SPECI FI CATI ON PROCESS FOR PRODUCI NG METHI ONI NE  BACKGROUND OF THE

| NVENTI ON 5 Technical Field The present invention relates to a process for
stably produci ng nethionine over a |long period of tinme in case of
hydr ol yzi ng 5- (O net hyl ner capt oet hyl ) hydantoin in the presence of

pot assi um carbonate, the process enabling 10 excellent corrosion

resi stance of an equi pnment. Description of the related art A process for

hydr ol yzi ng met hyl ner capt oet hyl ) hyd i reinafter referred to as M 15
hydant oi n) to obtain nethionine géE§£%§¢£§£§§rried out in such a manner as

shown in the foll ow ng _schene in the Presence of an alkali. HON/ H3CGS
H3C HZpO K ~S NH K2CO8RPGESE0d R NEPPFEYY MEINISNON20 This hydrol ysis

reaction is usually carried out under the condition of a pressure of about
0.5 to 1.5 MPaG and a tenperature of about 150 to 200C. When potassi um

car bonat e
BACKGROUND OF THE INVENTION

5 Technical Field
The present invention relates to a process for stably
producing methionine over a long period of time in case of
hydrolyzing 5- (B-methylmercaptoethyl) hydantoin in the
presence of potassium carbonate, the ©process enabling

10 excellent corrosion resistance of an egquipment.

Description of the related art
A process for hydrolyzing 5- (8-
methylmercaptoethyl) hydantoin (hereinafter referred to as M-
15 hydantoin) to obtain methionine is usually carried out in
such a manner as shown in the following scheme in the

presence of an alkali.

o
S Yy H,C——8
HiC H,0 O0—K
Ng N oo, + KHCO3 + NH; + CO,

20
This hydrolysis reaction is wusually carried out under
the condition of a pressure of about 0.5 to 1.5 MPaG and a

temperature of about 150 to 200°C. When potassium carbonate



-1 is used as the alkali, a netallic material is extrenely Ilikely to be
corroded under the hydrolysis condition regardless of a liquid phase or a
vapor phase. A SUS 304L stainless steel is corroded and a hi gh-grade
austenitic 5 chromi umni ckel stainless steel, which is said to be nore
excellent in corrosion resistance, is also insufficient in corrosion

resi stance to such an environnent. Under such an environment, zirconium

which forns a .stabl zircggﬁnn1oxidqnfééfion th e§%2§ac§s sggggegg el | ent
10 corr&Si ofi°F8si 3t andE  BUfHds sOcH' A Probl eMAHAC Tt 18 SXpeRrsii® and

is inferior in workapility. Under these circunstances, it is kn .that a
st ai nl edd e&?éeﬂx%ongﬁim%%feﬂf t o ?6@6B§eweﬁ8ﬁﬁx’y%%%) %$%§%€{?n4.5
to 11.0% b ight of a N, elenent, 2.5 to 5.0% by wei ght of
elenentrﬁﬁérgiﬁgstdD .%5&%&Fiaﬂéhﬁs%ﬁ°5 R éﬁgﬁﬁﬁtpggsgcheﬁiééﬁg2%&%%nents
in nmetal has_excell ent _corrosion re istagce fo .gﬂ e uignent material in
such anSERVTLESTFentteElapadfiesECtRELER nd8PafentBARET EEEi oRAYEKBREAF < No.
11- 217370) 20 SUMVARY OF THE | NVENTI ON Whi | e hydrol ysi.s at hi gher

t enpeP atirOia-8dgkedd S6aindesd iStGHasevBiAldriot ysPddr atR, MR ghere

corrosion resistance _ . . ‘ o ‘
excellent in corrosion resistance, is also insufficient in

corrosion resistance to such an environment.
Under such an environment, =zirconium, which forms a
stable zirconium oxide film on the surface, shows excellent
10 corrosion resistance, but has such a problem that it is
expensive and is inferior in workability.
Under these circumstances, it is known that a stainless
steel containing 21.0 to 30.0% by weight of a Cr element, 4.5
to 11.0% by weight of a Ni element, 2.5 to 5.0% by weight of
15 a Mo element and 0.05 to 0.35% by weight of a N element as
chemical components in metal has excellent corrosion
resistance for an equipment material in such an environment
(Japanese Unexamined Patent Publication (Kokai) No. 11-
217370) .
20
SUMMARY OF THE INVENTION
While hydrolysis at higher temperature is required so
as to increase a hydrolysis rate, higher corrosion resistance
is required to a metallic material used in an eguipment under

25 the condition at higher temperature and also an equipment



is required to a netallic material used in an equi pnent under 25 the
condition at higher tenperature and also an equipnent - 2 material having
excel l ent corrosion resistance even under the condition at higher
tenperature is required. An object of the present invention is to provide a
process for stably producing nethionine over a long period of 5 tine in
case of hydrolyzing 5-(6 nethyl mercaptoethyl)hydantoin in the presence of

potassi ym, rﬁom'}g%fmérh&@é?f&? 889?&%9&6‘%89&%8{18@ e%gnrf’\lﬁd%r the

corrosion qu rese I nventi on prOVI €S a pProcess

producin net hi.oni ich S0 rises. usi an equi pnent materi al
CQ)nleC OIl a r}llqi’ie% e6} ]’t‘ah L%hyﬁih . .

for a step of ydr y2| nercaﬁfé% ydantoin in the
presence of paqtassi arb 3%$ rod ce. net hi oni ne, 2 st ai nl.ess st eel
cont ai ni ng 21. t8 §8 %D gh%Dr F’eﬁ O R, 1P LS8 RF AT G By

wei ght of a Ni 0 0% b ht of a Mo el.ement, a
ot o BT et DEPOvRb E Ter Bt and” heanboBReRgRL OBoothe
content of the Ni elenment being from4,7 to 1%} ording to the process
of the pgrié¥ent invéftion, efB8R® if M MYdantoin Yéhﬁﬁd'rzdﬂﬁzed at Rrdgf-
tenperature in the 20 presence of potaSS|un1carbonate met hi oni ne can be
stably CREFARTL Y BAY PEIYP T et EnePTPoRRSS  dHabPesagsium

carbonate, the process enabling an equipment to resist
corrosion quite well.
The present invention provides a process for producing
10 methionine, which comprises using, as an equipment material
for a step of hydrolyzing 5-(f-methylmercaptoethyl)hydantoin
in the presence of potassium carbonate to produce methionine,
a stainless steel containing 21.0 to 30.0% by weight of a Cr
element, 2.5 to 11.0% by weight of a Ni element and 1.0 to
15 5.0% by weight of a Mo element, a ratio of the total content
of the Cr element and the Mo element to the content of the Ni
element being from 4.7 to 14.0.
According to the process of the present invention, even
if M-hydantoin is hydrolyzed at high temperature in the
20 presence of potassium carbonate, methionine can be stably
produced over a long period of time, the process enables an
equipment to resist corrosion quite well, and thus its

industrial utility wvalue is great.

25 DETAILED DESCRIPTION OF THE INVENTION



equi pnment to resist corrosion quite well, and thus its industrial utility
value is great. 25 DETAILED DESCRI PTION OF THE INVENTION - 3 The reaction
for producing nmethionine in the present invention is a reaction in which
M hydantoin is hydrolyzed in the presence of potassium carbonate to
produce nethionine, and nethionine is usually obtained in the formof a
potassium 5 salt by hydrolysis. The hydrolysis is usually carried out

under the con ion of, a ure_of. ab 1.5 MPa an

t enper at ure of §bou?ai%b0$oq%ﬁb 89u§ 8 Wﬁfﬁlo Mﬁ(ﬁ g n%%%ta and
a carbon dloxcI 3&9 enerq;ed durln% glé are.re ro d and are

pr ef er adty BS54 it THE A stRp BtCd b al g R&%yﬁan YHeR, the

sol ution obtalned b dr ol SIS i s. usyall neutr Ilzed ith a car bon
i ox1 de . BELRFREEpIdiat BOCHREN RO LB | 5o FHEETiT alPOR PRI BRgh
neutralization is carried out. while pressurizin th a carbon di oxi de gas
T 1 o SR SRl Tied ol bt 52 BerrErany
washed with water and then dried to obtaln nethlonuﬁg as a product. In the

pr eselt SahfenPY oRYSLelyAds of BRBIGRIGTP L %fdthi bRi MEUBY LU YR cPlbn, a

stainless steel containing 20 21.0 to 30.0% by melght of aC elenent 2.5
to 11_0%ﬂﬂpr the condition of a pressure of "about .5 to 1.5 MPa

and a temperature of about 150 to 200°C for about 10 to 120

minutes. Ammonia and a carbon dioxiae gas generated during

hydrolysis are recovered and are preferably utilized in the
10 step of obtaining M-hydantoin.

Then, the solution obtained by the hydrolysis 1is
usually neutralized with a carbon dioxide gas to precipitate
methionine. Usually, precipitation through neutralization is
carried out while pressurizing with a carbon dioxide gas and

15 the precipitated methionine is filtered, separated,
optionally washed with water and then dried to obtain
methionine as a product.

In the present invention, in case ‘of producing
methionine by such a reaction, a stainless steel containing

20 21.0 to 30.0% by weight of a Cr element, 2.5 to 11.0% by
weight of a Ni element and 1.0 to 5.0% by weight of a Mo
element, a ratio of the total content of the Cr element and
the Mo element to the content of the Ni element being from
4.7 to 14.0, preferably a stainless steel containing 21.0 to

25 30.0% by weight of a Cr element, 4.5 to 11.0% by weight of a



weight of a N elenment and 1.0 to 5.0% by weight of a Mo elenent, a ratio
of the total content of the C elenent and the M elenent to the content
of the NI elenent being from 4.7 to 14.0, preferably a stainl ess steel
containing 21.0 to 25 30.0% by weight of a C elenent, 4.5 to 11. 0% by
weight of a - 4 N elenent and 2.5 to 5.0% by weight of a M elenent, a
ratio of the total content of the C elenent and the Mo elenent to the

content of the N el nt_ hei Jam4.7.to 8.2, is used S an egui pnent
mater 1 als SRS ETEr Ao Wt o bey Gt tin T iRt TR N

i ncludes that the equipnent_is_conposed qf th stainless steel or the
equi preRf %19 taia(h 3o afv ng,%r q&“}? gagr?ﬁttr}l’?e%?‘? k%f%f??rétch‘—e% to

t he equi pnent are confi gured. }0 In the present invention, the equipnment
mat er | alt%es CORERET & ytl‘?!%elal aflrugst ﬁlglﬁ 3&&%#9& Rt 9n the'above
hydrol ysis step. In the stainless steel, when the content of the C

el enent &Ss oG RFEMER te XE&19 Rt -corr osi on resistance to the 15 hydrolysis
reacti on cannot be maintained. On the other hand, when the content of the

O el2nent isTHeo U@ge Oft he-De estftaiEESs ai FFRRE stel tRROWETLERERRE

brittleness. It is known that the presence of the Ni elenent deterijorates
material includes that the equipment 1s composed of the

stainless steel or the equipment is lined, and also a valve,
a piping and the 1like attached to the equipment are
configured.

10 In the present invention, the equipment material is
preferably used at least in an equipment used in the above
hydrolysis step.

In the stainless steel, when the content of the Cr
element 1s too small, excellent corrosion resistance to the

15 hydrolysis reaction cannot be maintained. On the other hand,
when the content of the Cr element 1is too large, the
resulting stainless steel shows severe brittleness. It is
known that the presence of the Ni element deteriorates
corrosion resistance of the stainless steel in the hydrolysis

20 reaction system. When the content of the Ni element is within
the above range, corrosion resistance does not substantially
deteriorate and the Ni element exerts the effect of improving
mechanical properties and workability, to the contrary. When
the content of the Mo element is within the above range, it

25 exerts excellent corrosion resistance to the hydrolysis. When



corrosion resistance of the stainless steel in the hydrolysis 20 reaction
system Wen the content of the Ni elenent is within the above range,
corrosion resistance does not substantially deteriorate and the N el enent
exerts the effect of inproving nechanical properties and workability, to
the contrary. Wien the content of the Mo elenment is within the above
range, it 25 exerts excellent corrosion resistance to the hydrol ysis. Wen
- 5 the.content of th el nt .is too Large rkabilit deteriorates
and thu§j§?gﬁ&n%ﬁpftl8ﬁe2€h%a Cbee§@8§Fgra%§d%xVﬁ t 9§?aiW¥5§§g§?éEV used
in the present invention, , the contents of the Cr elenent, the N_ el enent
and t he S5 B TR SRR (1 v TR @ (P I SRS of ¢ he
total content of the Cr el ement and .t he N& el enent to the c¢ontent of the
N el enent is o2, FEE4N1IESE. WS tHRSFatPo SR tBESSHAF | 1N¥EFRFSPon
resistance is not inproved. On the other hand, when the ratio is too

| ar ge, i EOTESRBE Sfef BRF e ettt hetEEN(NENt S6EMERE &%l Eienilo
becomes too | arge and thus brittleness becones severe. The stainless steel
used Pn SAfESHes@ht FATBAR die faPovexXapEE, at| alee & garttiicorchnbhe
SUS329J4L and UNS 532906. All of SUS329J4L and UNS 532906 cannot be used
and t hod®tals sartsryi f t Hee absveetaigisi Bnen e Yel edeagnand-assbe

SUS304L SUS329J4L UNS 532906
content of the Ni element is from 4.7 to 14.0.

When the ratio is too small, corrosion resistance is

not improved. On the other hand, when the ratio is too large,

10 it is not preferred because the content of the Cr element
becomes too large and thus brittleness becomes severe.

The stainless steel used in the present invention, for

example, includes a portion among SUS329J4L and UNS S32906.

All of SUS329J4L and UNS S32906 cannot be used and those

15 satisfying the above composition are selected and used.

SUS304L SUS329J4L UNS §32906
c £0.030 £0.030 £0.030
Si <1.00 <1.00 <0.50
Mn <2.00 <$1.50 0.80 - 1.50

< 0.045 < 0.040 < 0.030
5 <0.030 £0.030 <0.030
Ni 9.00 - 13.00 5.50 - 7.50 5.8 - 7.5
Cr 18.00 - 20.00 24.00 - 26.00 28.0 - 30.0
Mo Z 2.50 - 3.50 1.50 - 2.60
Cu - - <0.80
N - 0.08 - 0.30 0.30 - 0.40
Others - - -

The stainless steel wused in the present invention
preferably contains 0.05 to 0.40% by weight of the N element.

When the content of the N element is within the above range,



C50.030 50.03050.030 Si <- 1.00 <_1.0050.50 M <2.005 1.50 0.80
- 1.50 P50.045 5 0.040 5 0.030 S5 0.030 50.030 :50.030 N 9.00 -
13.00 5.50 - 7.50 5.8 - 7.5 Cr 18.00 - 20.00 24.00 - 26.00 28.0 - 30.0 M
- 2.50 - 3.50 1.50 - 2.60 Cu - - 50.80 N- 0.08 - 0.30 0.30 - 0.40

O hers - - - The stainless steel used in the present invention preferably
contains 0.05 to 0.40% by weight of the N elenent. Wen the content of the

N el i it hi h b - 6 the effect of i i .

et eTend S NSRS LS rocich DS SRRl P LOBEOG e
el emrent. Wien the content .of the N elenent is too |ar nitrides_are

ot o0t pi (HIbd FIBASE! |Gy GHtF t FHECEBRgHIaes iy N A ke o, EiShot e
stainless steel used in the present invention contain_a,\Wel enent

and/ or & Glenent, FHSthils C3€8STthe L Gorfiht DRFThe WeFBHERT | &XGsual |y

about 2.50% by weight or |less, and preferably fromabouf 0.10 to 2.50% by
wei ght . P& it 9t FThe lBP% Bt YS R%{%}W%F%B%ﬁ}f 'S B Wi ght or

5 The stainless steel used in the present invention may
contain a W element and/or a Cu element. In this case, the
content of the W element is usually about 2.50% by weight or
less, and preferably from about 0.10 to 2.50% by weight. The
content of the Cu element is usually about 0.80% by weight or

10 less, and preferably from about 0.20 to 0.80% by weight. The
W element is a component element which 1s effective to
improve corrosion resistance while suppressing embrittlement
of the stainless steel due to precipitation of a sigma phase.
On the other hand, the Cu element is a component element

15 which is effective to improve general corrosion resistance of

the stainless steel.

EXAMPLES
The process of the present invention will now be
20 described in more detail by way of the following Examples,
which are for illustrative purpose only and by no means limit
the process of the present invention.
In the Examples, each content of chemical components of
a stainless steel 1is measured by a fluorescent X-ray

25 spectrometer.



10 less, and preferably from about 0.20 to 0.80% by wei ght. The Wel enent
is a conponent elenent which is effective to inprove corrosion resistance
whil e suppressing enbrittlenment of the stainless steel due to
precipitation of a sigma phase. On the other hand, the Cu elenent is a
conmponent el enent 15 which is effective to inprove general corrosion

resi stance of the stainless steel. EXAMPLES The process of the present
inventign Wi qpm/be 20 described in nore detail by way of the follow ng
Exanmpl eS**WKi-Ch~are for illustrative purpose only and by no neans linit

the process of the present jnvention. |n_the appl es,. each content of
cheni cal conp&ﬁeﬁisnglng:JQﬁ?ﬁ%%ﬁ?étée? ?§>E€a§EP§%ﬁn/%F??%%?%%%%ht
X-ray 25 spectraoneter., 7 ) le 1 In a pipi ressure:. 0.5t0.1.5
Vol t Srfert urgbeC 70 oW SRR S SN THOROUE SRy igid, of SL Pk

sol ution repared by m xing 5-(a-net mer capt oet antoin with 5
potassiﬁﬁ?géF%Snap¥'{@6ﬁ&8ﬁ?réf&gﬁmSFﬂ§§H§ﬁF8Bﬁ9eEE§E%E%g§5§oaﬂe¥%h$?
concentration of potassium carbonate: about 10% by weight) is circul ated,

speci FeRSTIFGANT FarRte WFRNPPRERE 1aRdOa BYFPESPAR Tt éOUkas” TaPYi ed

out by allow ng the . _
weight,  concentration of potassium carbonate: about 10% by

weight) 1is circulated, specimens shown in Table 1 were placed

and a corrosion test was carried out by allowing the

specimens to stand for 8,760 hours. Almost all of balance of
10 chemical components is composed of Fe.

With respect to the results of the corrosion test, a
corrosion rate (reduction in thickness per year) was obtained
by calculating from the measured corrosion degree (decrease
in weight of a specimen per unit time per unit area). The

15 results are shown in Table 1.

Table 1
Chemical components Corrosion
Alloy (¥ by weight) (Cr+Mo) /Ni rate
Cr Ni Mo N W (mm/year)
Examples Alloy A | 25.05 5.62 3.21 0.20 0.0 5.03 0.09
Alloy B | 28.53 6.38 2.53 0.35 - 4.87 0.02
Comparative | Alloy C | 25.34 6.87 3.45 0.17 - 4.19 0.27
Examples Alloy D | 24.73 6.67 3.32 0.16 0.0 4.21 0.32

While an alloy C and an alloy D, which showed excellent
corrosion resistance at 170°C, do not show sufficient

20 corrosion resistance under the condition of a temperature of
higher than 170°C, an alloy A and an alloy B according to the

present invention show excellent corrosion resistance even



specinmens to stand for 8,760 hours. Al nost all of balance of 10 chem cal
conponents is conposed of Fe. Wth respect to the results of the corrosion
test, a corrosion rate (reduction in thickness per year) was obtained by
calculating fromthe neasured corrosion degree (decrease in weight of a
speci men per unit time per unit area) The 15 results are shown in Table 1.
Tabl e 1 Chem cal conponents Corrosion Alloy (%by weight) (Cr+Md)/N rate
C N M VVQ%E%%eagggﬁég les Alloy A 25.05 5.62 3.21 0.20 0.0 5.03 0.09
Al oy BUES3 638 L 35 - 4.87 0.02 Conparative Alloy C 25.34 6.87
3.45 0.17 - 4.19 0.27 Exanples Alloy D 24.73 6.67 3.32 0.16 0.0 4.21 0. 32
Wiile an alloy C and an alloy D, which showed excellent corrosion

resi stance at 170C, do not show sufficient Q corposion resistance. under

t he conditionﬁ%¥3apFEﬁﬁEFat%PEY% 2hi Qe E?haﬁefﬁocf1gﬁgaﬁﬂﬁyﬂﬂf§hd%3ﬁ al | oy
B according to the present invention shOM/erceIIent corrosion resistance

even - BRXiFhdeCXHIS Y t IRFR-CTRIE pr apM3 catiPERFES bedAtFifed

claimng the Paris Convention priority based on Japanese Patent
5 Application No. 2006-120176 ~ (filed on "April 25, 2006,

entitled "Process for Producing Methionine") and Japanese
Patent Application No. 2006-333069 (filed on December 11,
2006, entitled "Process for Producing Methionine"). The
contents of those applications are incorporated herein by

10 reference thereto in their entirety.



5 Application No. 2006-120176 (filed on April 25, 2006, entitled "Process
for Producing Methionine") and Japanese Patent Application No. 2006-333069
(filed on Decenber 11, 2006, entitled "Process for Producing Mt hionine").
The contents of those applications are incorporated herein by 10
reference thereto in their entirety. - 9 CLAIMS 1. A process for
produci ng net hi oni ne, which conpriseE%J as an equi prent material for
a step of hydrolyzing 5 5 ((3-nethyl F@i@ oethyl)hydant0|n in the presence
of potassium carbonate to produce nethionine, a stainless steel containing
21.0 to 30.0% by meight of a C element, 2.5 to 11.0% by weight of a N

el enent rm 1.0 to 5.0% by _we el enment of the,total
content ar-t he A DaPERER GHE 200 TNeC TS o ERHOT 019 he “Boiifent OBPLL HESN

el ement being from 4.7 to 14.0. 2. The_process for pr dUCIn nmet hi opi ne
accor di ngi& i % 1, eamemeezsnﬁ@.t%a&s.fﬁgr =R S AL
15 stainl ess steel contalnlng 21 0 to 30.0% ht of a Cr el enent, 4

5 to 15 0B MR g P e NN dhetantand: 2in %h %S%%‘%yO%P@i’iFSéPuQ Mo
element, a ratio of the total content of the C elenent and the M el enent
to the(ﬂﬁﬂ%ﬁﬂn%ﬁetqﬁa9¥Od%ﬁ%d%%¥hb%?h%efr%nﬁﬁa?nﬁﬁsé gteel containing

21.0 to 30.0% by weight of a Cr element, 2.5 to 11.0% by
weight of a Ni element and 1.0 to 5.0% by weight of a Mo
element, a ratio of the total content of the Cr element and
10 the Mo element to the content of the Ni element being from

4.7 to 14.0.

2. The process for producing methionine according to claim
1, which comprises using, as the equipment material, a
15 stainless steel containing 21.0 to 30.0% by weight of a Cr
element, 4.5 to 11.0% by weight of a Ni element and 2.5 to
5.0% by weight of a Mo element, a ratio of the total content
of the Cr element and the Mo element to the content of the Ni
element being from 4.7 to 8.2.
20
3. The process according to claim 1 or 2, wherein said
stainless steel is a stainless steel containing 0.05 to 0.40%

by weight of a N element.

25 4. Use of a stainless steel containing 21.0 to 30.0% by

weight of a Cr element, 2.5 to 11.0% by weight of a Ni

- 10 -



20 3. The process according to claiml or 2, wherein said stainless steel
is a stainless steel containing 0.05 to 0.40% by weight of a N elenent. 25
4. Use of a stainless steel containing 21.0 to 30.0% by weight of a Cr
element, 2.5 to 11.0% by weight of a N - 10 elenent and 1.0 to 5.0% by
wei ght of a Mo elenent, a ratio of the total content of the C elenent and
m4.7 to 14.0, as

the Mb el enent .to t ont ent .of  the N, el epent_ bei fr
an equi peﬁleerﬂenr%taerﬁ;r'(fnt? hé;' %? o% nge+%k'1t p? dﬁc‘iwﬂgeﬂg?ﬁpghi Aef2518 °Fhe

e according to claim4, wherein fhe stain]ess ee]. contain 1.0.to
50 006 by S St ety dnerene Lote At 630, BhEr Uns SopRany; Fai Snboy
and 2.5 to 5. 0% by wei ght . of Mo el enent, rati f the_.total content of
The & 160t Sind fhe i 6TEHERE (R S5RRent- b thelfe Ool eonem
being from4.7 to 8.2. 6. The ug}e accordi n%ﬁo claim4 or 5, wherein said

i

st ai nl es€ BRI IR LE T ey R d T ¥R NP PHF I P4 R Dy wei ght
of a N5el enent. - 11
5. The use according to claim 4, wherein the stainless

steel contains 21.0 to 30.0% by weight of a Cr element, 4.5
to 11.0% by weight of a Ni element and 2.5 to 5.0% by weight
of a Mo element, a ratio of the total content of the Cr
10 element and the Mo element to the content of the Ni element

being from 4.7 to 8.2.

6. The wuse according to claim 4 or 5, wherein said

stainless steel is a stainless steel containing 0.05 to 0.40%

15 by weight of a N element.

- 11 -



