Met hod for recovering sulfuric acid from sul furous by- products”
a;process for preparing 2-hydroxy-4- met hyl t hi obutyi'c
acid (MHA) 5 The invention relates to a nethod for recovering sulfuric
acid from by-products containing sulfate which arise in processes for
prepari ng 2-hydroxy-4-nethylthiobutyric acid (MHA), wherein the sulfuric
acid accunulates in a grade in which il can be directly re-enployed in
such processes. 10 MHA is the hydroxy anal ogue of the essential am no
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The synthesis pathway that is uglgqhﬁrg{%gu\eggyci&it@qm al appl i cations
starts out from nethyl mer capt opr opi onal dehyde ( MwP ich by addition of

)
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then firstly 5 c }il%ljgf%veeéltvlmofl hreéuetfegsr e SOT%%OO%)%S ?%?O%eﬁﬁﬂg;%’?dggu%d in a
20 further step acidyihasl pyedredndtsr genheiming sujfatd owhidh, arisetire

sul furic acid bei pgoscBedy 8¢ pbAéphRRI0DL Hfdroxy -AYdeogensiibbat ¢r 8 theia
optionally, annanHE&F}”JH%&%in the[éﬂiELric acid accumulates in a grade in

which it can be directly re-employed in such processes.

10 MHA is the hydroxy analogue of the essential amino acid

n methionine in racemic form and can be employed as an
additive in feedstuffs, in particular for the rearing of
poultry, but also in many other fields, above all in the
form of its agqueous concentrates.

15 The synthesis pathway that is used exclusively in technical
applications starts out from methylmercaptopropionaldehyde
(MMP) which by addition of HCN is converted into the
corresponding cyanohydrin (MMP-CH) which is then firstly
catalysed with sulfuric solution to form MHA amide and in a

20 further step is hydrolysed to form the hydroxy acid MHA,
the sulfuric acid being converted into ammonium
hydrogensulfate and, optionally, ammonium sulfate.
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Starting from MHA hydrolysate, which consequently contains,
in addition to corresponding portioné of water, ammonium
hydrogensulfate/sulfate, there are various methods for



25 ' Starting from MHA hydrol ysate, which consequent!|y contains, I n
addition to corresponding portions of water, anmonium )

hydr ogensul fate/ sul fate, there are various nethods for

2 i sol ating MHA, which are described in summary formin Ger man
publ i shed application DE-OS 19 524 054 and in DE-PS 4 428 608.

nmet hods i nvol ve either solvent extractiof or 5 precipitation steps or a
conbi nati on of both for the pur pose of separating MHA fromthe salt that
has been f or nisxblatc ingeMganeittiice are dedlitibbedath fmmahysEopm gigesses, in
addi tion to the Quaduchub i My &Ptk o fDEABEDNS WB4 054 and in DE-PS
hydr ogensul fate/sulfate 10 corresponding to the quantity of sulfuric acid
previ ously i ht4Sd8C8d i s produced in the formof a solution or in a
nore or |less pure solid grade. Since production of MHA is of the order
of about 20, 000 TlesDMesbodspinyuvepledhher solvgphneXtyastion qul fate salt

al so accunul ake hrediyFittitibaSs@dps or appsM¥idERlshyot Nty Fer NEEEI t ude,
which hitherto had to b

e .
purpose of separating MHA from the salt that has been
formed at the same time.

These

With each of these processes, in addition to the product
MHA a portion of ammonium hydrogensulfate/sulfate

10 corresponding to the quantity of sulfuric acid previously
introduced is produced in the form of a solution or in a
more or less pure solid grade. Since production of MHA is
of the order of about 20,000 to 300,000 tpa per plant,
quantities of sulfate salt also accumulate in quantities of

15 approximately the same magnitude, which hitherto had to be
disposed of in expensive manner or dumped. However, in
particular the dumping of such gigantic quantities of salt
is unjustifiable from the ecological point of view and is
also not economically sensible as a result of further

20 increasing charges. With a view to utilising the waste
salts it is therefore particularly desirable to recover
sulfuric acid from the sulfates and to return said sulfuric
acid into the MHA process.

A quite similar composite method is already known from the

25 technical process for preparing methyl methacrylate (MMA),
as described, for example, in US Patent No. 3,549,320. In
this case acetone cyanohydrin is firstly converted with
sulfuric acid into methacrylamide sulfate and subseguently
with methanol into methyl methacrylate and ammonium

30 Dbisulfate. After separation of the MMA the residue
containing sulfuric acid and ammonium bisulfate is
transformed into sulfuric acid in a cracking contact plant.
This method, which is known from the state of the art, is
proposed in US Patent No. 5,498,790 with a view to the

35 utilisation of waste salt in the MHA process. 1In this

connection the raffinate solution arising from the MHA
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into a contact furnace and the SO, is oxidised there on the
V4505 contact substance at temperatures of at least 420 ° C
to form SOj3:

15
509 + 1/2 Oy -> S03.

However, the economic implementation of this method is tied
20 to minimum concentrations of SO,.

The contact gas containing sulfur trioxide is absorbed in

oleum in accordance with a long-established procedure and,

as a result of subsequent dilution with water, sulfuric

acid is produced having a concentration of about 65 wt-%
25 that is needed for the MHA process.

The disadvantages of this method which is described in US-
PS 5,498,790 consist in the elaborate and complicated
process technology for the contact furnace, wherein the
stream of cracking gas containing SO, has to be conducted

30 with oxygen over several contact trays and, after
intermediate absorption of the SO3 which has already
formed, conversion of the remaining sulfur dioxide is
brought about on the last tray by intermediate cooling and
reheating to the reaction temperature.



2 NH err]HSO err] + 1/2 gerr] -> Nerr] + 2 SJerr] + 5 H20
After cooling to 35 - 45 Cwth a viewto condensation of 10 portions of
wat er and subsequent reheating together with oxygen, the hot conbustion
gas containing SJerr] is conducted into a contact furnace and the
SJerr] is oxidised there on the V205 contact substance at tenperatures
of at least 420 [err] C to formSJerk]: 15 Serr] + 1/ 2
gerr] -> SJerr]. However, the econom c inplenentation of this
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tenperature. 30 5,498,790 preferably operates with a minimum concentration
of 70 wt-% of sulfate salt in the input stream of the -
combustion furnace, since a lower concentration results in
an additional demand for fuel for evaporation of the high
proportion of water and in higher inert-gas portions
15 consisting of CO,, N, etc. 1In this case the SO0,
concentration falls so considerably that the contact
furnace can no longer be operated effectively. 1In
particular, solutions containing ammonium as described in
US-PS 4,912,257, the maximum sulfate concentration of which
20 is clearly below 70 wt-%, can be introduced in the form of
a suspension only after further concentration. 1In
operation this leads to greater difficulties such as
blockages, for example, and is consequently not very

practicable (cf. US Pat. No. 5,498,790, bottom of col. 14
25 and top of col. 15).

Further disadvantages consist in the use of a heavy-metal
catalyst that is tied to sufficiently high concentrations
of S0,, and the risk resulting therefrom of contamination
of the product with catalyst residues and also with NO,
30 which can be formed as a result of catalytic oxidation at
the stated reaction temperatures. In the course of
returning the sulfuric acid into the MHA process these
contaminants may find their way into the MHA end product
which is employed as feedstuff additive. By their nature
35 they are undesirable therein.



4 Furt her di sadvantages are the high reaction tenperature of over
420 [err] C, which in addition is attai ned by reheating the SO err]
conmbusti on*gas which has cool ed down to 35 - 45 [err] C, and also the
non-quantitative conversion of 5 the SOJerr] portion in the course of
catal ytic oxidation in the contact furnace, which results in a residual
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By their nature égé&ﬂaiét@r?nqﬂgg§kﬁ§ggeo£hﬂk@%ﬂifuric hydrolysis of MMP
cyanohydrin, wherein the sulfates are converted in a
combustion furnace into SO,, said method being
characterised in that the gas mixture containing S0, is

20 passed through an aqueous sulfuric solution of H,0, and is
converted into sulfuric acid in accordance with the
following overall equation:

S0, + H,0, - H,S0,

In this process it is possible to produce sulfuric acid in
25 a concentration and in a grade that can be directly
employed for the preparation of MHA by hydrolysis of MMP
cyanohydrin. )
No detectable NO, contaminant can be found in the sulfuric
acid prepared in accordance with the invention, so this
30 sulfuric acid can be employed for the hydrolysis step
without misgivings.

According to the invention the procedure is preferably such
that the combustion gas containing SO, is passed at a
temperature between 0 and 180 ° C, preferably between 10

35 and 80 ° C, in particular 20 to 60 ° C, through a packed

column in which an acidic aqueous solution of hydrogen



5 = The object of the invention is to nmake avail able a sinpler met hod

for recovering sulfuric acid from by-products containing sulfate that
arise fromthe preparation of NMA, with the aid of which nethod, under
conditions that are as 5 mld as possible and without contam nation by
heavy netal s and NJerr], a grade of sulfuric acid is obtained that can
be directly re-enployed in the hydrol y&sis stage of a process for the
preparation of MHA. The nethod is furthernore to be capabl e of being
enpl oyed irrequxg.riovgedef it hpo&@e@r whidR i€ @ieetis@dd.on of the conbustion
gases and, after, t| |,f ield a waste
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In a conventional manner of working a simple packed column

is employed for the purpose of absorbing the sulfur
dioxide.

Said packed column is generally operated in the form of a
15 cooled absorption circuit.

However, the at least two-stage absorption in one of the

absorption columns that are known for these purposes is to

be regarded as the preferred working form.

The procedure is advantageously such that the combustion
20 gas containing 80, is introduced into the column in the

vicinity of the sump. The column packing is optionally

circulated repeatedly.

In a preferred working form the recycled liquid is brought

into contact with the gas containing SO, until such time as
25 practically ﬁo H,0, is present any longer in the solution

of the circuit.

The desired H,SO, concentration is adjusted via the H,0,

concentration of the hydrogen-peroxide soiution employed.

This is between 10 and 90 wt-%, in particular between 20

30 and 80 wt-%, most preferably between 30 and 60 wt-%

According to the invention, working preferably takes place
in such a way that a max. sulfuric concentration cf 50 to
78 wt-% is attained.



aci d prepared in accordance with the invention, so this 30 sulfuric acid

can be enployed for the hydrolysis step W t hout m &gi vi ngs.

According to the invention the procedure is preferably such that the
conmbustion gas containing SJerr] is passed at a tenperature between 0O
and 100 [err] C, preferably between 10 35 and 80 [err] C, in particular 20
to 60 C, through a packed colum i n7whi ch an aci di c aqueous sol ution
of hydrogen 6 peroxide is
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to be regardFd a preferred working form
. Figure 2), the 1st absoé%tlon circuit being operated

10 with a molar deficit of Hy05 with respect to the SCp
portion in the combustion gas introduced therein and the
2nd absorption circuit being operated with an excess of
Hy05. The partly oxidised gas stream discharged from the
1st circuit is supplied to the 2nd circuit and the SO,

15 residue is converted therein. To this end the 2nd circuit
is charged with fresh H503 in a molar excess relative to
the SO, portion that is fed in there. The sulfuric acid
with residual H50, content that is located in the 2nd
circuit is continuously discharged witﬁ a view to supplying

20 the 1st circuit and therein the remaining H;0; from the 2nd
circuit is caused to react completely with the crucde gas.
Hy0p-free sulfuric acid having the appropriately adjusted
concentration is continuously obtained from the 1lst circuit
as recycling product.

25 An insignificant proportion of HSO3 which may possibly be )
contained in the sulfuric acid produced in this way,
arising from unreacted SO3, is not critical for the
intended purpose of hydrolysis of MMP cyanohydrin to form
MHA, because no side reactions of any kind can be caused
30 thereby.

In particularly elegant manner it is possible for such

regeneration of H,SO4 and recycling to be achieved within

an appropriate cyclic process in which the sulfuric acid

can be returned into the stage for sulfuric hydrolysis of
35 MMP-CH to form MHA amide (cf. Figure 3).



The procedure i s advantageously such that the conbustion 20 gas contai ni ng

SJerr] is inttoduced into the colum in the vicinity of the sunp. The
colum packing is optionally circul ated repeatedly. In a preferred
wor king formthe recycled liquid is brought into contact with the gas
containing SJerr] until such tine as 25 practically no H202 is present any
| onger in the solution of the circuit8 The desired Herr]SOerr]
concentration is adjusted via the Herr]Jerr] concentration of the
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with aqueous sulfuric acid in the course of the production
of HCN from CH4 and NH3. The solutions containing sulfate
that are produced in this way can be directly utilised

15 concomitantly in a combustion furnace, irrespective of
their concentration. In the subsequent Hp0z-oxidation
stage sulfuric acid is again produced therefrom which can
be returned into the HCN process.

Since HCN is consumed for the purpose of producing MMP

20 cyanohydrin and since, by reason of the fact that transfers
of hydrocyanic acid are only possible to a limited extent
for reasons of safety, as a general rule an appropriate HCN
plant has to be situated in the immediate vicinity of an
MHA plant, here too a direct composite process is possible.

25 The latter is exceptionally advantageous from economic and
ecological points of view and also from the point of view

of modern safety engineering.

Strong-smelling sulfurous waste waters or waste gases such

as typically accumulate, in addition to sulfate, in an MHA
30 process but which may also originate from other plants,

preferably at the same location, can also be utilised

concomitantly in the combustion furnace.

Here, in contrast to the catalytic atmospheric oxidation of
combustion gas containing SO5 at > 420 ° C which is
35 described in US-PS 5,498,790, the amount of gas ballast

produced at the same time by virtue of increased inert



H202. The partly oxidi sed gas stream di scharged fromthe 1st circuit is
supplied to the 2nd circuit and the SJerr] 15 residue is converted
therein. To this end the 2nd circuit is charged with fresh H202 in a
nol ar excess relative to the SOerr] portion that is fed in there. The
sul furic acid with residual Herr](err] content that is located in the
2nd circuit is continuously di schargea wth a view to supplying 20 the
1st circuit and therein the remaining Herr]err] fromthe 2nd circuit
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particular in thesgas& may in addition be supplied directly to the H,0,-
oxidation stage without reheating. Separation of S0, which
15 is already present proportionately, as is necessary in the

case of the catalytic process, can likewise be dispensed

with here.

The claimed method is distinguished in pvarticular by the
fact that it avoids waste streams and the sulfuric acid

20 employed for the purpose of hydrolysis can be completely
recovered. Even defective charges containing MHA can be
introduced as fuel into the combustion furnace. The sulfur
contained therein is converted into sulfur dioxide which,
in accordance with the invention, is converted with H,0,

25 into sulfuric acid.



of increased demand for sulfuric acid. On the other hand, however,

sul fates from other processes can also be used °~ concomtantly. To be
considered in this connection are, in particul ar, wash sol utions
contai ning NHUHSO4 or (NH err])S( err], 10 arising for exanple froma
hydrocyani ¢ acid process. In such a process the residual NH3 in
washers i s washed out w th aqueous sulipuric acid in the course of the
producti on of HCN from CH err] and NH err]. The sol uti ons contai ning
sul fate t hat The efqn‘rnﬂumdpirepéfdtﬁmay:xaﬁpnéze saéirirectd \lahrilfiysere 15

concomtantly i nsab L{ﬁft i @R f.dNr &n |fthggﬁg§ct| ve of their

concentration. In t e subsequent -oxi datron stage sulfuric acid is
agai n produced therefrom which can be returned into the HCN process.
Since HCN is consuned for the purpose of producing MW 20 cyanohydrin and
since, by reason of the fact that transfers of hydrocyanic acid are
only possi bl e t oApalybicald metheds of ddterminasion apfl definitioas a gener al
rul e an appropriate HCN pl ant has to be situated in the i mediate
vicinity of ars IVHA pl ant, here too a direct conposite process is
possible. 25 The latter is exceptionally advant ageous from econoni ¢ and

ecol ogi cal poi nt imaf cHhEUAAN AR fEAMDNERBOLA ! Al &l were OF modCT N

saf ety engi neerin Strong- sne furous waste_ waters_or_was
gases such %F95Wt%ﬁq &ﬁﬁFhY%;Ylﬁ? SBE|Q?9ﬁ?SFos%{H?¥SQ§ By, BHC

30 process but w@1chmpaw1sanW1ohlgnreﬂuerhamnstﬁﬂﬂardpkguts substapcef er abl y
at the sane location, can also be utilised concomtantly in the

conbustion furnaqge contedeldE tolat oMK agfuakBLf e ﬁﬁﬁfﬂdﬂ&h@ralmﬁﬁpherlc
oxi dati on of nbustlo as co talnln é% E%# i 4?C%éﬁ {J ? ghlch
is 35 describd {HTEEEPS & 1%?(?‘ b% ic
produced at the Startre'ltnehm@ydenelrmmeabiommfr@asedhmmr function with
KBr/KBrO3 standard solution and was expressed as the sum of
the corresponding MHA monomer equivalents in [wt-%] or [g]
or [mole] or [mole-%].

15 The content of MHA dimers + MHA oligomers (DIM + OLI) was
ascertained by calculating the difference of total MHA and
MHA monomer + MHA amide (optionally) and was expressed as
the sum of the corresponding MHA monomer equivalents in
(wt-%] or [g] or [mole] or [mole-%].

20 The content of sulfuric acid was determined by alkalimetric

titration, the H50, content was determined by a Merck rapid
test.

The water content was determined by titration according to
Karl-Fischer, the nitrate, sulfite, sulfate and ammonium

25 contents were determined by ion chromatography according to
standard methods.



9 ° portions or excess consunption of fuel in the course of

conbustion of dilute solutions is totally irrelevant. In the H202

oxi dation, used in accordance with the invention, of such a combustion
gas, arbitrarily low SOerr] 5 concentrations can al so be transforned
guantitatively into sul furic acid with hydrogen peroxide, as is known
from correspondi ng nmet hods for waste-gdls desul furisation. In contrast
with the nmethod according to US-PS 5, 498, 790 t here i'S no mninmm

requi rement for geliersgtiah oPrmettbliUfi ) regererdd it iF@guie@ 1 he input stream
to the conbustion f ur nace. The conbustion gas containing SO err]

t hat has cool ed down to <50 [err] Cmay in addition be supplied
directly to the Herr](Jerr]- oxi dati on stage w thout reheating.

Separation of S err which 15 is pr esent roport ongtely, as is
necessary in th cpguatif ???%‘C(FHFEI %‘%FBB%E? c ¥ | ﬁm’aﬁs’?%&e 1

di spensed Wi ish dhewe. in Figuitee 1c| ababdl appaletus ssubistenngal Bhed in

particul ar bygthgnsisthkagk EH@tfdltlo@YHé%m%}l@eét reans and the sulfuric
acid 20 enployed for the purpose of hydrolysis can be conpletely

recovered. Even defective ¢h cont ai ni can be i ntroduced as
fuel into the co%tﬂfﬁq }Cj ﬁ%’gg‘ydfﬁ’gegtﬁﬁ?suw contained therein is
_converted i nt o s!ﬁ#ctet,uerdIgo)zadh i (s_hl,lfurlclarciai_cégrld%ce i t2h the invention,
i's converted Wi tHetd:aidg BLRp FoRThydtbges hdihii@eaci d. b 1

Circulating pump P 2
10 Glass absorption column with packings K1
Heat exchanger for cooling Wi

The gas mixture, which corresponded in its composition to
the crude gas typically resulting from the combustion, was

15 passed at a temperature of 20 - 25 ° C into the lower part
of an absorption column K 1 filled with packings. The
aqueous sulfuric acid which was formed and which was
recycled via the head of the column with the aid of the
circulating pump P 2 served as absorption solution. The

20 energy arising in the course of the reaction was captured
by the heat exchanger W 1, and in this way the temperature
in the circuit was limited to max. 3 ° C above the gas-
inlet temperature. The necessary hydrogen peroxide for the
reaction (50 wt-% H;03) was pumped into the circuit from

25 the storage tank B 1 with the aid of the metering pump P 1.
The excess of H05 in the absorption liquid amounted to
max. 10 mole-%, relative to the stream of SO, introduced.
The sulfuric acid formed was let off into the receiving

tank B 2 in a side stream.



10 ° The followi ng preparative Exanples serve to clarify the subj ect
of the invention further: Anal ytical nethods of determ nation and
definitions 5 The contents of MHA nononer and of MHA am de were
determ ned quantitatively in the process solutions by HPLC by conpari son
with an external standard (pure substance). The content of total MHA
(MXAtot) = MHA nononer + IVHA 10 (diners ol i goners) + MHA ani de
(optionally) was [sic] by titrimetric determ nation of the thioether
function wWith ExdBI&Br O3 standard solution and was expressed as the sum
of t he correspondi ng MHA nononer equivalents in [w-% or [g] or
[mol e] or [nole-8 C f { DAL | DM +
OLl) was asc'ﬁr1 a?%ggo(f pg}%(r;latgg%ﬁ% |w(r%§ %/E&gi %%f, g?e%%%ootn{&g grgfr{/l@i%«é and
MHA nmonomer + MHRhaki the @oLisaarnd )absegprhben SdFicudtetPyid be opaEakefh of

t he correspondi ngab&lfy nonmoen /Rqof valdiet aikture havihg Bhorcdmpbsatidmol e] or
[mole-9%. 20 _Th nt f I | iyd. t 1 ned al kalinetric
titration, the5 H lelrggT(feror“f w(?%%t éﬁfﬁ%%%ge%ﬁi%gd%%@%rce rapi d

t est . The wePEPOSbHIUhCORASSHRREs HonEHapok i3 LYPLeH RFBLGLAGRt IS

Kar | - Fi scher, thgrBint & aésubtlibht ursddd #oe prsiuRITRENSoN Zhonc GRlEAts- wer e

determ ned by i oGO ORI PILARYRECAMING Efom an MRAGASELER hoUs.

82 vol-% (3.33 mole/h) Ny

10 7 vol-% (0.28 mole/h) COp
5 vol-% (0.20 mole/h) S0y
vol-% (0.24 mole/h) Oj

Addition of the 50 wt-% Hy0, (13.6g/h, 0.2 mole/h) was
15 effected with low initial feed in a stoichiometric ratio.
The gas-inlet temperature amounted to 20 ° C. The
temperature in the cooling circuit did not rise above
23 ° C. After an interval of several hours the HySO04
content in the sulfuric acid flowing off was determined.
20 The H;SO4 concentration had risen to 74.7 wt-%. No loss of
hydrogen peroxide could be detected. On average 26 g/h
(0.2 mole/h) of a max. 75-wt-% HyS04 were obtained in the
receiving tank B2. The sulfuric acid produced had the
following composition:

25 Content of H;S504 74.7 wt-% )
Centent of H,0 24.85 wt-%
Content of S032- 1,570 mg/kg
Content of Hy0p <0.5 mg/l

Content of NO3~ < 10 mg/kg



Description of method with reference to Figure 1 The schematic

structure of the apparatus used for Exanple 1 is shown in Figure 1. Said
apparatus substantially 5 consists of the follow ng appliances:

Storage tank for hydrogen peroxide B 1 Recei ving tank for

sul furic acid forned B 2 Met ering punp for hydrogen peroxide

P1 Circul ating punp 13 P 2 10 d ass absorption
colum wi th packi ngs K1 Heat exchanger for cooling

w1 The g@ganpdd We, which corresponded in its conposition to

the crude gas typically resulting fromthe conbusti on, was 15 passed at a

temorature, of 200 F&Ad Yk bykpied IE-QMEL ARGl aore) Qe BBROLRL 0N

columm K1 filled w gueous su aci
formed and whi chl‘Uva"'she absPé’é’%P’édaRRadfattHé ﬁ%‘&c?%@eﬁhbnc%lq}rﬁ‘i’u%t h &hea ai d
of the Ci rcuhaki NgedpéatBre Seraxecd a@stAdSEHPMifBusO s ARt rdbeced

energy arising i @?@ef%éﬁ%oﬁlﬁﬁ? d ‘?n%%ké?”a}%ﬁ%g%ﬁgh% e&ampl by the heat

exchanger W1, . FEuit was
limted to max. 3%fe¥r9f @ &b'é\fermea resultﬂﬂ@t\flp@n@emmtmné. ofhe

necessary hydrogen.pestd da .Bomolde. No n6a8stéPmydetgeh -peddxaae] ebela]) was
punped into the %ier&gj_'é fré)m 25 the storage tank B 1 with the aid of the
metering punp P e ‘excess of H202 in the absorption |liquid anmounted
to max. 10 nole-% relative to the streamof SO err] introduced.

10 Example 3

236 g of 74.7 wt-% HpSO4 (1.8 mole) from Example 1 were
submitted in a reaction tank equipped with stirrer,
internal thermometer and reflux condenser. Within 30 min.
403 g (3.0 mole) of 97.7 wt-% MMP cyanohydrin were metered

15 into the agitated reactor. The reaction temperature was
maintained at 50 ° C during the inflow and the subsequent
secondary-reaction time of 30 min. When the secondary
reaction was over, the reaction mixture was diluted with
540 g water and immediately transferred into a 2-1 Blichi

20 pressure reactor equipped with stirrer and internal
temperature-measuring device. The reaction solution had a
content of 22.8 wt-% MHA amide and 15.3 wt-% MHA and,
subject to stirring, was heated up to 120 ° C and stirred

- for a further 3 hours at this temperature. After cooling

25 to room temperature, 1,176 g MHA hydrolysate were isolated

having the following compoéition:

0.33 wt-% { 0.9 % of theor.; MHA amide
36.26 wt-% (94.6 % of theor.) MHA

.71 wt-% (about 4.5 % of theor.; MHA dim+oli
30 38.30 wt-% (100 % of theor.) MEAtot

[ =

256 g (0.663 wmole MHA) of the MHA hydrolysate were
extracted with 2-times 100 ml methyl tert. butyl ether, the

organic phases were combined and concentrated by



The sulfuric acid formed was let off into the receiving tank B 2 in a
si de stream 12 Exampl e 1
The absorption colum was filled with just so much water that the
cooling and absorption circuit could be operated safely. 100 1/h of a
gas m xture having the conposition 5 shown bel ow were introduced into the
colum. The conposition corresponds 140 that of a typical conbustion
gas froma conbustion furnace for producing SJerr] from sulfate-
cont ai ni ng r af f ievaperatien nip fa eatan- A yacooass: The MHASRigw! - % (3.33
nmol e/ h) N err | ¢4 ( =Y (g P MNQ| - K
(0.20 mol e/ h) kohlent £at®! (1o o) B%}Oﬁﬁaﬂ?f f?’%%‘f%ﬂu‘?s hbf‘é??‘} Witd

Addi tion of theB09wWas6¥ A @PELEEPR: 0.2 nole/h) was 15 effected with

low initial feed in a stoichionmetric ratio. The gas-inlet tenperature
amounted to 20 [err] C MBAtet t enperéat.drett®h t heoeoolmaig-Gi rcuit did not
ri se above 23 [err] C. After an interval of several hours the

Herr]SJerr]s cont evda inbrioersul f uwi.e aeld fl ogsng wfife-was determ ned.
20 The Herr]SOerr] concentration had risen to 74.7 wt-% No | oss of

hydr ogen peroxi de coulgﬁgg(fﬁ&gﬁged. Qy avgLage 26,9/ 151..60.2 nol e/ h) of
err

a max. 75-wt-%Herr]S were obtained In the recei Vi ng tank B2.
The sul furic acid produﬁg had t he

12.0 wt-%
8042- 0.2 wt-%
s0,%" <0.1 wt-%

10 NO3 -~ < 10 ppm



foll owi ng conposition: 25 Content of Herr]SOerr] 74.7
W - % Content of Herr]O 24. 85 Wt - % Cont ent of

Jerr]- 1,570 ng/ kg Content of Herr]Jerr]
<0.5 nog/| Content of NJ err] < 10 ng/ kg

Exanpl e 2 306 g of 50-% hydrogen peroxide (4.5 nole) were submtted
in the absorption apparatus and punped inld circuit. At a max.
tenperature of 28igueel] C the gas m xture was introduced 5 for several
hours in a manner anal ogous to Exanple 1. 596 g of a sulfuric acid
resul ted havi ng &oothustint gak 74.0 wt-% (4.5 nole). No |loss of hydrogen
peroxi de could be detected. 10 Exanple 3 236 g of 74.7 wt-%
Herr]SJerr] (1c8ntainiad SQom Exanple 1 were submitted in a reaction
tank equi pped with stirrer, internal thernmonmeter and refl ux condenser.
Wthin 30 mn.

Residual gas,

S09-free

Sulfuric acid

Figure 2

1st absorption circuit

Combustion gas

containing SOo

Residual gas |

with SO9

2nd absorption circuit

Residual gas |l,

SO5-free

Sulfuric acid



403 g (3.0 nole) of 97.7 wt-% MW cyanohydrin were netered 15 into the
agitated reactor. The reaction tenperature was mai ntai ned at 50 [err]
C during the inflow and the subsequent secondary-reaction tine of 30

m n. \Wen the secondary reacti on was over, the reaction mxture was
diluted with 540 g water and i mredi at;féy transferred into a 2-1 Buchi
20 pressure reactor equipped with stirrer and internal

t enper at ur e- neastiguregs3 devi ce. The reaction solution had a cont ent of
22.8 wt-% MHA ami de and 15.3 wt-% IVHA and, subject to stirring, was
heated up to 120 [err] C and stirred for a further 3 hours at this
tenperature. After cooling 25 to roomtenperature, 1,176 g MHA hydrol ysate
were isolated Ovéallimghbéie fol | ow ng conposition: 0. 33
w-% ( 0.9 %of theor.) VHA am de 36.26 Wt-% (94.6
% of theor.) VHA 1.71 wt-% (about 4.5 % of theor.)
WVHA di mrol i 30 ) 38.30 wt-% (100 % of theor.) IVHAt ot

256 g (0.663 nol ¥HfMjdeof t he MHA hydrol ysate were extracted with
2-times 100 M nethyl tert. butyl ether, the organi ¢ phases were

conbi ned and concentrated by 14
evaporation in aypRiigks J et vacuum The MHA high concentrate (100 g)
primarily produced was diluted with 12 g water and anal ysed:

IVHAt ot BAortn W - % 100 nol e- %

MHA
Isolation of MHA
Additives

Ancillary processing

of MHA

MHA

end product
Salt solution

Oxidation
plant
Combustion
plant

Fuel

Air



wt - % 10

MHA nononer 77.2 W -% 88.0 nol e-% VHA

10.5 wt-% 12.0 nol e-% Herr]O 12.0
SO err] 0.2 wmt-% SO err] 0
NJ err] < 10 ppm
15 Figure 1 Conbustion gas containing SO err] Resi dual gas, S02-free
Sul furic acid Figure 2 1 st absorptildn circuit
5 Claims

1. Method for recovering sulfuric acid from sulfate salts
accumulating in solution or in solid form in the course
of sulfuric hydrolysis of MMP cyanohydrin, wherein the
sulfates are converted into S0, in a combusticn

10 furnace,
characterised in that
the gas mixture containing SO, is passed throush an
aqueous sulfuric solution of H,0, and the S0, is

converted into sulfuric acid.

15 2. Method according to Claim 1,
characterised in that
the concentration of the hydrogen peroxide emrloyed is
between 10 and 90 wt-%, preferably between 20 and
80 wt-%, most preferably between 30 and 60 wt-%.

20 3. Method according to Claim 2,
characterised in that
the concentrations of the hydrogen peroxide ard of the
SO, are so chosen that a 50 to 78-%, preferablv a 60 to
75-%, aqueous sulfuric acid is obtained.

25 4. Method according to Claim 1,
characterised in that
in the course of the oxidation of SO, the temperature
is between 0 and 100 ° C, preferably between 12 and
80 ° C, most preferably between 20 and 60 ° C.

30 5. Method according to Claim 1,
characterised in that
the oxidation of SO, with H,0, is optionally carried out

in a one-stage, two-stage or multi-stage apparatus.

R

1



Conmbusti on gas

absorption circuit

16 Figure 3

10

15

20

25

30

containing SO err] Resi dual gas | with Sferr]  2nd
Residual gas Il, S(err]-free Sul furic acid
18

Method according to Claim 1,

characterised in that

in addition to the sulfates from an MHA process,
sulfate portions from other sources and/or su.furous
waste gases or waste waters from an MHA process or
other processes and/or organic waste from an MHA

process or other processes are supplied to the
combustion furnace.

Method for preparing 2-hydroxy-4-methylthiobutyric acid
(MHA) by hydrolysis of MMP cyanohydrin with sulfuric
acid to form a mixture of the principal comporents MHA
and ammonium hydrogensulfate and/or ammonium sulfate,
isolation of the MHA, recovery of the sulfuric acid
from the separated mixtures containing sulfate and re-
use of the sulfuric acid so produced for the =mydrolysis
of MMP cyanohydrin,

characterised in that

the separated mixtures containing sulfate are
converted, preferably in the form of an aqueous
solution, into 80, in a combustion furnace at over

800 ° C, and the gas mixture containing SO, so vroduced
is converted into H,S0, by oxidation with H,0, in

aqueous sulfuric solution.

Method according to Claim 7,

characterised in that -
in addition to the sulfates from an MHA process,

sulfate portions from other sources and/or sulfurous

waste gases or waste waters from an MHA process or

other processes and/or organic waste from an MHA

process or other processes are supplied to the
combustion furnace.

e
e e
e
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Overal.l net hod VHA anide“ { Hydrolysis .to form NHA | sol ati on of

Addi‘ti ves Ancil | ary processing of MA ‘MHA end product Sal t
sol ution

19

METHOD FOR RECOVERING SULFURIC ACID FROM SULFUROUS BY-

PRODUCTS OF A PROCESS FOR PREPARING 2-HYDROXY-4-
METHYLTHIOBUTYRIC ACID (MHA)

Abstract

The invention relates to a method for recovering sulfuric
acid from sulfurous by-products which arise in processes
for preparing 2-hydroxy-4-methylthiobutyric acid (MHA),

5 wherein the sulfuric acid accumulates in a grade in which
it can be directly re-employed in such processes.
For this purpose the combustion gas containing SO, is
passed through a sulfuric H,0, solution in which the SO, is
oxidised to form sulfuric acid.

No suitable figure



Oxidation plant Conbustion plant Fuel Air

17 5 dains 1. Method for recovering sulfuric acid from
sul fate salts accurmul ating in solution or in solid formin the
course of sulfuric hydrolysis of MW cyanohydrin, wherein the
sulfates are converted into SJerr] in a conbustion 10 f ur nace,
characterised in that the gas mxture containing SJerr] is passed
t hrough an aqueous sulfuric solution of Herr]Jerr] and the
Sgerr] is converted into sulfuric acid.

1/3

Sulfuric acid

P2

I

Residual gas K1
81 S09-free
wi &
\Z
P1

Combustion gas
containing SO

H:02

Figure 1



15. 2.

and of the

to 75-%
according to d ai

of the oxidation of SOerr] the tenperdtre
[err] C, preferably between 1D and

20 and 60 [err] C

Met hod according to Caiml,

the concentration of the hydrogen peroxi de enployed is
and 90 wt-% preferably between 20 and
between 30 and 60 wt-% 20 3.
characterised in that

characterised in that

bet ween 10
80 wt-% nost preferably

Met hod according to Caim 2,

the concentrations of the hydrogen peroxide
S err] are so chosen that a 50 to 78-% preferably a 60
aqueous sul furic acid is obtained. 25 4. Method

m1, characterised in that in the course

is between 0 and 100
80 C, nost preferably between

30 5. Method according to daiml, -
characterised in that

the oxidation of SOerr] with Herr]Jerr]
optionally carried out

appar at us.

according to Caim1l,
the sulfates froman IVHA process,

sour ces and/or sul
process or

process or other p

IS
in a one-stage, two-stage or nulti-stage

18 6. Met hod
characterised in that

in addition to
sul fate portions from ot her
furous 5 wast e gases or waste waters froman MHA
ot her processes and/or organic waste froman MHA
rocesses are supplied to the

Sulfuric ‘acid
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Figure 2
1st absorption circuit



conmbusti on furnace. 7. Method for preparing

2- hydr oxy-4-net hyl t hi obutyric acid 10 (WHA) by hydrolysis of MW
cyanohydrin with sul furic acid to forma mxture of the principal
conponents MHA and anmoni um hydr ogensul fate and/ or amoni um sul fate,
i sol ation of the MHA, recovery of the sulfuric acid fromthe
separated m xtures containing sulfate and re- 15 use of the sulfuric
acid so produced for the hydrolysis 3/3 of MWP cyanohydrin,
characterised in that the separated m xtures containing sulfate are
converted, preferably in the formof an agueous 20 solution, into
SAerr] in a conbustion furnace at over E 800 C, and the gas m xture
containing SgJerr] so produced |s°co@verted into Herr]SO err] by
oxidation with Herr]Jerr] in éqvueou;s sul furic solution. 8.
Met hod according to Claim7, 25 charagt eF"fi sed in that in
addition to the sulfates froman MHA pr essp sul fate portions from
ot her sources and/or sul furous ea]ases or waste waters from an

IVHA process or ot her processe O organic waste froman MHA 30
process or other processes are suppli trga conbustion furnace.
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