and/ or NH4HS04 and water, is fed to a |l evel above the 40th
plate in extraction colum 001, af ter2Bei ng preheated to the extraction
tenperature. The sol vent (here nethylisobutyl ketone = MBK), also
preheated, is punped in at the bottomof the columm 35 (countercurrent
principle). Inladdition, the heafl of the colum is puppliged with wash
water. The rafjingdt®, @, tontai ping epsentiplly (NH4) 2504 and/ or NHAHSO4
and water, is t hdrimwn at tpe botfom of]the colum} The pxtraction
29 sol uti pn demt ai rEng esseptially MHA | sol vent and watef is
abstracted at f{he ﬁ%ad_d} Be colsim ahsl t hehnfed to th anbay
evaporator 002] THé&te, M BKgand HgO arpgr emoygd t oggfher fromthe
extraction sol bti g by app|«i ng p-vacuprh 5 pnd bl owi ng] 1 n addi ti onal H20
vapour, as wel| aq a curreh of NZTjust fn Tront offthe outlet fromthe
evaporator. Thp evapor fiti on procesp was pperated in| such way t hat
< 2 w.%of H2D cquld be detectefl at the Sanpay outl et (Karl Fischer
titration) and|thd highly p@ncenigated| A 10D, bei ng diggharged was
virtual ly sol vent -5 ef. , Thegsol vegt/wapgr m xture gnergj ng from
evapor at or 002| was g firpt conpensed|o~n O0B»and t hen faken fo a
Separation veqSelr tor keparagion. ol venf and water| were ach 15
collected in afcolfl ection gontai per, 0pP4 and| 005 respectifvely, and from
there returned{to|the extrpction system| The Sanbay| di schiar ge, cool ed
to room t enper gt.urle, was taken to g product coll ectf on container. 20
The conditions ﬁnqﬂeéults of t hpni ndi MHdual | @xperi mentfge
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1 -.4 are tabulated in the foll ow ng sunmary. The conposition of the
extraction solution was anal ysed I mredi ately after |eaving the head and
the conposition of 25 the raffinate solution was anal ysed i medi ately
after | eavi ng the bottom of extractior8colum 001. The
conposition of the highly concentrated MHA was determ ned in the Sanmbay
di scharge di r &xamplgf t3er | eaving 30 the discharge point. The MHA
hydr ol ysate sol utions used for extraction were prepared in a
pressure-stabilised 400 1 stirred tank fraom 114.7 kg (874 mol) of

MVP- cyanohydr L$04a¢ i highlys menaentrated Mg rf‘élo“b@f@A) hydnglysatendst t he

condi tions gi we@Ans" of ll@(ﬁWl&:ﬂxldEWﬁaMbrﬁa@lﬁ fefaPokdt ihgkdHel 089 nol )

of MWP- égno%% rin an kg (1122 nol, 1.03 nol equ.) of H2SO4
under the Con Lor &L, é’nz experinment 5 or from
30 115.3 kg (879 nol) of MWP-cyanohydrin and 47.5 kg (484 mol ,

0.55 nol equ. éqyj I experi nment
4. Optionally presentg% §;vgﬁhpﬁﬁﬂg§tcon §F%C%%%%BF2 cts mere renoved

fromthe crude hydrolysate solutions 5 by applying a vacuum after the end

0]]: SﬁCh react 'FQ d I1t I"A@ltows §@dﬂe‘nﬁbt &id“@d 1%%ﬂ&ﬁim'ﬁﬂ%w%pay(?%%ﬁow tions
0 e ro us obt ai ned an i G us or
extractloﬁoarg §y gach%8§ TR SR Vi §ﬁ§@n§%ﬁéﬁghsﬁﬁb%011°WHH§&anple
3. 10 Prea@paEBMMSof hi ghly concentrated NVHA Experiment 1

Extraction column (001)

pulsed perforated plate column,
3 m long, 2.1 ¢m internal

15 diameter, 60 perforated plates,
heated double-walled jacket

Thin layer evaporator Sambay evaporator with 0.08 m?
(002) exchange area, heated double-
20 walled jacket

Condensation system water-cooled glass condenser

(003)

25 Collection containers for recycled water and solvent
(004/005)

The MHA hydrolysate leaving the MHA hydrolysis stage which
consists essentially of MHA (monomer + dimers + oligomers +

30 optional amide), (NH,),SO, and/or NH,HSO, and water, is fed
to a level above the 40th plate in extraction column 001,
after being preheated to the extraction temperature. The
solvent (here methylisobutyl ketone = MIBK), also
preheated, is pumped in at the bottom of the column

35 (countercurrent principle). In addition, the head of the
column is supplied with wash water. The raffinate,
containing essentially (NH,),SO, and/or NH,HSO, and water, is
withdrawn at the bottom of the column. The extraction



15 Feedstock of MHA hydrol ysate from MVWP-cyanohydrin and 1.0 nmol equ. of

H2SO4. Feedst ock used for extraction: 20 Mass fl ows - M BK

5 kg/h - MHA hydrol ysate 8.4 kg/h -
total MHA 3.4 kg/h 29 - wash H20 0.5 kg/h
- M BK/ hydrolysate 0.6 [-] 25 Conposi tion of the MHA hydrol ysate:

(prepared in sRAUEign Woptadininge espeneial lyx PA, mselvent and watest isvHA:
42 wt. % MA QQS%ch%bddbme%he+h%bﬁg%ﬁe%ﬁe3golum%0aﬁﬁlt%bn fed #&Pthe 28.9

w . % - SC%e Extractlonagg?1 35 Tengerature
60[err] C (ave Y eV@Bﬂﬁ&i9ﬁlqgﬁs There, ;MIBke Qi ¥R EBRAVEEn: M BK
47 W . % together from the extraction solutVdA 2§ Wpplying a vacuum
31

affinate: 5 and blowing i padiiopal, 8 vanpyry ol Y'%/%l(as'zil?éu%?gnt

of N, just in front of the outlet from the evaporator. The

evaporation process was operated in such a way that

< 2 wt.% of H,0 could be detected at the Sambay outlet

(Karl Fischer titration) and the highly concentrated MHA
10 being discharged was virtually solvent-free.

The solvent/water mixture emerging from evaporator 002 was
first condensed in 003 and then taken to a separation
vessel for separation. Solvent and water were each

15 collected in a collection container, 004 and 005
respectively, and from there returned to the extraction
system. The Sambay discharge, cooled to room temperature,
was taken to a product collection container.

20 The conditions and results of the individual experiménts
1 - 4 are tabulated in the following summary.

The composition of the extraction solution was analysed
immediately after leaving the head and the composition of

25 the raffinate solution was analysed immediately after.
leaving the bottom of extraction column 001.

The composition of the highly concentrated MHA was
determined in the Sambay discharge directly after leaving
30 the discharge point.

The MEA hydrolysate solutions used for extraction were
prepared in a pressure-stabilised 400 1 stirred tank from
114.7 kg (874 mol) of MMP-cyanochydrin and 85.7 kg (874 mol,
35 1.00 mol equ.) of H,S0, under the conditions given in
example 2, experiment 5 or from 142.9 kg (1089'mol) of MMP-
cyanchydrin and 110.0 kg (1122 mol, 1.03 mol equ.) of H,SO,
under the conditions in example 2, experiment 5 or from



5 Pressuyre: 100 nbar Sanbay - tenperature in the
heati ng Jacket . 150[err] C at the head:
62[err]C at the bottom n. d.

- stripping steam 0.5 kg/h 10 - M2 stripping gas 100 1/h

- conposition of highly concentrated MHA at bottom di schar ge:
tot. MHA 98 wWMl5u3 (85 w0l of MMP-cyanohydrin and 47.5 kg 84 mol,

ol i goners 14 '60|55/°mol e ) of H, SO under the cdiditions 11? éﬁarﬂ@ﬂé 2,
M BK: E)cm ) o 5%3113 VHA concent r at

‘conposi ti on e present haobdy: ¥ Sé'-ﬂ‘ﬂréy s&i%ﬁ‘é‘r@
poi nt. 20 proEmws mmte Zemoved E&@ﬂsu:mk c&hdu-ihyﬂ;tdﬂglsm@t goluvions

WP cyanohydr b Qg Sing! o0yt Beedl Hha of each®§LaRSISES (oL

- MHA hydr ol yswﬂat:.o&%&relz@’ fthen analysed. The complostL&IJ.olmsAof the MHA 10

kg/ h g )
M BK/ hydr ol ysa er(?lgf \@13% %Qaééﬁe‘iﬁ g’rllnio?ﬂr‘:_lc¥1 VRre ugrgl fggt e:
(prepared in Fﬁér%%ﬁrés Hlﬁe&(&%] eagh Qﬁpébienéﬁfily)ldual experiments

in example 3.
10
Preparation of highly concentrated MHA

Experiment 1

15 Feedstock of MHA hydrolysate from MMP-cyanohydrin and 1.0
mol equ. of H,S0,.

Feedstock used for extraction:

20 Mass flows - MIBK 5 kg/h
- MHA hydrolysate 8.4 kg/h
- total MHA 3.4 kg/h
- wash H,0 0.5 kg/h
- MIBK/hydrolysate 0.6 [-]
25
Composition of the MHA hydrolysate:
(prepared in the same way as in example 2, experiment 5)
- tot. MHA: 42 wt.%; MHA 90 mol-%; dimers + oligomers
30 10 mol-%
- H,0: 28.9 wt.%
- 80,2°: 25.9 wt.%
Extraction (001):
35 Temperature: 60°C (average)
Compositions
- of the extraction solution: MIBK 47 wt.%

tot. MHA 40 wt.%



32 - - tot. MHA: 39.0 wt.% IMHA 86.9 nol-% diners + oligoners

13.1 nmol -% - H20: ca. 30 wt. % (residue) - SOerr]:

25.4 wt.% 5 - NHAHSO4: 30.4 wm. % Extraction (001):

Tenper at ur e: 54[ err] C (aveBage) Conmpositions 10 - of

t he extraction solution: MBK < 54 w.%

tot. MHA 34.1 wt.% H,0 13HME . % 11.9 wt. %
- of the raffing@tne rafrinatdOt- MA  OdeMafifn 0.1 we.g |
SJerr]- 30.4 wt.% 15 M BK 0.17
wt . % Evaporation (002): Pressure: 100 nbar

Sanbay - tenpRiapiotation i(00A)e heating jacket: 150[err] C 20

at the heag: p . 65[err] C 100 at the
bot t om ressur&sierr]cC 0 BRAT,hi ng steam 0.7 kg/h

- N2 strippi n§agimy HO&ehpgerature in chepbeatiiomg dadkeghl y a®dcéht r at ed
VHA at bottom 25 di schar ge: OteheMHRag29 2 Wt. % NMHA 86,03 nol - %
dinmers + oligoners 13.1 nol-% at%leh ad: H[err]Q%Qo%O.S

wt . % Sq err] atothe Rotkom: n.d.

M BK: - 28 ppm 30 - othaypihgl JE@am.of gVHA entrate with the
conp05|t|o§ gi ven $Pove Wer e obtalneddﬁ the bottom Sanbay di scharge
point. 38 Experiment23StT1PP1RgegaBocK hydr ol ysate from

MWP- cyanohydrin and - composition of highly concentrated MHA at bottom

discharge: tot. MHA 98 wt.%; MHA 86 mol-%
dimers + oligomers 14 mol-%
H,0: 2 wt.%
15 MIBK: 40 ppm

About 3.5 kg/h of MHA concentrate with the composition
given above were obtained at the bottom Sambay discharge
point.

20

Experiment 2

Feedstock of MHA hydrolysate from MMP-cyanohydrin and
25 1.03 mol equ. of H,SO,.

Feedstock used for extraction:

Mass flows - MIBK 3.6 kg/h
30 - MHA hydrolysate 5.38 kg/h
- total MHA 2.10 kg/h

- wash H,0 0.5 kg/h

- MIBK/hydrolysate 0.67 [-]

35 Composition of the MHA hydrolysate:
(prepared in the same way as in example 2, experiment 5)



0.55 nol ,equ. of H2SOM4. 33

Feedst ock used for extraction: Mass fl ows - MBK

3.6 kg/h - MHA hydrolysate 6.55 kg/h 5

- total MHA 2.62 kg/h - wash H20 0.5
kg/ h - NIBK/hydronsate 0.55 Conposi tion of
the MHA hydroly&ate: MEA: G.patted ;i Nﬂﬁ-\h@GsQnmoﬂ.agnasilmréxa-mlé-@merS

experiment 4) 13 1 md1Qle MHA: 40 w. 9% MHA 94.7 nol -% diners + oligoners

5.3 mol - % - Herr]G ca. 40.2 w.% 15, - SOerr]: 13.9 m.% -
NH err]: 4. 85Hp: ExFic@Pth(601F951dueTenperature
52[err]C (average),220 Conpogist.igorg.¥ - of the extraction solution: MBK
-49 wt. tot. MHA 35.8 wt. %
H20 ?4.9 NSO | of 3%é Mirfinate: tot. MHA 0.13 wt.%
25 Evaporation (002): Pressure: 100 nbar Sanbay
- tenperat ur @y e raldt i€ f9ahi.ng j acket: 150[err] C
at the head: xtrachi ( 3 rr]C 30 at the
bot t om Temperagmre:r | C 54°C (average)
Compositions
10 - of the extraction solution: MIBK < 54 wt.%
tot. MHA 34.1 wt.%
H,0 11.9 wt.%
- of the raffinate: tot. MHA 0.3 wt.%
50,%" 30.4 wt.%
15 MIBK 0.17 wt.%

Evaporation (002):

Pressure: 100 mbar
Sambay - temperature in the heating jacket: 150°C
20 at the head: 65°C
at the bottom: 92°C

stripping steam: 0.7 kg/h

N, stripping gas 100 1/h

composition of highly concentrated MHA at bottom

25 discharge: tot. MHA 99.2 wt.%; MHA 86.9 mol-%
dimers + oligomers 13.1 mol-%
H,0: 0.8 wt.%
S0, : 0.43 wt.%
MIBK: 28 ppm
30

About 2.1 kg/h of MHA concentrate with the composition
given above were obtained at the bottom Sambay discharge
point.

35 Experiment 3

Feedstock of MHA hydrolysate from MMP-cyanohydrin and
0.55 mol equ. of H,SO,.



- strippi‘tng steam 0.6 kg/h - N2 stripping gas 100 1/h

- conposition of highly concentrated MHA at bottom di schar ge:
tot. MHA 98.8 w.% MHA 95.1 nol-% 35

dimers + oligomers 4.9 nol-% 33 Herr]O 0.5

wt . % Sgerr]: 0.18 wt.%

M BK: 477 psedstock used for extraction: 34 About 2.7
kg/ h of MHA concentrate with the conposition gi ven above were obtai ned
at the bottom Sanb di schar ge poi nt . 5 Experinent 4 Feedst ock

of MHA hydr ol Y@&5% MvP- ¢y dHdydrin and 3-S5 XL equ. of H2SOerr].
10 Feedstock used for extractiMHA hydrolyéte fl| ®y$5 kg/h M BK

> Coral Wi T N 0.5

- tota g :

't<%/hM_|A dr ol veat - M—Blwatﬁ}ul%qc HPysate 0.520.5 kg/h ConFosiZtion of
e ydrol ysat e: (prepyyf rg%vx@y5%s exanpl e 2,

experiment 4) 20 - tot ({H\%t % yl\%I%IA 94. m)l[l-g% di mers +

ol i goners 5.3 nmol - %

Composition of the MHA hydrolysate:
10 (prepared in the same way as in example 2, experiment 4)

- tot. MHA: 40 wt.%; MHA 94.7 mol-%; dimers + oligomers

5.3 mol-%
- H,0: ca. 40.2 wt.%
15 - S0,*": 13.9 wt.%
- NH**: 4.85 wt.%

Extraction (001):

Temperature: 52°C (average)
20 Compositions
- of the extraction solution: MIBK ~49 wt.%
tot. MHA 35.8 wt.%
H,0 14.9 wt.%
- of the raffinate: tot. MHA 0.13 wt.%
25
Evaporation (002):
Pressure: 100 mbar
Sambay - temperature in the heating jacket: 150°C
at the head: 59¢°C
30 at the bottom: 92¢°C
| - stripping steam: 0.6 kg/h
- N, stripping gas 100 1/h
- composition of highly concentrated MHA at bottom
discharge: tot. MHA 98.8 wt.%; MHA 95.1 mol-%
35 dimers + oligomers 4.9 mol-%
H,0: 0.5 wt.%
S0,%": 0.18 wt.%

MIBK: 477 ppm



- H20: «40.2 wt. % - Sgerr]: 13.9 w.%25 - NHerr]: 4.85 wm. %
Extraction (001): Tenper at ur e: 52[ err] C (average)
Compositions 30 - of the extraction solution: MBK ca. 49.3 wm. %
tot. MHA 35.8 wt. % 34 H20 14.9 wt. %.
- of the raffinate: L tot. MHA 0.1 wt.% 35 Evaporation (002):
Pressure: About 2.7 kg/loofiMHEA concepigegte witdhpdreteemposition he
gg?te'rp]g CJ acketgiverd 4W&¥d Ifere obtained at the boftom Samb#} di¥chAge

at the bottomPoint. 95[err]C - stripping steam 0.6 kg/h

- N2 stripping gas 100 1/h - conposition of highly concentrated
IVHA at bottom . di scharge: tot. MHA: 99 wt.% IVHA 94.9

nmol - % 5 Eé%erlment 4 dinmers + oligoners 5.1 nol-%
Herr]O 0.2 wt.% Sgerr]: 0.16 wt.%
MBK 482 ppidiock of ik Rydrdnidal A GaSSARbRabih Lhe
conposition I ven above vverlgyo t%ned at the oﬁ%m S}gyr%gy déischarge
point. 15 AL PTIMDhreTon F E8%rinents 1 - 4 shows, an MHA

concentrate with > 98 wt.%of total MHA and 0.2 to 2 w.%

10 Peedstock used for extraction:

Mass flows - MIBK 3.6 kg/h

- MHA hydrolysate 6.89 kg/h

- total MHA 2.76 kg/h

15 - H,0 0.5 kg/h

- MIBK/hydrolysate 0.52 [-]

Composition of the MHA hydrolysate:

(prepared in the same way as in example 2, experiment 4)
20

- tot. MHA: 40 wt.%; MHA 94.7 mol-%; dimers + oligomers

5.3 mol-%

- H,0: 40.2 wt.%

- 80,2°: 13.9 wt.%
25 - NH,*: 4.85 wt.%

Extraction (001):

Temperature: 52°C (average)
Compositions
30 - of the extraction solution: MIBK ca. 49.3 wt.%
tot. MHA 35.8 wt.%
H,0 14.9 wt.%
- of the raffinate: tot. MHA 0.1 wt.%

35 Evaporation (002):
Pressure: 100 mbar
Sambay - temperature in the heating jacket: 150°C
at the head: 59°C



of water ‘can be obtai ned without any product danmage occurring [enlarged

WHA- (di mers + ol igoners) fraction]. This surprising result is shown in
a particular way in the 20 MHA concentrates fromthe | ow sul phate MHA

hydr ol ysi s solutions (experinments 3 ald® 4). Here, the IHA-(diners +
oligoners) fractionis only 4.9 - 5.1 nol-% as conpared with 13.1 - 14

mol -% in experiments 1 and 2. The rati oabfthe thﬁDmroportion by9®RE€ght of
MHA nononers to the sung@%lgél gngféaﬁ olbggnﬁ? MHA/ MHA- (di mrol i )] is
about 19 and 6.1 - ectiv In al the cases shown here, the
MHA- (di mer s+ol i goner s Wz at‘-'cqlf ing tgﬂ% wePP LfBer the convent i onal

val ues for MHA conmmer ¢i ebmposiiuion Mhlnﬁghhyeconcem&wd(ms%tﬂmm)

gt oty 1% mprove ¢ atelEAEd; 300, (vl AL T AR R BORGLAL

wei ght as conpared with the val ues glvendlmeeaaﬁp¢bSQQmer$ 911 paoknat
EP 0 142 488, these being 3.3; 3.2; 3. %gﬁxanple d) Jt8%35 (exanple 2),

3.0 (exanple 3), 5.4 (exanple 5) and 5. (exanpl e %4

36 Exanpl e 4 . Preparation of d0HA- et 19 ok® % i xed pr oduct
from VHA concentrate 5 ExperlnanK; 4323§§m|nent 1 was
performed jn the sane way as exanple 3, experinment 2 with the

differencéiphat the nethionin and 10 water were added to the discharge from
t he bottom of Altmut 2 Sdng),ély e il atancemt xatse iwithl the kcemobadi thsmgeneous

solution with %‘%,rvl ng @% %lfés 3%'@%11&%@3?5%ttté_-oo&toerSamba}Y‘B&fécﬂ@fge

produced by st
point

15 As a comparison of experiments 1 - 4 shows, an MHA
concentrate with = 98 wt.% of total MHA and 0.2 to 2 wt.%
of water can be obtained without any product damage
occurring [enlarged MHA- (dimers + oligomers) fraction].
This surprising result is shown in a particular way in the

20 MHA concentrates from the low-sulphate MHA hydrolysis
solutions (experiments 3 and 4). Here, the MHA- (dimers +
oligomers) fraction is only 4.9 - 5.1 mol-%, as compared
with 13.1 - 14 mol-% in experiments 1 and 2. The ratio of
the proportion by weight of MHA monomers to the sum of

25 dimers + oligomers [= MHA/MHA- (dim+oli)] is about 19 and
6.1 - 6.6 respectively. In all the cases shown here, the
MHA- (dimers+oligomers) fraction is thus well under the
conventional values for MHA commercial products which have
an MHA- (dimers+oligomers) fraction of about 20 - 25 mol-%.

30
In addition, it has been possible crucially to improve the
ratio of the MHA/MHA- (dim+oli) proportion by weight as
compared with the values given in examples 1 - 6 of patent
EP 0 142 488, these being 3.3; 3.2; 3.7 (example 1), 1.8

35 (example 2), 3.0 (example 3), 5.4 (example 5) and 5.2
(example 6).



methionin (= Met) and 3.2 kg of water were added to a total 15 of 25.7 kg
~of the IWVHA concentrate with the conposition nmentioned, and the m xture
was honogeni sed by stirring. The product produced in this way (32.1 kg)
had the foll ow ng analytically determ 3gd conposition: 20 total MHA*)

189.2 wt.% 100.0 nol -% VHA nononer 64.8 Wt.% 72.6 nol-% VHA
(dimer + 15.8xampPe 416. 7 nol - % ol i goner) Met 9.2
w . % 10.7 nol -% 25 S042- 0.8 wmt.% M BK 14 ppm

*) here total MHA = NMHA- (nononer + dinmer + oligoners) + Met 30 Experi nment
2 Exper i neFRPZXafton o f o A et intoripetih yrizede prgsiucts from MHA

experiment 3 Wwdhcdherstdference that the nmethionin and wat er were added
to the discharge fromthe bottom of the 35 Sanbay evaporator in a stirred

tank and alﬁonngeneous solution with 88 w.%of total MBA*) and ca. 11
wt. of watEBxpewdmemoduced by stirring. For this, 3.5 kg of D,L-
‘methionin and 4.0 kg of water were added to a total of

37 27.0 kg of the MHA concentrate with the conposition ment i oned,

and di ssol ved Bxperimentgl wae peotooredrinuche same iway s sxgmpba. %, kg)

had the fol | ovdfge 2R E'fad:i&’h the U8 £f SHEEEL COPOSE R QethPonin 4 @l

VHA* ) 88 1 w.%- 100 nol - %
water were added "to the discharge from the bottom of the
Sambay evaporator in a stirred tank and a homogeneous
solution with 89 wt.% of total MHA* and ca. 10 wt.% of
water was produced by stirring. For this, 3.2 kg of D,L-
methionin (= Met) and 3.2 kg of water were added to a total

15 of 25.7 kg of the MHA concentrate with the composition

mentioned, and the mixture was homogenised by stirring. The
product produced in this way (32.1 kg) had the following

analytically determined composition:

20 total MHAY 89.2 wt.%¥ ~ 100.0 mol-%
MHA monomer 64.8 wt. % = 72.6 mol-%
MHA (dimer + 15.1 wt.% =~ 16.7 mol-%

oligomer)
Met 9.2 wt. ¥ =~ 10.7 mol-%
25 80,%" 0.8 wt.%
MIBK 14 ppm

*) here total MHA = MHA- (monomer + dimer + oligomers) + Met

30 Experiment 2

Experiment 2 was performed in the same way as example 3,
experiment 3 with the difference that the methionin and
water were added to the discharge from the bottom of the
35 Sambay evaporator in a stirred tank and a homogeneous
solution with 88 wt.% of total MHA" and ca. 11 wt.% of
water was produced by stirring. For this, 3.5 kg of D,L-
methionin and 4.0 kg of water were added to a total of



MHA monorer 73.8 wt.% 83.8 nol-%  MHA (dimer + 4.3 w.% 4.9

nol - % oligoner) 10 Met 10,0 wm. %= 11.4 nol -%
SJerr]- 0.16 wt.% M BK 482 ppm *) here total
VHA = MHA- (nononmer + dinmer + oligoners) +3Fet 15 Exanpl e 5

Preparati on of MHA-NH4 salt solution from VHA concentrate 20 98.3 g of
MHA extracti or2sd) kg oof vithdn MHA orrrerentitats with thel(nqmpéﬁ:i(tcﬁ.tzﬁ nol ) of

total ML 13 pidy é&{ed\ﬂtﬁd%%ved bl %?rr/ﬂg I\»%murs at, 55 - &%Terr]c

exanpl e 3, experi nent vias,_evapor at ed
under a wat er -§tptthis W/%)éu(ﬁﬁ &P fad e ik 1%?1% AR RRL Bmoni a

sol ution 25 wakettasiethdd éé}@d@fﬁm (total M—|A of 99.9 wt.% . This

caused theegterrperature to increase to 53[err]C. After cooling to room
t enper at ur 57.6 g of a brown, clear liquid with the foll ow ng
conposi ti on weotadt MHAED:  3B8.1 ottt MH1A00.0 mol-% 68.3 w.% VHA
mononer %Qe Wt . 24 1[\/|<*A,== 1-% 0.0 wt.%
M—IA(dlners+oI| OMET S ]'5883;/vt8(y ﬁjjeg o 8.1 wt.%
35 H20 M (dimer + ». Y Wik 4.9 mol %
38 Exampl e 6 oligomer)
10 Met 10.0 wt.% = 11.4 mol-%
S0,%" 0.16 wt.% =
MIBK 482 ppm
*) here total MHA = MHA- (monomer + dimer + oligomers) + Met
15

Example 5
Preparation of MHA-NH, salt solution f£rom MHA concentrate

20 98.3 g of MHA extraction solution with a concentration of
40 wt.% (0.26 mol) of total MHA, 13 wt.% of water and ca.
47 wt.% of MIBK, prepared as in example 3, experiment 1,
was evaporated for 2.4 hours at 55 - 70°C under a water-jet
vacuum. 17.7 g (0.26 mol) of 25 % agqueous ammonia solution

25 was added to the residue (total MHA of 99.9 wt.%). This
caused the temperature to increase to 53°C. After cooling
to room temperature, 57.6 g of a brown, clear liquid with
the following composition was obtained:

30 total MHA 68.3 wt.%
MHA monomer 59.5 wt.%
MHA-amide 0.0 wt.%
MHA- (dimers+oligomers) 8.8 wt.%
NH,* 8.1 wt.%

35 H,0 22.4 wt.%



Preparati'on of a MHA-NH4 salt solution from VHA extraction solution 5
3502 g of MHA extraction solution with a concentration of 35.8 wt. % of
total MHA, 14.9 w.% of H20 and ca. 49 wt. % of M BK, prepared as in
exanple 3, experinment 4, was. cooled to 385[err]Cin an ice bath. Into
this solution was passed 300 g 10 (17.6 nol) of gaseous ammonia at a

t enper at ure ofExemplE|[érr] C over the course of 3.5 h. Two |iquid phases
formed. The heavi er phase (2202 g) was isolated and residual M BK was
renoved by therzgeg%?%e of vvat er _vapour at 60[err] C and 100 nbar

pressure. The & o rfe A Mg s3d to fpdirien STam NHAepxESackinmy of
j et vacuum wasleidian oily brown-yellow liquid (1583 g) wth the

fol | owi ng gpnposition was obt ai ned: total IHA 81.2
wt.% (= 103 % of theoretical) i ncl : - MHA nmononer 79.3 wt. % 20

- MHA- ani de BEDZ)gMoﬁ%MHA extraction -sdlldeiah meith & Gomcerdtration of

+ol i goner s) [& T e

o8 woioh IS REEY, W R 2 99“& 4ok H&nd\ég‘g 6351 435V, of
strength ammPﬂIéKsoIRﬁGIR?f?eCh aferin rﬁiiﬁmré-epeﬂ'e GRRAF-MSTHU 4d WaS (CPRiRG))to

with the foll gwdndrfPAdd ivdtnasIy 84111@1 solu?cQLoriQ&a% ;M’é%ed 300

70.0 wt. /10 (1DIC|G ngld (q#\/HA m_pusnearnm t ’temperat 3’:&65 nglg

1.7 W . % 95“0’\&% mp e s)

NH[ err] over the cours® bfit3 % h. Mcerlriglid phases formed. Zthed wt . %
heavier phase (2202 g) was isolated and residual MIBK was
removed by the passage of water wvapour at 60°C and 100 mbar
pressure. The residue was concentrated at 50°C (2 h) under

15 a water jet vacuum, wherein an oily brown-yellow liquid
(1583 g) with the following composition was obtained:

total MHA 81.2 wt.% (= 103 % of theoretical)
incl: - MHA monomer 79.3 wt.%
20 - MHA-amide 1.9 wt.%
- MHA-(dimers 0.0 wt.%
+oligomers)
NH,* 9.0 wt.$%
water 9.8 wt.%
25 ' '
After dilution with 230 g of water and 20 g of 25 %
strength ammonia solution, a very mobile pale brown liquid
(1743 g) with the following composition was obtained:
30 total MHA 70.0 wt.%
incl: - MHA monomer 68.3 wt.%
- MHA-amide 1.7 wt.%
- MHA- (dimers+ 0.0 wt.%
oligomers)
35 NH,* 8.1 wt.%
H,0 20.0 wt.%



39 . Surprisingly, unwanted MHA-(di nmers+oligoners) could no | onger

be detected in the product solution after this treatnent. Only a

negli gi bl e anount of MHA-anm de was forned as the single secondary
product. 5 Exanple 7 Preparatid8 of an MHA- MHANH4-H err] O mi xed
product from MHA extraction solution 10 Experinment 1 Usi ng

the condi ti onSurprimingly, gianted MEampldiners+oligguansieraodd ¥® kg of

MHA extract i on ciyd# i déﬁébtf’édlirpcﬁiféfﬁx‘oﬁddﬁ‘ Rf1udSoh UetéoOfedigd al MHA,
ca. 12 wt.%of Herr]O 48 wt.. % of M BK were evagporated in the

and
Sambay ev &FSAHREAL . T@%I%t‘%ﬁﬁ%%ﬂf AR ffd My aida s, fiqrmed
al toget her 0. &3 ke (s’i,rfgie;rrdéccsﬁdm Prdbdactd r engt h aqueous NH3

solution and thoroughly m xed. 20 An oily, brown-yellow liquid (4.60
kg) with the follow ng conposition was thereby obtained (pH - 2.3):
“Total MHA Example 7 86.2 wt.% ( =100 % of th.) 25 incl: -
nmononer 74.3 Wt . % - MHA-am de 0.0 wt. %
-, VHA (diners + 11.9 m. % ol i goners NH[ err]
1.2 wt. % 30 w:]atlon of an MHA-MHANH,sH,Qtmixed pregwct from MHA
13.5 wt. % ex¥tdN¥tdon solution 10.75 wt. % * Cal cul at ed val ue

for proportion of MHA-NH4 proportion 35 (,11.2 nol-% as nononer, diners
and ol i gomers) :
Experiment 1

Using the conditions essentially given in example 3,
experiment 2, 10 kg of MHA extraction solution with a

15 concentration of 39.7 wt.% of total MHA, ca. 12 wt.% of H,0
and ca. 48 wt.% of MIBK were evaporated in the Sambay
evaporator. The solution being discharged was diluted with
altogether 0.636 kg (3.06 mol) of an 8.2 % strength agueous
NH, solution and thoroughly mixed.

20
An oily, brown-yellow liquid (4.60 kg) with the following
composition was thereby obtained (pH ~ 2.3):
Total MHA 86.2 wt.% (= 100 % of th.)
25 incl: - MHA monomer 74.3 wt.%
- MHA-amide 0.0 wt.%
- MHA (dimers + 11.9 wt.%
oligomers)
NH,* 1.2 wt.%
30 S0,* 0.22 wt.%
H,0 13.5 wt.%
 MHANH,* 10.75 wt.%

* Calculated value for proportion of MHA-NH, proportion
35 (=11.2 mol-% as monomer, dimers and oligomers)



40 Experinment 2 Using the conditions essentially given in

exanple 3, experinment 2, 10 kg of IMHA extraction solution with a 5
concentration of 35.1 wt% of total MHA, ca. 12.7 w. % of H20 and ca. 52
wt. % of M BK were evaporated in the Sanbay0 evaporator. The solution
bei ng di scharged was diluted with al together 0.45 kg (4.23 nol) of a
16. 0 % strengtExpeprimemst 2 NH3 sol uti on and thoroughly mixed. 10 An
oily, browmn-yellow liquid (3.96 kg) with a pH of ca. 2.7 and with the
foll owi ng conposition was thereby obtained: Total MHA

88,6 Wt . U6 (= TOBLDG OFhe coRdEtiphe| essentialha GhveRein Sxamnbe i %
- MHA-am de  expebifleit. ¥} 10 kg of MHA ex®Bi¥ctibiesslutidd. With. §0

gligoafrs) Q;nér;tlon of 35.1 wt.%¥40§ EﬁégfwMﬁgzo Sfif 5]wt % of

17.70 wt . Hzo and:ada:uIEfﬂ et Vialafe MIBK weape reviapoxst ddA-riNHhep rSemdoay on
25 (=17. 7 ”D' "4 450 FREPT Q'QEi&thH ﬁé%lgém&:[ééi%ar%ed J?%é”&’ fuéid wit

Det er m ni ng the nnon ens VI SCOSI Ion I n KlInenma

viscosities vm%lﬁ@ﬁ%%@@ﬁt@r%5wbs (4. 2@é@@lh1ﬂ%da .- Qah %%%%nﬁkhs%@%eP%s

fig. 2, with aoRIMRion R UhdRIGELY nsiGeet er using the | SO 3105-1976
met hod, for
10

An oily, brown-yellow liquid (3.96 kg) with a pH of ca. 2.7
and with the following composition was thereby obtained:

Total MHA 88.6 wt.¥ (= 100 % of th.)
15 incl: - MHA monomer 76.9 wt.%
- MHA-amide 0.0 wt.%
- MHA (dimers + 11.7 wt.%
oligomers)
NH,* 1.94 wt.%
20 S0,%* 0.15 wt.%
H,0 9.8 wt.$%
MHANH, 17.70 wt.%

* Calculated value for proportion of MHA-NH, proportion
25 (=17.7 mol-% as monomer, dimers and oligomers)

Example 8

Determining the Cannon Fenske viscosity:

30
The variation in kinematic viscosities with temperature was
determined, as can best be seen in fig. 2, with an opaque
Canon-Fenske viscometer using the ISO 3105-1976 method, for
the following MHA qualities:

35
e 98 % MHA, prepared as in example 3, experiment 2 and
stored at room temperature for > 300 days, corresponding to
the curve with the reference number 1 in fig. 2,



the follow ng MHA qualities: 35 98 % VHA, prepared as in exanple 3,
experinent 2 and stored at roomtenperature for > 300 days,
corresponding to the curve with the reference nunber 1 in fig. 2,

41 * 88 % MHA from 98% MHA, prepared4as in exanple 3, experi ment
2, stored at roomtenperature for > 300 days and then diluted to 88 %
.correspondi ng ¢088h¥ MHAvEromt B8¥hMHA, preparedcasnimbexafiple 3ig. 2, and
5 * 88 W r r gdu c .09 h r
with the referen §§%ﬂe enge %ta edl’ 96 gBOm Eéﬁﬁﬁbgﬂﬁ%g F%g %e %?lee$g ﬁlgh
di mer and ol i gbher @b%ﬂ%ﬁ@ %o §3r%ct¢9r§$$B@n@%Fﬂt enthet gurEe evithhthe

V|sc05|ty of tf@ferenatwnﬁﬁbafogugﬁdfigong98aﬁa) corresponded to that of
t he mger0|ally produced MHA 88 Exanple 9 15 St or age

experi ment s?usi ng MHA products The products nentioned in figures 3 to
6 were each stergél $ MHAnaa acabmieptias pesdett W tbovéspoéndingotoathéhe 20

temperatures quotgd {9LnacRerLQfeplnbl AGnBll §Y3 eflure o coUlar

intervals, sanples were w concen of total MHA,
*IVHA nonomer, MHA (diners + ol i goners) and optionally Mt were

det er m ned (Seﬁééﬁiﬂédﬁhe reVhVEPePPONEIn dPmer afd I fgémer content
10 directly after dilution with water, the viscosity of the
MHA 88 produced from 98 (2) corresponded to that of the
commercially produced MHA 88 (3).

Example 9
15
Storage experiments using MHA products

The products mentioned in figures 3 to 6 were each stored
in a sealed glass vessel without stirring, at the

20 temperatures quoted for a period of up to 310 days. At
regular intervals, samples were withdrawn and the
concentration of total MHA, MHA monomer, MHA (dimers +
oligomers) and optionally Met were determined (see methods
given above).

25
Figure 3

MHA concentrate which was prepared as in example 3,

experiment 2, produced an equilibrium mixture, after about
30 3 month’s storage at room temperature, of

47 mol-% MHA monomer (1) and

53 mol-% MHA (dimers + oligomers) (2).

Figure 4

35
MHA 88, which was prepared in the same way as in example 3,
experiment 2 and then diluted with water to 88 % MHA



MHA conceptrate which was prepared as in exanple 3, experinment 2,
produced an equilibriummxture, after about 30 3 nonth's storage at room

t enperature, of 47 mol - % MHA nmononer (1) and 53 nol-* MHA (diners +
ol igoners) (2). Figure 4 35 VHA 428, which was prepared in the
.sane way as in exanple 3, experinment 2 and then diluted with water to
88 % IVHA content, produced an equilibrium mPxture, cafitent abgubddced an
equi librium m xt bout orgge at roomtenperature,
of 74 nnl-%?'F&Fn%%gﬁégg ?g)réom E%ﬁﬁg%gég%émkg?ners + oligoners (2) 5
This ratio was74l8elfsuMBEA| moremAERCci{A) products. Figure 5 10 MHA
78 + Met 10 whpghm¥@sspPMBRAEEMeRS NoEXgbMELs4(2) experiment 1 produced
an equilibriummxture, after about 3 nont hs storage at room
tmmaauné of 80 nol - % VHA nononer + Met (1) 20 nol - % VHA di ners
+ oligoners (2rhis ratiéi gaseabso found/Hin78ommétAiell pHodeecty, whi ch was
prepared as in exanple 7, produced an equilibriummxture, after only

14 days 20 storage at 40[err]C, of
Figure 5

<+

10 MHA 78 + Met 10 which was prepared as in example 4,
experiment 1 produced an equilibrium mixture, after about 3
months storage at room temperature, of
80 mol-% MHA monomer + Met (1)

20 mol-% MHA dimers + oligomers (2)

15

Figure 6

MHA 78 + MHANH, 10 (sic), which was prepared as in example

7, produced an equilibrium mixture, after only 14 days '
20 storage at 40°C, of

80 mol-%¥ MHA monomers (1) and

20 mol-% MHA dimers + oligomers (2).

A comparison of figures 3, 4, 5 and 6 shows that product

25 mixtures such as MHA 78 + Met 10 or MHA 78 + MHANH, 10
clearly have more favourable (dimers + oligomers)-fractions
than commercial MHA 88 after prolonged storage. With MHA 78
+ MHANH, 10 the equilibrium state (caused by elevated
temperature) was reached (figure 6) much earlier than in

30 the other cases shown.



80 nol - %HA nononers (1) and 20 nmol -% VHA dinmers + oligoners (2).
A conparison of figures 3, 4, 5 and 6 shows that product 25 m xtures such
as VHA 78 + Met 10 or MHA 78 + MHANH4 10 clearly have nore favourable

(dinmers + oligomers)-fractions t han ca®rer ci-al—VHA-88—after—prol onged
storage. Wth VHA 78 + MHANH4 10 the equilibriumstate (caused by

_?Ih:vg': ﬁgr Caste;a;répgéature) was reached (flgure 6) mmmmnllﬁmww in 30

Claims M
1. A process for obtaining 2-hydroxy-4- nethylthlobutyrlc aci d

(MHA) in which the MHA is isolated froma reactlon m xt ure which
i s obtained byithe adgirbtessofor obtamlhgdzonyaﬂmya@nde{:hﬁ\&hiabut ric

et hyl mer capt opr opi onal d ys t he thereby
bt &y ned ek by ror BTG prUERD gy BB 5 BY WAV ER Vs S0t ated, EoRER Gy i th
-sul phuric acid, \A,hereantiha mixture whiaktisnobtained by phacaddihionnoéct

with an organic ﬁ?gﬁysnACYGI?ﬁCNf ggsentially immscible with water
in a I|qU| extraction system in order to form an

extraction soIut|oHmﬁhhihmﬁﬁﬂ@BFﬂBr?Eéoéél@@hydgn&M%PM‘éBd hydrolyghsf efr ed

fromthe reaction ”EKéUEBeréﬁﬁ éﬁﬁaﬁﬁ@d'ﬁethylmercaﬁ@éﬁt@ﬁﬂoﬁélé@h?&éraCt
fromthis @tractlon sol ut

characterit®d in thGyanoh hydZin f%%PeGEbd%éfPogui§h5E+?o?ﬁ%@ i Fhenefnathay
that the 20 resacviog wiktaré tenphacsd| tnscobeacyd withodnwatrganic

2. A process accorgéfgeﬁe &%f&ﬂ1%s essentially immiscible with water in
' a liquid/liquid extraction system, in order to form an
extraction solution which contains the solvent and MHA
15 transferred from the reaction mixture, and the MHA is
obtained as an extract from this extraction solution
by evaporation,
characterised in that
the evaporation is performed in such a way that the.
20 remaining extract contains less than 4 wt% of water.

2, A process according to Claim 1,
characterised in that
the organic solvent is removed in an evaporation
25 process using a thin layer evaporator, a falling film
evaporator a short-path evaporator and/or a stripping
stage or with the assistance of this type of unit.

3. A process according to Claim 1 or 2,
30 characterised in that
the pressure during evaporation is not greater than
600 mbar.

4, A process according to Claims 1 to 3,
35 characterised in that
the temperature of the MHA as an extract during
evaporation is not essentially higher than 150°C.



characterised in that - the organic solvent isrenovedin an

evaporation 25 process using a thin layer evaporator. a falling film
evaporator a short-path evaporator and/or a stripping UIMMLI“!!U&Hﬂm
with the assistance of this type of unit. 44 3. A A to
Caimlor 2, 30 characterised in that the pressure during
evaporation i sSnot Hreapeesshafcording togGbaiBat, 4. A process
according to C ai mTscRat8cBer88ed in tRhgracterised in that " the

tenperature of the as an-extract _duyin evaporation i s not
essential |y higher %gghtﬁgﬁfﬁ?FTE? of tﬂe ﬂHA as an extrgct 1s between 30,
5. A process accorandgl00°Cl adirdctly at thectmtibetefremdthe éhaporation

t he tenperature of %ﬁ@. S an extract is between 30 and
100[err]C directly %?8? e o%flet-fron1the evaporation 5 procedure.

6. A process according to one of the preceding O ains, o
Characterised gn thlprocess actbPaifg' €6Nske ! bFBRE %P%c%&ﬂﬁgntﬂﬂi?ﬁ&;aﬁ

in the 10 evaporation stage, I s hot |onger than
process according teRdRaCEErifedpicearhg d ains, characterised in
t hat t he hykéorgsidentet bEmd/ME Cehe sropainingdektiradehina dhe

LY o R ot = PhEOFsE e "B GE' 18 B 2LGEH cnan 1.5 D €0 - 29 %
7. A process according to one of the preceding Claims,

characterised in that
the hydrolysis of the MMP-CH is performed in such a

15 way that in a first stage the MMP-CH is hydrolysed
with 60 - 85 % strength sulphuric acid in the molar
ratio MMP-CH:H,80, of 1:0.5 to 1:1.05 at temperatures
of 30 - 90°C with the production of essentially MHA-
amide and this is hydrolysed in a second stage by

20 adding water without the further addition of H,SO, at
temperatures of up to 140°C.

8. MHA obtainable by a process described in the preceding
Claims, having more than 98 wt.% of MHA calculated as
25 the sum of monomeric MHA, MHA dimers and MHA oligomers
as well as more than 0.1 and less than 2 wt.% of water
and a kinematic viscosity of > 100 mm?/s at 25°C.

9. Use of the MHA according to Claim 8 to prepare

30 mixtures for supplementing animal feedstuffs
characterised in that
a mixture with methionin is prepared, whose MHA
content including monomers, dimers and oligomers is
< 80 wt.% and whose oligomer content including MHA

35 dimers and oligomers is < 25 mol-%, with respect to
the total active substance content of MHA, dimers and
oligomers and wmethionin, after storage for 300 days at
room temperature.
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