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(87) Abstract: The present invention addresses the problem of suppressing intergranular cracking (providing nitriding
resistance) and suppressing occurrence of red scale (providing oxidation resistance) even in a gas atmosphere containing
nitrogen and water vapor such as an ammonia combustion gas in a medium to high temperature range ranging from 500
°Cto 700 ° C. The purpose of the present invention is to provide ferrite-based stainless steel which solves the problem.
The present invention has a certain component composition with which the nitriding tendency index is 5 or less, wherein
a dislocation (strain) is introduced into a steel material surface by polishing the steel material surface so as to harden the
steel material surface, and a hard Cr-Si-based oxide coating film, which is hard in an atmosphere at 500 ° C or higher,
is formed for a surface layer by setting the difference between the surface hardness and the hardness of a central part of
the steel material to 25 Hv or more. Consequently, excellent oxidation resistance and nitriding resistance are provided.
Nitriding tendency index: 10Al + 2Mo + 3Ti + 0.5Cu - 1.5Si
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AR DEH
[EEKIA1] on. BE%T.
C :0~0. 030%.
Si:0. 03~3. 00%.

Mn:0. 03~1., 20%.
P :0. 050%LTF,
S :0. 0O05%UT.
Ni:O~ 0 0 %.

Cr:12, 0~31. 0%.
N :0~0. 030%.
Nb:0~1. 00%

Mo :0~2, 50%

Cu:0~3. 00%
Al :0. 002~0. 500%.
Ti:0~0., 600%
vV :0~ 0 0%.

B :0~0. 0100%.
Ca:0~0. 0150%
Sn:0~ 0 0 %.
Hf :0~0. 60%.
Zr:0~0. 60%.
Sb:0~0. 60%.
Co:0~ 50 %.

W :0~2. 00%.
Ta:0~ 0 0 %.
Ga:0~0. 50%.
Mg:0~0. 005 0%.

REM: 0~0., 20%. 5.



WO 2025/057448 31 PCT/JP2024/004092

55 RIR2]

[553KIR3]

[55K1R4]

[E53KIR5]

LFoxX1 %5mEL.

BERF e BLUTRHID SR ZMMMTHY .,

AIECHIM OREOE Y h—REE (Hv s) SHIEHEMOPREOLE
YAHA—REE (Hve) PUTOR2%ZWETEI & 2RHHRET 2T
T4 FRAT VL R,
10A1+2Mo+3Ti+0. 5Cu—1. 5Si=5. 0

L. X1HhOxHRESIFE. HZnRO=2EE (BE%) =L,
EELABVWERIF0OERAT S,

Fro. EMOPRIBE E, EMETEICSVTHEMOEIFAIC. BX
D3/8mM5H5,/8FTCHEREICH BMEEHEIET,

RIS OREICEERNEICS W T, I OFRREBOE Y B
—ABELY25HVvUEEVWEYH—ABEEEZET 2xEELEE
B L. RIEEREFEEEOEINRIGEHMOKRANSEIAM@ICO. 5
umPA ETHZERBETICEEDO 754 FRAT VL XM,

RIS OREICEEREICS W T, BIEHEMRENSFEI20
um@ORBERIC, FIZERO. 1 umlEDOHFEHHA»1 0@ 1000 wu
m2P EEET D, BREI1FLE2ICEHOISM1 NRAT VL
R §H#

RIS OREICEEREICS W T, BIEHEMRENSFEI20
umODKRBEFDRFIC, FURFRO. T uml EOHEHHMNO. 1 7@
S umU EBEET S, BREI1I~3OVWINNMTIBICEEO TS A
FRRT VL ZEM,

B OREICEERMET. 100 umm@ADEHE% 1155 &
LT. FEDO3HRFOMNATINKRIDEENS umll T TH BB KIE
1~40WTHhMNTIBICREEHDO 7 2514 FRAT VL XM,



WO 2025/057448 32 PCT/JP2024/004092

[E53KIR6]

[553KIR7]

[53K1R8]

[553KIR9]

[55K1R10]

[55KIR11]

[55K1R12]

RIECHAM % 6 0 0CT 1 O HRREE LARIC, RIGSHAMOREH S
EXAAOEHNO. B umATOEZEZGCGD-OESHMLTEDL
nNaCrOE—7@E |l .. SiDE—JEE | s,. BLUN (E
F) OE—JBE | \WUTORIZWET HEKET F/I1d 21058
D754 MRAT VL M,
lo,+2X1g;—0. 5X 1420, 30

BRET~6DOVWTINHOTIRHICREEOT7 Y E-T7REREROT
Z4 FRAT VL R,

BEKIE1 LB 2ICBBOT7 514 NRRATY L M OEES &
TH->T, BREVICEBORDZET 2H4%, 900~1100
COBEHTHRIELLK. SOCUTOREZTARL., 7vE2,
O%LLT. HiE6~15%%2HL. BES50~6 0O COBERPIC
40~60MBEZEL T L. TORRIGRHEMORAZME. ¥ 3
v NTSAMNELRBYay NE—ZV P TB3TIREATEH M
ET27x54 NRAT VL AAMOBEIERE,

AIEE900~1 100 COREFHICHITZHRFRFHMI3 OMLULSD
BUTTHY, BIERAFICBEVWTE800THS3 00 CETDRES
FETOREE[NAIOMULET 20MUTTHDEKIESICEEHD Y
54 MPRAT VL AWM OEETS X,

RISCHIEAGZRAMETH>T. #220ICHEVTHLI00F LK/
BLUHGOO0DIRICHET 3, BFKRKIESHLIFILRBDT 54
FRRXT VL M OEEFE,

BRET~6DOVWTIANTIHICEHED 7 514 NRAT VL M
IR EH—BUCE T D ER &,

TUEZTGHEESRREIMTH HEKRE 1 1 ICEEH OB M.



1/1

WO 2025/057448 PCT/|P2024/004092
[Eg1]
X1
60
o
50 ®
=
2 40
0, . 4
% 30 >
20
ga
10 . ———
[ )
0 T ®-0— 0000 000

0.00 0.10 0020 030 040 050 0.60 0.70
[DES AL



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2024/004092

A. CLASSIFICATION OF SUBJECT MATTER

C22C 38/00(2006.01)i; C21D 7/06(2006.01)i; C21D 9/46(2006.01)i; C22C 38/60(2006.01)i; C23G 1/08(2006.01)i
FI.  C22C38/00 302Z; C22C38/60; C21D7/06 A; C21D9%/46 R; C23G1/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C22C38/00; C21D7/06; C21D9/46; C22C38/60; C23G1/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2024
Registered utility model specifications of Japan 1996-2024
Published registered utility model applications of Japan 1994-2024

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2007-239060 A (NISSHIN STEEL CO., LTD.) 20 September 2007 (2007-09-20) 1-2
tables 1-2

3-12

A WO 2023/042470 A1 (NIPPON STEEL STAINLESS STEEL CORPORATION) 23 March 1-12

2023 (2023-03-23)

A | JP 2009-68079 A (SUMITOMO METAL INDUSTRIES, LTD.) 02 April 2009 (2009-04-02) | 1-12

A | JP 2015-532681 A (APERAM STAINLESS FRANCE) 12 November 2015 (2015-11-12) | 1-12

A WO 2014/157578 A1 (NIPPON STEEL & SUMIKIN STAINLESS STEEL

CORPORATION) 02 October 2014 (2014-10-02)

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

«g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combmed.wnh one or more (.)ther.such documents, such combination

“0 document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p” document published prior to the international filing date but later than

the priority date claimed

Date of the actual completion of the international search

19 April 2024

Date of mailing of the international search report

07 May 2024

Name and mailing address of the ISA/JP

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/JP2024/004092
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)

Ip 2007-239060 A 20 September 2007 (Family: none)

WO 2023/042470 Al 23 March 2023 CA 3231115 Al
Ip 2009-68079 A 02 April 2009 (Family: none)

JP 2015-532681 A 12 November 2015 us 2016/0115562 Al

EP 2893049 Al

CA 2883538 Al

CN 104903482 A

MX 2015002716 A

KR 10-2015-0099706 A

RU 2015107432 A

IN 1710DEN2015 A

BR 112015004633 A2

SI 2893049 T1

HU E052513 T2

ES 2831163 T3

WO 2014/157578 Al 02 October 2014 KR 10-2015-0110762 A

CN 105074035 A

Form PCT/ISA/210 (patent family annex) (July 2022)



] B A e o5 [ BB
PCT/JP2024/004092

A. HERORTLI0FONE (BRFEHFIH (1PC) )

(220 38/00(2006.01)1; €21D 7/06(2006.01)1; €21D 9/46(2006.01)1; €22C 38/60(2006.01)i;
(236G 1/08(2006.01) i
FI: €22038/00 302Z; (€22€38/60; (21D7/06 A; €21D9/46 R; (23G1/08

B. FEZITH> 705

HE 2T o R NRER (ERRNAF2HE (1PC) )
(22038/00; €21D7/06; C21D9/46; 22038/60; (23G1/08

BNRERUADBER CRHEZ T o722 BIZEENDED

HAREEMAFEQAR 1922-19964
HAEAFEEAFEAR 1971-20244
HAEEAFTRERAHR 1996-20244F
HAE S AR AH 1994-20244

EBRAECHHLUAZEFT—EZN—Z (F—XRX—Z2DLH,

\

SHELCHA U 72 R

C. B % 23 515 STk

WHLEO | aimame RO—HOEFRASIET 5 £ 313, TOMET 5 EHO%R Mo
X JP 2007239060 A (H#FrBEME=24E) 20.09.2007 (2007 - 09 - 20) 1-2
A A 3-12
CUA|W0 2023/042470 Al (HEKATY L ABRAAL) 23.03.2023 (2023 -03-23) I B
CA [P 2009-68079 A (FrKBE TERAR) 02.04.2009 (2009-04-02) I TR
A P 201553281 A (FATA - AFYLA - 7IVA) 1211205 (015-11-12) | ) TR
T |0 2014/157578 Al G HEMES AT Y L ABAAM) 02.10.2014 (2014-10-02) | | TR

L crios = ic &gt s h T o K7V R T 73 ) — 1 HT 2 A% S,
s BXEOH T TV — T R LA R AF N ST o T I
A RO b B XTI A <. A E R 0 BT oL 0TiEa . Mo EAROAMO D]
“p» B LR C IR AR AT S & L C S L 7 SO LKA
B LI JI0) K IR T B, K LRI X D B OXM LD 2L, § RABOATHADH A
L0 o BB b % LA T T, Mk 180 | B4 Lk
“rn = HEL - 23 <
L %g%mg%@@g§%j§§§Xigggggg aEY ZO. MEECY S THITH S MAT LS TSRS
“07 DT & BRI, BUE, BREICE KT S 0 & HAT Y RT3V =3
wpr ELEEE AT, 0 B5EHED RO & 222 LD H O
BITANE X Xk
EE G %52 7 Ll EBAEHEOFRH
19. 04. 2024 07.05. 2024
LB U HTHE HERDH DB (NHFTFEEE)
H AE &52r 7 (1SA/JP)
T100-8915 NI fsd 1 4K 5798
H A=
HEHTREIKEIE=TH4AES &
T/ 03-3581-1101 [NA&R 3435

FE= PCT/ISA/210 (BB2°—Y) (202 28 T7TH)



ESl T EBRHEES
N7V 77 3) =T SR

PCT/JP2024/004092
CIVEER-E N ~#FH NFY 77 )=k nFEH

JP 2007-239060 A 20.09. 2007 (773U —720U)
WO 2023/042470 Al 23.03. 2023 CA 3231115 Al
JP 2009-68079 02.04. 2009 (773U —72U)
JP 2015-532681 A 12.11. 2015 Us 2016/0115562 Al

EP 2893049 Al

CA 2883538 Al

CN 104903482 A

MX 2015002716 A

KR 10-2015-0099706 A

RU 2015107432 A

IN 1710DEN2015 A

BR 112015004633 A2

SI 2893049 T1
HU E052513 T2
ES 2831163 T3
WO 2014/157578 Al 02.10. 2014 KR 10-2015-0110762 A
CN 105074035 A

FER PCT/ISA/210 (S5 b7 7 3 ) —HIBIHD (202287 H)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

