EP" 0330527 Bl -Description A. SUBJECT OF THE | NVENTI ON The present invention
relates to an ‘inproved process for preparing aqgueous sol utions of

DL~ 2- hydroxy- 5 4-nethylthiobutyric acid, these solutions having |ess

col our and odour, |ower viscosity and a good thernal staipl 08g08RenBihey
are conpared with the sanme product prepared by other known processes. B.
BACKGROUND OF Zggrk§¥§ | ON 10 : 2- hydr oxy-4-net hyl t hi obutyric acid
(hereaipafter 8e5|gn te MIBA) has the formula: [ERR] 15 It is a
known product anal ogous to the essential amino acid DL-nethionine, which

finds use mai gl ysgRJrciroos Sl lraRNirIony animal nutrition. In contrast to
the amino acid, TTfT§__6T_U§§H'HTT§ET%;_by the Qrganismin protein
synthesis, because it?T stPﬁﬁsﬁﬁﬁvéﬁpﬁ%“aﬁﬁboFﬁgg ¢§ t9) |af { ImprP¥Edaci d

-in'order to bprebesst foltcpreparingsaqheohblBdlusions ofecDL+2-hipdroye form

but in vagioug’ ‘ ' .0 Says .1 en J: [ ai
mixture of «ni-ReEERLchiShuttais tlia7) (BT bO BB, AV CuBaR ,
cal ci Um sul phepdouxs and t pdovxse lowass Piscasity =l 7a5 goni 2tbegmed3 and

GB Patents 72g¢Q24130¢ Yhenl%hey) afél BoRPadS Wit N Ss ARy Pﬂoaublw BA
con- centration of 8590 %)5£§Wih ht, as is described in US Patents
0

4,353,924 andPyepazedopy ProcesBesne cal ci um salt of HMIBA
obt ai ned by tB¢ pACKEROUND OF MdHECINVENTIONOOO of 23 March 1965. C. PRI OR

ART The neral .proce far i ni H fr . " .
3- et hyl ? I opr o'p!oonal %Hy@go%—?k%&y&%@@ t&l@zlgd %?l%S(heFﬁén?gFﬁgw ng

schene: - 2degipnatpdRRMTBA) has3thet fprrmilasr opi onal dehyde
~ cn,-s-cnz-cnz'-_cin-cooﬁ
OH
15 It is a known product analogous to the essential

amino acid DL-methionine, which finds use mainly as a
food supplement for animal nutrition. In contrast to the
amino acid, it is not used directly by the organism in
'protein syrnithesis, because it must be converted anabolic-
20 ally to amino acid in order to be able to be used as
such. HMTBA is not used in the pure form, but in various
forms, that is to say:
1) concentrates which contain a mixture of the
) calcium and ammonium salts of the said HMTBA, water and
25 calcium sulphate, as is the case in US Patents 2,745,745
and 2,938,053 and GB Patents 722,024 and 915,193;
2) acid agqueous solutions having a HMTBA con-
centration of 85-~90 % by weight, as is described in
US Patents 4,353,924 and 3,773,927; and
30 3) the calcium salt of HMTBA obtained by the
process of US Patent 3,175,000.0f 23 March 1965.
" C. PRIOR ART
The general process for obtaining HMTBA from
3-methylthiopropionaldehyde which may be summarized by
35 the following scheme:



[ ERR]" 2- hydroxy-4-methylthio (2) [ERR]

butyranitrile-(abbrevi- [ERR] ated as HMIBN) 5
Hydrolysiswith the mneral acid (3) [ERR] 2-hydroxy-4-nethylthio- [ERR]
butyric acid (HMIBA) 10 is anply described in the bibliography of the
patents, specifically in US Patents 2,745,745 and 2,938, 053, in- which
patents step (2) -> (3) of the above schene inplies passage via the

i nt eggedi ate am de which, by neans of an additional hydrolysis, leads to
HMIBA. However, depending 15 on L hydrol ysis conditions enployed, the
free acid or t I ntegr Late amde i s obtained. .Thi.s hydr.ol ysis.reaction
of the nitril éqippetgrﬁ%rg;'ﬁgb@d'g descri beﬁ"’f%%}@'%&ﬁ&%?’ﬁ ,e@éﬁﬁand
3,175,000, which specificaljly use phuric acid, and in US Patent
3,773,927 whi ch uses 20 Yenochloric acid. The said patents of the prior
art al so describe the operdting conditions of the process, such as the
tenpgégture, the duration #d the nol ar ratios Zth¥dnesynd-methwlFhiarie.
I n these pat entysg of i once the WM&;&MJ_&& abbkeviike
hydr ol ysi s ZSQﬁreagﬁﬁz%gagsﬂat ed in the for ingi' ¢ ng i n para-
graph (B) (salts or aqueous sol®®ion) by means G a5t Jns to which a
further regference will be q;ydmﬂryﬁ@mﬁmmg the said processes of the
prior art with the process jof_,t he ,present_j.nvention. 30 Finally,
the European Patent Applicdt it “Hﬁi?—rali sﬁ#é‘gl under the numbers 0, 142, 488
and 0, 143,100, both filed 13 Novenber 1984, relate specifically to the

production of Jj.quidd, fQrLRs C H%%Fﬁ processes for the -3- extraction,
with sol vent s,(j()f the §a§§=?mﬁﬂs rg%“t he reactj%dmyuueméeﬁyu_thag-f rom
the_hygrolysis of the OH butyric acid (HMTBA)

10 is amply described in the bibliography of the patents,
specifically in US Patents 2,745,745 and 2,938,053, in-
which patents step (2) - (3) of the above scheme implies
passage via the intermediate amide which, by means of an
additional hydrolysis, leads to HMTBA. However, depending

15 on the hydrolysis conditions employed, the free acid or
the intermediate amide is obtained. This hydrolysis
reaction of the nitrile appears also to be described in
‘us Patents 4,353,924 and 3,175,000, which specifically
use sulphuric acid, and in US Patent 3,773,927 which uses

20 hydrochloric acid. The said patents of the prior art also
describe the operating conditions-of the process, such as
the temperature, the duration and the molar ratios of
mineral acid to nitrile. In these. patents of the prior

~art, once the HMTBA is obtained by the hydrolysis

25 reaction it is isolated in the form indicated in para-
graph (B) (éalts orlaqueous solution) by means of opera-
tions to which a further reference will be made when
comparing the said processes of the prior art with the
process of the present invention.

30 Finally, the European Patent Applications pub-
lished under the numbers 0,142,488 and 0,143,100, both
filed on 13 November 1984, relate specifically to the
production of liquid forms of HMTBA by processes for the



HMTBN carried-out in the first case with sul phuric acid and in the second
case with a m'neral acid. The two 5 European patent applications descri be,
with all details, the conditions enabling the solvent extraction to be
~carried out, as well as the precise natgrg of the sol- vents enpl oyed.
However, the processes of the prior art taken up 10° in the patents and
appllcatlons menti oned suffer from various di sadvant ages derived fromthe

specisti c way iexXt¥RchHiome wibhatsodivesrtts,hecofVEBR @addorBMTRA £romarthesd
out. These di S@éh/@ﬁ@aemmrae PR HIBY i e O A8m f tho‘dﬁydﬁlféféeaie tie

ol igoners of HVMIBA wth { 3 conlc_lom ant bad od % ur and |.ow free
aci d content. HTEH LTI V?EEoéPt§ ecfipptscase Wi baFH of
cal ci um sul phadred adsy/ otheé olselzlond rwdsjaﬂwi]}:halat Smﬂhgf:hlr t'hneprtﬁxﬂyct

i npure. 2 ) e fi rodu ec e use
of means such Eé\%r%%?arg al‘_{'ég?h‘f’a%gﬁ’]o Jjoq_% er’y J‘% (??‘ ! The

sai d \(Bsadvanttims cmdm@m@onenﬁylim [theceselw)ént hextmasrl:t:uomn hi e
using“the m Xdé%s tﬁgubﬁt 23s weld farsorﬂﬁérlg&f@cd{é)é yﬁéﬁuﬁ% B‘W@Neb%ol—

sul phuric aci stafting mater! al es It possi ina single
step, to obtai¥erks fpRbe¥edo| uti on of HMIBA, devoid of t he pr evi ous

a:vrsrgivant agesf oW ngf t cHbWEVSE S 'aie fwésmésteﬁﬁ ﬁu& ﬂﬂ]ﬁ:ﬁ Isszg%:atuaugép?gEhe
In e r an .agyeous i,on. D.

PRocEss WY o 3% Hhe SasHEte GRn eppief ieReTe FBEEPRe Erom
synthesis of 2rdwibwxydidadeahyagasoderivedi thrdme t(ltwn'ﬁbéclﬂmcwayed.mel ow,
> 835 varipiiel ch0agi 361 03°0s! BnoPRRIAR BAkCREAAIIEOTR LAkl

synthe5|s of t am no acl I onl ne
bei\ag sinilar mﬁtt Hehes® digadvantages,inawp eaﬁﬂ}m’éﬁmf?eq‘%rﬁfe ﬁﬁlﬂé?wqhan t hat

of using an a) Presence of oligomers of HMTBA with the
15 concomitant bad odour, colour and low free acid content.

b) Excessive viscosity.

c) Presence of particulate fines of calcium
sulphate and/or soluble inorganic salts which render the
product impure.

20 d) High cost of the final product because of the
use of means such as solvent extraction.

e) Low recovery yields of HMTBA.

The said disadvantages are overcome by the
process of the invention which, using the mixture result-

25 ing from the hydrolysis of HMTBN by sulphurié acid as the
N starting material, makes it poésible, in a single step,
to obtain an aqueous solution of HMTBA, devoid of the
previous disadvantages owing to the use of a new process
for the isolation of the HMTBA in the form of an aqueous
30 solution. .
D. DESCRIPTION OF THE PROCESS WHICH IS THE SUBJECT OF
THE INVENTION
The process for the*;synthesis of 2-hydroxy-
4-methylthiobutyronitrile (HMTBN), described below,'is a
35 variant of that disclosed inISpanish Patent 393,625 for
the synthesis of the amino acid DL-methionine, the
synthesis of the nitrile being similar in the two pro-
cesses without any difference other than that of using an



-4- aqueous ammoni a solution as reaction neans to obtain the nitrile
corresponding 'to the amno acid, and water free from amonia for the case
of - HMIBN. ‘The sanme nmay be stated with regard to the step 5 foll owi ng the
synthesis, that is to say the acidificatign.of the HMIBN. In the two cases,
the product obtained in the synthesis step is brought into contact with
con- centrated sul phuric acjd, preferably 98 %, sul phuric acid, in an

aci di\ti cat i on ABEPUh AQIH t87) Wion @ss Teastion mgaRg|tol pbbader the avoi d
| ocal heat i ng nigaddilg d&ﬁé@p&ﬁinglcﬁd» othef atingo nadid) canddwateth€ree

formati on of condar reac I ving rd i ncreased col oration, the
acidificati onsqer ?’F\Y or}%ﬁgrﬁfcﬁ?gﬁ# mﬁ'arge recircul ation, by
addi ng concentrated scil'l';mmam'e amay be sBatedheviddi didgaantl nterthe stept i on,
thi's sol utg on guyafGrs %&%H&a\é Qh%s&Q”CE H:aié% Ya f%h@oag&9¥fﬁlﬁhggb

acid. Since it 1S nec sary r emové heat of e suPphurl o
acid, _the aci ¢tf ithe |W$¥)0p11i1 sthe oWGeGaﬂﬁﬁh bhe produet nbheimedhingers

such that the ¢p ¢ ?ﬁﬁﬁéé% tsamiﬁr%%% NPhtS&Xednatadty ahith Oboherrl -
The nolar ratio of The sulphuric aci,d/ HMIBN nust be between 0.5 and 2,

preferably 0. FeiHdated spiphrdcopcidy cpreferably /% sHéPQHF&é’t 8gidn such
a way that theéracas fa@Ld 51 et Don CQ%pStWh@featﬁidlgtﬁop stk | ardd

capabl e aof, keepi_ng, i n.sol ut.i on the a | qr med
during t eo suﬂ‘@@%ﬁ?jent]:ﬂyafgﬁﬁl °3ﬂ§ {h%? \Aﬁ%’}gal T’?aFF‘Sn W th
ammoni um hydr geéstructian @fcohhactn:ttmel@f azd 6@omthﬂ: efommad izl of
solution is h r r f ern 6 r bl

: taﬁ:fh ﬁgolﬁcﬁ{él Avind¢i%ReRo 9né?€a[s§£l L%BE:SE%?; y

[err], to conplete sI.s reactlion of th a’single
st &p; . Wi t hout thee acdei g 16’4]:31@%11‘51‘ sagixiedy eyt coRtinnoysd¥r wikhobaggR t he

i nt er medi ate &@die:étﬂfhﬁﬂﬂﬂ tioy miﬂgtéwnéénelrééed §@D§hﬁrﬂéISacmd0tder to
obtalntg The,.r ﬁ#l%lmv rles be&__we mtg_utgasg Eours
dependi n 5 A G Sk ST Eoneo TR a1 2he; s PeFRP Ena { he
abovenent i onedlamlng a atormerst mpiann toeft i20e-500r% dys weight of acid.

' _ Since it is necessary to remove the heat of
dilution of the sulphuric acid, the acidification loop is
provided with one or more heat exchangers such that the

20 reaction temperature does not exceed a value of 50°C.

The molar ratio of the sulphuric acid/HMTBN must
be between 0.5 and 2  preferably 0.8 and 1.5. The propor-
tion of water must be adjusted in such a way that the
acidified solution consists of a single phase and is

25 capable of keeping in solution the ammonium sulphate

L . which will be formed during the subsequent hydrolysis
reaction and the later neutralization with ammonium
hydroxide. | |

After a contact time of 30-60 minutes, the

30 solution is heated to a temperature of between 60 and
140°C, preferably 90°C, to complete the hydrolysis
reaction of the nitrile HMTBN in a single step, without
the need to use different conditions in order to obtain

- the intermediate amide and then to modify the said

35 conditions in order to obtain the HMTBA. The reaction
time varies between 5 minutes and 6 hours, 'depending on
the temperature chosen. Thus, fbr example, using 90°C and
the abovementioned molar ratio, a quantitative conversion



-5- of HWBN to HVIBA is achi eved after about 2 hours. It is extrenely

i mportant to control the tenpera- ture and the reaction time within the
abovenent i‘oned ranges since the colour and the oligonmer content funda- 5
mental |y depend on the said values in thessgnse t hat hi gher tenperatures
and | onger durations than those indicated |ead to a product which has nore
col our and hi r VISCOSIt val ues, j ch is an obvious caonsequence of a

hi ghér ol i gorrg:f BA 1s ac ’;%qune’ﬁﬁﬁ ARG zpﬂ't%%ﬁj's it is
expedient to appl y a sItghi extremelyoimportanttts ddreinete thadtempa@aand 200

) so as to Igyeahhe SRl Legxtans o N SRYA Nie BEOLERLS Ll he

HMIBN, as wel | uritres &Ve 'Torhe
reaction and tranges sineé the galiowdoandotheheligamgrogaotent £m1d|abut ed

It is wher th%maysaa?&ﬁactdxpnthé ATH 1! ihNRHe b aRLN Ll Ne

HMIBA, which is, the eéssential aspect o present 1 nvention, actually
starts, The rduhem rﬁ%ﬂﬁ’@‘?"r’?ﬁﬁtﬁ@dhy@l?ﬁg9§l durationed thamsothese 20

and its excessimiidhisd ntghdakiozed préduct 2¢h38h%hds iRt c818BAI and

sol ution, the sai,d sol.utlon 0 t| na g .abl e t he fornmed in situ by
bubbl i ng gasedtShex %T’r'eetﬁ'ra'ﬂ ‘fg’t it aﬂa? Né@é‘?sPP&FEqUSBFan so

as not to excesfl & hmglmmemhigmmmfccﬁfte{xﬂr.r] 25 The neutral | zed
conpositi'- obt ai ned e e | ar,e. easy

cettl ng Rbecause t hevihachs Rz a1FRE8 Brolidedd qk 7F LekBed ORE 8,
step of the prapmky &ssilhghtf yacunm $opdihe erQﬁtftQme(mwrs phaut, 2\ﬂh| ch
contains 93- 9344 od himpPbo #stli?@t“t:{ d??edfthfer %matlﬁee%@%%usfpﬁeﬁeuswﬁh

contains the rest, by neans ¢ amoni um sul phate whi ch

f okoed duri ng Jt‘he“ﬁ?d?lﬁ?“y‘@%’-?e&ét the g”f‘ﬂ?%e afe et} ope ngﬁoi‘f%ﬁttlﬂré aci d
used in excesS:.m;ﬁ.lﬁiﬁieéilvﬂiﬂdlb&ouﬂﬁdhaebwéﬂméhelﬁV’Eh@h:%%iﬂ::.drh%nmlﬂaous
phase bel 9 t el'n:l.c":h tH Ctbeé tddc?t?zn toaf r:i:heg e7n0d 7;>5ro/ub %t]:trlbuted.

It is when the hydrolysis reaction is complete
that the isolation of the HMTBA, which is the essential
aspect of the present invention, actually starts. The
reaction mixture from the hydrolysis is cooled to 60-70°C

20 and its excess acid is neutralized with a 20-35 % by
weight ammonia solution, the said solution optionally
being able to be formed in situ by bubbling gaseous NH,.
The said neutralization may necessitate cooling so as not
to exceed the temperature of 60-70°C.

25 The neutralized composition obtained comprises

- two phases, which are easy to separate by settling,
because they have distinctly different'densities. The
following step of ‘the process is therefore to separate
off the organic phase, which contains 93-95 % of the

30 HMTBA formed, from the aqueous phase, which contains the
rest, by means of settling. The ammonium sulphate which
‘has formed during the hydrolysis reaction and the neu-
tralization of the acid used in excess is also distribu-
ted between the two phases, the aqueous phase belng the

35 richest, containing 70-75 % by weight.

It is an essential part of the present invention
that the two phases are separated by settling, centri-
fuging or by another standard process for 11qu1d/11qu1d



It is an essential part of the present invention that the two phases are
separated by settling, centri- fuging or by another standard process for
liquid/liquid -6- separation which does not involve extraction with sol -
vents, which to an extraordinary degree.f@cilitates the subseguent
processes of purification and total recovery of the HMIBA, on the one hand,

and of the anmonium 5  sul phate, on the other hand, £ h_yield and
ef fi giency. S@W%W’br%&%e§°% Rt dpyelviey ARRFEAF V%Hrf a‘ﬁ’f*ﬂg fth a
wat er - i mm sci kightsn) w&mcmraa n@ﬁ egteaordbnyryt degyrde fatitibateat thely

h
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COTp amoni um sul phat e
i s precipi tat ek fthm thﬂ'Bﬁ]ue@ms thasone bander andnodf the ammeniyfder

at mo- sphey nUNERE T dhgﬁgssq;ﬁ._the hESH! i dl5andsol i d
I s separ at ed Os‘H%l an'y standard soli1d/l IC]UI d separatloﬁgprgcless ggch as

f||t@t|on and lQ?ém‘ﬂHug ing, and the liquid thus obtained, containing

the portion of amoni |gagaddiiie Wisdeddss nchfprenépi typed andofllvénleTBA,
is recycled to the neutralization vessel

sul phate is of*h igp Mit ﬁ‘c'@af‘?rﬁég‘mﬁggﬁf)g?l %Ilv ?ﬁ’!p% %ﬁ: pur| glngm
Is virtually fesasyf r wheyVTBa; hoe Imbstamtlablmv@amrqw [ 1es-tén¢tr1 réi'h? by

recyclin oto tﬂf’é]he&g ok tiﬂ?e g&@&ﬁt | %@r%‘éiéas%'él?e PRCRI N9E the

|ncorpor ed i rgani c e orgahi c phase. which
i ssues from t lprogass eamhrmlik%rﬁlu# n@ﬂ@lﬂlﬂm f“i‘tﬁﬁ R eaiedans

(neutraliz- ation and Tl?éYSJninBﬁluinS shiﬁhh@eaﬂ.se\Wfﬁﬂatéwefﬁbmn@hénder
vacuum where the water_ i s eyaporated until 8% EJ_’?‘Fnte |s I vverei:to 1 %

and_pr ef er abl 2L Dhass SRR, % BPehe 2aMTONni um
sul phat e whi chsplieiv tpamire) crountiegnredbieed yspeswinm. dhenrestlitdingeadi | y

transpor tlagjl € sbgfféjs%si tsgf)g}:gkga’ 6f]f S'fﬁrpegﬁi(orbtandard solid/liquid
separation process, such as filtration and/or centrifug-
ing, and the liquid thus obtained, containing the portion
of ammonium sulphate which has not precipitated and the
HMTBA, is recycled to the neutralization vessel. With
20 this process, ammonium sulphate is obtained which, once
it has been dried, is of high purity and is virtually
free from HMTBA; the latter is recovered in its entirety
by recycling to the head of the separation process, while
remaining incorporated in the organic phase.

25 The organic phase which issues from the settler
(O and contains the HMTBA from the two streams (neutraliz-
ation and recycling) is led to an evaporator, operating
under vacuum, where the water is evaporated until its
content is lowered to 1 % and preferably to 0.5 %, in
30 order to precipitate all of the ammonium sulphate which
it contained in solution. The suspension obtained is
readily transportable because it contains, in suspension,
only 25-30 % of the ammonium sulphate produced in total
in the synthesis and neutralization steps and it may be
35 separated off very easily by filtration and/or centrifug-
ing. The HMTBA obtained by this process is of high purity

and its ammonium sulphate content is less than 1 %.



onl y '25-30 % of the ammoni um sul phate produced in total in the synthesis
and neutralization steps and it may be 35 separated off very easily by
filtration and/or centrifug- ing. The HMIBA obtained by this process is of

high purity and its ammoni um sul phate congepnt is less than 1 % -7- The
ammoni um sul phat e ‘cake originating fromthe abovenenti oned separ ator system
contai ns anounts of HMIBA which_vary between 15 and,30Q % by ht. The two

pro- \gucts are recoverBie p3mpapian fy Phéﬁ?tﬁal‘ﬁe°ﬁéﬂi"¥‘3r'i‘-2§ f5 m {&he,
vessel by preldpéwetienticsed LEé;SHraMdfl syaltein a6fitainstdmowse o EMTBA Of

the previous recycli e dISSO| [ r r
I ncor por at ed |‘ﬁ’¥%§ %ﬁ%oggtgﬁgge § ntml\#&i%g?ﬁe orﬁa}%l ?ﬂg ?}l&L whi ch
ensur esbt hat tdlmtemrlgemVanxi thuo meaxticing ithepdet |the1@euttr@t].|m@- The
HMTBA obt ai.ne I er
and, if n?’cesg%ff)y, BS%&{ %;e?% %a?ﬁ%ﬁ%{&%%&x&bﬁéﬁhﬁfﬁ‘ﬂﬁdw
g| ve a. sol uti othmam SRR é|5n§06'5tb§ DESYLopa el g nddif 3 ssad; fdand

5 0501 free shoRiNhC élﬂﬁhat@e i%0! priegerabl 0:bﬁ@¢fp§lr&’6edn :ﬂﬂUIﬂhéJrl um
_W|th|ts pol ymer or oligoner e %S .St gle over .ti n
product the r RIS R ﬂs?hénamﬁgﬁegm BARafd®t REIEHAC on%ﬁ? 'oI| 5%ers i s
hi gher than 3,enéures! that nghé srémseethak ihe tAG)Pricpctss iAPgtaatd-it s
anmoni umfd” p €%€ Lgont ent is less than 1 % by weight. Purely by way of

i1 lustrat € process is now described with reference to the single
figure of draW| ngs shofheg H&i’Iﬂon\plen:g:gm% & t Hels nprocegsy meeks s he 25

i nvention. HVIRNm&ROILSs wd edh.hxxt(eﬁ) wi&hi nﬁaadﬁcwhdpt af h@xeﬁﬁs@afrly(;at i on
vessel (1), vvhere 1f1.i’s m)%e]h w t h_goncentr at huri c ac resent ed
by\(B). The ar% Lzed it e smad; PE‘&PP% °?o%‘b "Smw s& (1),

the pipes (C) andolitiendwhiiehhemntadmsarGferd9i3tk of EylM!ﬂakeandt hpttsvael@i eto
Obt aln a lséjl phb'.ricaﬁl&i H.EOECSQ' free sulphuric acid. The solution thus
obtained is in equilibrium with its polymer or oligomer
esters and is stable over time. In the end product the
ratio between the monomer HMTBA and the sum of the
oligomers is higher than 3, its colouring is less than
20 2000 degrees APHA and its ammonium sulphate content is
less than 1 % by weight.

Purely by way of illustration, the process is now
described with reference to the single figure of drawings
showing a flow diagram of the improved process of the

25 invention. HMTBN, represented by (A), is introduced into
o the acidification vessel (1), where it is mixed with
concentrated sulphuric acid, represented by (B). The
arrangement of the acidification loop formed by the
vessel (1), the pipes.(C) and (D) and the heat exchanger

30 (E) makes it possible to obtain a sulphuric acid concen-
tration of 20-50 % by weight in the vessel (l). The
reaction mixture passes via the pipe (F) into the hydro-

lysis reactor (2), in which the reaction is carried out

under the temperature and time conditions specified

35 above. The said hydrolysis reactor is provided with
communication to the atmosphere (G) for ventilation and

an outlet pipe (H), which leads to a neutralization and
mixing vessel (3) into which the ammonium hydroxide



trati'on of 20-50 % by weight in the vessel (1). The reaction mxture
passes via the pipe (F) into the hydro- lysis reactor (2), in which the
reaction ivs carried out under the tenperature and time conditions specified
35 above. The said hydrolysis react q_rr?'i S provided with comunication to
the atnosphere (G for ventilation and art outlet pi'pe (H, which leads to a
neutralization and m xi ng vessel (3) into which the amoni um hydroxi de

-8- 5ol ution selukicodisedintzeduded opia ohd) | yoptiepaldybdtpanls feo

i ntroduce gasggus;BIEDHA i'zr{’tﬁ&l’f“éetgaéééﬁ%tgﬂmamniﬁm&iﬂé@ﬂcﬂeféﬁhmi_On
in situ). Fromthe vessel - Sé,F the neutralized sql ution gasses vi a the pipe
(J) to 5 ththghammosipm, Bydroxige solufion i, 814 anFEoPnthe Y988%) and

EE)e ?quteﬁus phase teﬁb_ﬁhgi:eacmzaaesamambﬁ phasgs(P{J%Ci)ttxéSPipd v.jrpltdae(gil ;)e
0 evapor at.or under_ vaguum , provided, w its s m |
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15 ammonhium sulphate containing HMTBA, which 1s transported
by the means represented by (0) to the dilution vessel
(10), from where an ammonium sulphate solution containing
a small proportion of HMTBA leaves via the pipe (P},
which solution is recycled to the neutralization vessel
20 (3). On the other hand, liquid HMTBA is withdrawn, via
the pipe (Q), from the separator device (8), which liquid
HMTBA, after dilution with water to adjust its concentra-
tion in the mixer (9) and, if necessary, stabilization
with sulphuric acid, is collected as the main product of
25 the process.

o : The aqueous phase (Ph A), withdrawn from the
settler (4) via the pipe (L), is concentrated in the
evaporator (5), in which the references EO and SI have
the same meanings as in the evaporator'(7). The aqueous

30 effluent is collected via the pipe (R) and an aqueous
suspension of impure ammonium sulphate containing HMTBA
is collected via (S), which suspension is'éeparated by
filtering and/or centrifuging in (6) in order to withdraw
ammonium sulphate by-prpduct,'which, after drying, may be

35 used as fertilizer. The aqueous liquid which contains
ammonium sulphate which has not_prgcipitated and dis-
solved HMTBA is returned via the pipe (T) to the neutral-

_ ization vessel (3).
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salt by addition of an alkaline-earth metal hydroxide or
carbonate. This method has the disadvantage of requiring
a change in the HMTBN hydrolysis conditions in order

€50l ved

r

first to obtain the corresponding hydroxyamide and then,

20 under different conditions, to obtain the HMTBA. We have
found that the solution acidified by our process may be
hydrolysed in a single step with virtually quantitative
yields. This is also valid for US Patent 2,983,053, which
essentially relates to the synthesis of HMTBA, proceeding

25 via the intermediate hydroxyamide, in order to obtain the
( calcium salt of HMTBA. US Patent 2,745,745 uses a calcium
hydroxide or calcium carbonate solution to neutralize the
sulphuric acid used in the hydrolysis. This method has

the disadvantage 6f_necessitating the separation of the

30 corresponding calcium sulphate from the remainder of the
solution; moreover, this sulphate precipitates in very

fine form, which gives rise to considerable losses of
product in the cake obtained. Moreover, the corresponding
alkali metal salt of the HMTBA is obtained in impure
35 form, which necessitates heating the filtrate with the
addition of more hydroxide or carbonate, which compli-
cates the process and makes it more expensive. US Patent
2,745,745 also establishes that the free acid may be



25 via the «sinternedi ate hydroxyam de, in order to obtain the calciumsalt
of HMIBA. US Patent 2,745,745 uses a cal ci um hydroxi de or cal ci um carbonate
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o the end product, with the problems discussed above. )
European Patent Applications 0,142,448 and

0,143,100 describe processes for liquid/liquid extraction

with a water-immiscible solvent in order to separate off

20 the salts formed during the hydrolysis of the HMTBN and
discredit the evaporation process because of the produc-

tion of a stronger colour and a higher oligomer content,

a high energy consumption and difficulties during separ-

ation of the salts. Our process overcomes all of the

25 critical points in the said applications, because there

"~ is no increase in colour or in oligomers if the evapor-
ation is carried out carefully at the temperatures speci-

fied in the pfocéss; the energy consumption is lower

because a solvent/water azeotrope does not have to be

30 evaporated, as with our process, involving settling prior

to evaporation, it is necessary only to evaporate the

water contained in the organic phase. The process
described in the present invention makes no use of any

type of extraction process using a solvent in order to

35 improve the yield and/or the quality of the end product,

as is the case in the abovementioned references; in fact,

by virtue of a simple and inexpensive evaporation process

- a product is obtained which has equally good or even



tion of a.stronger colour and a higher oligoner content, a high energy
consunption and difficulties during separ- ation of the salts. Qur process
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appropriate existing in dealing w1th suspensions of high viscosity;

its industrial application would therefore appear not to
be very viable. Moreover, we have been able to confirm
that hydrochloric acid does not appear to be appropriate
20 for carrying out the hydrolysis of the hydroxynitrile, in
view of the large amount of oligomers formed and in view
of the strong coloration of the product. This makes it
necessary to dilute it and to heat it to 90°C in the
presence of hydrochloric acid, in order to hydrolyse the
25 oligomers formed.

— : US Patent 4,353,924 enables an aqueous solution
of HMTBA to be obtained. However, the main property
desired for the solution is that it should be free from
corrosive properfies- with respect to steel surfaces.

30 Although partial neutralization of the hydrolysis mixture
is envisaged, this neutralization is not imperatively
carried out after the hydrolysis; it may be carried out
after dehydration of the solution and before centrifug-
ing, in order to separate the precipitated salt from the

35 mineral acid (ammonium chloride, ammonium sulphate, and
the like), or after centrifuging, as the final step. On
the basis of the brief text of this patent, it appears

- that a low yield from the recovery of the HMTBA may be



20. ‘for carrying out the hydrolysis of the hydroxynitrile, in view of the
| 'ar ge..amount of oligoners fornmed and in view of the strong col oration of
the product. This makes it necessary to dilute it and to heat it to [err]
in the presence of hydrochloric acid, in quer to hydrol yse the 25

ol igonmers fornmed. US Patent 4, 353,924 enéb es an aqueous sol ution of HMIBA
to be obtained. However, the main property desired for the solution is that

it skould be fdeé@q#%%rtﬂv@spvbeﬁrwt|1asemecq¢naés1r?@&1%csmééltlgaﬁf aces.
30  Al'though d@rﬂdt.a'am#} r@éﬁﬂﬁﬂq)rb@ftﬂ&ﬁtv}w(ﬂih@s)é%l S affidX the€ prdblem
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this _patent, iin appt%lr sto rm:e‘eembvtlw cfermation f raldgamersd the HVIBA may

N

be - 12 - deduced. fgud hetheheirditddhs biEe #ifall HakieAdlban wnéuvaans do
not allow settling of the two phases, and the problem mbggg:?rpal
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The invention will now be illustrated by  the
following examples, which in no case have a 1limiting
character.

20 EXAMPIE 1

200 g of 3-methylthiopropionaldehyde, together
. with 0.4 ml of pyridine, were introduced into a reactor
provided with a thermostatic jacket, a stirrer, a thermo-
meter and a dropping funriel_. Keeping the temperature at
25 20°C by circulating glycol-containing water through the
N jacket of the reactor, 300 g of 20 % aqueous hydrocyanic
| ' acid solution were added, taking care that the said
temperature is not exceeded during the addition of this
acid. The temperaﬁure was then raised to 45°C and kept at

30 this level for 15 minutes.

175 g of 98 % sulphuric acid were added to the
same reactor, with vigorous stirring and using the
highest possible rate of addition, watching, however, to
ensure that the temperature of 50°C was not exceeded.

35 After the addition of acid, the teinperature was kept at
50°C for a further 30 minutes and the temperature was
then raised rapidly to 90°C and képt at this level for
120 minutes, applying a slight vacuum to the reactor at
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The water present in the organic phase was

removed by evaporation under vacuum and the ammonium

sulphate suspension was filtered, thus yielding 117 g of
cake and 287 g of HMTBA. The cake was dissolved in 233 g
of water and retained for recycling into the reaction of
Example 2 below (recycle 2). By analysis of the HMTBA
obtained it was found that it contained 80 % by weight of
HMTBA monomer, 12 % by weight of oligomers, 1.1 % of
water and 0.8 % of sulphate ions. The HMTBA obtained was
diluted and stabilized with water acidified with sul-
phuric acid, and a product was obtained which contained
88 $ of HMTBA, 0.7 % of ammonium sulphate and 0.3 % of
free sulphuric acid and had a coloration which, measured
in degrees APHA, was less than 2000.
EXAMPLE 2 o - '

125 g of technical grade (98 %) 3-methylthio-

'propionaldehfde and 0.3 ml of pyridine, were introduced

35

into a reactor fitted with a thermostatic jacket, a
stirrer, a thermometer and a dropping funnel. While
cooling the reactor to =-10°C using glycol-containing
water, 188 g of a 20 % aqueous hydrocyanic acid solution

were -added over a period of not less than 20 minutes.

After this time had elapsed, the temperature of the
reaction composition was raised to 45°C in the course of

tenperature was kept at 50C



recycling. to-the reaction of Exanple 2 below (recycle 1). 15 The
water .present " in the organic phase was renoved by evaporation under
vaeuum and’ t he anmoni um sul phat e suspension was filtered, thus yielding 117
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matter bei§ 9 TEERY J(.jor(iI “&52%%91%1@::@ r%%ﬁl@é' 1 and 2 were added and
the sulphuric acid was then neutralized by adding a 25 %
aqueous ammonia solution, while cooling so that the
temperature did not rise above 70°C, and the two phases
were allowed to separate out by settling, the said
20 temperature being maintained. By means of settling, 414 g
of aqueous phase containing 192 g of ammonium sulphate,
which corresponds to 72 % of the total, and 381 g of
organic phase, which contains the remainder of the
ammonium sulphate and 198 g of HMTBA, which corresponds
25 to 94 % of the total, were obtained.

AN Ammonium sulphate was precipitated from the
aqueous phase by evaporation, under vacuum, of 90 % of
the water present; after drying, 172 g of ammonium
sulphate having a purity of more than 99.5 % were ob-

30 tained, the recovery yield being higher than 99 %. The
52 g of mother liquors originating from the filtration of
the suspension were recycled to the folloiﬂing reaction at
the level of the mixing reactor and constitute the
recycle from pipe (T) in the diagram of drawings.

35 By means of distillation under vacuum, the water
was removed from the organic phase to dryness and 179 g
of HMTBA with a purity of 98.5 % and 102 g of cake con-
taining 73 % of ammonium sulphate and 27 % of HMTBA were
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con- taining Bro)ﬂ%ﬁtanﬁﬁnf"éﬁl somfiamed, fdiaky 30)6 04141MTBK feptain Jgss neq.

The sai d cake ywrsn I8¢ SP! yEhPs Norfoé®) | anount of water and recycled to
the followi ng reaction, at the level of the mxing reactor, for its

" reeQvery. This solution corresponds to the recycle frompipe (P) in5 t he

di agram of drawi ngs. The HMIBA was adjusted with water acidified with

sul phuric acid to give 200 g of a stable aqueous sol ution having a HVIBA

concentration of 88 % by weight, a coloration of 1800 degrees APHA and a



vi scosi ty. of <75 centis means of quantitative 10 anal ysi s
specif.ic for the HMIBA m)norrer in the end product, it was confirned that it
did not contain I “ mﬂ‘ @Lthi S nononer. - 16 - EP 0330527 Bl
CLAI M5 1. m@ \ “l ring- agueous soluti cBB 0380527 Bl

2- hydr oxy- 4- rreth |cobt!ttyf‘| c acid (hereinafter desig- nated HMIBA)
resulting fromthe hydrol ysis reaction a single stage, of

2- hyswoxy- 4- net hyl t hi obutyronitrile w phuric acid, characterised in
that the fol | dwi ng opBEREEESs £OF cHNGRAFNG : AGuerHA r HoLukionse afidic
m xture resul ﬁLﬂydﬁbﬁyLuhﬁel&h%@;mgb&t&ﬁ@t I@@mnct}iéi@:rxﬁmudn ngasnigth

10 h
contal ning o BRERBFIERAIp AR dramre AR TEEte dEr oL BTERe: Eon o
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sepa\r_gtl ng t hEt S écrpi € ammoni um sul phat e
aquecdus phaseop9retapO§aﬂtr-'§nCcﬂl‘m@ﬂeputat at nospheri c or reduced pressure,
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viktually free trom3 anmoni um Sti_;)hate an (1 an i ammnl um sul phat e
cake cont ai ni ﬁ{:} RbRE g and a second 1303 of THUTBA

15 b) separating the two phases;
c) precipitating the ammonium sulphate from the

propor

aqueous phase by evaporation of water, at atmospheric or )
reduced pressure, and then separating off the said
ammonium sulphate by filtration and/or centrifuging, and
20 recycling the resulting liquid, which contains unprecipi-
tated ammonium sulphate and dissolved HMTBA, to the
neutralisation reactor;
d) concentrating the organic phase by evaporat:.on
of the water present in this phase in order to obtain an
25 HMTBA suspension which contains a residual portion of
 ammonium sulphate; _
e) separating the suspension resulting from the
previous operation, by céntrifuging and/or settling, in
order to obtain an HMTBA which is virtually free from
30 ammonium sulphate and an impure ammonium sulphate cake
containing HMTBA;
£) dissolving in water the impure ammonium
sulphate cake obtained in the previous operation and
: recycling the resulting solution to the neutralisation
35 reactor; and | ' '
g)' diluting with water the HMTBA obtained in step
e) and, if appropriate, stabilising it with a small
quantity of sulphuric acid.



f).di'ssolving in water the inpure ammni um sul phate—cake obtained in the
previ ous operation and recycling the resulting sol ut| “
neutralisation 35 reactor; and g) diluting with Mm\“ tai ned
in step e) and, if appropri ate stabi | i_sijgg it vvlth quartt i t'y of

sul phuric acid. 2. Process accor&" ng to Claim1, characterised in
t hat the ammoni um hydroxi de used in_the neutral,isatio nh eratl pn%éla)i has a
concéatration2of 20-3PVRIREHRGFPIIHRAY 5Bt (CIRdm L/ i S cherts n
injecting gaseqat Ntiei ainiohiumt fh@dﬂﬁtﬁ.ﬂbyﬁiéed eactthe meutwadisdtion
Process according ta Clajm1l, or chara teri.sed the e ure of
the mxture i & .;eg-?ﬁfﬁﬂ‘} e{]anijuPFﬁgat ﬁeont‘f‘e?& tﬁ‘é’a |Ao{|n %‘ga%%sgrlé& E’g?'g?‘{t does
not exceed a \mid),eogﬂ:mppﬂ.dylmaSebly‘témec} byldnjesting gapeousMEadnsedi ng

to one of af etk Jthddat, in operation (d), the
proportion of wat g&c%z%]i%,hseﬂc:r ég\%c l.ﬁasetjihs adj usted to a,value of 0.5-1 %
AqeRAg Fre&d@d

by wei ght by eéwapor at iRFPQRffeR im 1sor 2, cppgasterised qi ng
to one of Caijp thatO the lbemp éhataﬁéerdfsedhennilbtzthr@wemmnwmauaphate

produced in operation recover e.d after sep Qf. f nd dr ng, as
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en@ammndenoéaﬂre% weig ion under ¥édude pressure.
5. . ‘Process according to one of Claims 1 to 4,

15 characterised in that the ammonium sulphate produced in
operation (c) is recovered, after separating off and_

y evapora

drying, as a by-product virtually free from HMTBA.



m-sches mit Ammnl umhydroxid (NHAOH), derart, daB zwei Phasen gebil det
wer den, €ine organi sche Phase, die einen Hauptantei | an AHMIB und einen
Nebenant €i | an Amoni umsul fat enthalt, und eine w arige Phase, die ei nen
Haupt antei | an Ammoni unsul fat und ei nen Nebenant ei |
di e Trennung der beiden Phasen; (c) die Adsfallung vaMMIWNHH“ aus
~der waBrigen Phase durch Verdarrpfen von Wasser bei at-*nosphar Pschent oder
ver M¥ndert em Druck, hi ernach di e Abt AR GFRS Ammoni unsul fats durch Fil -
trieren und/ oder Zentrlfugatlon und das Recyclisieren zu dem
Neut r al i sabonsreaktor der resultierenden Flussigkeit, die
ni cht-ausgefal |l t es- A”moni unsul fat und gel dstes AHMIB enthalt; (d) das
Ei nengen der organi schen Phase durch kontinuierliches Verdanpfen des
Wassers in dieser. Phase, urn eine Suspension von AHMIB zu erhalten, die
ein en verbliebenen Amoni unsul fat-Anteil enthilt; (e) das Abtrennen durch
Zentri fugi eren undl oder Dekantieren der dervorhergehenden MaBnahne ent -
stamrenden Suspension, urn ein AHMIB, das von Ammoni unsul fat praktisch frei
i st.und ei n n UI’II‘EMEH AHMIB ent hal t enden Ammoni unsul f at kuchen zu
erhal ten; 6sung des bei der vorhergehenden MaBnahne erhal t enen
Kuchens von unrei nem Ammo- ni unsul fat in Wasser und das Recyclisieren der
resul ti erenden LUsung zu dem Neutralisationsreaktor: und (g) das Verdunnen
der in . Stufe (e) erhaltenen AHMIB m t Wasser und gegebenenfal |l s die
Stabilisierung mt einer geringen Menge Schwefei saure. 2. Verfahren germla
Anspruch Ppatdhedhépaizngekennzei chnet, daB das bei der Neutralisationsmal nahne
(a) verwendete Anmoni unhydroxi d ei ne Konzentration von 20 bis 35 Gew. %
besitzt und yegmkereiHeatdiengtianader Cistagan dér2rHydietyd-ganyittio i maaudiiia fddendmsits
Hydr ol yser eakHMTB Bezeishret [tiecdehBydrayseraaktich in 8iner eWeigdnclnfevonQadyboky-4Anaipitbicbuty-
oder 2, dadurcnitril g iSehwetelsaoiereatstamehd [Gekenmzeivhiet durch die Durbldiiltrung|desfaipénden Matnah-
Tenper at ur deen:Gem sches kontrolliert. damt sie nicht den Wert von etwa
70C oer schr ei(g)dNeutralisatie ddsder Bydrajyseradktien wrdrded Becydisiepmganchistathmpaden, 3aurg@m@err ch
gekennzei chnetmiscesBnibAmmehiumhgiredidNHDH).dlerartdaSaivéi PHasen Yebidebwerdénpeigpearganische
or gani schen Piithase. ¢ie finen Hauptameiran AMTB QndeitgndNepengriell appAdunoplumsxifatgathilf end ainst er
ver - m nder t erwafrigedibaggetie sio¢n Hanpleptel B Ammpsiumagifetand ginenityeberaniel #n AHB4TB enthait:
Anspr Cche 1 bi(® dig TrepaengrdenbsieR Bgse®i chnet , daB das bei der Mal nahne )
- 19 - (c) die Ausfaljung vop Apmopipmspifat aps|de wirigenPhase durch erdampfen verVesser b a7
81 gebil dete A?ﬁi%f'iﬁ'?%‘l‘]?‘?eéi’erﬁﬁéﬂtemﬂ' F%‘n'ﬁ%’ﬁa"ﬂﬁ’t? A?F%*eww@ﬁs é‘P@mg"ﬁR' apsdupeh s
AHMTB frei es /8 ﬁ“”wgé't'féf‘waﬁ\ﬁ%‘iyf' F'e\'/b\z F“l"ﬂ?sé"d'kt o 'ﬁ%’"’fe"de"
Process for g q’
acid (herei nafL s 5887 e
ase, um ein

enthait;

(e) das Abtrennen durch Zentrifugieren und/oder Dekantieren der der vorhergehenden MaBnahme ent-

stammenden Suspension, um ein AHMTB, das von Ammoniumsulfat praktisch frei ist.und einen unrei-
'\/. nen AHMTB enthaitenden Ammoniumsuifatkuchen zu erhaiten;

(f) die Aufldsung des bei der vorhergehenden Mafinahme erhaltenen Kuchens von unreinem Ammo-

niumsulfat in Wasser und das Recyclisieren der resultierenden Lésung zu dem Neuu'a!isationsreaktor:

und

{g) das Verdiinnenderin Stufe (e) erhaltenen AHMTB mitWasserund gegebenenfalls die Stabnhsnerung

mit einer geringen Menge Schwefeis3ure.

i obu
ggl Epamsgen hase urch kontmu lches%:ardampfe es Wassers |In¥1|eser_
uspension von AHMTB zu erhalten, die einen verbliebenen Ammoniumsulfat-Anteil

2. Verfahren gemaR Anspruch 1, dadurch gekennzeichnet, dal das bei der NeutralisationsmaRnahme {(a)
verwendete Ammoniumhydroxid eine Konzentration von 20 bis 35 Gew.% besitzt und gegebenenfalls
durch Einspritzung von gasfdrmigem NH, in das Hydrolysereaktionsgemisch erhalten wird.

3. Verfahren gemaB Anspruch 1 oder 2, dadurch gekennzeichnet, da man wihrend der Neutralisation die
" Temperatur des Gemisches kontrolliert, damit sie nicht den Wert von etwa 70°C Gberschreitet.

4. Verfahren gemaR einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, daf bei der Stufe {d) der Anteil
des Wassers in der organischen Phase auf einen Wert von 0,5 bis. 1 Gew.% durch Verdampfen unter ver-
mindertem Druck gebracht wird.

5. \Verfahren gemiR einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, daB das bei der MaBnahme (e



. HlvrI'BA) resu1t| ng fromthe hydrolysis reaction, in a single stage, of

2- hydroxy 4-met hyl thi obutyronitrile with sul phur| c acid, characterised in
that the follow ng operations are carried out: a) neutralisi ng the acidic

m xture resulting fromthe hydrolysis reaction and th am
moni um hydroxide [err], so as to fornrtwd phases, H“[ﬂ”ﬂﬂﬂ!ﬁ“ﬂlﬁﬁw

contai ning a predom nant pro- portion of HMIBA and a secondarysproportion
of ammoni um sul phate, and an aqueeprgszs2ze1cont ai ni ng a predom nant

pr oportion of. ammoni um sul phate and a secondary proportion of HMIBA; b)
separating §difaeteManRitAARStat dakn mu@ﬁepbmrbamenfai;%mmmn WAMH bk BerdprdalRe t he
aqueous phaseddyerfMap@sat i on of water, t nos- pheri.c or reduced
pressure, and then separating off the sal d ammoni um sul phate by filtration
~and/ or dentprifntgdg, and recycling the resulting Iiquid, which contains
unpr eci pttawh€d ammoni um sul phate and di ssol ved HMTBA, to the neutralisation
reactor, d) concentrating the organic phase by evaporation of the water

pr esent 1.n Prbess o @ Pard) aque 6l lsolldn® B 2 yaroafl-BRAICEUAHE 8AS neMiniiier abkighgead ai Ns
a residual HeTRA)essuiadg R hydiSlysis leaEtRh Sh a@ihgis QRgY, atd-MGrokemamBpicHSrdalrie
resul ting fwitbrsulphgic pei€ ¢hapacterisaaar thitkr@toliolyig 6fktibrsfatkkdaitgd and/ or settling, in
order to obt a) meubalising/MH8Acidihimbiture esultingtfioal the hykifoRsis feattish ananba redyaiisgslwithate and
an i npur e ammonitm hydsexid Nt@H)cmlae todamiteo phiases, aAnlbfEBAs phizge cditaisiad anredgminanto@t er
the inpure anerben ofntiMTRA S ® secakdaryolropdrtivachf iammbiiiem soiphateo @ad ep equepisophasend
re- cycling tentsinirgAdredonigars glopartiquref aramerivan suiphate add asseedndary proede ticorof HMTRR: g)
diluting wit B) spadrating thedwa - pbesa: obt ai ned in step e) and, it appropriate,

stabi | i si ng FxPregGRitafing thepaymonityn A¥lehate)fragt the aqusewsPhase By prRporation obalereat gtmos-
setor di ng t oPReSPifeducetpiessye B ”‘é"éa“-ﬂaﬁ“‘t‘%%ﬁ q $Rid MBS SHPIRRYSiate anderd i n
the neutrali Eeé'f'V‘{?Wg éfeé’(q"l?rf" ragultig dauid, wijeemipsHPrEFiPigied spTanmauip)ata 819y ht

E&rz;?“ @E‘f‘?‘"nog gaseous NH3 into the %drol ysi s

and, optlona

reaction mx dg@ entrating tﬂ? 0e wgtshPresHY '“f"s ‘il,'ﬁ%?r"h?ff’ f3 ER | n
that the te T?ﬁsé’s’?ff‘s'?"rfg"%cﬁrt ?s 'F§ b??f‘PBPflaéﬂmﬂ' utralisation
to ensure tha ﬁ'a 88‘§s % "sé’%é “’m % '89< galor yetlingon; cess
accor di ng tozzgﬁigf Za:; o rﬂalm 'sg rtughytes '?'3?""3 ﬁaf " 3 'm%'f)ee "z'a"'ﬁ"’lni‘)’n (d),

b}
the proporti vm er Y irhdl 6o SthEHedids Bodf o Endi.
0.2 SPEy bl e A R §bm§§hu&§9 %& BrGeesy

accor di ng’ t 0g @ikt HEHNTEASDAined i 3656 6 .ta%s.%paa& {htaking .hﬂmammmfy
sul phate pro Weprit Beiper - ation (c) is recovered, after separatl ng of f and

dryi ng, as a by-product virtually free from HVIBA.
Process according to Claim 1, characterised in that the ammonium hydroxide used in the neutralisation
operation (a) has a concentration of 20-35 % by weight and, optionally, is obtained by mjectmg gaseous
NH, into the hydrolysis reaction mixture.

3. Process according to Claim 1 or 2, characterised in that the temperature of the mixture is controlied during
the neutralisation to ensure that it does not exceed a vaiue of approximately 70°C.

4. Process according to one of Claims 1 to 3, characterised in that, in operation (d), the proportion of water
in the organic phase is adjusted to a value of 0.5-1 % by weight by evaporation under reduced pressure.

5. Process according to one of Claims 1to 4, characterised in thatthe ammonium sulphate produced in oper-
ation (¢) is recovered, after separating off and drying, as a by-product virtually free from HMTBA.



