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1 Process for Producing 2-Hydroxy-4-Methyl t hi obutanoic
Aci d BACKGROUND COF THE | NVENTI ON Fi el d of the

I nvention 5[ 0001] The present application is filed,
claimng the Paris Convention priorities of Japanese
Pat ent Application No. 2008-263734 (filed on Cctober
10, 2008), the entire content of which is incorporated
herein by reference. 10The present invention rel ates
to a process for producing
fﬁﬂ&ﬁ%&y&ﬂlﬁQQHHQWH%bhﬁ&mMQ%EﬂﬁTM@EQWﬁEhlobuiano1c Acid
hydr oxy- 4- net hyl t hi obut anenitrile via 2-hydroxy-4-

nmet hyl t hi obut anam de. In particular, the invention
relates to a material for an apparatus for use in a

solid-liquid 15 SEEHCEROWBD R grdhi TIVENTTON ses
neutralizing a reaction solution which contains

Zindt oxdy -haneirtwdrtthicobut anoi ¢ aci d, and separati ng

the sane to obtain an organi c phase; concentrating the
drigenilc phase; and separating fromthe organi c phase a
resi due containing an inorganic salt, which 20is |eft

t o refdien dresdrg erganicatphasel s Deislord ptdlonirofndg hehe Paris
Rel ated Art [0002] 2-Hyroxy-4-nethylthiobutanoic acid
usefudn taorap liaddi ttiiase 0 Bfeetd Pdaown Axpbecation No.
obt ai ned by a net hod

2008-263734 (filed on October 10, 2008}, the entire content
of which is incorporated herein by reference.

The present invention relates to a process for
producing Z-hydroxy-4-methylthicbutancic acid from 2-
hydroxy-4-methylthiobutanenitrile via 2-hydroxy-4-
methylthiobutanamide. In particular, the invention relates
fo a material for an apparatus for use in a solid-liquid
separation step which comprises neutralizing a reaction
solution which contains 2-hydroxy-4-methylthicbutanoic acid,
and separating the same to obtain an organic phase;
concentrating the organic phase; and separating from the

organic phase a residue containing an inorganic salt, which

is lelt to remain in the organic phase.

Description of the Related Art
(0002 ]
~Hyroxy-4-methylthiobutanoic acid useful as an

additive to a feed is known to be obtained by a method
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2 which conprises the steps of hydrating 2-hydroxy-4-

nmet hyl t hi obut anenitrile in the presence of sulfuric

acid to obtain 2-hydroxy-4-nethylthi obutanam de, and
hydrol yzi ng 2- hydroxy- 4-net hykt hi obut anam de to

obtai n 2-hydroxy-4- 5 nethylthi obutanoic acid (cf.

JP- A-2007- 238555). [ 0003] A ni ckel - based al | oy

such as Hastelloy(r)C 22 is generally used, because of

its corrosion resistance, as a material for an

appafat Gempeisgsethbr atsobi @fl hadird L10gs@parativsy—<t-ep
wherein a reaction solution containing 2-
hypdkbxyLaigpubphehiobufandinc taci dresbhaened bylfuric acid to
hydration and hydrolysis reactions, is neutralized and
phhseisepahatiedziodobtahnlahiobgashenphase anahhehiricd yzing 2~
then concentrated, and a residue containing an

i herdganiyedsakthvlbhébbutennaidin tbncbhe iar gahiycrphase,-

is separated. Such alloy contains costly but essentia
einetrept shobbivbaandcNacin highegranernts-2SEUNMARY OF

THE | NVENTI ON 20[ 0004] An object of the present

i AveéABlion is to provide a nethod of using corrosion
resistant material containing | esser anmobunts of such

el ementsnf gkcanpappar al usyf QhcHSEsl Radrsehbgubigyi dg
separation step wherein a reaction solution 25

coohairnihg 2sbydrbxyadseebhylthi ebutarebe ackdstance, as a
obtained by 3

material for an apparatus for use in a solid-liguid
separation step wherein a reaction solution containing 2-
hydroxy-4-methylthiobutanoic acid, cobtained by hydration
and hydrolysis reactions, is neutralized and phase-
separated to obtalin an organic phase, which is then
concentrated, and a residue containing an inorganic salt,
left to remain in the organic phase, is separated. Such

alloy contains costly but essential elements of Mo and Ni

in higher amounts.

SUMMARY OF THE INVENTION
(0004 ]

An object of the present invention is to provide a
method of using corrosion resistant material containing
lesser amounts of such elements for an apparatus for use in
a sollid-liquid separation step wherein a reaction solution

containing Z-hydroxy-4-methylthicbutanoic acid, obtained by
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hydration and hydrolysis of 2-hydroxy-4-

nmet hyl t hi obut anenitrile, is neutralized and

phase- separated to obtain an organic phase, which is

then concentrated, and a residge containing an

inorganic salt, left to remain in 5 the organic phase,

is separated. Thus, the present nmethod is cost

ef fective. [0005] The present invention provides a

process for producin ‘ )
2hh96@5k934aﬁéthyﬁfﬁgﬁﬁmﬁaﬂéi8Wé§ﬁ§9xwoﬁprising

carrying 10 out a solid-liquid separation step
ofesepakhat pPhgtaneesiduéecontanaithyaanzporygdnbbasat-separated
from an organi c phase concentrate contai ni ng

2thydpoxyr 4apet hghtht oputanei ghachdisahdethecneshdueted, and
W th an apparatus conposed of, as a 15material, an

ak| oyswhiiehcecoht anhsg2an0itor88ndcbyanei ghtfof ta Cenain in
element, 2.5 to 11.0 by weight of a N element, 1.0 to

5L080 bygaeighphefea My ebpreatedndTauFe ehenpntsastt hethod
rest, at a tenperature of from60 to 95C. 20[0006]
Atcordsngefbethévpresent invention, there is provided

a nore inexpensive and corrosion resistant materia

fopcan] apparatus for use in a solid-liquid separation

step wherein a reaction solution containing

2- hydroxy-dresehhyli hheabubanpirevaaded, aoptacned byr producing
hydrati on and 4 hydrol ysis of

2z hydd oxyy44 At byl t bhobutanepitr bked, | sofpui ahzedrryving
and phase-separated to obtain an organi c phase, which
isuthen concentrated, and a residue containing an

inorganic salt, left to remain in the organic phase,

is 5 sgpasatedlignddt BYSaration step of separating a residue
2- hydr oxy- 4- et hyl t hi obut anoi ¢ aci d can be

econom cahl YaRr og€88nic salt from an organic phase

concentrate containing 2-hydroxy-4-nethylthiobutancic acid,
and the residue with an apparatus composed of, as a
material,

an alloy which contains 21.0 to 30.0% by weight of a Cr
element, 2.5 to 11.0% by weight of a Ni element, 1.0 to
5.0% by welght of a Mo element and a Fe element as Lhe rest,
at. a temperature of from 60 to 25°C,

[0006]

According to the present invention, there is provided

a more inexpensive and corrosion resistant material for an
apparatus for use in a solld-liguid separation step wherein
a reactlion solution containing 2-hydroxy-4-

methylthiobutancic acid, obtained by hydration and
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Det ai | ed Description of the Invention [0007]
10( Production Step)
2- Hydr oxy- 4- net hyl t hi obut anoi ¢ acid (hereinafter
optionally referred to as HVMIBA) is produced by
hydrati ng 2- hydroxy-4-nethylthiobutanenitrile
(hereinafter optionally referred to as HMIBN) in the
presence of sulfuric acid 15 usually at a tenperature
of from about 40 to about 70C to obtain
2hNgaPoXy14- Aét RyhvAicobutdnanitie LChépbunhahrer trile, is
optionally referred to as HWBAA), and adding water to
2nepydroxyed- patthyhtheoberamalicde ttoobherebynhydoelnyize phase,
the sane usually at a tenperature of from about 90 to
abbuth20$300en conceRoraéexdnpbed BMEE314ukescontaining an
i ndustrially produced by reacting acrolein with nethyl
mencaptanct eadbt aintB8- toetrhyktihi opr opionaiydehydehaard is
reacting this 3- nethylthiopropi onai dehyde with
hydregehedyanndeth25] 0008 drGernerakky hyHMIBAAuESNoic acid
produced by feeding HMIBN, water and sulfuric acid to
achydbat ronnbankat dyhpdoatie cHMIBN. Fed to the
hydrati on tank are usually about 20 to about 70 parts
by wei ght, preferably about 25 to about 50 5 parts by
wei ght of water per 100 parts by weight of HMIBN, and
about 0.5 topabailed DBkcirAptdbal orptaterabkytabaut
0.6 to about 0.8 nol in total, of sulfuric acid per 1
mpboofjthe HMIBN. [0009] 10It is al so possible to feed
water in the formof a

{Producticn Step)

Z-Hydroxy-4-methylthicbutancic acid (hereinafter
optionally referred to as HMTBA) is produced by hydrating
Z-hydroxy-4-methylthiobutanenitrile (hereinafter optionally
referred to as HMTIBN} in the presence of sulfuric acid
usually at a temperature of from about 40 ftc aboubt 70°C to
obtain 2-hydroxy-4-methylthiobutanamide (hereinafter
optionally referred to as HMTBAA), and adding water to 2-
hydroxy~4-methylthiocbutanamide to thereby hydrolyze the
same usually at a temperature of from about 90 to about
130°C.

For example, HMTBN 1s industrially produced hy
reacting acrelein with methyl mercaptan to obtain 3-
methylthiopropicnaldehyde, and reacting this 3-
methylthiopropionaldehyde with hydrogen cyanide.

[0008]
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pre-m xture thereof with HMIBN and/ or sulfuric acid,

in other words, as an aqueous HMIBN sol uti on and/or an
aqueous sul furic acid solution, to the hydration tank.
Preferably, water is fed as ansaqueous sulfuric acid
solution to the 15 hydration tank. The hydration
reaction is carried out usually at a tenperature of

about 40 to about 70C for about 1 to about 3 hours.

After the reaction, the reaction solution is typically
aged. PanekeldeactiMonrAdolat bonduENEBAYI $e20iprodddd, water
as a result of hydrolysis of a part of HMIBAA. [0010]

Thed, sthéureacticon ol at hgdredntai neng HMTH&Arasea HMTBN.
mai n conponent, obtained in the hydration tank, is

typi caFky fedthe hvhydrobysisnkanke asdawaterbibstaddedo

to 25 the reaction solution to thereby hydrol yze

HMPBAA 76 p6rproducecHYRBA. pAbdat abQ@ tbocahoat: 280about 50
parts by weight of water is usually fed per 100 parts
bypawesght sbitthe adqueaterspkiuric aeirdssblutie@ghicnotfrhemTenN,
above-descri bed reaction solution. 5In the hydrolysis

t ank, abMEIBAA. Estbypbeoall y hydr ahyzedaw, t bredteshand about 0.6
sul furic acid to produce HVMTBA and concurrently to
byepapducecasmai umbisuhkfat ef( NbMIHSO4): anddapeRniiufbl of
sulfate ((NHi )2S0d). After the addition of water and

heati pgreihe hydrolysis reaction is carried out at a

10 tenperature of from about 90 to about 130C for

aboope® to about 6 hours. The hydration and

hydrol ysis reactions are typically carried out, using

a gl asstl ipedishesbBshbnedioMALBAlnARde Oh ALLOYBrR of a
(Hastel l oy(r) B-2)-nmade apparatus.

pre-mixture thereof with HMTBN and/or sulfuric acid, in

other words, as an aqueous HMTEBN solution and/or an aqueous
sulfuric acid solution, to the hydration tank. Preferably,
water 1s fed as an aqueous sulfuric acid soclution to the
hydration tank.

The hydration reaction is carried cut usually at a
temperature of about 40 to about 70°C for about 1 to about
3 hours. After the reaction, the reaction solultion is
typically aged. In the reaction solution, HMTBA is
produced as a result of hydrolysis of a part of HMTRAA.
[0010]

Then, the reaction sclution containing HMTBAA as a
main component, obtained in the hydration tank, is
typically fed to a hydrolysis lLank, and water is added to

the reactilon solution to thereby hydrolyze HMTBAA to
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15[ 00111 The reaction solution containing HUTBA

obtained in the hydrolysis tank, is usually distilled

to renmove | ow boiling point conponents fromthe

reaction solution. The distill@ation is carried out

usually at a 20 tenperature of from about 80 to about

120C under a pressure of from about 50 to about 150

kPa to renove by | ow boi |l i ng poi nt

conponents such as di nmethyl sulfide, dinethy]

S e B f ormic acid. The | ow boiling point

conponents are renoved as a distillate 25 usually at a

rate g@PoutCl oo adisoit 4 byawighty retiatliveo £ Twdioer is

the reaction solution, as required. The renoval
ofsusne Y dwbaidy nd Qaoiant cdrporeintis: may e done@fd esul furic
neutralization or phase separation as will be

dasict isseditiatrerin B{1G0 E2jo(Separatilonl Steep)tion sofhemn.

an alkali is added to the reaction solution containing
HMTBA,I1f ridra whicohe itvhel d dwarboi IHMIgRAp0iint  togniponent shydrol yzed
have been renoved, to thereby neutralize the 10

reddt ivert esolantd onyl fand < hes irdeact iporo s alautHMomA sarphase-

concurrently to by-produce ammonium bisulfate {NH,HSC,) and
ammonium sulfate ((NH,}.50;). After the addition of water
and heating, the hydrolysis reaction is carried out at a
temperature of from about 90 to about 130°C for about 2 to
about ¢ hours.

The hydration and hydreclysis reactions are typically
carried out, using a glass-lined, resin-lined, MAT®21-made

or AlloyB-2 (Hastelloy® B-2)-made apparatus.

[0011]

The reaction solution containing HMTBA, cobtained in
the hydrelysis tank, is usually distilled to remove low
boiling point components from the reacltion solution.

The distillation is carried ocut usually at a
temperature of from about 80 Lo aboult 120° under a
pressure of from about 50 to aboul 150 kPa to remove by~
produced low boiling point components such as dimethyl
sulfide, dimethyl disulfide and formic acid. The low
boiling point components are removed as a distillate

usually at a rate of about 1 to about 4% by welght relative



separated into an organi c phase contai ning HUTBA and
an aqueous phase contai ning water and an inorganic
salt (containing amoni um bi sul fate and anmoni um
sulfate). The neutralization and the phase separation
are conducted, for 15 exanple, using a m xer-settler
type liquid-liquid extractor in which a stirrer tank
and a phase-separation tank are conbi ned as one set.
(00131 As the alkali, for exanple, sodium
Hydridy desasodiruma@i thydr,ogencarchonatce, sodi um
carbonate or the like is used in the formof an
aqueoUsesolantdvarl. cihehal Kalw licsi ifieds tpypircaldomainents may be
rate of fromabout 0.5 to about 1.2 nol, preferably
facom alfautr Ouehittra labweuti O & molhagersebamitiofn as will be
amoni um bi sul fate in the above-descri bed reaction
shlautriiored 2% tEhe addition rate of the alkali may be
controlled by a S hydrogen ion concentration (pH) of

5 tl®irdaction solution adm xed with the al kal i
The neutralization reaction is carried out usually at
a degraperaton e efpf rom about 15 to about 120C,
preferably 5from about 30 to about 110C, for about 0.1
to 3 howns, = efier:abl y Aboide D.tb tihabQUc 2 IOWSLution
[00141 After the neutralization, the reaction
st 0N rigs thefda,t & shanth st ldhd Ndh&oiling point
phase-separation tank so as to 10 phase-separate the
ILRAGIINQM SO IO deM G- A RIJaRiL tES8y neutralize the

10 reacticon solution, and the reaction solution is phase-
separated into an organic phase containing HMTBA and an
agueous phase containing water and an inorganic salt
(containing ammonium bisulfate and ammonium sulfate). The
neutralization and the phase separation are conducted, for

15  example, using a mixer-settler type liguid-liguid extractor
in which a stirrer tank and a phase-separation tank are
combined as one set.

[0013]
As the alkali, for example, sodium hydroxide, sodium

20  hydrogencarbonate, sodium carbonate or the like is used in
the form of an agqueocus solution. The alkali is fed
typically at a rate of from about 0.5 to about 1.2 mol,
preferably from about 0.6 to about 0.8 mol, per 1 mol of
ammonium bisulfate in the above-described reaction solultion.

25 The addition rate of the alkali may be controlled by a
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as an upper |ayer and an aqueous phase as a | ower

llayer (liquid separation). The tenperature for this
separation is usually fromabout 30 to about 110C

[ 0015] 15(Concentration Step) dThe organi ¢ phase

separated fromthe agueous phase typically contains

about 40 to about 60% by wei ght of HMIBA, about 20 to
about 30% by wei ght of water and about 10 to about 30

by wei ght of an inorganic salt. 20This organic phase

ity BoHERNtE SPE T ENIVON helberrel ritify wat@riorFgrolution
exanpl e, the concentration is done in a concentration
teehiid issbiad Ihh dthea aldrpddrat ure of from about 60 to

about 150C under a pressure of fromabout 1 to about

20 kP& hssaaifata thve viettrerr datttihen orsgaric iphhseili sisually at
reduced 25 to about 5 by weight or less, preferably
abattmR%dryur D aneifghim arbdwess,s mor earpref ersabky abedterably
1% by weight or less. By this concentration, the
suldnataduan Joneenfgati an @od kionreadbiue vi.SCosi 3y hofura,
product as will be described |ater can be decreased.

Piee dmgriganie wald. I $oprageiyd taatredifa.om t he organi ¢

phase by this concentration, and the resulting organic
pHesel if ornms a slurry. [0016] Wen the residence tine

of the organic phase in the 10 concentration tank is

usual Iafisat e akoutr 0.5 d1oum orcHongelct IMBA Iwstion is
converted into an oligoner (which is mainly a diner
destttaitni ng =sraldt ianount sief mddd -eipand @t ety .as to
By doing so, the solubility of the inorganic salt in

the: se-gap 0 hased sdaanered,ssiatihat the an organic phase

as an upper layer and an aqueous phase as a lower layer
(liguid separaticn). The temperature for this separation
is usually from about 30 to about 110°C.

[0015]

(Concentration Step)

The organic phase separated from fThe agueous phase
typically contains about 40 to about 60% by weight of HMTRA,
about 20 to aboult 30% by weight of water and aboult 10 to
about 30% by weight of an inorganic salt.

This organic phase is concentrated to remove the
remaining water. For example, the concentration is done in
a concentration tank usually at a temperature of from aboul
60 Cteo about 150°C under a pressure of from about 1 to about
20 kPa, so that the water in the organic phase is reduced

to about 5% by weight or less, preferably about 2% by
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15 concentration of the inorganic salt in the organic
phase can be |lowered. Preferably, the tenperature,
pressure and residence tine are selected so that the

wei ght ratio of the nononer ofgs HMIBA to the ol i goner

of HMIBA can be about 2 to about 4. Such a

concentration is effective to increase the 20 particle
size of the inorganic salt precipitated in the organic
phase, so that a solid-liquid separation efficiency is
i“iprBVed durd fiy Aot ik il wedamat i oh fas wildhbeor less.
described later. Thus, the renoval of the inorganic

g8l tthiss feamidantatatdiops (0o Aul 0 g Solti dsdiepridration and
Separation Step) Then, the resultant slurry of the
origeEiact ighasles 43 idool®d a eowmshatt yaaboultl 60 tdeabouted later
95C, using a heat exchanger or the like. After that,

tdven dleurdecriesisgabarated 5 into a |iquid conponent
cont ai ni ng the organi c phase and a solid conponent (or

a resifuwe)lrgomtai ini nop ltthel precd it iateiced norganitee satdanic
The apparatus for use in the solid-liquid separation
sttepa éfertsh it c@rsolritd=dtiqui,d ssepartat argsal tpirpe @rganic
heat 10 exchanger with which the slurry of the organic
phese idwroughtlumto, contact. [0018] In the present
invention, as a material for the apparatus for use in
t®isal i d-1iquid separation step, 15 enployed is an

all oy that contains 21.0 to 30.0% by weight of a Cr

el enenther2.thd o dkli.drrinye weinghto oftrae Niredrementhade 0id othe
5.0% by weight of a Mo elenent and a Fe el enent as the
reesic.erfle32%H L a rBUS32 9ikha 1BUS329) 3l S5ESK0, 0 andth SGS1y

longer, HMTBA is converted into an oligomer (which is
mainly a dimer containing small amounts of a trimer and a
tetramer). By doing sc, the solukility of the inorganic
salt in the organic phase is lowered, so that the
concentration of the inorganic salt in the organic phase
can be lewered. Preferably, the Lemperature, pressure and
residence time are selected so that the weight ratio of the
monomer of HMTBA to the oligomer of HMTBA can be aboul 2 to
about 4. Such a concentration is elfective to increase the
particle size of the inorganic salt precipitated in the
organic phase, so that a solid-liquid separation efficiency
is improved during a solild-ligquid separation as will be
described later. Thus, the removal of the inorganic salt
is facilitated.

[0017]
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20 exenplify comercially avail abl e alloys that

contain 21.0 to 30.0% by weight of a C elenont, 2.5

to 11. 0% by weight of a N elenent, 1.0 to 5.0% by

wei ght of a Mo elenent and a ke el enent as the rest

[ 0019] 25A conventional nickel -based all oy contains

about 13 to 11 about 15% by weight of a M el enent

and a Ni elenent as the rest (about 61 to about 65% by
weight), while the alloy to be used in the present

i hventd onl €ont af 9132 50t el ftem amount as 1 to 5% by

wei ght of a Mo elenent and a Fe 5 el enent as the rest,

and thuzens ilmexpensi et [9020fy of thdhergobid-phgsedis
separation is carried out typically at a tenperature

ofod reain aboutub0l ¢ carabouts ©56G gseierabla, fuomabouteat

60 to 90C. When this separation is carried out 10 at a
tenperatar eothigherl than abbutr 959Gt t hehabover desce i bedarated
all oy undesirably tends to corrode. Wen this

slepar at i loini s carp@troutcat tai n enperiad uwsegdoherpithes and a
about 60C, the viscosity of the slurry of the organic
phalsel becamesehi gher ,a siaicielddlie shur yndbd ainedobyctherated
15 concentration in the concentration step has a
rielatdarely ddlgh. vi scosity and thus is lowin

filtration efficiency and deliquoring property. Thus,

thi s ismandesirable, & nege the sod i ds11qul dysepasabh Oftion
becones difficult. t00211 20As a solid-liquid

separ atdfqrA e rdd ugal | sepal atfatScisuad lyipmsesdy a heat
"the centrifugal separator may be of cylindrical type,
separaigrr phiatie diype decantier-§ YPe ofe thegdi ke, piimng: s

whi ch a decanter type centrifugal separator is
prefienabl iy s ethn 22{10022]

[GC18]

In the present invention, as a material for the
apparatus for use in the solid-liguid separation step,
employed is an alloy that contains 21.0 to 30.0% by weight
of a Cr element, 2.5 to 11.0% by weight of a Ni element,
1.0 to 5.0% by weight of a Mo element and a Fe element as
the rest.

SUS329J4L, SUS329J1, SUS329J3L, SCS10, and SCsll
exemplify commercially available alloys that contain 21.0C
to 30.0% by weight of a Cr element, 2.5 to 11.0% by weight
of a Ni element, 1.0 to 5.0% by weight of a Mo element and
a Fe element as the rest
[0018]

A conventlional nickel-based alloy contains about 13 to



12 The separated Iiquid conponent conprises HMVIBA
(containing the oligoner produced during the
concentration) as a nmain conponent. |If needed, water
is added to the liquid conponent to provide a product
of HMIBA which 5 typically contains about 88 to about
90 by weight of HMIBA, about 10 to about 12.5% by
wei ght of a npoisture content and very snall anmounts of
ot her conponents. [0023] [Recovering Step] 10The
atletd Jof iWe cdhpohlerit Mo ke about 20V e hbpeitl as the

60% by wei ght of HMIBA, and thus is usually adm xed
Wi weitlerit o ditss otlvatt hed i oy gemi ghislad twhisoe ashe oalloy to
phase-separate the solid conponent into an aqueous
pHases abnitiai Wi g tdre i hongani ol wal ¢oraraliran or gam k]l an
phase. This 15 organi c phase is recovered. As the
VBN T dhel ddded; hevaigqueoust phase separdat ethd e the
above-descri bed separation step is preferably used.

5 TFhHensngarfit Pphasedio bend édoveried irssapecesti vt o t he
organi ¢ phase obtai ned during the above-descri bed
nNéitd@l i zati on and phase-separation in the above- 20
descri bed separation step, so as to be recovered.
Exanplis: [002411iquid separArtiorgan cqphase: O TBAsically
75% by wei ght, HMLMA di ner: 258.5% by wei ght,
(NR)e) 25l r QDY ved :ght  atNd d 16300: D%t 139081 gMereranty
and NaN it S0d: 6% by weight) to be treated in the

Soldnd-dHcqul b separarton ghep Was sSebpeekedoh0id carried out
corrosion test for the followng netallic material.

10 THie ongaiica phase angha tesin Riess: ofsebhe chel Lewiag
described alloy undesirably tends to corrode. When this
separation is carried out at a temperature lower than about
60°C, the viscosity of the slurry of the organic rhase
becomes higher, since the slurry obtained by the

15 concentration in the concentration step has a relatively
high viscosity and thus is low in filtration efficiency and
deliquering property. Thus, this is undesirable, since the

solid-liquid separation becomes difficult.

[G021]
20 As a solid-liquid separator, a centrifugal separator
is usually used. The centrifugal separator may be of

cylindrical type, separator plate type, decanter type or
the like, among which a decanter type centrifugal separator
is preferably used.

25 [0C22]
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5 netallic material (a flat plate of 25 mmin length X

20 Mmin wdth X 2 mmin thickness was U-1i ke bent,

and a stress was applied thereto (a U bent test

piece)) were put in a test container (a glass-nmade

test bottle with a condenser used at 90C or |ower, or

a gl ass-made aut ocl ave used at 10100C or higher); the

gas phase zone was purged with a nitrogen gas; and the

test contai ner was heated at a tenperature indicated

i n Tabi'e 15T aned el Fit e rfedneinatHe &aMRy tenpehatlh e

for 168 hours. After that, the test piece was renoved,

r { G Ed Whid driihed.o ene t fe edduebdwieightthd aBigdetration)
test piece was neasured to determ ne a corrosion rate.

Hie & é5UlT s siown iinf Teslded,. 0025]iy Tediedi eee)he
5U1332934L (Cr: 24.9% by weight, N: 7.1'1 by weight,
20p: 1B iy andi ghit pridride 6 pardudly o lgHtEA andi Ee:

t he rest) Al'l oyC- 22 (Hastelloyo C22) (C: 21.41

iy et eglhity,  dNiott &0i3y 3 %klaya twell g ity samditNi 904 Hey restght of HMTBA,
PilloyC 276(liastelloyo C276) (Cr: 15.1 by weight,
Nouls. T R0tyy akeiughtl,2 W? 36%dyohieights ranidstNize tdentent and
rest) 14 Alloy59 (Cr: 22.9% by wei ght, M:

M5 rR%0dma Meiaghtuyn tand Niatitdhe aegtdnd0026] [ Tabl e 1]

No. Test piece

[0023])

[Recovering Step]

The separated solid component contains about 20 to
about 60% by weight of HMTBA, and thus is usually admixed
with water to dissolve the inorganic salt, so as to phase-
separate the solid component into an agueous phase
containing the inorganic salt and an organic phase. This
organic phase is recovered. As the water to be added, the
aqueous phase separated in the above-described separation
step 1s preferably used. The organic phase to be recovered
is mixed into the organic phase obtained during the above-
described neultralization and phase-separation in the above-

described separation step, so as to be recovered.

Examples
[0024]
An organic phase (HMTBA: 75% by weight, HMTBA dimer:

8.5% by weight, (NH;).:50;: 10% by weight, NHHSO.: 0.5% by
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Tenp. (© osio or/rn rate ( Cmryear) Corroded state
(N 5U5329J4L 90 0. 00 Passivated surface SU3329J4L 100
0.10 Active corroded surface 3 5U5329J4L

13

welight, and NaNH,50;: 6% by weight) to be treated in the
solid-liquid separation step was subjected to a corrosion
test for the following metallic material.

The organic phase and a test piece of the following
metallic material (a flat plate of 25 mm in length X 20 mm
in width X 2 mm in thickness was U-like bent, and a stress
was applied thereto (a U-bent test piece)) were put in a
test container (a glass-made test bottle with a condenser
used at 920°C or lower, or a glass-made autoclave used at
100°C oxr higher); the gas phase zone was purged with a
nitrogen gas; and the test container was heated at a
temperature indicated in Table 1 and was maintained at the
same temperature for 168 hours. After that, the test piece
was removed, rinsed and dried. Then, the reduced weight of
the test piece was measured to determine a corrosion rate.

The results are shown in Table 1.

{Test Plece)

SUS32904L (Cr: 24.9% by welght, Ni: 7.1% by welght,
Mo: 3.1% by welght, N: 0.16 part by weight, and Fe: the
rest)

AlloyC~22 (Hastelloy® C-22) (Cr: 21.4% by weight, Mo:
13.3% by weight, and Ni: the rest)

AlloyC-276 (Hastelloy® C-276) (Cr: 15.1% by weight, Mo:

15.7% by weight, W: 3.6% by weight, and Ni: the rest)
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120 0.06 Active surfacecorroded 4 AlloyC-22 120 0.00
Passi vated surface 5 All oyC 276 120 0. 00 Passi vat ed
surface 6 Alloy59 120 0. 00

14

Alloy59 (Cr: 22.9% by weilght, Mo: 15.7% by weight, and

Ni: the rest)

[0028]
[Table 1)
No. | Test piece Temp. (°C) ?ﬁ;ﬁ;iii? Fate | corroded state
1 SUS32074L 90 0.00 Fassivated surface
; Active corroded
2 SUS329J04L 100 0.10 surface
3 | sUs32974L 120 0.06 Active corroded
surface
4 AlloyC-22 120 0.00 Passivated surface
5 AlloyC-276 120 G6.00 Passivated surface
6 Alloy59 120 0.0c0 Passivated surface
[0027]

AlloyC~22, AlloyC-276 and Alloy59 which were nickel-
based alloys still had corrosion resistance even at 120°C.
Although SUS329041 corroeded at 100°C or higher, it did

not corrode at 90°C.

Therefore, the use of an alloy which contains 21.0 to
30.0% by weight of a Cr element, 2.5 to 11.0% by weight of
a Ni element, 1.0 to 5.0% by weight of a Mo element and a
IF'e element as the rest, as a material for the apparatus for
use in the solid-liquid separation step at a temperature of
trom 60  to  85°%C, is effective to realize economical
production of Z-hydroxy-4-methylthiobutanoic acid without

any corrosion of the apparatus.
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Passi vated surface 5 [0027] AlloyC 22, AlloyC 276 and
Alloy59 which were nickel - based alloys still had
corrosion resistance even at 120C. Al t hough SU3329J4L
corroded at 100C or higher, it did 10not corrode at
90C. Therefore, the use of an alloy which
contains 21.0 to 30.0% by weight of a O elenent, 2.5
to 11. 0% by weight of a N elenent, 1.0 to 5.0% by

wei ght of a Mo elenment and a Fe el enent as the rest,

aaa® MBtefadwd ofst he apparatus for 15 use in the
solid-liquid separation step at a tenperature of from

60 t0795C, »i fect| li.Zze _ ,cal
or odubti o of - hy ar 674 NRC Ryl A SHaCanGL & aci d

WL ROUL , 20X, RLEPST 0 BT G ARRALALUS . 45 WHAT 1S

A process producrng

2y ohosy - TR I OB ang! & 201 s SRPREA1N9 a residue

carrying ou 1 gui

separating a residue 5 containing an inorganic salt,

FPOnT AN 0¥ gaRi & PHESY & oHodrt N4t ConPAPANRG Bhase

2- hydr oxy-4-net hy] t hi obut anoic acid and _the residue ,
\‘Rﬁf‘)ﬁe%f%}a%a?%% LEgHp oSt Broxvad HefhtéFharbuaanal ¢ oy id
whi ch contains 21.0 to 30.0% by weight of a 10 Cr
aremehbe PS¢ 11,00 hyAweiRgtit adfisa cNirpebefent; 4s0a

to 5.0% by weight of a Mo elenment and a Fe el enent as
tthéereadt, at a tenperature of from 60 to 95C.

an alloy which centains 21.0 to 30.0% by weight of a
Cr element, 2.5 to 11.0% by weight of a Ni element, 1.0 to
5.0% by weight of a Mo element and a Fe element as the

rest, at a temperature of from 60 to 95°C,

2. A process for producing 2-hydroxy-4-
methylthiobutancic acid, which comprises

a production step of producing 2-hydroxy-4-
methylthiobutancic acid by adding water and an acid to 2-
hydroxy~4-methylthiobutanenitrile and/or 2-hydroxy-4-
methylthiobutanamide;

a separation step of neutralizing a reaction solutiocn
which contains 2-hydroxy~4-methylthiobutanoic acid,
obtained in the production step, by adding an alkali

thereto, and phase-separating said reaction solution into
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2. A process for producing 2-hydroxy-4- 15

nmet hyl t hi obut anoi ¢ aci d, which conprises a
production step of producing 2-hydroxy-4-

nmet hyl t hi obut anoi ¢ acid by adding water and an acid to
2- hydroxy-4-nethyl t hi obutane trile and/or

2- hydroxy-4- net hyl t hi obut angim de; 20a separation step
of neutralizing a reaction solution which contains

2- hydr oxy- 4- et hyl t hi obut anoi ¢ acid, obtained in the

Pr 0dUGhieNpshen, cbyt A My B &l kady- 4t-heret0rhabbutancic
phase-separating said reaction solution into 16 an

Qiganhe EHa§§u€Q@§a%ﬁé§@ containing water and an inorganic
2- hydr oxy- 4- et hyl t hi obut anoi ¢ aci'd and an aqueous
f$hase containing water and an inorganic salt; a
concentration step of concentrating 2-hydroxy-4- 5
nmet hyl t hj ic acid by-r Vi r '
wator PPSRetErS) Snnf toh R RIREM R ARy B By
separati.o tep; .and. a solid-liquid.separation
SrRg L SBpSr P g s oY i eSmihihng S B PGB r &
salt, fromthe orﬁanic hase 10 concentrate Eontaiging
FFORy §PEx 9+ 42 et i AT obtR A adi dend “PREAFE8PdBESP”
wi th an apparatus conposed of, as a material, an alloy

i ch contains 21.0 to 30.0% by weight of a Cr
element, 2.5 to 11.0% by weight of a N elenent, 1.0
to 52090bydnei ghtd of eke Wt e rfdifte &1d SgPReasfafent rgidue
15 the rest, at a tenperature of from60 to 95C. 3. The
cpndeessnof aCl anardanic 2salihi chragoriprel Seyaaicedbveéri ng
step of m xing the residue renoved in the solid-
dongend rse€parati amm st ep; -wddp:thel -aguégus hphas¢anoic acid
separated in
and the residue , with an apparatus composed of, as a

material, an alloy which contains 21.0 to 30.0% by weight
of a Cr element, 2.5 to 11.0% by weight of a Ni element,

1.0 to 5.0% by weight of a Mo element and a Fe element as

the rest, at a temperature of from 60 to 95°C.

3, The prcocess of Claim 1 or 2, which comprises a
recovering step of mixing the residue removed in the scolid-
liquid separation step, with the agueous phase separated in
the separation step; phase-separating the mixture into an
organic phase containing Z2-hydroxy-4-methylthicbutanoic
acid and an aguecus phase containing water and an inorganic

salt; and recovering the separated organic phase.
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15

20 the separation step; phase-separating the m xture
into an organi c phase contai ni ng

2- hydr oxy- 4- net hyl t hi obut anoi ¢ acid and an aqueous
phase containing water and an inorganic salt; and
recovering the separated organi c phase. 17 4.
The process of daiml or 2,,wherein the alloy which
contains 21.0 to 30.0% by weight of a Cr elenent, 2.5
to 11.0% by weight of a N elenment, 1.0 to 5.0@6by

wei ght, of Ta=-MarekenENs f anth an Fe @&l enenhaas ihhenkest 16§
SUS329J4L, 5 SUS329J1, 3US329J3L, SCS10 or 30311.

whidiS @Rl a8Rsabh 0y as 8o 'd &fy qxlleﬂ:fhtarbfa%p@rlrate%émbﬂta 2.5
process for prodUC|ng 2- hydr oxy- 4-net hyl t hi obut anoi ¢

@4 GeMpL %ﬁ?gh@ el dgl i gul g separ af 1on ;Shep,of upiaht

separatin reS|due contalnlng an |norgan|c sal

ofzﬁr AU edH3 R{Jf‘ “ré eenﬁ‘é{tataes gg%”t g SP§IROI4L,

hydroxy- - u anoi ¢ aci the resi

| oy whi ch contalns
S@%%& Jg'sgl“gf% %Jg%/ve 5%%1%&%3%% ement, 2.5 to 11.0%
by wei ght of a N| elenment, 1.0 to 15 5.0% by wei ght of
a M elenent and a Fe elenent as the rest.

5, Use of an alloy as a material of an apparatus in
a process for producing 2-hydroxy-4-methylthiobutanoic acid
comprising a solid-liquid separation step of separating a
residue containing an inorganic salt, from an organic phase
concentrate containing Z2~hydroxy-4-methylthiobutanoic acid
and the residue, wherein said alloy is

an alloy which contains 21.0 to 30.0% by weight of a
Cr element, 2.5 to 11.0% by weight of a Ni element, 1.0 to
5.0% by welight of a Mo element and a Fe element as the

rest.



