FS223PCT in English [Docunment Nane] Description [Title of Invention]
CARBURI ZATI ON RESI STANT METAL MATERI AL [ Techni cal Field] [0001]

The present invention relates to a netal nmaterial that has excellent
hi gh-tenperature strength and superior corrosion resistance, and in
particular is used in a carburizing gas atnosphere containing

hydr ocar b oF:t as. More particularly, it relates to a netal
mat eri al Eg% .LJE&ggﬁiggt wel dability and netal dusting resistance,
which is suitable as a raw material for cracking furnaces, reformng
furnaces, heating furnaces, heat exchangers, etc. in petrol eum and
gas refining, chemcal plants, and the |ike. [Background Art] [0002]
Demand for cl ean energy fuels such as hydrogen, nethanol, liquid
fuel s (GIDodgafent RakkbfDEdsibtioand di methyl ether (DME) is expected to
significantly increase in the future. Therefore, a reformng

appar at us[Tige oplheeution) @ ASRBUREZ. SYIONRHSIS DAN TIMATS [ MATERIALGE i Nn
size, and an apparatus that achieves higher thermal efficiency and is
sui tabl e flechmesiFigdpduction is demanded. Al so, heat exchange for
recovering exhaust is often used to enhance energy efficiency in
reforningﬂ&ﬁbhratuses in the conventional petroleumrefining,

petrochem cal plants, and the |i ke, and amoni a manufacturin

appar at uses, h WEEAt mxarioncelates e 2 A maleriad dhat hagiexcallent hl@gl-temﬁerature
whi ch raw nmat S such as etroleun1%m§ .used, [0Q 03 %

ef fectivefF a‘l SHTESt CWOSE%F?SEWHF% JHgt &d iy gerowrizing gas
exchange |n a .t enper.ature e, of 400 800C |ch LS ti

| ow, has D& Og%ele 011J[a]tmnrgc hy(ﬁ: 1t(’:%lr %Ssia%n 9 2B d re(,péilrttljur | i’aﬁ ng.?&%s}/toaa
high C hemt@{ag Hna#'naI hgxﬁng"lﬁ tﬁ%ﬁ%m&%d TR du@in e% HSREnLOWHIGPE LR Able

t ubes, exchangers, n this tenpetature range poses

a pr obl emys ROQRA material fé?ucﬁflaéléfng FuWsN 8L fofmBRS furBiRE nﬁ@aﬁ'n@ fu?@aces heat
above-described reactors, that is, a gas containing H2, FI20,

and hydr og@h@@gmse@hlmmmmam €0 FEihg) cBerbRal s, %Hfﬂhdlﬁl& rret al
material of a reaction tube and the |like at a tenperature of about
1000C or higher. In this tenperature range, on the surface of the
nmetal material, elements such as Cr and Si, which have higher

oxi dat i on[Backgienod/Arthan Fe or Ni or the like, are oxidized
selectively, and a dense filmof chrom um oxide or silicon oxide or
the |ike [802brmed, by which corrosion is restrained. In a portion
such as a heat exchange part in _which the tenperature is relatively

| ow, however, peraang;ipf a@%ﬁneégy Bielsrugk a5 hypEHe Hi%lsqnab Liggidifhels é@rﬂa@és
o gﬁfﬁw‘f}ﬁ@@d Sl ol ’@SM%@P oy e
e+ o Bl frefraite ARG, for SOOREHIE L8R CPERC AT hHELS BR 188 in
the netal %%gfﬁﬁ'aﬁ'll ﬁ}{ﬂfﬁ%‘&gnlattg 1§stlﬁgl?erttﬂ fﬁ&&%y dbﬂré éﬁglglh%r mass

OCCUI’S an eth ene cracki ng rurnace t e an

li ke, If%ﬂlli’d%fohzﬁtdeﬁﬁn%d)c%% Jdadl eﬁc}faﬁ%@%ﬂ &%Qvérﬁéeéxhﬁﬁs‘m& lo$ieAised to
carblde of Cr or Fe or the I'ike is formed, the volume of that portion

i ncreas eSenl&ce%n&%ﬂHfﬁmeﬁdyﬁﬂ r6foBig app@atubaiih thd ndemPnalset@ftnl Rihe,
wor st case, the tube in use is broken. Also, if the metal surface is
exposed, ssrobmipaleplapist atd die {iRgkindgammonishmetufaettidhs spparassas hadrogen
catal yst occurs on the surface, so that the flow path area of the

t ube decrmasdsctamug afpardiesss,-and dmsliles incWaich cive magdriabsssudie gs patwlen0 @@ 6ked.
In a heating furnace tube and the like for a catalytic cracking
furnace f®PU3Increasi ng the octane val ue of naphtha obtai ned by

distillation of crude oil eavi ly carburizing, environnment
consi sting of Ky %‘é(?ﬁoﬁsea%ﬁ%ﬂf’gé‘é% P Jigh-leRtReEAtg ogash eat exchange in a

carburi Zat%h%re]raﬁﬂg raql%eaéf Lbs f?(ﬁ) 8C ﬂlch L. latlllely low, has%ecgrrr]l% 13}pg1§cgnt and

corrosion caused by carburization of a high Cr - high Ni - Fe alloy based metal material



Pat ent Docunent 11 proposes a stainless steel pipe having excellent
carburization resistance and containing 20 to 55% of Cr, which is
produced by formng a Cr-deficient |ayer, which has a Cr
concentration of 10% or higher and | ower than the C concentration of
t he base naterial on t he surface of steel pipe In this patent

docunent , ver ove S not on th

deor ease FTFGY dRAiPT Eyea o B eT e A1 g e ofis PGt e dposes o
Si. Also, Lent Docunent 12 proposes a netal material in which the
HAZ crack? %% 8ept|blllty, which is one property of weldability, is
decreased ncreasing the content of C of an Si and Cu contai ni ng
steel. Th s p tent docunent, however, does not provide a drastic

sol ution becauggaliiea %ﬁﬂﬁet‘fc %%E&Bﬁnédnﬁf 8RS vé-iescstd éa@’:dréj'tfmétcﬁt h%@s
crack susceptibility, and alSo decreases the creep ductility.

Besi des, gort@hingd1f @0,atiol, H3OHAS hidiocdrben aiches phahime @afks has cbeea w1th
t hought of. However, the application of this nethod is restricted
because HX® metyl marsmiak ablyredambne@abe ahd eheaatiké i b teraperatueavBbysit 1086 or
for reformng. [0018] Pat ent Docunent 13 and Patent Document 14
propose ahigb¢ral Im#tiefdnaperatmrevhngsh on ke grufaceliod dwonstal metenids slepientsrsuch as
(gas/netal surface reaction) is restrained by contalnlngggipro per

anmount of Coaad bSiarﬂdhlé]il have Bigkemerddgionpgendenegphannie gf Ni gr ik @rgeoxidized
el enents segrega n .the surface,, even if th ts o]
added exc¥IHy %Qe%ﬁeéﬂ%h‘?aic%‘&ﬂl%e’le‘%Pﬁs@a?Ib% E&f a? f—‘Qi by

nce ese elene ts

Sear coat WML 8 %%ﬁl%'a?f”'rﬁec ) ARG i & € B SERag i which the

bound t
oo B b 9 Ty B RRGH i AP
enhanci ”QSLﬁfﬁ'&E QF nal AR GRs fg&le&tr EYhER (RO the ToPihtioR T SRARCAIDYwhich

addi ng Cu have al so been propose Pat ént Document 15 describes a

t echni queadhtves Ehasidsich G&EHRSALBIEQS deTh) CadbYIE@HaBly NEG £lbas 3Adin@Na
the other hand, for increasing the hot mprkablllty i nprovi ng effect
due to B &Mnlﬁceﬁm@u d@tamiag ty@roasbbaco@ss polsst RbburiFmknbdpdidesy be tat ¢4bon
descri bes a technique for 1 nproving corrosion resistance and crevice
cor r osi onintred¢ssintnbe netad eldteid throughuthé surfase dlodrebfamdl eudhiriabigon oceurs.

envi ronment s by setting the G 1. value (GEneraI Corrosi on | ndex)
represent 0By "-Cr + 3.6Ni + 4.7Mp + 11.5Cu" at 60 to 90 and by
setting the C.f. value (Crevice Corrosion_|lndex) .represented by

0.4Ni + 2. 7Mo In amethylome onekipg fomageotube andahelike, DB&%Ih’éfh%atlﬂ?? pa%ceedﬁ wésa

a technique for i OVIn hot Kk | it n d|n
0. 0015% mrblglqeﬂé%agpwg 1gingy¢ bfiﬁgtn% ol B%//th?ggﬁ ggﬁ Foime of that
content low. In all of i m,t

content” gl 0 bl o1 ANERS,L S ANER. LB APREDL e Bl oS s,
cor 051 o 3] 5LA0S e TNCAREOT e LG Skt lég{?%éag@m% SRR TR

C cannot tbe anti Cli ) a surrti cl en

cannot bej.abfiah ﬁe@al sEQks éba%aé@@ﬁ&daurst&%e sﬁﬁ&!&nwaﬁﬁt@qﬁ)wpﬁﬁla&%ﬁhe

for a neta mat er1 al use hi"gh tenperatures Ctation L

[ Pat ent DegdaBREaks s0BROhedtRRinsmR} closdkIRAbs ddg %9 78204A [Patent
Docunment 2] JP11-172473A [ Patent Docunent 3] JP2003 73763A [ Pat ent
Docunent ppodP53- 66832A [ Patent Docunent 5] JP53-66835A [ Patent
Docunent 6] JP57-43989A [ Patent Docunent 7] JP11-29776A [ Patent
Docunent 8] JRAGARa@HSA8B8Ac[tHat Al thObike ferat cadl ytiR Ok 281280 Ao iRateasing
Docunent 10] JP2000- 509105A [ Patent Document 11] JP2005-48284A

[ Pat ent Dbeuontane t3ipe Wb mpbthal oftsigsd Ay PistibaiionDOE witislet oi 3§s well, a heavily
JP2007-186727A [ Pat ent Docunent  14] JP2007-186723A %Patent Docujrent
15] JP1- 29e0B8KiNgPEP eIt (goepsting of jiydrocagwasand pydiogen o Cugaisse sprihat

JP4- 346638#£&é%¥¥§? Inﬂﬂl&&mgébgah [ Techni cal Problen] [ 0021] As

[0007]



[ 0030] (e) The dissociative adsorption of the gas nol ecul es
consisting of C conmpounds is restrained on the netal surface. [0031]
As the result that the study on oxide scal e having a breaking-of f
effect as in the item (d) was conducted, it was reveal ed that oxide
scal e consisting of C and Si acts effectively. In particular, in a

buri zi ' t. such t hyl. | ant. ki .
furnace t ube, a0 ﬁ%ﬁ'tﬁ%}aﬂﬁr AL BRTERL 1B T py e a?%paﬁ}%.%%gfv%‘rﬁ?sn%@s in
d het i fo f b
oxygen | ngalergR iRl FURS el BRGERRY g A€ AR %' Sy PRE Bl i

t f
consi ot nourBRafedtonld tERRACLONIT HeObi GRS B! ARCARGECK (oo SERLEI
proper anpipl & &folfteddRfhydind thOBRRhess of base @eﬁﬁl%e&%&% tﬁétrig coRtBsibR Bss

result that the study was conducted fromthe viewpoint of

di ssoci at talRd ap&alr fiistias pescetds. t Farthére BbKiRY ocduks Wath thevemlieddtrhadl pdwder
proper anounts of noble netal el ements such as Cu, Ag and Pt and

el ement s gfrvinpes ¥aatgiystup and the VIA group in the periodic table are
added, an effect of restraining the dissociative adsorption of gas

mol ecul es[®88ki sting of C conpounds is achieved. In particular, Cuis
|l ow in cost anpong the noble nmetal elements, and additionally less
probl ens occurlfithe geacks. gssanad Juftatsi ¢lpgue iaseatpern mpqr@w%éﬁf% qedhg kke
an Fe-Ni -Cr based netal material. Theref e use of )

pr ef er abl %Ccuf%oé‘:ﬂa Festlt, oppregis e Ama e RGPS ?fgeﬁi? CqsEeFRoR GRSt
(d) and ( 1on_of carbo o the netal,in the

above- desﬁ% glﬁ FO t}“ ﬁ%ﬁ%%??ffﬁf%%éai gse(r)aftlof %%afa&} IP%m?%r) can be
restraine 6§Lect|vely, and by applying the methods (d) and (e)

si mul t aneously, the nmetal dusting resistance, the carburization

resi stance, Cc i, AR Iy
(00341 " R e o R W o e et

cor r osi ongiks@fk S&aﬁﬂﬁ@c&ﬁi&rﬁh@aﬂu@rﬂw@Q@nv(éﬂtlérﬁﬁy Gbdipdtudiand, the

wel dability is deteriorated. In particular, In a region subjected to
an i nfl ueppoeopf heat cycle of rapid heating/rapid cooling caused by
wel ding, that is in a welding heat affected zone (hereinafter,
referred to asfctHazthple, PamokBPocaused pyopgseaian Hebasddmiioyrel i Migbaed alloy
|iable to develop. Specifically, if Si, Cu or the |like el enent

segr egat eeonégininizd 1 ¢o $8%eemags4i the banmehatyapply hekeinaftesleofrfat eonpemingtthemetal

melting point of ain boundary |owers and the ductility decreases.
As a resufysting h@lsgaﬂaf:ﬁlﬁb@mwaplgﬂi%aﬁ @f ﬁO(bWOBthCﬁ@tatnﬁ@r ICQ G sad0.

h h d J \ k.
El'hgrfa:‘ g? egquﬁEC@ﬂ%nggéy %a%ébaé%?@% t°§|° %Jérhaq fﬁkoylf@aﬁu%g Séﬁﬁ%fﬂagaof

t t ks_of, thi t d, In.Patent_..
Bocunent - GoH el Ratineon N e EPECa AURY ol 49b Bt Gt g acr
hi gh fusi I'ﬁgrep(ﬁ'ﬁt eu?&l aft Ql'l1 j‘ﬂngfeﬂgl wjﬁlg}ﬁ\lb% Hef §&Heh 0 ttl&:%e an I,sris exceglglent

boundary surface’area was incre res alnln grain co

and t her effy, e S£ALIRLIR erQ:fon§ht 1ncf'ﬁe F@Iﬂsédheﬂloly' c}%Qh@Nl-ﬁoQé%dg{ll%y s merely

boundari es was treduced, whereby HAZ cracks weré successf ul

suppr essegereb¥edt B@uﬂ‘fc%’f cABHzatRAVBMBining LAVATahY a5l &Hle‘i/&ﬁtsocﬂlétsa metal
segr egat ed bet ween the solidification structure dendritic trees in
the wel d mefesihl yingdiiglesr matd dusidy 1Ssistaheriab bedmhdengmidedli fi cat'i on crack
susceptibility is raised. Further, it was revealed that the creep
strength [@etbjmes too high by the precipitation of C carbides w thin
the base nmetal grain and at the grain boundaries, resulting in poor
creep ductil i tAdso,[i0@38¢thod disclpy imBatentPesumenti?.cld preweib oarTapiarhedsed by
capabl e of restraining HAZ cracks at the time of welding while

i npr ovi ngmetrbdesine i aohlghé%mmrawéf'ealw %amlwggar%ﬁsqkale@a%wbmmmmnpnw
Sioor Qu agre kmdsAE)Sf Igetglgso the VfIPgroB{),et?lg ﬁg g—lroqa\{)? %{/Sgrgttl)l;[,%lng elge Igrr]gdpno the

element periodic table and a mixture thereof are adhered to the surface by the ordinary



(3) The carburization resistant netal material described in item (1)
or (2) above, characterized by further containing, by mass% at | east
one kind of a conponent selected fromat |east one group of the first
group to the fifth group described below first group: Co: 10% or
| ess, second group: Md: 5%or less, W 5%or less, and Ta: 5% or

| ess, thir roup:, B, 0.1% or less,, V. 0.5%09r less, Zr: 0.5% aqr .
| oss. No. DosSo oF dedical peni ang Taoalloy s uBaled gupt Hek BP0 00rog Bhin
| ess and . 0.1%of.less, fifth group: Y:.P.15% or |ess. La: 0,15%,.
or Teas. Eaer v thiokRESior 01108 yehioh el sprsfisi préteore. 3tis
The carbuyi.zati resi : | cri I Wolg)

The ot DUELGEabh o 16STat 08 1E ok CAREEI| AR LAAMLILN 0NN BF coty
austeni t estg%@'tﬁis %&Eod\ﬁ%% | SseCe Rt NN that A6 VRN O 8x Blih0E 1S I0fe-term
| nvention] [0049] e netal material in accordance wth the
present ipaention has an effect of restraining reaction between
carburizing gas and the netal surface, and has excellent netal

dusting rfxil8f ance, carburization resistance, and coking resistance.
Further, since the weldability and the creep ductility are inproved,
the netal nat didtelt Dhgnmioat 3isdates tr thamhade dlustimgissigtancoref eretal gfaterial in an
cracki ng furnaces, reform nLgZ f urnaces, heating furnaces, heat
exchanger aimospherici g9s 961400 [te AP e tomringe FheGd Hentrd20| afs she et phen
| i ke, and, can, si.gnificantly .inprove the durabiljty. and. operatio )
ef fi ci enciPVeiligahpae Eh6§1?tef%§8%})"’”% carbonn g?fedb%y{e“ﬂ’ﬂ@tﬁgts‘gf“e element In
material in ordance w t.he present. invention is suifable a. .
rot ol o P arPrpt BROEe L oot e F TR aghiPA e e b R Sufs Gyice
heat exchgn | r et e 408 0 - Whi S|

t han t he %o%gemngﬁ%gﬁﬁggﬁgé}?ga}?’gﬂgh‘r{g% SO’ E)ﬁg?e %eﬁ{yéellg]l&%gltelhﬁgl &%pcthe
poses a p | &-Eloe & GEBRIAHY hepdANGCyEAT Pe L8t 1@ Redcy and Co |
ef fecti ve{nﬁgffégs%rfapto?on 0 E%%ogie%rssnts] Z’IEOCJSE (aA) Concerni Hgan 01
chem cal g8 tRRaRingBER] disngih alidition to dIMANERATR VLA Broperties of
conposition range of netal material is restricted according to the

i nvent i onotide &%m deHewebadthadhadaseloff Si,hvel @xiphaliRé kanethedsOvadsttbahé Gécrease
representation of the content of each el ement neans "nass% . [0052]

C. 0. 03 tim BotOW&ability aml (vedddbdity. | $Shoefrafcontidenmps thei mpoufheinting stability
el ements in the present invention. Carbon enhances the strength at

hi gh t enpardmlanterorkingctbisrnetak hateriel ledves roonfarnmptovewent car bi des. To
this end, 0.03%or nore of C nust be contained. On the other hand,
cont ai ni nP0&E} ai ses the solidification crack susceptibility at the

wel ding tinme, and decreas the cre ductility. at high

t enper at ur es. tyRiEcak it ?lien@%bef Carpiping paschidh feobtal sirfoestheie e
to 0.075% Th content, | ref.erably in . the r.ange of 0.03%to0

0 07% ot ptererdt et (B SiRGRE nty nbielRoRoadienp dadye Sethog for
to 2. 0% ' i ] .S one of inportant elenents in the

pr esent i%%@ﬁ?lﬁl&éﬁfg{:énﬁg% 1L?con has a strong affinity with oxygen,

it forms @im@psed oxide scale in the |lower |ayer of a protective

oxi de scal e layer such as Cr203, and isolates carburizing gas. This
action is broyghbxahse! PR DIRMeH 4 GRNPABI DétuhchDS aiscldbdh 8fethod for pre-
However, if the Si content exceeds 2.0% the weldability decreases

r emar kabl yxidisihgt hiw Shbase PSCr20Mi (HEH0 Sheat odxiseaiit stesl seh law S2-bA%d JBidke-
Si content is preferably in the range of 0.8 to 1.5% nore preferably
in the rahid leht-GsBtihg stkel3fba febPBrbfurbmear0l WHE do21 BVhours or lddger in the air.
(manganese? has deoxidizing ability and also inproves the workability
and wel dabispi Patentddoqument 6. diBbeses a metihwddbr pre-gxddiatgen ausiesisic hephresistirg
is an austenitegenerating el enent, sonme of N can be replaced with

M. Howevdgel containing 8 19ad*ei ¥nCoin the Rlr nEuthes BapBuPpoiment ghgroposes a

isolatin operties o rotective.oxide scal.e | ayer, t the .
ngt‘iloR th’)r Iimprov}cngpthe carbur}/zatlon res?stance by Le ng a %?gh Rﬁ-tCr arfloy ma

vacuum and by forming a scale film.



Ni (nickel) is an elenent necessary for obtaining a stable austenitic
m crostructure according to the C content, and therefore 20.0% or
nore of NI nust be contained. Al so, when carbon intrudes into the
steel, nickel has a function of reducing the intrusion rate. Further,
ni ckel acts to secure the high-tenperature strength of the netal .
rn'crostrug@rsf. However, the nickel content higher than necessary may
lead to c ncrease and manufacturing difficulties, and nay al so

accel erat e cokj d_ et dustin speci.al iR a ga Vi IOn t 1w
that cont ai ne Fdr JRIBHE s iRt SERERLE Ryl PR T S SR FEMa i
| ess t han teent | 1hG | r i | HGE -
to 28. 0% Stﬁgpgg%rfg}g?lgﬁ?ysﬁ tﬁglf%owhlt%\ﬂt p{ﬁhpﬁ ﬂgg%ynapg Leagsregnge o]?fnkﬁ%agg
to 27.0% higﬁoét%lesﬁér_'lesg-évehoirﬂ-%no%yiromne%,' (i QRRET hd S eispfsquQ&edTQ§ta
inmportant €lements in the present invention. Copper resftrains
reaction hehiwerboltdd didld, 76 BEmEh® oddé (R ABY AithSdieE1Rpe carBidzagbe adsisfance
i nproves the netal dusting resistance and the |ike. Al so, since

copper i scam aushemviegerer ab iwigckelthermilioy soesposdd b acatrrbsve epk at ddgh
with Cu. To achieve the nmetal dusting resistance inproving effect,
0.5% or ntsnwegfturGy rRatent Bocoment? meehos¢domesusteniticf stdinlesx stee dianipglaxceident
is contained, the weldability decreases, so that the upper limt of

Cu cont enscajesexfpliatipn regisgoge Fra inyan suiEopmons i icky thig| sjeel 1% sybjedsedpty a
nore preferably 2,1 to,4.0% .[0060 - 0.15% qr |ess Al

(al um nunﬁeqt@géﬂolage%@lﬁw f%@ﬂ%l?ﬂx SANBHNA G U adpisessrbisicargt fY and

e LD EEBLL 31150, 3 SASHOERL At DOUELRL g b ERI S &nhin
tibjli d X i Li .
cuscent | O Uy g0, (LTSt PGhERRE hG:oRE AUGLLLI LYol By e

descr | bedw@ﬁ%i ty bOtHe&GLdp &&cti;iﬂﬁha%' T&%Eﬁ Bfudlel. APRERSHALENHRNEHrGRHes a

to reduce the precipitation of ‘metal conmpounds into the grains.

Ther ef or epeihdd fHEInr RN thel dAVIRIMzhGEh rebBRnA b AR a tdhcb@sdiéd BYQDR or
0.15% or less. The Al content is preferably 0.12% or |ess, nore

pr ef er abl gr 6y effodiing eafaceSidaagerd BefwtuahkeBs il \WEkhesapriar sieoxeh dira bprgial
el enent at t{;e nmelting time, in the case where it is desired to

achi eve théas tehfent or GufeEreatmont endfthebtfors they efre idbligr moedoapmgd. Also,
[0061] Ti: 0.15%or |ess Ti (titaniunm) is an elenment effective

i n i nmproviing tchle revieigpos (scalagedycling afigr fhewes-pridized senls o tn guiferitisgtment
however, when the contents of co-existing Si and Cu are_high, Ti

rai ses t hayeamscxieliatad wwapis miticopsidersd) if the materiglepiriage ésdamaged qvep the
ductility. Also, in order to decrease the HAZ crack susceptibility,

it is eff%@ﬁ?%{lt%fgecﬂ%aé’BP‘i%@nﬁ%V; to restrict the Ti content to a
possi bl e f(ﬂﬁ'@]e and to reduce the precipitation of metal conpounds and
car bi des the grains. Therefore, in the present invention, the Ti

tent | ' 0; 12% I : i '
AR Tl e S e
desired tQ.: ' i t ' i t
oo 0,y igigen 8 sonars i il egielcolgubo

t o 0.20% jayer, whlidhMak RQGEEhcORftidR 0BG YOG HiStier @AM GdrBart M€ Cr concentration
hi gh-tenperature strength of nmetal material. Further, since N

conbi nes yf the ielseeati$als us thasulficeasitisidel pipe.f dhnhéy Fatpdtadeenmidnt, however,
decreases the HAZ crack susceptibility. These effects are achi eved by
cont ai ni ngnBoGENM bas nairbecwinalle atdew ére, decfeatdia Weldamliig rhuseer dyewstaining
0.20% the workability is inpaired. Therefore, the upper limt of N
cont ent i 6r setheaaddiiionowk SiThdlyss EnienthBreumenide mppases 8 meaialt mptsrig ig pghich
to 0.15% In the case where it is desired to prevent the decrease in
creep ruptardAdt prapksysoeptipidisy, r Which nig Qserimpesin @ Tweldehiliyntig depgased by

sol i d-sol uti on strengtheni or t reci pitation strengtheni of
1ncreasr}ng the content otn 8 o{ an ré? aﬁd ((Eu %ontgluﬁng steel. lf’gls patenquocument,




For Mo, W and Ta, only any one type of these elenents can be
contained singly, or nore types of these elenents can be contai ned
conpositely. The total content in the case where these elenents are
cont ai ned conpositely is nade 15% or |less. The total content is

preferably made 10% or |ess. [0071] Third group (B: 0.1% or

oy T ese. Bovriewdges 2ot progde@cﬂ?% Orsofvﬁgﬁsﬁ%% %?grkré (esiﬁt%t?}ﬁ‘?rﬁ#s thjyveld
bi ff th

e E%af?lbﬂﬁﬂ?aéwétf:fa@%{l%ﬁba ST FectlbE5ht feed BuaifiRy.ou' 09 1 he

ki nds of T@ﬁ f el enents may be contalned However, when boron is

cont ai ned oron deteriorates the weldability if the content exceeds
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temperature strength cannot be obtained. For this reason, these techniques are unsuitable

for a metal material used at high temperatures.
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[Summary of Invention]
[Technical Problem |
[0021]

As described above, various techniques for enhancing the metal dusting resistance,

the carburization resistance, and the coking resistance of metal material have been



oo o

o O

1

0

0.
. 083
5Ca

0

1
0.
7

2 0.0004 19.9 24.9 2.99 0.03 0.01 0.012 <0.01 0.005Ca 8.4 1
97 0.81 0.012 0.0004 19.9 24.9 2.99 0.03 0.01 0.012 <0.01
21dO0.083 0.97 0.81 0.012 0.0004 19.9 24.9 2.99 0.03 0.01

proposed conventionally. However, all of these techniques require special heat treatment
and surface freatment, so that cost and labor are needed. Also, these techniques have no
function of scale restoration (scale recycling) after the pre-oxidized scale or the surface
treatment layer has exfoliated away. Therefore, if the material surface is damaged once,
the subsequent metal dusting cannot be restrained. Also, these techniques have a problem
associated with weldability of metal material, creep strength, and creep ductility.

[0022]

Also, there is a method for restraining metal dusting by adding H,S into the
atmospheric gas in the tube of a reforming apparatus and manufacturing apparatus for
synthetic gas as described above, not by improving the metal material itself. However,
since HoS may remarkably decrease the activity of a catalyst used for reforming
hydrocarbon, the technique for restraining metal dusting by adjusting the components of
atmospheric gas is merely applied limitedly.

[0023]

The present invention has been made in view of the present situation, and
accordingly an object thercof is to provide a metal material that has metal dusting
resistance, carburization resistance, and coking resistance, and further has improved
weldability and creep properties due to the restraint of reaction between carburizing gas
and the metal surface in an ethylene plant cracking fumace tube, a heating furnace tube of

catalytic reforming furnace, a synthetic gas reforming furnace tube, and the like.

[Solution to Problem |
[0024]

The inventors analyzed a phenomenon that carbon intrudes into a metal in a
molecular state, and revealed that this phenomenon progresses in an elementary process
consisting of the following items (&) to (¢).

[0025]
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(a) Gas molecules consisting of C compounds such as hydrocarbon and CO
approach the metal surface.
[0026]

(b) The approaching gas molecules are dissociatively adsorbed onto the metal
surface.

[0027]

(¢) The dissociated atomic carbon intrudes into the metal and diffuses.
[0028]

As the result of various studies on methods for restraining the aforementioned
phenomenon, it was found that the following methods (d) and (e) are effective.
[0029]

(d) Oxide scale is formed positively on the metal surface during the use of metal
material, by which the contact with the metal of the gas molecules consisting of C
compounds is broken off.

[0030]

(e) The dissociative adsorption of the gas molecules consisting of C compounds is
restrained on the metal surface.
[0031]

As the result that the study on oxide scale having a breaking-off effect as in the item
(d) was conducted, it was revealed that oxide scale consisting of Cr and Si acts effectively.
In particular, in a carburizing gas environment such as an ethylene plant cracking furnace
tube, a heating furnace tube of catalytic reforming furnace, and a synthetic gas reforming
furnace tube, the partial pressure of oxygen in gas is low. Therefore, it was revealed that
oxide scale consisting mainly of Cr can be formed on the gas side and oxide scale
consisting mainly of Si can be formed on the metal side by containing proper amounts of
Cr and Si.

[0032]
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On the other hand, as the result that the study was conducted from the viewpoint of

dissociative adsorption as in the item (e), it was revealed that if proper amounts of noble

metal elements such as Cu, Ag and Pt and elements of the VA group and the VIA group in

the periodic table are added, an effect of restraining the dissociative adsorption of gas
molecules consisting of C compounds is achieved. In particular, Cu is low in cost among
the noble metal elements, and additionally less problems occur in melting and

solidification when Cu is contained in an Fe-Ni-Cr based metal material. Therefore, the

use of Cu is preferable.

[0033]

It was revealed that according to the methods (d) and (e), the intrusion of carbon
into the metal in the above-described elementary process of items (a) to (c) can be
restrained effectively, and by applying the methods (d) and (e) simultaneously, the metal

dusting resistance, the carburization resistance, and the coking resistance can be improved

dramatically.
[0034]

However, if an element such as Si and Cu is added, the corrosion resistance can be
improved; on the other hand, the weldability is deteriorated. In particular, in a region
subjected to an influence of heat cycle of rapid heating/rapid cooling caused by welding,

that is in a welding heat affected zone (hereinafter, referred to as "HAZ™), cracks caused by

grain boundary melting are liable to develop. Specifically, if Si, Cu or the like element

segregates at the crystal grain boundary of the base material, the melting point of grain
boundary lowers and the ductility decreases. As a result, the grain boundary is torn off by
the thermal stress at the time of welding, which develops a crack. This is a HAZ crack.
Therefore, in the case where the metal material is used for a welded structure, weld cracks
of this kind must be restrained. In Patent Document 12, the present inventors precipitated

Cr carbides having a high fusing point by containing much C. As a result, the grain

boundary surface area was increased by restraining grain coarsening, and thereby the

segregation of Si, Cu, and the like at the grain boundaries was reduced, whereby HAZ
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cracks were successfully suppressed. On the other hand, however, it was revealed that C
is segregated between the solidification structure dendritic trees in the weld metal by
containing much C, whereby the solidification crack susceptibility is raised. Further, it
was revealed that the creep strength becomes too high by the precipitation of Cr carbides
within the base metal grain and at the grain boundaries, resulting in poor creep ductility.
[0035]

The inventors studied various methods capable of restraining HAZ cracks at the
time of welding while improving the corrosion resistance by adding a considerable amount
of Si or Cu again. As a result, the present inventors obtained findings that HAZ cracks
can be suppressed without impairing the solidification crack susceptibility and creep
ductility by the methods described in the following items (f) to (h).

[0036]

(f) Since containing much C impairs the solidification crack susceptibility and creep
ductility remarkably, the C content is restricted.
[0037]

(g) The HAZ crack susceptibility is caused by the imbalance in strength between
within the base metal grains and at the grain boundaries. Therefore, by decreasing the
strength within the grains, the imbalance in strength within the grains is redressed
relatively, and the HAZ crack susceptibility is improved.

[0038]

(h) It is revealed that the portion within the grains is strengthened by the
precipitation of an intermetallic compound of Al and Ti or TiC, and it is effective to
restrict these elements in a possible range.

[0039]

Based on these findings, the weldability (HAZ crack susceptibility, solidification
crack susceptibility) and the creep properties were studied by changing the contents of C,
Si, Cu, Ti and Al variously in a metal material containing 15.0 to 30.0% of Cr. As a

result, the weldability and the creep ductility were improved by restricting the C content to
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0.075% or less and by restricting the Ti content and the Al content each to 0.15% or less.
Further, if the contents of C, Ti and Al were restricted to 0.07% or less, 0.05% or less, and
0.12% or less, respectively, the weldability and the creep ductility were improved
remarkably.

[0040]

However, it was newly revealed that the creep strength is also decreased as a result
of the decrease in strength within the grains. Therefore, the present inventors aimed to
increase the creep strength while the aforementioned performance improvement is
maintained, and resultantly, obtained the findings that this problem can be solved by the
method described in the following item (i).

[0041]

(i) Cr is effective for metal dusting resistance, and on the other hand, decreases the
creep strength with higher content. Therefore, to enhance the creep strength, it is
effective to restrict the Cr content. The reétriction of Cr content strengthens the austenitic
microstructure itself of base metal, and therefore does not decrease the creep ductility
unlike precipitation strengthening.

[0042]

The present inventors examined the metal dusting resistance and the creep
properties by changing the Cr content variously, and resultantly, obtained the findings that
if the Cr content is restricted to a range of higher than 16.0% and less than 22.0%, the
desired properties can be assured.

[0043]

(j) It was revealed that in order to further increase the creep ductility and the HAZ
crack susceptibility, it is effective to make the crystal grain size of austenitic
microstructure fine. That is, the surface area of grain boundary is increased by restraining
the coarsening of the crystal grain, and thereby the segregation of Si, P, Cu or the like at
the grain boundary can be decreased.

[0044]
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The present invention has been completed based on the above-described knowledge,
and the gists of the present invention are as described in the following items (1) to (4).
[0045]

(1) A carburization resistant metal material characterized by consisting of, by
mass%, C: 0.03 to 0.075%, Si: 0.6 to 2.0%, Mn: 0.05 to 2.5%, P: 0.04% or less, S: 0.015%
or less, Cr: higher than 16.0% and less than 20.0%, Ni: 20.0% or higher and less than
30.0%, Cu: 0.5 to 10.0%, Al: 0.15% or less, Ti: 0.15% or less, N: 0.005 to 0.20%, and O
(oxygen): 0.02% or less , the balance being Fe and impurities,

[0046]

(2) A carburization resistant metal material characterized by consisting of, by
mass%, C: 0.04 to 0.07%, Si: 0.8 to 1.5%, Mn: 0.05 to 2.5%, P: 0.04% or less, S: 0.015%
or less, Cr: 18.0% or higher and less than 20.0%, Ni: 22.0 to 28.0%, Cu: 1.5 to 6.0%, Al:
0.12% or less, Ti: 0.05% or less, N: 0.005 to 0.20%, and O (oxygen): 0.02% or less , the
balance being Fe and impurities.

[0047]

(3) The carburization resistant metal material described in item (1) or (2) above,
characterized by further containing, by mass%, at least one kind of a component selected
from at least one group of the first group to the fifth group described below:
first group: Co: 10% or less,
second group: Mo: 5% or less, W: 5% or less, and Ta: 5% or less,
third group: B: 0.1% or less, V: 0.5% or less, Zr: 0.5% or less, Nb: 2% or less, and Hf:
0.5% or less,
fourth group: Mg: 0.1% or less and Ca: 0.1% or less,
fifth group: Y: 0.15% or less, La: 0.15% or less, Ce: 0.15% or less, and Nd: 0.15% or less.
[0048]

(4) The carburization resistant metal material described in any one of items (1) to

(3), characterized by having a fine grain such that the austenite grain size No. is 6 or higher.
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[Advantageous Effects of Invention]
[0049]

The metal material in accordance with the present invention has an effect of
restraining reaction between carburizing gas and the metal surface, and has excellent metal
dusting resistance, carburization resistance, and coking resistance. Further, since the
weldability and the creep ductility are improved, the metal material can be used for welded
structure members of cracking fumaces, reforming fumaces, heating furnaces, heat
exchangers, etc. in petroleum refining, petrochemical plants, and the like, and can
significantly improve the durability and operation efficiency of apparatus.

[0050]

In particular, the metal material in accordance with the present invention is suitable
as a metal material used for reaction tubes and heat exchangers used for heat exchange in a
temperature range of 400 to 800°C, which is lower than the conventional temperature
range, so that metal dusting, which poses a problem in this temperature range, can be

restrained effectively.

[Description of Embodiments)
[0051]
(A) Concerning chemical composition of metal material

The reason why the composition range of metal material is restricted according to
the invention is as described below. In the explanation below, the "%" representation of
the content of each element means "mass%".
[0052]

C: 0.03 t0 0.075%

C (carbon) is one of the most important elements in the present invention. Carbon
enhances the strength at high temperatures in combination with chromium to form carbides.
To this end, 0.03% or more of C must be contained. On the other hand, containing C

raises the solidification crack susceptibility at the welding time, and decreases the creep
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ductility at high temperatures. To this end, the upper limit of C content is restricted to
.0.075%. The C content is preferably in the range of 0.03% to 0.07%, more preferably in

the range of 0.04% to 0.07%.

[0053]

Si: 0.6 t0 2.0%

Si (silicon) is one of important elements in the present invention. Since silicon has
a strong affinity with oxygen, it forms Si-based oxide scale in the lower layer of a
protective oxide scale layer such as Cr,0;, and isolates carburizing gas. This action is
brought about when the Si content is 0.6% or higher. However, if the Si content exceeds
2.0%, the weldability decreases remarkably, so that the upper limit of Si content is set at
2.0%. The Si content is preferably in the range of 0.8 to 1.5%, more preferably in the
range of 0.9 to 1.3%.

[0054]

Mn: 0.05 to 2.5%

Mn (manganese) has deoxidizing ability and also improves the workability and
weldability, so that 0.05% or more of Mn is added. Also, since Mn is an austenite-
generating eiement, some of Ni can be replaced with Mn. However, excessive addition of
Mn harms the carburizing gas isolating properties of protective oxide scale layer, so that
the upper Iimit of Mn content is set at 2.5%. The Mn content is preferably in the range of
0.1 to 2.0%, more preferably in the range of 0.6 to 1.5%.

[0055]

P: 0.04% or less

P (phosphorus) decreases the hot workability and weldability, so that the upper limit
of P content is set at 0.04%. In particular, when the Si and Cu contents are high, this
effect is important. The upper limit of P content is preferably 0.03%, more preferably
0.025%. However, since phosphorus acts to restrain the dissociative adsorption reaction
on the metal surface of carburizing gas, it may be contained when the decrease in

weldability can be permitted.
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[0056]

S: 0.015% or less

S (sulfur) decreases the hot workability and weldability like phosphorus, so that the
upper limit of S content is set at 0.015%. In particular, when the Si and Cu contents are
high, this effect is important. The upper limit of S content is preferably 0.005%, more
preferably 0.002%. However, like phosphorus, since sulfur acts to restrain the
dissociative adsorption reaction on the metal surface of carburizing gas, it may be
contained when the decrease in weldability can be permitted.

[0057]

Cr: higher than 16.0% and less than 20.0%

Cr (chromium) is one of the most important elements in the present invention. Cr
forms oxide scale such as Cry;O; stably, and has an effect of isolating carburizing gas.
Therefore, even in a severe carburizing gas environment, chromium provides sufficient
carburization resistance, metal dusting resistance, and coking resistance. In order to
achieve this effect sufficiently, higher than 16.0% of Cr must be contained. On the other
hand, Cr combines with C to form carbides, thereby decreasing the creep ductility. Also,
containing Cr decreases the creep strength of austenitic microstructure. Especially when
the contents of co-existing Si and Cu are high, this effect is great. In order to counter this
adverse effect, the Cr content must be restricted to less than 20.0%. The range of Cr
content is preferably 18.0% or higher and less than 20.0%, more preferably 18.0% or
higher and less than 19.5%.

[0058]

Ni: 20.0% or higher and less than 30.0%

Ni (nickel) is an element necessary for obtaining a stable austenitic microstructure
according to the Cr content, and therefore 20.0% or more of Ni must be contained.  Also,
when carbon intrudes into the steel, nickel has a function of reducing the intrusion rate.
Further, nickel acts to secure the high-temperature strength of the metal microstructure.

However, the nickel content higher than necessary may lead to cost increase and
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manufacturing difficulties, and may also accelerate coking and metal dusting especially in -
a gas environment that contains hydrocarbon. Therefore, Ni content is restricted to less
than 30.0%. The content of Ni is preferably in the range of 22.0 to 28.0%. More
preferably, the content of Ni is in the range 0f 23.0 to 27.0%.

[0059]

Cu: 0.5t0 10.0%

Cu (copper) is one of the most important elements in the present invention.
Copper restrains reaction between carburizing gas and the metal surface, and greatly
improves the metal dusting resistance and the like. Also, since copper is an austenite-
generating element, some of Ni can be replaced with Cu. To achieve the metal dusting
resistance improving effect, 0.5% or more of Cu must be contained. However, if Cu
exceeding 10.0% is contained, the weldability decreases, so that the upper limit of Cu
content is set at 10.0%. The Cu content is preferably 1.5 to 6.0%, more preferably 2.1 to
4.0%.

[0060]

Al 0.15% or less

Al (aluminum) is an element effective in improving the creep strength due to
precipitation strengthening; however, when the contents of co-existing Si and Cu are high,
Al raises the HAZ crack susceptibility and further decreases the creep ductility. Also, in
order to decrease the HAZ crack susceptibility, it is effective, as described above, to
restrict the Al content to a possible range and to reduce the precipitation of metal
compounds into the grains. Therefore, in the present invention, the Al content is
restricted to 0.15% or less. The Al content is preferably 0.12% or less, more preferably
0.10% or less. Since Al acts effectively as a deoxidizing element at the melting time, in
the case where it is desired to achieve this effect, 0.005% or more of Al is preferably
contained.

[0061]
Ti: 0.15% or less
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Ti (titanium) is an element effective in improving the creep strength due to
precipitation strengthening; however, when the contents of co-existing Si and Cu are high,
Ti raises the HAZ crack susceptibility and further decreases the creep ductility. Also, in
order to decrease the HAZ crack susceptibility, it is effective, as described above, to
restrict the Ti content to a possible range and to reduce the precipitation of metal
compounds and carbides into the grains. Therefore, in the present invention, the Ti
content is restricted to 0.15% or less. The Ti content is preferably 0.08% or less, more
preferably 0.05% or less. In the case where it is desired to achieve the creep strength
improving effect brought about by Ti, 0.005% or more of Ti is preferably contained.

[0062]

N: 0.005 to 0.20%

N (nitrogen) has an action for enhancing the high-temperature strength of metal
material. Further, since N combines with elements such as Nb and Ta to form a Z phase,
N decreases the HAZ crack susceptibility. These effects are achieved by containing
0.005% or more of N. However, if the N content exceeds 0.20%, the workability is
impaired. Therefore, the upper limit of N content is set at 0.20%. The preferable range
of N content is 0.015 to 0.15%. In the case where it is desired to prevent the decrease in
creep rupture strength by restricting the Al and Ti contents, the solid-solution
strengthening or the precipitation strengthening of nitrogen may be put to practical use.
The range of N content in this case is preferably 0.05 to 0.12%, more preferably 0.07 to
0.12%.

[0063]

0: 0.02% or less

O (oxygen) is an impurity element mingled from a raw material or the like when the
metal material is melted. If the O content exceeds 0.02%, large amounts of oxide
inclusions exist in the steel, so that the workability decreases, and also a flaw may occur on
the surface of metal material. Therefore, the upper limit of O content is set at 0.02%.

[0064]
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0.01 0.03 0.005 0.01 - 9.1 26 - 0.049 0.97 0.82 0.022 0.0006 20, 4"
25.2 3.05 0.04 0.01 0.008 0.01 - 8.8 27 - 0.085* 0.92 0.84 0.022
0.0005 18.9 25.8 3.16 0.05 0.01 0.015 <0.01 - 8.4 28 -

The metal material in accordance with the present invention contains the
aforementioned elements or further contains optional containing element, described later,
the balance consisting of Fe and impurities.

[0065]

The "impurities" described herein refer to components that mixedly enter on
account of various factors in the production process, including raw materials such as ore or
scrap, when a metal material is produced on an industrial scale, the components being
allowed to exist in the range such that they do not an adverse influence on the present
invention.

[0066]

As necessary, or to further improve the strength, ductility, or toughness, the metal
material in accordance with the present invention may contain, in addition to the
aforementioned alloying elements, by mass%, at least one type of the components selected
from at least one group of a {irst group through a fifth group described below:
first group: Co: 10% or less,
second group: Mo: 5% or less, W: 5%, and Ta: 5% or less,
third group: B: 0.1% or less, V: 0.5% or less, Zr: 0.5% or less, Nb: 2% or less, and Hf:
0.5% or less,
fourth group: Mg: 0.1% or less and Ca: 0.1% or less,
fifth group: Y: 0.15% or less, La: 0.15% or less, Ce: 0.15% or less, and Nd: 0.15% or less.
[0067]

Next, these optionally containing elements are explained.

[0068]

First group (Co: 10% or less, by mass%)

Co (cobalt) acts to stabilize the austenite phase, so that it can replace some of Ni
component. Therefore, cobalt may be contained as necessary. However, if the Co
content exceeds 10%, cobalt deteriorates the hot workability. Therefore, when cobalt is

contained, the content is 10% or less. From the viewpoint of hot workability, the Co
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0.065 0.45" 0.76 0.019 0.0006 18.7 28.2 3.08 0.04 0.02 0.072 <0.01 -

8.2 29 -

0.068 0.87 0.75 0.024 0.0004 16.0" 28.4 3.06 0.03 0.01 0.085

<0.01 0.12Np 8.5 30 0.054 0.89 0.68 0.024 0.0005 19.2 24.2 2.87

content is preferably 5% or less, more preferably 3% or less. In the case where it is
desired to achieve the Co containing effect, 0.01% or more of Co is preferably contained.
10069]

Second group (Mo: 5% or less, W: 5% or less, Ta: 5% or less, by mass%)

All of Mo (molybdenum), W (tungsten), and Ta (tantalum) are solid-solution
strengthening elements. Therefore, one or more types of these elements may be
contained as necessary. However, if the contents of these elements exceed 5%,
respectively, the workability is deteriorated and also the structural stability is obstructed.
Therefofe, the contents of these elements are made 5% or less, respectively. The contents
of these elements arc preferably 3.5% or less, respectively. In the case where two or
more types of these elements are contained, it is preferable that the total content be made
10% or less. In the case where it is desired to achieve the containing effect of Mo, W, or
Ta, 0.01% or more of Mo, W, or Ta is preferably contained.

[0070]

For Mo, W, and Ta, only any one type of these elements can be contained singly, or
more types of these elements can be contained compositely. The total content in the case
where these elements are contained compositely is made 15% or less. The total content is
preferably made 10% or less.

[0071]

Third group (B: 0.1% or less, V: 0.5% or less, Zr: 0.5% or less, Nb: 2% or less, and
Hf: 0.5% or less, by mass%)

B (boron), V (vanadium), Zr (zirconium), Nb (niobium) and Hf (hafnium) are
elements effective in improving the high-temperature strength characteristics, so that one
kind or more kinds of these elements may be contained. However, when boron is
contained, boron deteriorates the weldability if the content exceeds 0.1%. Therefore, the
B content is 0.1% or less. The B content is preferably 0.05% or less. When vanadium is
contained, vanadium deteriorates the weldability if the content exceeds 0.5%. Therefore,

the V content is 0.5% or less. The V content is preferably 0.1% or less. When
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0. 18"

0.01 0.010 <0.01 - 7.7 31 - 0.058 0.82 0.95 0.021 0.0002 19.0

24.1 2.88 0.03 0.21* 0.012 <0.01 - 8.1 32 - 0.051 0.83 1.25 0.019
0.0008 22.5' 23.5 2.69 0.03 0.04 0.016 <0.01 1.54M> 8.5 33 -

zirconium is contained, zirconium deteriorates the weldability if the content exceeds 0.5%.
Therefore, the Zr content is 0.5% or less. The Zr content is preferably 0.1% or less.
When niobium is contained, niobium deteriorates the weldability if the content exceeds 2%.
Therefore, the Nb content is 2% or less. The Nb content is preferably 0.8% or less.
Also, when hafnium is contained, hafnium deteriorates the weldability if the content
exceeds 0.5%. Therefore, the Hf content is 0.5% or less. The Hf content is preferably
0.1%. In the case where it is desired to achieve the containing effect of B, V, Zr, Nb, or
Hf, it is preferable that 0.0005% or more of B or Hf be contained, or 0.005% or more of V,
Zr, or Nb be contained.

[0072]

For B, V, Zr, Nb, and Hf, only any one type of these elements can be contained
singly, or two or more types of these elements can be contained compositely. The total
content in the case where these elements are contained compositely is made 3.6% or less.
The total content is preferably made 1.8% or less.

[0073]

Fourth group (Mg: 0.1% or less and Ca: 0.1% or less, by mass%)

Mg (magnesium) and Ca (calcium) have an effect of improving the hot workability,
so that one kind or two kinds of these elements may be contained as necessary. IHowever,
when magnesium is contained, magnesium deteriorates the weldability if the content
exceeds 0.1%. Therefore, the Mg content is 0.1% or less. Also, when calcium is
contained, calcium deteriorates the weldability if the content exceeds 0.1%. Therefore,
the Ca content is 0.1% or less. In the case where it is desired to achieve the containing
effect of Mg or Ca, it is preferable that 0.0005% or more of Mg or Ca be contained.

[0074]

For Mg and Ca, only either one type of these elements can be contained singly, or
two types of these elements can be contained compositely. The total content in the case
where these elements are contained compositely is made 0.2% or less. The total content

is preferably made 0.1% or less.
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0.049 0.95 0.65 0.019 0.0005 19.8 23.9 0.34' 0.04 0.01 0.085 <0.01
0.003My, 0,002B 7.6 34 - 0.012" 1.09 0.78 0.020 0.0006 18.3 22.9 3. 22
0.03 0.01 0.072 <0.01 0.005Ca, 13.03Nd 7.8 35 0.072 2.14* 0.85 0.021
0.0004 18.6 24.3 3.04

[0075]

Fifth group (Y: 0.15% or less, La: 0.15% or less, Ce: 0.15% or less, and Nd: 0.15%
or less, by mass%o)

Y (yttrium), La (lanthanum), Ce (cerium) and Nd (neodymium) have an effect of
improving the oxidation resistance, so that one kind or more kinds of these elements may
be contained as necessary. However, when these elements are contained, these elements
deteriorate the workability if the content of any one element thereof exceeds 0.15%.
Therefore, the content of any one clement thereof is 0.15% or less. The content is
preferably 0.07% or less. In the case where it is desired to achieve the containing effect
of Y, La, Ce, or Nd, it is preferable that 0.0005% or more of Y, La, Ce, or Nd be contained.
[0076]

For Y, La, Ce, and Nd, only any one type of these elements can be contained singly,
or two or more types of these elements can be contained compositely. The total content
in the case where these elements are contained compositely is made 0.6% or less. The
total content is preferably made 0.1% or less.

[0077]
(B) Concerning crystal grain size of metal material

The crystal grain size of metal material is preferably made so fine that the austenite
grain size No. is 6 or higher. The grain size No. is preferably 7 or higher, more preferably
7.5 or higher. The reason for this is that as the crystal grain size of austenitic
microstructure, which is the base metal, is smaller, the creep ductility is higher, and the
HAZ crack susceptibility can be reduced further. The austenite grain size No. is based on
the specification of ASTM (American Society for Testing and Material).

[0078]

In order to make the crystal grain size small, for example, the heat treatment
conditions at the time of intermediate heat treatment and final heat treatment has only to be
regulated properly, or heat treatment has only to be performed while a strain is given, for

example, by increasing the working ratio at high temperatures or at the cold-working time.
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0.02 0.02 0.085 <0.01 0.5Co, 0.35Nb 7.5 36 - 0.17" 0.97 0.50 0.021
0,0007 19.9 24.8 3.00 0.52" 0.54* 0.010 0.01 0.004Ca 8.6 Note: '
shows out of scope of the invention. [0084] [Table 2] Table 2 No'
Sub No, 650C, 200hr 45%0-42.5%-12 -6.5%02-6% 0 gas 800C, 40MPa
Creep rupture tine 800C ,40MPa Creep rupture el ongation Restraint

wel di ng Cfna%g éa%g,t precipitates are dissolved by making the intermediate heat treatment
temperature higher than the final heat treatment temperature, and thereafter a working
strain is imposed at high temperatures or low temperatures, whereby at the final heat
treatment time, the nucleation site of recryst\allization is increased, and further the
compounds having been dissofved is precipitated finely, so that the growth of
recrystallized grains is restrained.  As a result, the desired fine grain can be formed.
[0079]

The metal material in accordance with the present invention may be formed into a
required shape such as a thick plate, sheet, seamless tube, welded tube, forged product, and
wire rod by means of melting, casting, hot working, cold rolling, welding, and the like.
Also, the metal material may be formed into a required shape by means of powder
metallurgy, centrifugal casting, and the like. The surface of the metal material having
been subjected to final heat treatment may be subjected to surface treatment such as
pickling, shotblasting, shotpeening, mechanical cutting, grinding, and electropolishing.
Also, on the surface of the metal material in accordance with the present invention, one or
more irregular shapes such as protruding shapes may be formed. Also, the metal material
in accordance with the present invention may be combined with various kinds of carbon
steels, stainless steels, Ni-based alloys, Co-based alloys, Cu-based alloys, and the like to be
formed into a required shape. In this case, the joining method of the metal material in
accordance with the present invention to the various kinds of steels and alloys is not
subject to any restriction. For example, mechanical joining such as pressure welding and
"staking" and thermal joining such as welding and diffusion treatment can be performed.
[0080]

Next, the present invention is explained in more detail with reference to examples.
The present invention is not limited to these examples.

[Example 1]
[0081]
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Trans-varestrain test Pit observed ." (hr) (% Cbserved HAZ cracks
nunber/ observed cross section nunber Maxi num crack | ength in welding

nmet al

(m) 1 a No 1430.7 31.4 0110 0.6 1 b No 1530.5 31.0 0/ 10 0.6

1 c No 1605.7 29.2 0/1ID 0.6 1 d No 1789.7 25.9 0110 0.6 1 e

A metal material having a chemical composition given in Table 1 was melted by
using a high-frequency heating vacuum furnace, and a metal plate having a plate thickness
of 6 mm was manufactured by hot forging and hot -rolling. The metal plate was subjected
to solid solution heat treatment under the conditions that the heat treatment temperature is
1140 to 1230°C and the heat treatment time is 4 minutes, and a test piece was prepared by
cutting a part of the metal plate. For the metal material of No. 1 given in Table 1, the
ASTM grain size No. was changed variously by regulating the heat treatment conditions
(sub Nos. ato e). From the metal material described in Table 1, a test piece measuring 3
mm in plate thickness, 15 mm in width and 20 mm in length was cut.  This test piece was
isothermally maintained at 650°C in a 45%C0-42.5%H;-6.5%C0,-6%H,0 (percent by
volume) gas atmosphere. The test piece was taken out after 200 hours had elapsed, and
the presence of a pit formed on the surface of test piece was examined by visual
observation and by optical microscope observation. It was judged that the case where no
pit occurs satisfies the performance of the present invention. The results are summarized
in Table 2.

[0082]

Referring to Table 2, among the metal materials of Nos. 25 to 36 in which the
chemical composition deviated from the conditions defined in the present invention, the
metal material of No. 28 in which the Si content deviated from the conditions defined in
the present invention, the metal material of No. 29 in which the Cr content deviated from
the conditions defined in the present invention, and the metal material of No. 33 in which
the Cu content deviated from the conditions defined in the present invention were formed
with pits after 200 hours elapsed. Therefore, the metal dusting resistance is poor in a
synthetic gas environment containing CO. On the other hand, in all of the metal materials
(Nos. 1 to 24) specified in the present invention, no pit is formed, and therefore, these
metal materials have excellent metal dusting resistance. The metal materials of Nos. 24
and 25 in which the Cu content deviated from the conditions defined in the present

invention will be described later.
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No 2001.0 23.4 0/ 10 0.6 2 - No 2234.5 24.6 0/ 10 0.6 3 - No 2632.5
19.5 0/ 10 0.6 4 No 1340.3 36.8 0/ 10 0.6 S No 2320.5 24.7 0/ 10
0.6 6 - No 1760.0 30.3 0/ 10 0.6

[0083]
[Table 1]
: Table 1
Nojsub Chemical composition [mass%, Balance: Fe and Impuritles) ASTM graln
. INe ] Sl Mn P 5 Cr | Ni | cu]| Al Ti N o Others slze No,
11 a | 0.063 | 0.97 { 0.81 [ 0.018} 0.0004 | 18.9124.9]/2.99] 0.03 | 0.01 | 0.012 | <0.01 |0.005Ca 9.5
1| b | 0063 | 0.97 { 0.81[0.012) 0,0004 | 19.9]|24.9(2.69( 0.03 | 0.01 | 0.012 | <0.61 |0.005Ca 8.4
1]l c | 0083 | 007 | 0,810,012 0.0004 |19.9]|248(298]| 003 | 0.01 ] 0.012 [ <0.01 [0.005Ca 7.2
11 d | 0.083 | 0.97 | 0.81]0.012| 0.0004 [ 19.9(2491299]| 0.03 | 0.01 | 0.012 | <0.01 [0.005Ca 6.3
1] e | 0083 [ 087 | 0.81 ]0.012| 0.0004 | 19.9(24.972.99]| 0.03 | 0.01 | 0.092 | <0.01 {0.005Ca 5.9
0.48Nb, 0.0028,
2} - | 0.085 | 0,97 | 0.82 | 0,023 | 0.0006 | 19.7 | 25.2| 3.00) 0.09 | 0.01 | 0,095 | <0.01 0.048Ce, 0,00BLa 7.8
3] -1 0082 | 0.95 ]| 0.83 | 0.016 | 0.0004 | 19.9 | 2511 3.01] 003 | 0.006 ; 0,112 | <0.01 |0.98Ta 8.5
41 -10032 10,91 ]0.72[0.025] 0,0008 {19.5)24.2|284| 0.04 | 0,02 | 0.008 | 0.01 |- 8.2
5] -] 0.058 { 093|083 [0,015]0.0008 | 194|256 |3.05( 003 | 0.01 [ 0092 001 |1.1Mo 6.4
6] - | 0,055 | 0,95 | 0.85)0.006 | 0.0024 | 19.8 [24.3 | 0.72] 0,04 [ 0.02 | 0.015 | 0.01 |0.0028, 0.06V 8.8
7] - | 0.054 | 1.67 | 1.05 | 0.023 | 0.0007 | 19.7 | 24.2|2.97] 0.03 | 0.01_| 0.024 | <0.01 [0.003Mg__ 9.4
8] - | 0.062 | 0.90 | 1.12 | 0.024 1 0.0004 { 19,1 | 29.6 | 2.55] 0.02 | 0.01 | 0.048 | <0.01 |0.48Nb 8.2
8] - 0.063 | 0.92 | 1.15 | 0.021 | 0.0006 | 6.2 | 26,3 | 2.24| 0.03 [ 0.01 | 0.065 | 0.01 |- 8.4
0] - 0.088 | 1.34 | 1.32 | 0,021 | 0.0004 | 48.525.0|2.68| 0,05 [ 0.02 | 0.090 | 0.02 [0.8Co, 0.41Nb 7.7
1] - | 0.064 | 1.03 | 0,94 [ 0.018 | 0.0008 | 18.2[26.4 |4.25] .04 [ 0.056 | 0.025 | <0.01 [3.4W, 0.04Hf, 0.002Mg 7.6
2] - | 0082 | 149 | 0.83 [ 0.019 | 0.0005 |-18.8 | 21.7 | 298] G.05{ 0.03 | 0.019 | 0.04 [- 7.8
13] - | 0.054 | 1.25 | 0.80 | 0.035| 0.0002 | 19.2 (24,9 (3.11) 0.04 | 0.02 | 0.140 | 0.01 ({f.3Mo, 2.1W 8.5
14} - | 0.059 | 1.42 | 0.78 | 0.020 | 0.0001 | 19.0| 25.3 | 3.04} 011§ ©.12 | 0.086 | <0.01 {0.002B, 0.03Nd 8.2
45| - 1 0,062 | 0,96 | 0.75 | 0.020 | 0.0005 | 19.7 { 25.3{2.05) 0.02 | 0.01 1 9,102 | <0.01 |0.46Nb, 0.003B 7.7
16] - | 0.062 | 0,98 | 0.18 | .022 | 0.0006 | 19.6 | 25.4{278] 0.07 | 0,01 i 0.065 | 0.01 |- 8.4
17] -~ | 0.080 [ 0.95 ] 0,67 [0.017 | 0.0003 [19.8]1268]|246] 0,15 | 0.02 | 0.082 | 0.01 |- 9.2
18] - | 0.081 | 1,05 | 0.60 [0.026 | 0.0004 [18.2124,9]|252)| 0,02 | 0.08 | 0.072 | 0.01 |0.0015B 8.3
0.004Mg, 0.01La,
18] - 0,043 | 0.63 | 0.85 | 0.020 | 0.0002 | 19.4 | 25,7 [ 2.95| 0.03 | 0.01 | 0.075 | <0.01 0.52Ta, 0.032r, 1.260 9.0
0.03Y, 0.002B,
201 - t D062 | D82 | 0,87 | 0,024 5.0002 | 19.8 | 25.0 | 2,68 | 0.006| 0.01 | 0.034 | =<0.01 1.8Mo, 0.003Ca 8.4
21] - 0.075 | 0.97 | 0.84 | 0.024 | §.0006 | 19.6 [ 25.3]|3.22| 0.02 | 0.01 | 0.088 | 0.01 |0.05Zr, 2.2Mo 7.2
22| - | 0,060 | 1.01 | 0.68 | 0,017 ] 0.0120 | 19.2124,3(2.87| 0.05 | 0.06 | 0.075 | 0.01 [2.5Co 7.8
23] - | 0.070 | 1.05 | 0.70 | 0.014] 0.0001 | 18.2(24.9(2.99) 0.07 | 0.03 | 0.017 | <0.01 |0.04La 8.2
24 - | 0084 [ 1.02 | 0.78 | 0.018 ] 0.0004 { 19.7 | 26.3 [ 3.01 | 0.03 | 0.008 { 0.016 | <0.01 |- 8.5
25| ~ | 0066 [ 1.41 [ 0.85 | 0.024 [ 00007 [21.7%]25.2|2.68]| 0.01 | 0.03 | 0.005 [ 0.01 |- 2.1
26| - ] 0049 | 0,97 | 0.82 0,022 0,0006 |20,4*|25.2[3.05[/ 0.04| 0.01 | 0.008 [ 0.01 |- 8.8
27| - | 0,085 | 0,92 | 0.84 | 0.022] 0.0005 | 18.9}25.8(3.16/ 0.05 | 0.01 | 0.015 | <0.01 |- 8.4
28] - | 0.065 | 0.45%{ 0.76 | 0,019 | 0.0006 | 18.7 | 26.2 [ 3.08| 0.04 | 0.02 | 0.072 | <0,01 |- 8.2
29) - | 0.068 | 0.87 | 0.75 | 0.024 | 0.0004 | 16.0*[ 26.4 | 3.06 0.03 | 0.01 | 0.085 | <0.01 [0.12Nb 8.5
30] -~ | 0.054 | 0.89 | 0.68 | 0.024 | 0.0005 | 19.2 | 24,2 | 2.87 | 0.18*] 0.01 | 0.040 | <0.01 |- 7.7
31] - | 0.058 | 0.82 | 0.850.021 | 0.0002 | 19.0]24.112.88] 0.03 } 0.21* | 0.012 | <0.09 {- 8.1
32; - 0.051 | 0.83 | 1.25 | 0.019 [ 0.0008 [22.,5*%] 23.6) 2.6 0.03 | 0.04 | 0.016 } <0.01 |1.54Mo 8.5
33| - 0.049 | 0,95 | 0.65 ) 0.019 | 0.0005 | 19.8 | 23.9[0.34*| 0.04 | 0.01 | 0,085 | <0,04 [0.003Mg, 0.002B 7.6
34] - | 0.012* | 1.09 | 0,78 | 0.020 | 0.0006 | 18.3 [22.913.22)| 0.03 [ 0.01 } 0,072 | 0,01 |0.005Ca, 0,03Nd 7.8
35] - | 0.072 | 2.14*| 0.85 | 0.021] 0.0004 | 186 [24.3[3.04| 0.02 [ 0.02 | 0.085 | <0.01 |0.5Co, 0.35Nb 7.5
361 - 0.17* | 0.97 | 0.50 | 0.021 ] 6.0007 | 19.9 | 24.8 | 3.00] 0,52* [ 0.54* | 0.010 | 0.01 [0.004Ca N 8.6

Nete: * shows out of scope of the Inventlon,

[0084]
[Table 2]
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No 1630.0 33.5 1/ 10 1.0 8 - No 1963.5 27.9 0/ 10 0.6 9 No

1643.8 28.9 0110 0.6 10 No 2309.7 21.5 0/ 10 0.9 11 No 2105.3
17.0 0110 0.8 12 - No 1621.0 33.3

Table 2
850°C, 20hr 800°C, 40MPa | 800°C ,40MPa
4526C0-42,5%6H, Creep rupture Greep rupfure Restraint welding cracks test Trans-varestrain test
No Sub| -6-5%6C0,6%H;0 gas time elongation
"I No,
, Observed HAZ cracks number / Maximum crack fength in
Pit observed. {hr) (36} observed cross section npumber welding metal {(mm)
1 a No 1430.7 314 0710 0.6
1 b No 1530.5 31.0 0/10 0.6
k. [~} No 1605.7 20.2 0/10 0.6
1 d No 1789.7 25.9 0/10 0.6
1 e No 2001.0 23.4 0/10 0.6
2 - Ng 2234.5 24.6 0/10 0.6
3 - No 2632.5 19.5 010 0.6
4 - No 1340.3 36.8 0/10 0.6
5 - No 2320.5 24.7 o/10 0.8
6 - No 760.0 30.3 0/10 0.8
7 - No 1630.0 33.5 1710 1.0
8 - No 1963.5 27,9 0/10 0.6
9 i - No 1643.8 23.9 0/10 0.6
10 - No 2309.7 21.5 0710 0.9
11 - No 2105.3 17.0 @710 0.8
121 - No 1621.0 33.3 0710 0.6
13 - No 3250.5 18.7 0410 0.8
4] - No 2210.5 16.9 1710 0.6
5] - No 2650.4 24.6 0/10 0.6
16| - No 2001.2 17.5 0710 0.6
174 - No 2450.9 16.1 1719 0.5
18] - o 2180.8 18,5 gr10 0.6
19| - o 1980.6 36,7 0/10 0.3
20| - L] 1810.5 34.2 0710 0.4
21 - No 2880.5 15.3 Q710 0.9
27 - No 2450.6 24.6 0/10 0.6
23| - No 1730.2 33.3 0/10 0.6
241 - No 1650, 28.7 0/10 0.6
25) - No 1130, 32.5 0/10 0.6
28 ) - No 1310.5 27.5 0/10 0.6
27 | - No 31058 9.7 9/10 14
28| - Yes 1980.4 21.3 g/10 0.3
20| - Yes 2320.5 27.9 0410 0.7
30| - No 2890.0 10.8 5710 13
31 - No 2760,5 11.1 6710 1.3
2] - No 863.0 333 0/10 0.5
331 - Yes 2124.3 30.6 0/10 0.5
34| - Ne . . 565.3 353 010 0.2
35| - Ne . 2345.2 8.7 10410 23
36] - No ; 6922.8 6.7 ar10 1.5
[Example 2]
[0085]

A metal material having a chemical composition given in Table 1 was melted by
using a high-frequency heating vacuum furnace, and a metal plate having a plate thickness
of 12 mm was manufactured by hot forging and cold rolling. The metal plate was
subjected to solid solution heat treatment under the conditions that the heat treatment
temperature is 1140 to 1230°C and the heat treatment time is 5 minutes, and a test piece
was prepared by cutting a part of the metal plate. From each of the metal materials given
in Table 1, a round-bar test piece having a diameter in parallel' portion of 6 mm and a
length of 70 mm (parallel portion: 30 mm) was cut out. Also, from the metal plate, a test

piece measuring 12 mm in plate thickness, 15 mm in width, and 15 mm in length was cut
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out. The test piece was embedded in a resin, and the base metal grain size of the structure
of the cross section perpendicular to the plate rolling direction was measured, whereby the
austenite grain size No, specified in ASTM was determined. The grain size No. is
summarized in Table 1. This test piece was held under a stress of 40 MPa at a holding
temperature of 800°C, whereby the time up to rupture {creep rupture time) was determined.
Further, the test piece elongation up to rupture (creep rupture elongation) was measured.
It was judged that the rupture time of 1320 hours or longer satisfies the performance of the
present invention. Also, it was judged that the rupture elongation of 15% or more
satisfies the performance of the present invention. These results are summarized in Table
2.

[0086]

Table 2 reveals that among the metal materials of Nos. 25 to 36 in which the
chemical composition deviated from the conditions defined in the present invention, the
metal materials of Nos. 25, 26 and 32 in which the Cr content deviated from the conditions
defined in the present invention and the metal material of No. 34 in which the C content
deviated from the conditions defined in the present invention had short creep rupture time
and therefore had a poor creep rupture strength. Further, Table 2 reveals that the metal
material of No. 30 in which the Al content deviated from the conditions defined in the
present invention, the metal material of No. 31 in which the Ti content deviated from the
conditions defined in the present invention, the metal material of No. 35 in which the Si
content deviated from the conditions defined in the present invention, and the metal
material of No. 36 in which all of the C, Al and Ti contents deviated from the conditions
defined in the present invention had a small creep rupture elongation and therefore had a
poor creep ductility. On the other hand, all of the metal materials of the present invention
(Nos. 1 to 24) had the creep rupture strength and the creep ductility satisfying the
conditions defined in the present invention, and therefore were excellent in creep
properties.

[Example 3]
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[0087]

Each of the metal materials having the chemical compositions given in Table 1 was
melted by using a high-frequency heating vacuum furnace, and was hot-forged and cold-
rolled to prepare a metal plate having a plate thickness of 14 mm. The metal plate was
subjected to solid solution heat treatment under the conditions that the heat treatment
temperature is 1140 to 1230°C and the heat treatment time is five minutes, and a test piece
was prepared by cutting a part of the metal plate. From each of the metal materials given
in Table 1, two test pieces each measuring 12 mm in plate thickness, 50 mm in width, and
100 mm in length were prepared. Next, V-type groove having an angle of 30° and a root
thickness of 1.0 mm was formed on one side in the longitudinal direction of the test piece.
Thereafter, the surroundings of the test pieces were restraint-welded onto a commercially-
available metal plate of "SM400C" specified in JIS G3106(2004), measuring 25 mm in
thickness, 150 mm in width, and 150 mm in length, by using a covered electrode of
"DNiCrMo-3" specified in JIS Z3224(1999). Successively, multi-layer welding was
performed in the bevel by TIG welding using a TIG welding wire of "YNiCrMo-3"
specified in JIS Z3334(1999) under the condition of heat input of 6 kl/cm. After the
aforementioned welding operation, from each of the welded test pieces, ten test pieces
were sampled to observe the cross section microstructure of the joint. The cross section
was mirror-polished and etched, and the presence of cracks in the HAZ was observed
under an optical microscope having a magnification of x500. It was judged that the case
where the number of cross sections in which HAZ cracks occur is one or less of the ten
observed cross sections satisfies the performance of the present invention. The results are
summarized in Table 2.

[0088]

Table 2 reveals that among the metal materials of Nos. 25 to 36 in which the
chemical composition deviated from the conditions defined in the present invention, the
metal material of No. 30 in which the Al content deviated from the conditions defined in

the present invention, the metal material of No. 31 in which the Ti content deviated from
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the conditions defined in the present invention, and the metal material of No. 35 in which
the Si content deviated Ifrom the conditions defined in the present invention were formed
with HAZ cracks and had a raised HAZ crack susceptibility. On the other hand, among
the metal materials of the present invention (Nos. 1 to 24), the metal material of No. 7 in
which the Si content is high, the metal material of No. 14 in which the Ti content is high,
and the metal material of No. 17 in which the Al content is high satisfied the defined
performance of the present invention although HAZ cracks occurred in one observed cross
section of the ten cross sections. In the metal materials of the present invention excluding
the aforementioned metal materials, HAZ cracks did not occur, and the weldability relating
to the HAZ crack susceptibility was excellent.

[Example 4]

[0089]

A metal material having a chemical composition given in Table 1 was melted by
using a high-frequency heating vacuum furnace, and a metal plate having a plate thickness
of 6 mm was manufactured by hot forging and hot rolling. The metal plate was subjected
to solid solution heat treatment under the conditions that the heat freatment temperature is
1140 to 1230°C and the heat treatment time is 4 minutes, and a test piece was prepared by
cutting a part of the metal plate. From each of the metal materials given in Table 1, a
trans-varestrain test piece measuring 4 mm in thickness, 100 mm in width, and 100 mm in
length was prepared. Thereafter, bead-on-plate welding was performed by GTAW under
the conditions that the welding current is 100A, the arc length is 2 mm, and the welding
speed is 15 cm/min, and when the molten pool arrives at the central portion in the
longitudinal direction of the test piece, bending deformation is given to the test piece and
an additional strain is given to the weld metal to produce a crack. The additional strain
was made 2% of the saturation of the maximum crack length. In evaluation, the
maximum length of the crack occurring in the weld metal was measured, and it was used

as a solidification crack susceptibility evaluation index that the welding material had. It
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was judged that the maximum crack length of 1 mm or shorter satisfies the performance of
the present invention. The results are summarized in Table 2.
[0090]

Table 2 reveals that among the metal materials of Nos. 25 to 36 in which the
chemical composition deviated from the conditions defined in the present invention, the
metal material of No. 27 in which the C content deviated from the conditions defined in the
present invention, the metal material of No. 30 in which the Al content deviated from the
conditions defined in the present invention, the metal material of No. 31 in which the Ti
content deviated from the conditions defined in the present invention, the metal material of
No. 35 in which the Si content deviated from the conditions defined in the present
invention, and the metal material of No. 36 in which all of the C, Al and Ti contents
deviated from the conditions defined in the present invention showed that the maximum
crack length in the weld metal exceeded 1lmm, and therefore had a raised weld
solidification crack susceptibility. On the other hand, it is revealed that the metal
materials of the present invention (Nos. 1 to 24) showed that the maximum crack length in
the weld metal was 1 mm or shorter, and are excellent in weldability relating to the weld

solidification crack susceptibility.

[Industrial Applicability]
[0091]

There is provided a metal material that has an effect of restraining reaction between
carburizing gas and the metal surface, has excellent metal dusting resistance, carburization
resistance, and coking resistance, and further has improved weldability and creep ductility.
This metal material can be used for welded structure members of cracking furnaces,
reforming furnaces, heating furnaces, heat exchangers, etc. in petroleum refining,
petrochemical plants, and the like, and can significantly improve the durability and

operation efficiency of apparatus.
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nmel ted by using a high-frequency heating vacuum furnace, and a netal
pl ate having a plate thickness of 12 mm was nmanufactured by hot
forging and cold rolling. The netal plate was subjected to solid
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[ Caim2] A carburization resistant netal nmateri al
characterized by consisting of, by mass% C. 0.04 to 0.07% Si: 0.8
to 1.5% M 0.05to 2.5% P: 0.04%or less, S 0.015%or less, Cr:
18. 0% or higher and 20.0%or less, Ni: 22.0 to 28.0% Cu: 1.5 to
6.0% Al: 0.12%or less, Ti: 0.05%or less, N. 0.005 to 0.20% and O
(oxygen): 0. Oz%@éarb@%uontrbﬁstml ﬁ&ﬁ?m’ﬁﬁhﬁgad:cﬁrcﬁﬁgjtd aﬁsubhé b?%lan{@l abn
3] The carburization resistant nmetal material according t

cl ai m 1 ocha?actabmd dyhavingadideyerhivrtdichaciae bastdiiRe@raib ¥izoneEs % 6 @ﬂhl%lﬁﬁl.s'[
one kind of a conponent selected fromat |east one group of the first
group to the fifth group described below first group: Co: 10% or

| ess, second group: Md: 5%or less, W 5%or |ess, and Ta: 5% or

| ess, third group: B: 0.1%or less, V. 0.5%o0r less, Zr: 0.5% or

| ess, Nb: 2%or less, and H: 0.5%or less, fourth group: My: 0.1% or
| ess and Ca: 0.1%or less, fifth group: Y: 0.15%or less, La: 0.15%
or less, Ce: 0.15%or less, and Nd: 0.15%or less. [Caimd4]

The carburization resistant netal material according to any one of
claims 1 to 3, characterized by having a fine grain such that the
austenite grain size No. is 6 or higher.
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