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MARTENSI TI C STAI NLESS STEEL HAVI NG HIGH MECHANI CAL STRENGTH AND CORROSI ON
RESI STANCE AND RELATI VE MAUFACTURED ARTI CLES FI ELD OF THE | NVENTI ON
The presenWOMRBEYT on refers to a supernartensitic stainl ess PETERP6/0228%
havi ng hi gh. nechani cal strength and corrosion resistance deriving from
Its conposition and fromthe thernmal treatnment to which its

manuf actured articles are submtted during their working phases. The

i nvention al so concerns the production process of the manufactured
articles, in particular pipes for drilling, production and pipage in 10

t he hydrocarbons field. PRI OR ART A particular application field of

t he stai nl eMARTENSETEC ISTAINLESPi SREEL HAVINGrHIGH! MECHANICAL" STRENGTH rANDTCORRUSION:
i n the hydr RESTSTANGE fAND| RELWTEVE MANUFRACFURED ARTECLESI | known to resort to
conposi tions of steels 15 guaranteeing the necessary mechani cal strength
and corrosi gfgrp o €8 SNgAPEoNHOWever, the nore and nore frequent

expl oi tation of . deposits of hydrocarbons of the so called acid, or sour
kind, owingThe ptésenthiighesaohepbsfdrs Sl msirpesmmledglﬁed/seanm‘essarsbeén
di oxi de, often even in presence of high contents in chlorides and at

hi gh 20 g ehpeirmy high, mekhiealDsteength madecskrobio irbsidtancd deetviriy $obd abl e
its composition and from the thermal treatment to which its
manufactured articles ére submitted during their working phases.:

The invention also concerns the production process of the manufactured
articles, in particular pipes for' drilling, production and pipage in
- 10 the hydrocarbons field.
| . PRIOR ART
A particular application field of the stainless steels is the pipes
for drilling, produbtion and pipage in the hydrocarbons field one,
where it is well known to resort to compositions of steels
15 guaranteeing the necessary mechanical strength and corrosion
resistance. However, the more'and more frequent exploitation of
deposits of hydrocarbons of the so called acid, or sour kind, owing
to a high content in sulphidric acids and/or of carbon dioxide. often
even in presence of high co__nténts in chlorides and at high
20 temperatures, makes more and more difficult the choice of suitable
materials. .
In this connection, the various oil companies and the planning
societies in.the attempt to prevent to the oufmost the accidents
. deriving from possible breakings in the working cycle of the pipes,
25 which would cause great production losses and damages to the

~environment, fixed very rigorous limits of mechanical strength and



material’'s. - In this connection, the various oil conpanies and the
pl.anni ng societies in the attenpt to prevent to the outnost the
acci dents deriving from possible breakings in the working cycle of the

pi pes, 25wfueilseroul d cause great production | osses and darmuyEPosioz2she
environnent, fixed very rigorous limts of nechanical strength and
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- 2- corrosion resistance of the materials to enpl oy. At present
stainless steeds, either of bi g{]\aﬁgi c or austenof egri tic ki nd, where
are simul tané’86§?§}°ﬁr’é%séﬁfa’tcﬁe ef%"rﬁﬁ"ﬁ%ﬁs SRR eni tic phases in

such ratios auong Lhemyg; 0lxe LOLALESL O P QPRHERES c! 8r alsrddiftest il

fromthe poi nt Vi ew o ani ca corro resi stance either

austenitic Kihgs hmg&'}g@”%m%i?ﬂeﬁmw Gl ANVEN S Tip. feﬁﬂﬁce‘éﬁé‘ A{%'i:ém 2T S

expensi ve ow ng to't anount onents nmust

the basi c al Lay. At Giol NG.rA Sn@"hdie - give TEAMLLE PlogkBPies to

operating si fce many years in the p pi pes i ng and

for the prodygli QRN RinPRRE Sinty AFOGRLHOLS. ‘the mebﬁﬁnﬁ@aslcrdxbeeﬂoﬁ&mn

claimed in the Patent Application EP 93106675 a super - dupl ex ki nd
steel to be yggdsdRte MEithast sistentii QYA lﬁxﬂoéex%h_él steel€ ) WHIRATRBkEerAN
i nportant market section in the drilling pipes and in t he production

and pi page ofarByé&¥eaC abb® Bpensive Otiingt it ethd highadmoaie of components which
must be added to the basic alloy, are on the market and used.
The Applicant too., operating since many years in the- productiqn of
10 pipes for drilling and for the production and pipage of hydrocarbons.
has described and claimed in the Patent Application EP 93106675.7. a
-super~duplex kind steel 1';0 be used for manufactures employable in acid
environments. An important market s.ection in the drilling pipes and in
the production and pipage of hydrocarbons, is constituted by that one
15 .using pipes in martensitic steels. Said pipes are substantially .
employed in "sweet" environments, that is characterized by high
contents in carbon dioxide and chlorides with absence or presence in
traces only of hydrogen suli_‘ide.
The martensitic steels have a much lower cost than other stainless
20 steels and their use finds an inéreasing favour; unfortunately their
use is limited from the cracking sensitivity in presence of hydrogen
sulfide.
In order to overcome this limitation of the martensitic steels, either
the alligation wi}:h chromium amounts higher than 13 %, or combinations
25 of chromium and molybdenum have been experimen'ted obtaining
encouraging results. Sometimes In;i.ckel in such amounts to guarantee the

total austenitization, necessary for the complete transformation in



15 wusing pipes in martensitic steels. Said pipes are substantially

enpl oyed in "sweet" environments, th ' zqd -by hi gh

contents i-n carbon dioxide and chl or) TS SHEET HASBEEN lor presence in
traces onl Wa%6/38§9 ogen sul fi de. The RERLAGEDI t i c [t eel sPREERIGIO228 h
| ower cost than other stainless 20 “3Teg[s and—therT—use finds an

i ncreasing favour; unfortunately their ~ “use is limted fromthe
cracking sensitivity in presence of hydrogen sul fide. In order to
overcone this |jmtati.0 g§ dagpsitic steels, either t he

al ligation wi'"[aﬁ{"-??ﬁl" ?n'lha% g%reo%n ggﬁ% g%e'r than 13 % or combinations 25 of

chrom-um and h b ' t ; Wl : g
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results. Sone I'n such anounts to guarantee the
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havi ng a chrom um content higher than 14 % by wei ght, or a conbination

G /M in Wi ghaké dosnbed duto dih Miel &djective "sipernbrfideessary thet frdskfce
addition of nickel in anounts higher than 0.5 5 %are pointed out with the
adj ective "suyfesandt eesallic’ elehenps esewser being sachl aet abl goashrrents
however bei ng such as to guarantee a conpl ete transformati on of the
steel in martcemsldtiec toamsfoxhation v the steel in martensitic one, g_ftez" the
cooling subsequent to the austenization treatment.
In the technical-patent literature informations are also found
10 relative to the influence of other elements on the behavior of the
martensitic stainless lsteels.
By way of example, we remember the Patent JP-A-120337/91 where the
influence of the amounts of Mo, Mn and S in a Ni/Cr austenitic steel
in order to increase its corrosion resistange capacity is discussed.
.15 In particular a maximum limit equal to 0.5 % of Mn has been pointed
out, as the presence of this elemen_t in the steel decreases the
corrosion resistance capacity owing to the. pitting of the latter.
Reducing in the steel the Mn percentage, .the sulphur content which
otherwise would affect in negative way the forgeability of the steel
20 must be at the same time reduc:ad to very low values (lower than 0.002
% against the normal value from 0.002 % to 0.005 % of the austenitic
steels).
Another element whose percentage in the steel is considered critical
is nitrogen, because the increase in cracking sensitivity of the steel
. 25 by hydrogen sulfide corrosion is ascribed to amounts higher than 0.002

% of nitrogen. Because of this sitﬁation. it is easily realized why

the technicians of the field go on studying the problem in the attempt
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c_oél I ng subsequent to the austenization treatnent. In the
techni cal -patent literature informations are also found 10 relative to the

i nfluence of other elenents on the behavior of the martensitic '
stainless s By way of exanple, we renenber the Pat

JP- A- 120337/“91%?/\3here t he I nfl uence of the anmounts of M, e%hr 8 gzsl n a
Ni /Cr austenitic steel in order to i-n@ease its corrosion resistance
capacity is discussed. 15 In particular a maximumlimt equal to 0.5 % of
Vh has been pointed out, as the presence of this elenent in the steel
decreases theto findrrewilkindseofsstesle whphciary bofengintereskingi end nysafult he
| atter. Reducing in the steel the M percentage, the sul phur content
whi ch ot heithere agou|sgtasf desived phapscterisfass OFecas Mrgavetiipn1gPsEs- t he

steel 20 nust be at the same t| me reduced to very | ow values (lower than

0. 002 D SEPTAON O TLE HEON02 % to 0.005 % of the

austenitic- st ee Anot her el enent whose percentage in the steel
t 1nvep Fi;
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PCT/ EP96/ 0228%;‘.‘ the elements present in lower amount in [’}:he composition, without

substantially modifying the content of the main elements and combining
these composition modifieations. apparently minor, to a thermo-
10 mechanical transformation treafment of the steel obtained in
semifinished products and subsequently in manufactured articles,
particularly in pipes, using a process carried out in carefully
controlled conditions.
The Applicant found that treating the manufactured article in
15 supermartensitic steel according to the invention by the thermal
treatment, object of the present invention too, it is possibiie to
preserve the sulphur percentage of the steels in the normal ranges
from 0.002 % to 0.005 % and the amount of Mn to values ranging from’
0.5 % to 1 %, coﬁtrolling the content of C to values lower than 0.05 %
20 and the nitroéen content from}O.bG % to 0.12 %. The rigorous control
of the quantities of C and N present in the steel allow to keep the
content of S higher without compromising the forgeability of the
steel. A steel having the eomposition according to the inventicn is
self-hardening and turns in martensitic one by simple cooling in air
25 frem a temperature higher.than the austenite/ferrite transformation
point. | |

The hardening in water, not being necessary as well, may be naturally



to find new kinds of steel which are nore interesting and useful

either; as a set of desired characteristics or as production costs.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is based
on an i ntuWwoo6i38597 t he aut hors, nanely 5 that it -was possi BCEEPI6ON28Y f y

t he mechani cal strength and corrosion 5 resi stance of a supermartensitic -
kind steel acting only on the ampunt ~ “ of the elenents present in |ower

anount in the conposition, wthout substantially nodi fying the content

g;p;?gnfﬁiy n nfe,lﬁ% , 2 §b§ar%t%n %Rm@rgxix#%rmat ton! 0F S5 COIRAS 100, L1d itaéé&%%gtnébof

er no- nmechani cal ttansfofmatron (reat e

the steel ODLALNEflddiion mé%”ﬂde”i NBI ANC R AN AYDSEUIEE | Krtdh the

mahuf actured artic articularTy Tn pipes, using a process carried

out in carefybb¥ering COMrnah! caRditt WBASh indulbs ARP! hFEGipd QG hat
treating the manufactured article in 15 supermartensitic steel according

to the inventhRmiby thebildes! s good itoaghnEdat an@biteak pésildhen®rRs ptting
invention too, it is possibile to preserve the sul phur percentage of

the steel i BodfsniBAr B tAN@eess cortosion0 iA0EndbrioAméht805n Yavkitth tHy@reganint
of Mh to values ranging from 0.5 %to 1 % controlling the content of C

to val ues | ogelfiden chldritles 24hd ardbbhedivtidmereveanuaderf possuilds, %4reo
0.12 % The rigorous control of the quantities of C and N present in

t he steel al present peopidede that thenfertherf cBndiitgonr thatt [that pexvepteogessiafy
the forgeability of the steel. A steel having the conposition according
to the i nvenCtomMo snd N sswidfyhshel dolhopiagdf ommuis: i (Crmar3.Sn¥pt+ dlboNe 19
sinple cooling inair 25 froma tenperature higher than the
austenite/feisidagisfiadsf or mati on poi nt .

10 Particularly the pipes, rolled or extruded, made with a steel
according to the invention are resistant to stress corrosion at
temperatures even higher than 150 °C in environments containing
hydrogen sulfide with partial pressure to 0.50 bar and with sodium
chloride contents to 200 g/l, conditions which are more severe than

15 those normally found in a great part of the acid oil wells, even to-
high depth.

Thé present invention also concerns the production process -of forged
manufactures, in particular of seamless tubes,
According to a fundamental characteristic of the present invention,

20 the process for the productior} of manufactures in supermartensitic
steel is characterized by the following steps:

(a) preparing a ingot, or a continuous casting bar, having the
following ponderal per cent compoéition: C < 0.05; Cr 12-15; Ni 4-7;
Mo 1.5-2: N 0.06-0.12; Mn 0.5-1; Cu < 0.3; P < 0.02; S < 0.005;_Al <
A 25 0.02; Si < 1; the rest being iron and minor impurities, with the

further requirement that the percentages of Cr, Mo and N satisfy the

following formula: (Cr + 3.3 Mo + 16 N) 2 19;



The hardening in water, not being necessary as well, may be naturally
WD 96/ 38597 _ PCT/ EP96/ 02289
-5- used to obtain the transformation of the steel. The steel
accordi ng ngsbfl© invention may have an excellent mechani th
after the t"GJ()g?errperi ng thermal treatnent which induces the p?iélglﬁ%? ation
of chrom um car bi des, has good toughngss and it is resistant to pitting
5 corrosion and to stress corrosion in environments in which hydrogen

sul fide, chlorides and carbon di oxi de, even under pressure, are . present
provi ded t hat(b) heafawingequtcanifirst dipx ifgfornedipr byeforgges of rollingr of Mheand
N satisfy the followwing fornula: (C + 3.3 Mo + 16 N) [err] 19 S
satisfied. Hoephran &he daryin peden sesobtadn| edepifipisheddproduetide With a

st eel according to the invention are resistant to stress corrosion at

t enper at ur es (&}eWerigge said AeniSiished | Rradycentq riorisEPRTEtURM 1 RANGERg from
hydrogen sulfide with partial pressure to 0.50 bar and with sodium

chl ori de ‘contte®? t® D3F0g/¢. WIRALt +oneBRR OK BPe TRILENE RFerly 1S¥ERUSIPD

those nornmally found in a grea art of the acid oil wel|ls, even to
hi g?\ dept Hbﬁ ‘g‘tlgﬁc’é’%ﬂ’fl‘%n? Rrﬁé‘é‘ﬁtt F‘B’ﬁuéﬁ ggs l:%ﬁ‘?lg T’Wes’pf'rseddu\ét i on process

of forged: - nuf act ure I n rticular of .seamnd ess .tubes.. cordi ng
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room temperature, to austenization thermal treatment, keeping it at a

=
<

temperature ranging frem 887 °C to 980 °C for a time period ranging
from 15 tb 90 minutes; .

10 (e) cooling the manufacture =5 a temperature lower than 90 °C and then
submit it to tempering thermz- treatment at a temperature ranging from
560 °C to 670 °C for a time ranging from 30 to 300 minutes.

The cooling operations of the steps (d) and (e) may be carried out
either by cooling in air or In water.

15 The following examples are useful for better defining the invention
and to point out the influence of the.nitrogen content on the behavior
of the steel obtained and =treated according to what has been above
described.

Example 1’

20 .A steel ingot having the fc:lgwiﬁg ponderal per cent composition: C
0.02; Cr 13.29; Ni 4.75; Mo 1-62; N 0.08; Mn 0.73; Si 0.27; P 0.014;.8
< 0.002; the rest being ircn and minor impurities. was prepared.

The obtained ingot was hot-wcrked by forging to bars having a diameter
equal to 280 mm. One of the obtained bars was warmed to 1280 °C, hot

25 rolled.till forming a pipe having a diameter equal to 177.8 mm and
thicknéss equal to 10.36 mm.

The obtained pipe was left <tz cool in the air to room temperature and



20 the process for the production of manufactures in supernartensitic

steel {is characterized by the follow ng steps: (a) preparing a ingot,
or a continuous casting bar, having the fol |l owi ng ponderal per cent
conposi ti oWORE/3B#M7r] 0.05; C 12-15; N 4-7; Mo 1.5-2; -NPOT/EB22289 \h
0.5-1; Cu<0.3;, P<0.02; S[err] 0.005_A < 250.02; Si [err] 1; the
rest being iron and mnor inpurities, Wi th T he further requirenent that
the percentages of Cr, Mo and N satisfy the following formula: (C +

3.3 M + 16 err]. 19 . MO 96/ 38597
PCT/ EP96/ 022 er[ su%]ug’te’d to austenization Qal::’lng it to a 6§emperatur(eo)qua}, rg/ol ng

out o T11St 535 ol b . K00 Bl okl oo iy, £08Bhe P
semi 1 ni shedopLodyst; 0 nk CURBEELHE: | 0MbENL LY OMernal 1;280ch00d. 3800
ing or- Al

[err] C dejor_rmt again by hot ro _ y extrusion 5 unt obt ai ni ng
a product "hayvifiGrdessd @uaDafe 6200 °8l Z@aintainingdit SEONEdilel Rempéfature for

manuf actured article, optionally after coolingto roomtenperature, to
austeni zatg oggthernmal treatnent, keeping it at a t enper at ure rangi ng
from88C to 980 [err]C for a tine period ranging - from15 to 90

m nutes; 10The)scC @Btaii@dt pepdaiaef scbnitted Ot cobrgiabat ai® Steess ¢dradsith
[err] C and then. submit it to tenpering thernal treatnent at a

t enper at ure tegtgiadgeddiag to the standards
- ASTM G-31: general corrosion test in NaCl solution 200 g/l with
éartiai pressure bf HZS equal to 500 mbar and temperature equal to 150
10 °C. An average corrosion velocity after 500 hours equal to 0.056
‘mnm/year was measured.
~ NACE TM-01-~77~90 - method A: in a modified solutiop NaCl 50 g/1 and
acetic.acid 0.5 % with a partial pressure of HZS equal to 50 mbar. A
threshold stfess was determined, beyond which stress corrosion
15 cracks occur, equal to 85 ¥ of the yield stress.
Example 2 (comparison) |
A steél pipe was prepared acting as it is described in the Example 1,
except for a steel having thé following composition: C 0.02; Cr 11.95;
Ni 5.50; Mo 2.06; N 0.04; Mn 0.45; Si 0.18; P 0.019; S < 0.002; the
20 rest being iron and minor impunities. was used.
The corrosion and stress corrosion tests carried out on the pipe
obtained according tb the standards ASTM G-31 and NACE TM-01-77~90
gave respectively a corrosion value equal to.0.146 mm/year and a

threshold stress value equal to 30 % of the yield stress.



560 [érr]C to 670 [err]C for a tinme ranging from 30 to 300 m nutes.
The cooling operations of the steps (d) and (e) may be carried out
either by cooling in air or in water. 15 The follow ng exanples are

useful for wedémmsedefining the invention and to point GRCT/EPSS/02289
I nfl uence of the nitrogen content on the behavi or of the steel
obtai ned and treated according to what hds een above descri bed.

Exanple 1 20 A steel ingot having the follow ng ponderal per cent
conposition: C 0.02; Cr 13.29; N 4.75; Mo 1.62; N 0.08; M1 0.73; S
0.27; P 0;01%ﬁA§hS < 0.002; the rest being iron and mnor inpurities,
was prepared=~—= The obtai ned i ngot was hot-worked by forging to bars

to 1280 [ ebriic, Shprroertihitial heid Rbind End’ el piRAe BRL o Beltf T2
to 177.8 my %@gPoslirt{.i?{glh'@@%.%5?q§9|12—g%;q{i36&—%n Mo 1.5-59%0{%9%5@;%2396

was |eft t6 cooO e air to“room tenperature and

PCT/ EP96/°022809k_1. cu < 0.3; P < 0.02; S < 0.005; Al ¢ 0.08; Si < 1'tfHE“r§é§HEEtted
to austenizatidon taking it to a tenperature equal to 920 [err]C and

keepi ng ityt @esAd ArbfNBAY ALAGE ihAiri8edll RLEIEThe fRkRYCGelYirenent dhit GBEI I NG
and subsequent tenpering thermal treatnent at a t-enper at ure equal

to 620 [ery] Gere@ivakas WMQri tMd @ndaN d sheigfyr ehelFolicMing formula: (Cr + 3.3
6 Mo + 16 N} 2 19.

1 2. Process for the production of supermartensitic steel manufactured

2 articles characterized by the following steps:

3 (a) preparing a ingot, or a continuous casting bar, having the

4  following pondgral per cent composition: C ¢ 0.05; Cr 12-15; Ni k-7
. 5 Mo 1.5-2; N 0.06-0.12; Mn 0.5-1; Cu < 0.3; P < 0.02; § s 0.005; Al <

6 0.02; Si < 1; the rest being iron and minor impurities, with the

7 further requirement that the percentages of Cr, Mo and N satisfy'the.

8 following formula: (Cr + 3.3 Mo + 16 N) 2 19;

9 (b) carryiﬁg out a first hot deformation by forging or rolling of .the
10 ingot or the bar in order.to obtain a semifinished product;

11 (c) warming said semifinished product to a temperature ranging from
12 1,250 to 1,350 °C, deform it again by hot rolling or by extrusion
13 wuntil obtaining a product having desired shape and size;

14 (d) submitting the manufactureﬁ articles, optionally after cooling to
15 room tgmperature. to austenizatibn thermal treatment, keeping it at a
16 temperature ranging from 880 °C to 980 °C for a time period ranging
17 from 15 to 90 minutes;

18 (e) éooling the manufactured articles to a temperature lower than 90
19 °C and then submit it to tempering thermal treatment at a temperature

20 ranging from 560 °C to 670 °C for a time ranging from 30 to 300
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5 40" . The so obtained pipe was submitted to corrosion and stress

corrosgion _ test according to the standards - ASTM G 31: genera
corrosion test in NaC solution 200 g/l with partial pressure of H2S
equal to 5P IHE7and tenperature equal to 150 10 [err]C. 9
corrosion velocity after 500 hours equal sto 0.056 nm year was neasur ed.

- NACE TM01-77-90 - nethod A: in a nodi 19i éd solution Nad 50 g/l and
acetic acid 0.5 %with a partial pressure of H2S equal to 50 nbar. A

t hreshol d stress was det erm ned, beyond which stress corrosion 15 cracks
occur, eqyal p1,0+88. % 0of the yield stress. Exanpl e 2 (conpari son) A
steel pipe was prepared acting as it is described in the Exanple-1,

except fon azst@elceSaVidtihfed Gl @VLiH) XORRRSAdHRzedC il Bat CheldodMTn

Ni 5.50; Mo 2.06; N 0.04; M 0.45; Si 0.18; P 0.019; S < 0.002; the 2
rest being isg¥trailéh BN ehe IgtRPE i () €4nd (BP i4SeErried odthenCAl,0Si on and
stress corrosion tests carried out on the pipe obt ai ned according to

t he standar ds. Arbitbés 3ds Ad1didACHEnTYL A 2/- Sharactegzed Haspksy ithel Yosling
corrosion value equal to 0.146 mmlyear and a t hreshol d stress val ue
equal to 20 Gpexfatidre ofi thel stepedd) and (e) is\\CadFed8HHT in water. :
PCT/ EP96/ 02289

1 5. Supermartensitic steel manufactured articles having the composition

2 claimed in claim 1., characterized in that they have been obtained by

hot rolling' and that they underwent a -thermal treatment comprising the

W

austenization operations at a temperature ranging from 880 °C to 980

°C, the subsequent cooling to a temperature lower than 90 °C and

o W

finally the tempering at a temperature.ranging from 560 °C to 670 °C.
1 6. Manufactured articles as claimed in claim 5. characterized in that

2 they are seamless tubes.

-

L



CLAIMS 1. Supermartensitic. steel having the follow ng pom
.2 ~conposition: C[err] 0.05; Cr 12-15; N 4-7; M 1.5-2; I\
3 0.5-1; CQu<0.3 P<0.02;, S [err] 0.005;, Al <0.02; $ii[err] 1;,&9?98e
; resi due 4 being iron and mnor inpurities, with the furgh rQécPEG nt
that the 5 percentages of Cr, Mb and3N-satisfy the folldwing formula: (
+ 3.3 6 Mo + 16 N) [err] 19. 1 2. Process for the production of
supernartensitic steel nmanufactured 2 articles charactenized by the

TS

e VI T

fol | owi ng sirepssite i3s Pedn pleparddeg.a i ngot, or a continuous casting bar,
havi ng t he 4 follow ng ponderal per cent conposition: CJ[err] 0.05 C
12-15; N I» Epe prBsévs tel:.2StReDS (BVENG 2 cMPmguL conten; kigher thanc1f ®2; S
[err] 0.005; A < 6 0.02; Si [err] 1; the rest being iron and m nor

i mpuri ti eshy wetshtt her a goshimataen reyiier ¥hehich RAtis Helgé’r @At ¥ges dflar, M
and N satisfy the 8 following formula:_ (Cr + 3.3 Mo + 16 N) Lerr - 19;
(b) carryihgiduecassaryseithotthgepdditder A Bickedr it Agowyts bighefgthan Phe 10
ingot or the bar in order to obtain a semni finished produgt; 11 (c)

war m ng 5sab cergepainted sHEdvBEhdter afdedtive mrupPerRFrEensitdf ny ¥eoRTeseRse 1 250
to 1,350 [err]C, deformit _again by hot rollin extrusi on 13 until

. . | [ing or by
obt ai ni ng @f piadGuBEtHEMIC FIRRENTS) NOHEPRT PRENE s8ch 23 (Q) BYARAPEET ] the
manuf actured articles,_ optional I%/ fter cgol,i ng to 15 roomte erghure, to
aust eni zat FRIe e rtFAPSHOrBAEHht © kgbepi ef t It Tt Y6 nBRY at 1 ETY ARG ng
from880 [err]C to 980 [err]C for a tinme period ranging 17 from 15 to 90
mnutes; 99P1ER5 SUBRAGUARLT (15 TRENNSIEPLIFHICAITERTHE o a tenperature | ower

than 90 19 [err]C and then submt. it to terrg)feri ng.t her nal tieatrtrent at a
t enper at ur%“ the technical-patent literature informations are also foéund

10 relative to the i.nfluence of other elements on the behavior of the
martensitic stainless steels.
By way of example, we remember the Patent JP-A-3120337/91 where the
influence of the amounts of Mo, Mn and S in a Ni/Cr austenitic'steel
in order to increase its corrosion resistance capacity is discussed.
15 In particular a maximun limit equal to 0.5 % of Mn has been pointed
out. as the presence of this element in the steel deéreases the
corrosion resistance capacity 'owing to the pitting of the latter.
Reducing in 'the sté.el the Mn percentage., the sulphur content which
othérwise would affect in negative way the forgeability of the steel
20 must be at the same time reduced to very low values (lower than 0.002
% ageinst the normal value from 0.002 % to 0.005 % of the austenitic
steels).
Another element whose percentage in .;he steel is considered critical
is nitrogen., because the increase in cracking sensitivity of the steel
25 by hydrogen sulfide corrosion is ascribed to amounts higher than 0.002
% ;:f nitrogen. Because of this situation, it is easily realized why

the technicians of the field go on studying the problem in the attempt
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t Rat 2 they are seanl ess tubes. UG, US, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ,
(30) Priorify Data: ‘UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
MI95A001133 31 May 1995 (31.05.95) v IT TM), European patent (AT, BE, CH, DE, DK, ES, FI, FR,

GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
BJ, CF, CG, C1, CM, GA, GN, ML, MR, NE, SN, TD, TG).
(71) Applicant (for all designated States except US): DALMINE :

SP.A. {IT/AT]; Piazza Caduti 6 Luglio 1944, 1, I-24044

Dalmine (IT). Published
With international search report.
_{ (72) Inventors; and ' Before the expiration of the time limit for amending the
(75) Inventors/Applicants (for US only): CUMINO, Giuseppe claims and to be republished in the event of the receipt of
[IT/IT]; Via Buttaro, 18, 1-24044 Dalmine (IT). BARTERI, amendments.
Massimo [IT/T); Piazza Vinci, 60, 1-00139 Rome (IT). . .
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(54) Title: MARTENSITIC STAINLESS STEEL HAVING HIGH MECHANICAL STRENGTH AND CORROSION RESISTANCE AND
RELATIVE MANUFACTURED ARTICLES

(57) Abstract

A supermartensitic stainless steel having high mechanical strength and cormrosion resistance showing the. following percentage
oomposxtlonC<005 Cr 12-15; Ni 4-7, Mo 1.5-2; N 0.06-0.12; Mn 0.5-1; Cu < 0.3; P < 0,02; S £ 0.005; Al < 0.02; Si < I; the
rest being iron and minor impurities, with the further requirement that the percentages of Cr, Mo and N satisfy the following formula:
(Cr+3.3 Mo + 16 N) 2 19. Said steel allows to obtain manufactured articles having excellent mechanical strength and corrosion resistance
characteristics.




