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C13-Se 3t gttt
SEERE: BBER. BHTF. KEMR. 2ol

C13-01
DASRECHDRI B BIRT, Heshin i i TR AR
201 i

WBRBT TS B BR 2 ]

1o i 5 A MR TR SR 225 et B R A e, G S s LA Jelt il e OB R IR SR RE DR RE 45,
REVEHFE TR, BOBHRER S TR, RE TR, CCUS % XU TREHEX St M Pt B it A
Pe B EOR. BHCQUET B AL H SR IEST B R TR AR, B UK TR an iR A OB LGV SOR . B A
PR AR ROR . R SR BT MR AE S T A SR ISR R D BRI H EAH, A
WriE SN PRl Rt . SRR, TEm bk s AR Ik B 5 Tt

C13-02
AEXUR A TE S E SR R SOY B SR
BT, i 1S, i 4, EMA M, EA 1S Michael Ferry!?
1. UNSW Sydney (BRI TEHF AR LK)
2. WO RIS AU A TN AT B A . (BAUC)
3 AT R
4. ERYEP BT AR DI
. D BRI TR

MR RURAE 5 IESL (Twin-Roll Strip Casting Steel) J2IE 30 4RI A KA L REIT 4 YR iy
BB BOR, BRI — A SORZEARYE L, REALT P R S e SRR R Z R Bk, 7E%
PRSP S, TR ORTE, HAERURRAE AL 32 B BE ARG A . 2l e 5 e A E 2L
WA, JEEARLAIE P REAR, FERIR A — RS E AR T — RS R RR R . AR
e 50-60 M, JEREAE 1-3 mm 2oy BT . ATl E R AR T, I BORBE A R
REVRIHAEANTRHEL 80%, J2&SEBUANBRA XU H AR . foh 4r (A Bk 7 i BT A P R 22—
TEARBEARTETF A AN TR F B i (4 R % L R PR K 2 — S T I R TR B TR

AR T 2 XK L Al SR e W T ) A SRR T S, ARG AR G A A R
TWHBE (SEM) . EDS Il EBSD SRAE T H, XIHCRSUARIMAIR., (L2l M k22t 17704, DA
B 7 X SRS = AR AL AR S . TR, FERICREUR TRHR, &FAFAER T MnO Ml SiO,
R S I SR A I TR R AR At L8 X SR S S AL 0 e A 7 A b 2 1T 52 31 U4 i B2
W8 RBES TR M R S, AR 1R M R0 -5 1) 5 A Y e s 3 A R e i s A, e
RAEVE T Sy Sn . EROKTER R R A AR, XL S AR ZE RS IR L A, A
R A KB E AR T, ST BRI MBSO A EAR N, et 7RI IR SRR e BRI
%, O A EEWA TR R b, Rt 7 SR B UA T R 7 5 1) 7 ) i TR
Wb JRE, BRAFET RCREAEIR TR R I BRSO B R AL ) R s,
N AR BEE T B

C13-03
WA LG SRR TR B R S R ML
B
JEHRRBR

W AL T A AT 2 5 R A R RO RE R R AR, BETRIH A AN AR HE R (N & Ge i
SeREFL LR 10%A 16%, BN 5 R T Se By B B s R T B, MG & mimi e
il 5 B A BR AR, AR G AR A 7 I B B R PP A B BT SR A RCR R IR (BT
ppm) FIBRACPIIEMOCE (W Nb, VA Ti) 4%, MEZMHWUBAEEE T L, 0452 8 WAL AN #ud
R, e A AR B R IR0y A AR HR R R . 9 B L T A R R ] R B UL SRV
G TTE B R R AR AR S, Ol ad B S By — oA AR TE v A 8 O AR 5 [ T SR )AL
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HTTRE IR, AT A RETR I AERY [R5 A ST R BRI & . AR R AN T R L R
& R SR Y AT O R B AL T RO BT ST R, A Fh Nb-N B SRR Nb-V-N & £ FE X il 5 48
SEHI R R ALVE I, LARIRRIRAS . e s S S L A Sh A AR T, IR el e L it g
SR T A R

C13-04
T — IR AL A% P IR e 5 Bl oA B BT ¢
EREx ROIME, XN, KA, HEH, XRE, KK, #HEHE
WERBT TS S B BR 2 ]

1R AR TAR LI M 2 ¢ R IR E R R AR () B R Bl B, 2 A K E 2 18] 56 4 1 2 2 R 9%
PR AT E PR S A SCae e (ITER) |, AP A0SR A TR SCI 3, Ol SR ié 3% 20T FlH
Wi )7 1400KN/m, 43 5I#B3T ITER SZIbHE 54%F1 75%, ITER i 2RAR IR S5 MM B O T0vE 1 2 TR S
K, P A BT — AR SR AR TR S s ) T N S OB FE A . 288 S LA B AF SR B ) v B i — AR
FAD TRERBEEEMTRME (K&, fE) MRt Raek, SRR . SREEAIIR T &8 ak/ B/ 4 3k A
P R AL R e 25 46 S AR AL 2F AR, R TR SR AR A & . S MALSUE RS . £ oohR/
BB R RS TAE, FEMRSRAE: (DB R EA 0 B S RN IIE, W& T 5
—MRELZTHEM GYS50G &Pk MR, L 42K i BT JE I 58 B2 >1500MPa, 40 Fi7 58 JiF
>1800MPa, fiiK%>25%, KIC> 150MPa-ml1/2, ZI&y iR+ ITER %% 316LN. (2) RALSR
CHLPPHIP SRS e A RIS AR R A, e e T E U ToiE R AR Y O A S AR T
By, WOE T HGRER (C<0.01%) . A (N: 0.3~0.4%) . #4id (P<0.01%. S<0.005%. Al<0.002%.
0<20ppm ) iAH T2, R LHALRE J1>40 mi/dttk, JFSC8l 7 Tk bRCERL ™. (3)ilAd i 41 SR 5+ 4
AN BRI A B SRR F B, 56 T 6 Mg RE(F (8260% 5000mm) 34Nk, JEREH
D DCERRLEEIRE] 3 R DAL, RO T4 R B B AR TOREAS AN RSB (e T debE 25, AR IX ) A% 1) B U
A, (4) EARBET GYS0GH7E 4. 2K BB AREIAE A S/ )/ 28 vt Rl s WL R, SREERY ot
N ] BRI TR AL 5 40 A Ak, S R A BT RIS T i R b R R AR 2R e Y ).

C13-05
7B R0 SR B 14 AT LB R
S
G I

I AR BT RO A2 DA A S AR B0, R & @ IRl b A i s i — P = i B2, ) iz A
TSR, FTRE. BLH G S0, R ABIAR o FC AR A (s AL AL, X6 T & 9 2 i Tk R A
SRR A ERE R R TAENE. EATR T, RAOFAEMER R, =g R
JFPIT L7, REGEWFSE T Fe-Ni-Al fil Fe-Ni-Ti {k &R &4 T Z/E R A RAT . db AT . b
ZUT R . BF9E KB, Fe-Ni-AlFl Fe-Ni-Ti b R B 8N S A7 A0 ™ S5 A9 & SO R AT s A, AT AL
Wil AE T A ESAT B AESNT . 7E Fe-Ni-AUARY, S FEIEBCPATHES K A0 NIALBT H A,
RATES T Cu T EM NI, 7T AR MRS NIALMB S AT, JEmE % NiALAE B & RN 2
Mrif, WEREAEHREIE. FE Fe-Ni-Ti /AR, SHAAIE S KW Ni3Ti HriBAEA oA X, 55
EAE BT 2 BATEI Mo U AE =AW E A ST WT, FFACT Ni Al Ti 78 5 SR A s
B, AR TR Ni3Ti AT AR fh A AR TR, AT IBER 1 U AT 2 i 1), 357 5 AR I R
FISR .

C13-06
SEI ] K T SL B 5 e 28 T B IR il 4
RO, Bk 12, K 2 SO 2, BET , BRUS 12, RS 2, £k
L ARACR AR R RE T TS B S E i S

2 FlCkan G

Jeit s g e LB R R AR AR, B AR A 5k B G dee e A STt iR 2 —, FESEEE
RERBEAOTHEAYIRT. A, DA RSB IEIC A, Fenl 2 ez, SRS bR A
2B RER . ]k B AR AT AT R B A Y 2, (R 2 (I B A A 2 R e DR ] ok TR R
PREGIET NGRS, B IR BRG] KO SR BN B, (R R A= B A R R Y 2K, XEDATESE PRy Toll
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AP ORI . R, SRR T, BERESE M S IR A I, SO DA A AR s ) 55852
A, I 2 TAE Tl A AL

BT, EH NI PR T — BR[O R AR B T e ] R 4 ARSI B i A
J& (GEFEHN 1C/s~10T/s) FFE AR ERFEREUIREZ (AT EEOK) | PRIBIRIERYNE], Rl
Je PR v A0 A R A — b [l 7 2L FRATTRFREIN [l 5 PR (] ORI 52 [l K HEAT RS b, SR T B
Bl BOFRBAMIR . XPPEATS . A TR M. BT IO SRR T R
PEFBO I RS T 1 722 PERE I RO AL RRAE, RG ot 1 (k) AARSE . EfkmE =, i
BEEERE . AT BRALPI A T AT AR SRR P BN 1 IR g A M RE R M Rl 52 Ty 5. R ERFTE AR
W (1) JE ] AR ] K [RAREELA FH L o] A o ER A ARSI AL FZICR,, A ] B [l R,
FELINT [ IR It A 2R S5 A e Il KORHT, T Ao 588 R A i E AR b 5 129 250MPa. (2) P IH IR
AT 5 2 R 1) 3 2 DR 3% [ B2 T A 2 ] K i) A ] i G B2, 24 [l Gt BE AL 300°C i 2 600°C
I, AR AL i AL 2 TS 2 0 i R 2 (B S B it B ZE(E AR, Ul B o] KRR Y _E T 5 FR A
AL E B TR AR S, (3) P25 VAR LD IR AL AR A BRI 12 S 26 i SRAT A2
Bri, 1k 25 BEAE S FACRAR AP B I T RO SUR R e, LAl i, X SRR S AR ] k2
JE ) P 588 AR A P P A SR BE S R/, (4) R AR ] g ] K RE T 52 0 2 PR PR AT Hh B A RO 9 32
LI I R TR], 5 (] I HGE BE Y % RN, TR] IR R A 1] IS 1] R DA A48 i 5 FR AR v A H sk £
PIRECREE . (5) ARSEIn] AL BRAY T FRAAR Fe K A it J FE AT H B e A RO WS T AR A e S A
U O BRAL Y, TR ] K AR B D FR RN h B B AL e A RN 2. (6) AT [l I EE MR IR] R 25 G
AR R R B S R BRI 2% RO Z2 AR /DS, U WA IS [m] e o ER A i JE2 -4 T AN i e 20 o i AT o 5
SRAL S EHY.

BT A EBIRER, SR EMNELIR AT L, BAVFA S T —F iR R T 1900MPa,
JEARGEER T 1600MPa, JEIEAHRT 1% H A R o SR AP B PER o RAR . AT 25 THE
AT A= 2 E5eh, TORAFIRITINIAB &, PR XS a i BOR: A T AR A SRR A I [ Pk 2]
LR FPEERE, R RS RER, Al B R A A, Rk T ERr ARt T
— PR T A PERE BB v, IR BR RAFA T Y 7, BRAS R MRHRL 2 AR STy ok W 35
ERIRAEINT R Ve

C13-07
T T4 S 7 33 SE A b R A
i

[ AR 22 A b L

FeHEBRA RO A, AR ERIAP RO S i # I T L% — RV BOROE R, g Tk
SRR B4 I 3 57 8 H B, G o) 28 0 57 47 et B 5 AR AR P RE SR MR B S e Se Y A e
AN R ST, 0 EdF, SESNMeit il Al AT e, A E 2 80 ol T e e gk
MR ABEPERE S AIPEAN BE b A — E R 22, AR SCH R T S R R AR AT DAL 3 F PSR O e i), %
PR B [ R A i, RO R AOIT &, ARG s 5T e 2 0l A IR W TS S IR A 1k RS 1A
F, GEIER SRR 1 B 37 5 0 IR BE AN AR e AR DAY, — T TR i i A ) W
PR, 53— 7 T HAT ACH s 25 [ Bl 3 5 i L5 S A BEARAIE”.

C13-08
$32750 XA G vh i FIER T BT ST R
FWH, RGN, EFW Y, £ 2 R G BEAE 4 R G

1 BRI T B Be A R T

2. WL AN MRS LA R 22 )

3. AKRFFR R B I R A

4. NP RHI AT B O A R A T
5. FRAFFAR S A IR AT

XURH A 47580 e L B FR (A AN A58 114 D0 7 e o P -5 R 5 AR AN B A9 P 2 vy i 52 1T S A 9y 1777 7§ ok
E, TR TAR. Bl it ATARSEGUECE ) TZ N L AR R AU A9 i it — 25 [ R R 8
PSR A, (ELEE] PAOSURH AN S5 4 7 ot 3kt A A o e BIPEAR A DR, AN B4 W R LB 5 22 10T B FR A
WEBR AR, FESEEMR R AL G T BB SR R b oL
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EH A VER BT 4F SR DA UNS 832750 XUAH AN M A XI5, RGWF5E T B KW AH 6l (Phase
ratio) . MIJEZ (Phase morphology) . AhRIK AR (Aspect ratio) . &5 AT H S5 A4 k2 R XD AS
AR AT AR, A TAERPLE. FEAFREERA: (1) BAS S32750 XU RN TE & il
TRA R, R IR AR BRI R E I N b T I o R 50%3
E] 60%, XFR E iR EM 2367 B E 144), FEARIMAERSY RN T,  (2) yHES
2 AR BROREE A | YRR K AR LRI EE B 55% M 2 15%, AIA SR SR i 50 . e IRs) G
FASREE, USRS I S, AR e, (3) RIRINTE 900°C B RA R R PR S AT
SRR, BT ) TR R A BRI ey A AR = S A R AR AL 1% R ok R RT ™ EREAL I A 1 AIK
Mo BIrE, PN AR IR BT AT R 65°C; CraN AHXHAI B vh 5 BRI SRAE I 38 T ol (4) K5
BAE 20°C~-100C 5 Bl P4 1 ot o DO (B Rl 0 Uil IR 52 STE T %, W& 7 A LAT Boltzmann 5 % -
KV=211.1+(-186.8)/(1+e"(T-(-39.9))/11.4)).  (5) MEKIEEEM US X[ Z DBT Al LS X, RIEH i)
ARG 5 R L B TR D)8 RS AR D) — <A IR B e D+ RS0 AR D) — RS e DI,
WiED A4k, (6) #F DBTIRBEIX PTG, XB0eK H 20 ] B 2 ek 22 (4R B EC AR A s b T, Sk R AAH
Z B ARAEILIEAN, QA 52 ML NP TR HE R Tyl AL R oy A AL 1) 40 8 T A BT A0

HT DAL R, a3 EDFIRFEN A= T 2L, TFR T 00 A58 W A A0k T2 2
AR BN ERHAH FEFHPTER . ESHIESHIN T T ZE R E58AR, EFRE A =53]
W, T2/ S32750 AUFHAN S8 B b -46 C IRIR M i 32 T+ 60% DA L, vl DH{EAR & 1K 5] 1007
PALE. ZE A BRI g, 51 SSRGS 2R 45 T B A A HE B ) <A BE B+-AHTE 25+
s LRGP AS  HES)) T FE = B A AN RN 7 i sa 4 4Tt

C13-09

Teiie) Fe-C B RARBIFTHR S
FERGP*, R, K, FEXIE
B TR

WA AFRPIIEEY, FEE S AR [l SO RE R, s SAIAR S 1 A ) ER AR B AR i ok, L2
IR ER . BRI S BRIR, PR PR B R R 2 . AR R, — T AL AT R
GAEACYI AL, RV — O ROR BRI A N T IR, A A TR .l Y
JRCRE 73 A Y e R SR EC A, P A ) e B TR S0 S TR, M B X B A S A EL AR, MV 47 R
AT FOAAH ] JOBLE, el AR D EQAA ) BLERAAR A, AT 52 40 i ] KPR AL AT 1, ] st
Seth T ICEREY) Fe-C HIRMARAES . SUCFN, $wm 7oor RRAR S8, ek rimB e,

C13-10
ZREF T EAHEER 10Ni5CrMoV LHEFIEBE K B
TR, MAFEE FFEIl, KER, HE
BRI ST R B B A T

X TR EAIMR 1ONiSCrtMoV 8, RN GEALHITr ik,  di TSR RE MALYLRE D IR, 228 ik
2, DA AR, G G AR 22 TR L BIRR G i s i B AL ) T T DA AR RE . AR SCEEXTRR IR
BL il AR AR TR AN IR A, R P RE AR UE SC AR S SR, BIFIT 1R AL HI A R 22 TR
L TZXF 10NiSCrMoV SR HSUMPERERY L AL, B 1w B @ 5L T X EA% 10NiSCrMoV 4
LA R R L LB . SRR O TR R AR AL FIB B RCR, BREITALIRE . B RAL R
RS . fe e 22 iR . AR AR B IR AISREE | IR 25 IR B R T MG R R AR AL
HRAEIE . ZEIRV AN A) R A2 S )R 22 7E 200-300 CHImB @ FLH T L, A KLy K, 0
T2 B AL B BERMEI N 7~13%, RN DRE BMAREZRARN, AR T3R5 R AR IERER Y
I

C13-11
RIRERHE B g vk BE 45 % 5 58 R AR Hb A F 4 Y 2 )
2, R L EEE S, PLRAT 4 Ban ¢
1. MR £ 4 S ARl B HL Y P [l 4 S BR300 #5010 114009
2. N AR A AU B A IR A E], b3t 102200
3. iR ARl S TRE2ERE iR 201306
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4.9 B R AIA R A, IR, HE, 266000

N T B FEARIRERSE S AE v w5 0 EE AR B 52, B TMCP TZ4E57= 1 460MPa ¢ 5]
e BER AR AN, R OM. EBSD 25 FBitfr T ARSI T A A in AN e AR TELE
B8N RS BERBT RN, 20 T TR AR A 9P FH A9 AUl o ok S B A I, 1) AR 9P FH A9 A A T
KN R BB S B 0. 498K, MR UZ AR PE) . BROEHR(P) Kok DT R
(GBI, AR FEARIRIREET S, -10CARIRREGKITB(H (CTOD) KT 0.5mm, -70°C i ki
PSRN R AN . FRIE KRS T AR BT RN 0.44E-05 g/(Nem), 1fii#E-40 CfiKi& T
FEBEIRET S, EAURE R I 1.90E-05 g/(Nem), S2HURIEKIET T 4152 FERIRIEE UK BRI
B R, R UK AR 0 o ORI AN M R 1T 3 B A 07, R T 40 11 -5 5P o 1 JEE AR AT T 4 2
TR 200 0.082mm/ g L, WF ST ARIR PAIE S i AN oy 5 BEAR AT AR AN A 52 i, T4 1R 7
AR B, bR B e An LA B A HE SR

C13-12

AT LR AL IR AP SR IR 25 2 A S
i, K, KL ER, Wk
ek

B R AR s i e Al . R S RN B AP A A A = i ) A (UHSS) Y oK . BT fhs Bt T
F(CBE) B IRE AR, K ZACHAI (MCC), BREAR AR B PR . 3 4 32 (o A MR A ) PR A 7] i
PAHEE] Fe-0.25C-4aMn#irf, AN Z MMV ZRACAE, SCBL T oA TERERI 2. SCBAN Y FE-F- A0 A2 Al
ZH U AR LI 5 45 R R B A DGR K (ART)BT e MCC AT H i 38 4 A 4 A RO IR JR R A R, e bt
IR BAT AL B R R RL R FE . E— 22 T2 PR RE BT B v R PEFUIR BLIRAA A MCC, RS /]
Xt it R 5 J3E 1 0 5 - L R 2R TRIP R e o A RHR BRIV E APURI a8 L, [ PR R4 (R b SEUbe ok
BE. AT DAL A PR 5 8] UHSS M AR [ S d R AR P A Y e (i T2 s e S 4.

C13-13
RER SRR BRI N FIT NS VAR GURME I
PEGE, XNE Y RIS 2 e 2, &R S
L A L S B =
2. E R R
3. AR

R T R R i, AR R R A MR 2 e VR FRON B . e a2 R T SE B R ST
HERTH 2 Ve PR 4 B A5 kL, 25 B R PR R R N B AR A e b i AT R T R e e, T
flp v RN R B A AT O SRS S AL, X T 2 A A P AR T AN R AR L A AT
P I IR 2 Ak B G, XA BT A S A I R B T B R R, ARSI T R A
AREER SRS 1 B ERIRKAZ (FCC451) WA E RN, 2. RAETIK
A2 (BCC &5th) RYBBUEH. BRIt AR MR (10° - 10°s) AL I E B 2SR XA
SAYEREMTEN, Rl et RO SR T By (W RO TAT S . B, R IEE) e
TR oy AL 1 AR O AL G S A A A VR T A . ESCIR AR A b, IR TSR ORSAS  si A LB )
SR T BRI, IR A AR AR DA B A P A R B A, RIS a%E S
B H AN SRR /N T PP BT Y A8 AR T i O SO

C13-14
B E T ZRX Fe-Mn-Al-Cr-Si REFWALTEH K 1M EHIR
R, ROCAA* Tke
ORI

UrdE, FREXSEEE. PR, SRR A RSN TE, Rl TR, B RiREE
T TR G PO A R, 1S 7 BIE TARHUCRE a5 (19 T A, ol 3 TAREAUBIOT 409 75 K & A B id 22
e, TAENUMOT B0 E S M RGP, Bk, iz, 1l R 2R TR Tdess, BEHE TAREMUR R
fo. AR, X TRV AR iR T s R 20K,
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AV CHEALGE Mnl3Cr2 Rl EAR AN 6% ALFI 3.5%8 Sioc%, &t T4~ Fe-13Mn-6Al-
3.5Cr-3.58i-0.5V-1.23C WL, 5@ k8] 6.95g/cm’, B TGN T T2 12%. @ik
FLIGRE 24N, FE 400°C . 1000°C . 1100°C. 1200°C FAEE 1h G/ R E R, MEHALZIES, W
Ab PR S B SERG AN AT S IR AR E, I E e RE, A5 BN A P4 PR S SE G AN A SR AR K 2
REAI R,

TH R L SCI AN 2 R RN P B S RS, T DAE AR R ARV R E (400°C) T, SEER
WAL R KA AL, AR BRI DER R, AL REmAY LI
3. UPHACFLRETHEE 1000C, HERASR AL, SRRE L, By RFECR S
A YA PEE FEIRE] 1100°C B, BRARGRFRRAE R, WL T KRR ALS, YA B L E
1200°C B, BEFCH iR —2 3k, 2R AU e, TR EHAE B8 FC A AR a) 1 PSR 2 1A, B R A dbr 22 1
USEZ R i

TE ) SR B AN 28 S O (AR A PR S i s R A A A, AT DA Rl PV BR TR, PUhisR A
AU ARG B3 SR e sy, FEMR TR JGRRA%. PUbPEIR BN 1100°C INSLIH p2Fr BE ity P
FER 972MPa, JERSREEA 547MPa, FEMHFEE 65.9%, SRIAFAIAE] 64.1GPa-%.

C13-15
Nb A ST TERNAN 5B
JEEE L, A, SO 2, BB 4, R Y, #RERI 2 kR 3, B !
1. BB KA
2. PE LB A IR AT
3. W E AR 4 S A FR A ]
4 LIPS PR A ]

AR I T Cr & 0.170 wt.%F1 Nb F i 0.025 wt.% 1) = Bl LR 0 i) ZH 810 T2 kg . o
Nb B BEB AL BRICIR I, SRR 7 )2 FEL I 7 ey, I NbC AN i si bl &
Nb AN AR T A IC R, TEAREAE TSR B A F R T BOCAMAY e EAnBITE. s
PR IRER, FEARAIGOR RJE EOFE T EREAR A E I RGE R, 41/ N BRIGIA AT RERS FE 22 2k
SERANA T L. I 2 5y B J12f BT 9T 1 o-Fe/0-Fe3C FLTRABIAL Ay A i (5 Sy AR TR, Bl fAk
VAT T /2T S A R R TR BT R R MR aE . ik, @il Nb fa e iRl
PASEINEE BT AL I et S, AR R b

C13-16
PR B S % R R B AR S AT A IS
IR
BRI B

ol B ROE A IR R AL BOR P BT AR A AR, el A ORI DA B 22
A e SRR P A ERRA, W A AR IR RE A H R RN, A SCX 1000MPa Al
2000MPa 1 Aol AN [i] 5t S5 1) FA S AN FA o R ARCZE TE A B 38er . FE VR AR B9 SUME RS 0B AT 1 X EL AT
F. 456y TEM Al EBSD MRS RAL LR KN, XA B A ] i i St s, pildn, o
JE2 1000MPa f 8 R I Sif, SRS 2000MPa FY4N R I SEGEIR AR, SR BT B BUSE
FUAEARORRE B R A8 BE R S BB Z IR I G AR . BT AL, WEREUE T2 I S st i
R, PR B o G R E A B A B AR LIRS ), X RS QECER TR, ST S
PLH_EABIAREL 550, PRSI m) 3 2R ey R R R 20 R, I HRBUR RS e {11031
1L, FERENTE AR A A, RN A TR RE, P, FERCA AR O, 5
JEURER AR i SR B, A A P 18 55 LA B v 1) S et

C13-17
eI AR A TR R KB4 R Y BAT BB
SR 12, RERGOP2
1. ARG BB A PR A ]
2. bRt T R
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PEK-B4y (Q & P) #RAENEE =AC et m i A L B AR 25, R R A i P IR ML DU E 5 | R T 95 2 B 0
TR, Q & P AN ALZ -85 h I IO AR TR A B AR M B, Horp T FR AR RL (AR T ik e, ok
B SAHAE SN (TRIP) Ve 7M. A BIRRRRE 2 TRIP 00 [ %
F2BE T A B BERR SR T S AR ) BRI E 4. SR, B4 Q & P L AERL /0 M BEFAE & v L
B, AR T AR TP m R . BRAR AT R DD ER RSB AR A o BRARIAT H RS R Z R T 5 1k
JZRYE. R A AT R IR I AE, A4 Q & PAEE IR IN—ER SiF/E ALJTE (W0 1.5
wt.%) , ESRREMEHIB AR, (R I IE AR IE (em) BUBRALYIROHTH . AHFFE R A Fe-0.29C-
3.83Mn-1.50Si (Wt.%)8, el A ML Mn Bl BRI IRIE AR R, A bk 8 G IR fh i
YR EE R, R Q & PAHE, il i/ Bk Y6 4 (ghost pearlite, GP) DX 3k Al 1E 7 T [& 14
(normal martensite, NM) DI Sl 2H 21 (PPQ&P130). 1541 THEICHEIEWI /-1, GP DI FiRk M 4s L
PAAFAERT PERRAL Y, TR HRZE NM DI AEAe B B i Ak g s [WIE, PPQ&P130 il HA L AH
[V KL SECTF IR S Q & PAfAE(CQ&P130)HE i IR R BRI Bk & .t bl I, AR A 4 7 R
A M 3 U B RR AL BT ST A B BESE S SO R B G R I TH RS, AR S Q & P A k5
TRERRBRAEMRCE, MMM, dTFRREREPTESRE. M8, WEXRERNENENR,
PPQ&P130 is{FE I RF AN TRIP 4N, SEOREMBIER R T 2wt

C13-18
ET A 5t I R R EAL YRS 4 S FE R AR BT 5T
REH, L7
ORI

ARSCR R R AN AL A R 7% BLG™ BB W REEAT Tk Akse,  WFT 7 AN AL A F LI 3 K BGHR BE
XHEAC BRI RN, IR AR BT AR B A AN B . B R EIT 6101 KA
RAELE P AR FesOa il FeO SSRGS RIE Z MM KRR, B2 TR mvEag R 5
BORFER SR R B R AR i = O IR OIS T FeO & &8 5L PR MV R EZ AR KRR, A IAE
B AP B FeO & &5 A ZRVE BRI LU IR IR AL, FHladXt FeO HMRSRE R4
BAVERE R T AT, B8R TN FeO S i i AL Bk sl LA . Aol s R 9T AL R B B o
Fead AR RRE L RGP B S I PRBE 2 TR A B AR, B2t R R RN ok IR S A Bk B sk 1y s VP4 20
e BIE A Tolk 2 ik B RA H R 3.

C13-19
£ E KA ALFENT 25Cr2Ni3MoV SRR BE Y B

B, z=ff*

BRSNS

TEXTFFE T, 28 AL (MTP) SEBL R 25Cr2Ni3MoV 49 i B 2H AN AT L A i XU
4k, DASCI S I -G JR 44, kA, i SEM, EBSD, TEM DAK: XRD %A FE:, XHEHE
H o ge b, MO AR | N 4 o A 1 0 AT B A SO U R A TR . SRR
S (QT) #HMk, MTPHFERAME YRR (1300 MPa) | BMiKE (25%) FinpdfltE (>257)
WEWRS. BRI BRI T A i A AR B AR, DA FLAE B S5 ] st R 2 il T s v A7 468 2% B 1Y) 5 1
MRS (SERE: 1.5 um) F4ILBIRIA (RoF: 70 nm) . BPEEETh 30 B0V T 55 194 5 Lo R s i B 2
Prreaes, Wikt T 20 RSTE R BRI, FEALTEAZ,  (HA /NI B Bl (AR R BB A% I A% I B FG AR o LBt il
WASEE R (R AR EE . RN, AT QT REM:, MTP RE A 2 1) K A b FLAN ol Pt 2 e d
JE, fREAHLY RARE PR R, AR BIEA RIS R AR, FEAELREF, BARRS
(>200 nm) BhRIARY JE S R A 5 L RS m AR E R X, FEOLHIERSY R B (1IkT
KAERA) |, MR AR 8.

C13-20
RERBRM DP R H & KR FHEPTIE
XR Y, A 2, RN QR O, WEIRR 4 B 4 miERE O, BREE
1. AR TR
2. TIRAE R AR
3. WL AR =
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4. TR
5.7 RBRINER2E

Pk, SRR LGB AT, R A RS BB E R (>1400MPa) XUAH (DP)
B, AR, BT EEENSRERR/DIRE (FM) FHEALE, XFZr F/M P B sLRE R AR B E
WA T DPNRIBLRIGTERE. Rk, $RTHE SR DP AW Lo B 0 EE . AHFoTE
FLGHHPEEE T, Bl TSP o 2 2UA [ ETfir o B AH 24 i = i 2 DP 4N, IR 9T 45 SR 3B,
AR FM Rk S, s snE DP R 240 S oR g5t s A o6 . Bbah, B T
256 Gurson-Tvergaard-Needleman (GTN) MiRUFIPN R IXARL (CZM) WARIT (FB) My, il
F N\ Fh B R EGE AR SHR F/M B FE2210 DP ANAEL ] TA5 40 DP 8T 44 Tk, SEIG RS0l 4%
R O)RFFRR RS 1265 @)X RARER DP &2k = A RSPl 3
P, T F/M R ZE ) A AR I R SE e /s GiARCIR DP AR R B v L A2 G2 45 h DP =29 15 1.
Btk DP # 2 BT AR A B S W R b, X SR 25 DR 28U . 2800 AR 2SI LA
x.

C13-21

WO A i B S S R R A
E >, KE =
NN

G T 4 B AN SR B 5 B8, DU PR R ZZ I M, X VT AE 5 S B A4S
R NAERE RS . BOLIEA G 304 B ERAABMAL IR ST AT P B m sl R L SR fE, X5
3D IT HVG TR B v e BE AL BB B AS A S DI O . A8 UL 3 75 78 S5-I AR S 30 S 2 W DR I o 53 T R Al 32
BRI AR A, R SR P A 1) Th QAR AR, [ bt SR Ak SR AR R T DA o S B A Y AR
AL BE AP BN AS B G2k, S0 10 93 2T Mt I A BT 2R K ZE A TR, 3 ol AT SEUME TR BB K I 42
1. WOEHE A A AN A BRI BLaR - DU NP, ) RS A i S R A DT e e JE AR T AT
priszE N

C13-22
TR 304 AENRIRZTEAT R RO P FATHHFR
FxcA*, w2 22t 3, ®XrfE !, Stefanus Harjo?, Nobuhiro Tsuji’, Fif !
1 ZRAER=E
2. AR AE
3. HA R FREbLAY

T IO A7 R AR S5, 304 B ERR AN SR AR IR T A JE Ao BEAHXTAAR. BF7E k], il e 4L AR
K7, WTRASEIL 304 BIRHOREI AT AN IL. 5 E SRR 304 BRRIAA RN, W T dk
Afeiife, Mg 304 B IRACRSEMNTE SR T E MR L B R m, R ORER RAFRORE REdE. SR, B
A 304 BLICACAEEBRARIR A PR RE AN A TEAT AN I . FEADITTH, AL G AT AT 7k
MECF B R IBGE, RGBT VA 304 BERAANEERILE 77K 2 295 K AR E T WA AT
N AT BUEFAT R JE S LI R B ERT A . MR 295 K TR 77K, B8 EAT
N WAL 1 EG A AR AZ 14 A VERIL A e A Dy T 52 T R AN 2 SCIRC AL AR . Ao o o PR A AR A 4 il )
SRl F S IS INL NN LN Sz 9 IR INZ g7/ e iR s A1 UE - SN I FUSIAY) M TS e o SRS A =
PREE TN TREALRE S, Ik, HE 77 K INIAE] 1.87 GPa i sl B Y [l M EREF T 29% BIE(HAR,

C13-23
TR 2R B ER AR A 5 40 Mok [ 2 R 3 A R A AR BT 5
H LOBER*, HR, FEE
LA TRz Bk 5 T AR B
2.t BHR A BB IEPES AR Pl 5T O

G RICERFEW R —FESITETEEL 50 %M RICEANTEN, Wi i &>40, B4 05
JEE PP RER F AR RE . (HAE IR A SN AT BEE L GORLR . R o o (b 7™ EEMIARE g AR K = A
A, AL G R AR AR, R R AR B Y S A
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APFFOR M TR B . S e A R TR R AR A (5 W R R T 4 [ A
WK, RGEHITE T TMo B B IR AR AN Y e [ 2H 2004 . TR AT AR ARAT LA, RITH
Ce it ¥k [ AL UM T S AT (9 52 MR, 20 A 7 96 ] 2 0T AR AU 0 0 1] 20 SR G 2% (i B ) 52 T AL
. AR AR ATE SRS AT, 0T T TMo MU R AEENIIMT i AHRISE . JoR
AT AL AIEE [ A PR SR A R AL E R I T 5500, A A RUE RGBT
iERS RSl 11D = WA A E T PUB KB [ S B S 3 S V3 S D vy 1 R NS /o0 R LT L Wi D EEL N AN E N2
B, AT TR X S R AN BRI AL S, 53 SN LSS TR R E R AN AN B R AR AN b
KORHERE, B 7 # LOCRAER SR AR PRI, Fa, R ESRIIR S BT
I A S0 AU R B IR [ 1 A, AT 1 e R B AN X AT AU B A U ] ot A ) S W AL
AHFFA FITHESEFRE TMo IR FA ARG K e

C13-24
F AR ST RE S HRTE R B AR & D AR 28
WEAE 12, BFUE 2 IREHE O, WK 4 BB 4 EIEEE S, MR !, Radame!
L. B Ll A s =
2. MR TR
3. RAERERE
4. T Ko
5. T RFARIFE K2

AWFTE EFEM AR B AR RIS 2 BROC R RS THE 3 )% (KT 2 GPa) #USIEAN (Press
hardening steels, PHS) FY#1E. ABFFT TR I A SRIGAE—F ik PHS Hi52) T30k, % PHS A xR
PR PEAT VR I AR 1 e o S IR, RSB, alad sl A 1] 2k, 5 RS TR A ML AR 2% o
O T Al o B A, AT (K e M S R A AL . B/ IMAFR - S A AR A BB AL I A 2 40 B ok
SRRy R R . SINER MR, Ao RT DA 25 2038 A 2% B FR MR Y 3045 5 JE (5 (Post-
uniform elongation, PUE) . A2 iICR 0 AR 11 m i B R SRR PUE IIBCRSETH, A 2T
KA RAFIRTEDA KW R PE i = i . PHS 12145 T

C13-25
RRTIZETE 316L AFENH L KRS 113168
Nz b BRA, W !
1. R TR
2. B Tl K2E
3. K= AR B

316L AN R AL TR b . s BRI AT i TR SRR AE, T2 0 Tl T 5 A% B S i 45 90
fk. BRI, IR IR R R R RGE R R, ME AU ST e T BN AS, DR I TG A OR) AT A
BRI (TRIP) R XM AL 3 B Bl Ak . AWFTOR AMRIR TR ZE A T3, FERARIRE T
Xt 316L ANFEHIIEATALH, 51 Ao-Eh AR SR R S AL, FE = IRAS T A b A S F R A R
IS ORI IN,  FIA] TRIP RO ERAT R A0 5 B - DU e . oA SURIE S R o, IRIR FUAE T A
BRSPS TR E R e T AR AU S D), o- T RIRAEST DI S AL TR, RIS, A
DHREB KR (HRDIC) A7 EBSD $0AR, FEMEROKR RE EAGAN 2 1 A R A S = i
TR R ASEALE . RSP R, o - D R E ARIR Y AL T AR B UK, AT SE B
RARA TR A S RMAAAS: O AE AR, PR AP AE B i B A AN 20, A5 A Y A 3 S 0
BOES AT, HBRAR S o'- B AR Z A7 AE W A2 0 B AS e oy, Herb JR R AORHE 1 s g B B A . o
Ja, AROFTEEEE T A ARSI AR ) H 2 A AT O SO RS A T RE R DR

C13-26
FEMRE AR 2R X GossmER i) A ALE-45 i Y B
d A, BRI, RE, W, KT
RIS B BR 2 ]

) (R TAY) RUARHAODITT (BCC) iR ZfAS, R LI T aw KA AR 2R,
TEFEAZ 4 B 06 b ASE F 28 it 7 T R B AN 2 AT DX, 5 MR P45 i FEAZ A (L R i 28 G A R
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Kok, mERR, BRI GossmBUmB AL E SR Z AL T X LRI 22X, I H. GossmE i 2 b4 A
AR A T RETERERY I . AR SCRA 0.27-0.35mm SR ESN A SRR, v FLANE 2 1R Ak T 2 il 4
T 0.08mm AHEERT . AIH] EBSD SEARWITE 1 GossmHi il i AL iy 4L SRR AR | FRES S AR K
AR RS TR AR XS Gossm BRI dfoRL R4S S S .

C13-27

JUFh 316L RERBEAGHNEEKRBFHLHTF
Wk, £, SKEUE
RIFHLTR2E

316L BIRAANGEMETE 304 ANEMAYEARE LRI Mo TR, 5 T AP RN S hEE 77, 316L BT
A HEA T e 2 A, AT, BRI, 3161 B RN G %45 il AP 5% B Bk
R, eGP B AR T OR BB L5 AT R, R B R AR AR AE 2™ G R (5 ) PR
G T3, FTEXS 316 ANEEWN PR B R AT 850 . 3161 AFEN A Lo — &R F e T ok
BRRME &, AU T DR R R AR PPN NS 820 3161 BICIRAEEN, TR IR
BE CrmfE 17T% /A, Mo&as 25%chh, Nig&ESilh: 10%. 12.17%. 13.60%. 14.25%. DAL
PUFPCARE] S B 316L ANEEMRARYE Ni S MAREN S0 15k, 2 5mEEE. 35K, 454k,
1 SR BRI FARS, SRR L ZAFHIR . RESRFRR G, SR A TR/ 6.98-
11.2% 75/ NASAL . 2 5 it B Pt B & 2R T RAs, SR B AR O AF B, O (o7 i v A
KN FARR, BRREESNERIR . FEORAHATRERR S, SRREGETE 2.34-3.47% uHE N4
. 3 SR E BB TL AR AF B, BRRETEHONBRLR . R MR S5, BRR RS EE
0.61-1.47%EE N, BRBEARGERD, BESREE P OIMEREGTEYE 1% AT, 4507 R
B AF B, ZRRMIE SN R MRS, BRI S B 1.37-4.41 % BB N2 k., Sk
F, NiEMASFEAR 316L ANHEN T ERE RS &, FESME 3160 BIAARFEHMEERIE, 35
PRIRPA - AF RECE [ B AT DAKFER R AR S A= HIFE s 1% AR . Ni M 10% 552 129% A & %A%
BRREERGE, NiFGEE 12.17%HEREELE 40mm DA T IRTE AF BB R 3161 B RN EFA FI
R Z ARG &, NI S8EIE 13%0AE, TIRME AF BB 3161 R, (6D & 7R SR
EEEA IR HT NI SEIAE, BFAEARRNRERRZ RS MINS, I RISEERR 7S fEE
BEAWAXR., 7 1 SHIR R A A T ) BRAR R 67, A HAWHT B ARRTE G 78 2 5 H i g
H, IEREI DY Ay 2 — A ER S B TR R AR R AR, WA AT ChifH, AR Sigma fH,
R FEREEE O HUR A T BRI 1) IR AR I FEAE . 3 S ARIEAT 4 507 SRt s B TR R0 40 fi 3
%, A5 BRRRCEREARELAN Sigma #. DA FABIZCEEEY 3161 ANEMN, T oo B mir s, &
RIEARE G ik Sigmafl; LA AF BECEEREIRY 3161 AR MAT LB &, Ni FRBmEmkREk
i) Sigma MIFEAEZ . 316L W IREAFHEW P Ni FEXLFAG EELm, Ni SR 10% 1 mE
12%, AIDAR M IRERRA S &, MARS3E I Ni & &8 A FH A IE . 316L AEH Ni
TrEEHITE 12% A0 TR R RS BN RET %,

C13-28
NERE SR % L2 5ERMEEHR
NI BSLEE, WREE, RKOR, EBE
LI RHR AR 8 TR B

AERE G HCRA RS T, SRR A, B 232, AR SR A A
FEIEMBELIESEHL T 3161 AEHINS Q370qE M AWM Z M AYIEI S /5, FHaEfT 1 316L/Q370 S A
ST T Z2R%, Wi 42 s:. SEM, TEM, EBSD. EDS SREFBARIN . fiff, BEE.
L2177 I R e = 1w v ) e N B S % I s e o T DR AR AN o = I T Y U £
HOLVERE. SCIRA R L], AGEREE G SR ECE, B R B = RN S k)2 i 41418 2)
PEksE, BAYBRACAT I BRD, FRSS G IR R T, fIoyPERE(EIYLE 340MPa DA L. IAELE G
(B AR P LI 2 AT, DUBies By . IR S A G A B )2 1 it 1) T Pk RE 445,
PAFLIRET B R T AL s . AR SRR RE Ry, W SGE IR Sk B SR BRI ik, AR 4E
A Cro Ni S EREEZE, RN SRR, BRASMRERR. bt L, AENEa
AT DATE PS5 e ) a BE AR T LA BUR, T ARG A S A R fE.
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C13-29

A BBV BT AL AR IR T FR AR I O 540 B L
XBE*, I, BEB, TR THER, TR
PBRBT TS B BR 2 ]

SIF. ek B ER A v e o A 75 A T R AT 22 20 v o ER PR b A i b o e, (B v SR ER A
T2 B R JE Ao L . 3 — AR AT ARG IR 49 1) JoE I 5 2 A AR B 1k A T L 2 2 ME AT BT R e, A<
WEFE T T — AR B oA S S A I A R E B RO BRI . BT BLIRIAE Fe-Cr-Ni-Co-Mo
B IR IO S0 b R B R AR A TV R PR RE . B IR MR A AZ 52 4540 h A% O X R bR B A B ER A A o'
DAY HE Ni g as BRI Z AUa. AE2S I A rh, oA EE A0 R AR 1Y B2 EC MR FR B S A B B 5 R AR e A
B TCR R B A TR AR I PR, B IRAAZ O DL S e AL U ED ERAR . S 30 ATt v o B 11 ) SRAIE
VIR, WAESEKARTZRFEPORE TR, B IR DA SR REA Y, 18 5 B IR A A KT
Y1 (Laves #) BYSLFEMEMT, ASTEEER T REMGREE ST 1200MPa, A KA % b 7 2
(77K, >901J) , MIMET L5 5 F AN RAN A 2 Mim i & e . BT ER F IR 7 AR R A i ik
5 T T R AL A AR ) AR RE

C13-30
25 T A 5 5 T P R 4 B ) SR DL
PR, LR, RUCEE, HEfD3, PR, 7
o 2 T T

e LR A HA R AL I SRR, BoA 2 21 20 TRE SR B AR R TR B R, SR
AN A SRR TR AN, MECARI A KRBT ZeAb (o, 4k b i P e R 7 3 s I P 1 A e
B Z R RITSE. ABFER N Z e G S RIEAONE, WERAYIEBOTR S &, B AlTR
PARCRE SiMn HAE, SEElmPlm sl sl Be . w0 B A R i i v B, ks At
oA TS PR M T % 3 1 X DA P A s ) P . 45 2RR W] V/IC M Nb/C 4350 2.5-3 #l 0.15-0.17 I, "IA4 3R
Hh 5 B8 PG 5 B A% 56 &R FLSRHU 1 W i I LR Ab ) (VC R NbC) Rl BERR AL ) A 38 Gt s 4
TR PR A5, T B v R AR A T RAE R A R A E S B AR PR G B A 0.6-0.8wt% Al
BT AR, ATt CHAEBR IR TG BRI Ms fUIREE, AL atRIANER T otk o [CIR & i, SR T S
AR EIE, S SR AR R RIS R P T S R 2 E AR T A A A R B R
BRI A, AL SUMn W E MR G SRR IR, 4/ MBI X 0], TRt AL . M A
WA, eEAeHERsE. AVREL 2 oG S EI SRR, B R RN A
TR BT BUR BRI S s A 4 NM169,  HRTC WA T 7 E AL e, W5t 1 o st s
PR IR A, R R EE A I 7 S A ML B A il A i Pt S S 4

C13-31
HTHEAE X GLATHH PR ST AR AR AT N i & PP
5
A JUPE TR

BEHA, THEWERPEAE S TRIP SN N AS BT R 1 52 e A R T 8 EFR A AT, I
gb, RN ICIR 2 AR BE S BRI Y RAT R Z MRy R R HRIE . RV AR RE X B4 AiT ST (High-
energy X-ray diffraction, HE-XRD)F RHF5% T 600C FiB & 1h ) Fe-0.1C-10Mn 47E 100, 63, 25 Fl-
50°C A [F] A2 T B 45 14 B0 124478 . SE 040 et I 58 B2 AT hir 5 B Bl 2 748 T2 R BE B I 9 1T AS D b
Fb, AR IR BEE AR e IR AR BT T . R, AR B Y o e i B AR n) 1
[RAARFEAS . B AS TR EREAR, IR ETE TR, 5 B IR Bl B R A% ) ) AR B #5748 51y ) 24384 OC
BT A S eIk, SEIRANAERI I R A A Bk G, AU Z B R A N TRE PG, v-311 (A S Y AR
£ BB I AR 2 2R I . BT A A SR AS N AR SRS T ZH BURH Pir T R R B T AR AR R
J1. NASREAL R iR -5 AL 22 TR . 743 BCRT TRIP BN A i PO R 28, B BRI 7. B
FCAA TN I FC AR Z [RGB T LAy . b ERAAR A T 10 23 DA B BB FC R R A RAR 2 (B B I L 4. 7 B PP T I
AR R ASREAAT RS20, PUAS B2 A0 8 0 45 SR 5 LS 1 g - I A% i 2 rh RS ) I A2 A AL R W) 5 88
. FEFTRFR A TERE T, BRAZEGEIINT 20mi/m?, JBICAKR)Z 5685 BCATE B A 4
R AR B Y ST IRE 2 R R A X R, ME BIREZEIRIL, BKAES
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Fedrt o R A P R R AR AR K. AR A BUA B T IR T RN T i) TRIP &)W LA K Liiders
AR .

C13-32

S SABE RN A B LR RS BB
WE, G 2, ERE |, KOS !, EhEEE !
L MR
2. RALR2E

HA RGN RRRL, w7 A 20880, SR iR aTE, B B GaREE
MRAY AL, AR TAEDMRBR G & S OXT R, REHFTE TAATBIRL . AT R Z AR 4 S AL KR 52
PLEE. BB, IS AL H SRR R R BRSSPI, XMz IRET AL A . S e FL
W, AL RARGW A S, LS RERER S, I S w U R A GURA EKF . S RR A
W ASHE LU, Arh b AR ) RO R AR S e 90°, KIREZIRF#IME. 810 CHLEEHIMAL,
GYZIEEN T H-140 'C YV BLUER Db S s 300 T, 4r I ALEL R vh il d B S AEREUT
JEIRF I BT AR AL, BERTALIRERKOR, B WAL, M EREYRIT m, R 5 5w A
Jagkably T R P A A KIS BRI B SRR Y, SERIR AR . AW 5] 70 R B b 1 AL R 42
FEHE PSSR

C13-33
M 50t DU/ EH SR AR AR 4 B A R P BE U R M AL R 5T
T, AMEE, Blmr, FE, A0, Bk
R e 2

R ZIBFERROEIY Y, DA GCr1S ARSI e AR A i) A 7 i 24 o TS R A B - 80%.
X TR sz B B 2R N RO R, ansT AU R, ek BRI R A Ao 57 1
WAL, RS TR ZET R AR, O RR N BIPERTR SS R RESR th TR 20K . ApFFE AL
A/ DA (B/M) BRSBTS, SUAE B IR 10300 B/M AL SUM A AT R DA SR AN ) 2k
RE M BLA A BEA B, BT e o5 P RE UL S i R IR LR A . DR 4 R, B/M SRR HIAH A T
Ih ER AR AR B A HOIMAE S AR S5 PERE,  HOR sl o7 9U€ 77 o L10 30 S A5LAE. IR,
M £ ICE W] LA A BE MR U R B9 BIOE R, A0 5 DL, fledE S R AZ I 211, e i
RIECRBINE, IIMTRIFAN/N . 2R R IR, SEBE B/M SR SRR KA fl. TEAR B ARAE L
MRS, B/M AR LR b = 26.4%, TRBN AL ST EUE A dr L10 B9 120%0A 1.
HH RAIFFEEE X T IRA DR 03 i B b 2R B b ) B s AP TR K 73 e Bl R B A9 T A LA
BRI

C13-34
RIBRIR F C+N i [R5 7 e il B ER AR A SR 28
FEIPH Y, BRRR, e 2, SRR
L SR SRR 2 R S Rk Bl R S %
2. eIloRsy E SR LI s M L E TRBARBI I O
3 AL TR 164 S RETRE B

HEBETA, RIBE T RA TR EERAROR . FT I, FRATHE R SR AN 5 AR R
BEIEPE C. NJE #1454 Mnl18Cr7C0.6. Mnl18Cr7C0.6N0.2 il Mn18Cr7C0.7N0.2 (wt.%) 3 Fiitik
B, AEEIR TR HAR I AN p P R AT T, R EBSD. TEM Fl XRD S5 i - Bowt HAZ T il
JE WL AT TSN A . S5 IR R, TR TR LR RN A i BE B 2 R B iR T~ C/N S e G s 5
HE CEEMNML, CHN AR ARG B ENEMER, HI2tERY C. N S8R
THERNZE R, fEEMARR T, =R N AR AL R R e TR TR . TR
BFR LT B, CO.TNO.2 B EA s M E % 5, H CO.6 PRAKIJZ BB IR T AR 28 S T AZ ) Il S 1
J1, EZWIEARZE R 5 AL R A2 HAE S8 C0.6 405 CO.7N0.2 PIAHIT I W ASREAL 3, FE W AR R Ak %
FREMTEL, CO.7NO0.2 4K H 22 i i 20 RS BRI R S A AR R, BEAh, Cr oo EB A T
AT RE B A AR B R A A, b TR R AN ) R B DT L
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C13-35

H4 MCCR AR PR EF AT RS N A
BAME, ERAR | OSDE 2, KIR ! TR 2 R BAEE
1. B A T ARG
2. B AR G A IRTTT AT

AR MCCR P24 1S e ka0 M, YL SE PR, (H SR A P AR AL Bk
WL, HE%SRP S, MENG LW ER. A SCES R G ihsh. Ko, BE
IKEEE T LA, SCB T EEIERE 6.0m/min REATTE, WL TR &2 siEs]
PRI TC R FLEIRUE A7, B TR S G TR SOREK D B PR LA, 45 S AR R =3 mm iy H R
99.8%, /R TSR R E RO L, LSRR KIEENG, RN HEEH 3.85 BIKE
0.73, J#it BN ¥, MCCR EHH LI T mPid 6.0m/min Fa g7, PmiEBERTF, TG0 H
ARIFE] T RN HAET, 51007 &H—RESORE SRR AR, TERATILEARIEE.

C13-36
PlgsE R ERRE RS TWIP 85t
JH e £
BRI ST LB AT B2 ]

25 7 & SR (TWIP) B A6 0 B A I S s 28 . Ry OB PR RE . 5 7 AR B Ak 1 A e BE W I i
71, R FhEAR AP S AR I BEAL R, RTRHFIRA. L. B AL ARG,
SR, 5 HABSC IR SR A AH L, TWIP 0B AR A JE AR 7™ s R T e n TR . Rk, A Scid i
SESCHE T TWIP SNA SRR RERIEME, RS Z HARE ¥, PR T 2 Fhi s s s 2w
SRR B TWIP . 7EH HREL-R 5B AT AT, WA TWIP 4K il 4> %A 585 MPa
Fl 560 MPa . HLhi w45k 1055 MPa Fl 1101 MPa. JE{H 4N Bk 55%F1 58.5%. B8 IAFH4N 2K
58.03 GPa%#ll 66.41 GPa%. TEARFFEHEERMPERIMAIEET, H8 TWIP 40 JE IR B B 4w, nl AT
B TWIP G E T AR IL T 2555

C13-37
REAES SN A4 A 4 B R B B 5
Vg2 R L R G, FEEE ¢
1 iR
2. B IBTERIE S TR AR = (BRI)
3. I R
4. LR IR

MAHAEEM  (Duplex stainless steels, DSSs) P GFR) ML A, RAFHIEEME SO0 10T ik
P, BTN AT A, . EACRIAZ G, AT, DSSs 7E 280-550C K WIRZEY, &K
R A B S E . FIMERIT s SR I M, TR S AR (R e A S IR A . AR
FHAT A EEZW, AL EIRELE AN e 252 . SR, FEZES™ DSSs MFIA DSSs il a4 i 72
o MRS TREDTEYEAR T, MR IS S BRI IR A P A A B R A S, R EZ I DSSs 1 ik
BFEI. HIE, N THEE DSSs AR, e AR XA TR A, FRIEENAEXT DSSs
RSN, 2507 DSS /E R4S =A% DSSs ARERMN TN, HANEES J2ArERese , P flop: st tl
5. AWFFELA 2507 DSS AEMWFFAT S, RGEAEFTERPE AR X AH 4 B R 5 . iR 4Ll 2507
DSS SR A A FEFE B BB AR Y, KI5 TE TR 1) B P B S () iR R o FE R AT 2% &5 & i 1 EO AT 5
(EBSD) . [FP4E4T (HE-SXRD) . /MAHFHESS (SANS) FIESHFRME (TEM) 3k, o
TRRZAEETR 2507 DSS HRORES AT 2 B9k LS AR . g5 R, AR S B 2R b i R Bl
s mmsem, BEARTHS BSReES &, N TR Y e, B e R A o B AR A 1R
PEER . SR, (L8555 MR B AR S et M & S C R BFERITE A, HEI S B R R R R Ni B
K. BEEFEAES NigoRWT, MO BEsl)2Emig, MG 1 A srEE T R0 2 2 B e
YER, I AAER I R85 15 L A2 R AR . AR5 R A ISR AS 599 1) R 45 75 iy 5 T A 87 B4 Bl
EACBUR AN S B e S

C13-38
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PABOEE b & Bk I 7 A SRS Y i FHAFAE M AL 5T
B ich
VUL SCRAE BT

POt DOE AL I RE il T 08 S RAERDR AT A AR BRI T, B RS AR
RE, JUHING] AR IR RG] Ay, O AR R e I LR TEA RN R A —E R T,
Wit s ) P A A A B A5 1 A RO ity S AT AL O 3RSl 7, SR R 7 73117 DX it AR 0 2o i/ S it R B )
R AT DA DR B A 510 B0 AN (L 1 A BE AR VR, 1) o RT3 R0 6 1) DX P A B T )
LSEiERs, (RMARIR AN IO B AL, R PR RSCSL Rk AL, st BERHS d FAH SR
BE. ADFFUER AEBOGIE A T 0 AL BT AR TAMAR S, H OHE T KRG b 3 i R O i
BRAN IJ PRI R D, DABOGEEDIEL (SLM) 316L ANEEHI N BFFEXS 4, i i Ak BT I bt P A i 3%
RN, AR N1 oA UKEN 1y, SEBUMORG FRF AL A A4 . BT A BRI AR rh AR A B T B vt
PRZAL, VAR 3161 ANGEAM trERERTSE M. SEIRLRRI]: SLM 316L AEM A A LI Kk o,
RHAHALAFAE Cr. Mn DAK Ni iR SEILS b FR T, 3161 AREEHISR AR Iy th LRV Iy A8 Ry He b
71, AR 24h £ 72h, APRHERLAE B RS C R, RO, IECY 72h 1,
IR R, SEaiaiiibiRZ, RXCSL f A LB R By s), LS FudT s )
Bz, WERAEBR BRI R B BT, APk, AL AIRE IR BT, BEARDKIEED, i R, A
IS Ry S8 SO G A 1) 3 < s A 2 10 6 P PR REAR BE IS R BOR 278 P0G A il B e AR f )iz W T A
A —ERIHESTEA].

C13-39

B R T R AR R S T 2 B
B e
ERIEB#NIEM

YT A SUE PR RE R R R A T A S L BT R R LGB K T, BEST TR AR 41
Xt TBF980+Z AT =AERERY L . WIIRAISUN AR TR R A+ BROEIRIT, 1B 5 Y S R 24 32 2 iy <740
RAYBRRA ., IR, BRAAMDREHR BIAA R, AS0 T 17~21%. WIIRHLUN L IRARR), 1BAJG
BIMHA BB RGERE . BSORD IR TR RN, A80 Wik 25%7chy, MR RigTt.

HE

C13-P01
FHECRBER 316L G ATER AR T SR st M SRR T b B Y
ER GUEL, SR, FR, P
PRI S T

KSR 2 . ALSEBH BTG (EIS). HAb2A 3 i AL FHE (iR (DL-EPR) S ¥, #F5E 1 AR
JEXT 316L A G50 7E i 1 %2 40 JE 90k} i vl (PEMFCs) A5 400 I AR 34855 b G i AT R 2 i . S5 5R R0, AE
PEMFCs L A EREE H, HE 750-900°C 2L 1 /NS, 316 L pTR 6 il fg fed 35 N %6 . #E 850°C I %K
Jei, XA R Dl R SR A U, m A M23C6 BrALITE S A BT . M23C6 AT 5 B0 AT B A
BRI AR S, SRR AR R, B R ok, BRI . M4ETROR BT 950 CH, Rk
A M23C6 F b AT, T R . FE 1050C IR, FEMALIRIG IR, & 4R mE R
Y CrO0s i, fiHAE PEMFCs AU B R EE i A S AR e i

C13-P02
PN X80 BLMN B R E BB RPN
RO, CRPC, MIEE !, mAEE L, BUR Y, B
1 BRI T B Be A R T
2. JERRHER A

EERNAEMRABO AR 2 2 BRI R AR, B0 52 211 - e i B e v PR O VR
Fwh 22 i ORI SV TR T R I ) AR B A R I A S, PR AR T RISS & 07, 5 R R
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R, QORGP B RIS ), E—ENEY HiEE T, BN iE R 1
FEGE, Btk B S ASVENREUE. Fit, &5 &XFNAZHETERE &) B HEEHRKR X80 4
LMIERIFFREXT S, EBIEREE. BB, B EEUAT R . Devanathan-Stachurski X H ffE A &
BB LI R B SR DA AR IS SR AT B, R 4 FARILE R (0%, 0.042%.,
0.084%. 0.130%) XFsHLEEVR I KB LA P YOR RBENT A . RIS, (745 5% 5 55 I s W R e i)
I, BT TR SR AN T B S BT O AR BB R B 25 . SRR BEESLS R,
AR ROEAT AR TR B0 K, Hide 20 nm DA AT HAH R 2 BRI sl BCIR S PUm b ;. AL
TS I0AN 2 P FLAE VS ] K A 3L S 2H 21 3 R HOR R Z AR A BORCIR DU FCIRZH G A9 PP (5 2% B Bl 0L
WG L, 4 eI LR BT, R I RS AN SR A5 R, R A R 3 S B
ais FEEWPPLE M, AREYHERLEMR (B 3323100 cm?s TR 1.51x10° cm?s!) |, HRE
FEABFRCRIETE (B 9.74x10" em? JF & 5.40x10%° em®) |, SEHMRBI RSBV B E . a0 RG]
H, FEEPSENTR, TN AOR RPN SRR 2 | P RSTRIL, Sn0a 380 R B0%
%, W DATH AR W B SR R G BRI RN, A T [ A T R I K B R R M AR A W A
JR R, TR, @k ROBERR AR 7T ARG (7 5512 2, ELUBURBR NP RS A5CR i . PRI T A K RS Tk
FEHUAEAE A S EFE BRI RSO 5 12 3 SR 1 A5 SN B L S BB M 2R e A5 81 1ok,

C13-P04
H ik I QAR 2 ARAR R 7t B E E TR AL TE Y
INESC Y IR L, AR !, E R

1. Aedb P T ok

2. MER2A

DA DL AR AR (BF) g BE A A9 22 A0 DL IR A 4R 5 PERE 2 M BTRT ISR . AR SO0 e DL TG4
PEATAF MRV IO B AR 2 14 1D R - DL R R AR B R B R AR (PM-BF-RA) ZAHAIL, It
TZMAGUSES =2 EREMM B R R . 451K, 5 BF-RA GFEAHLL, PM-BF-RA i{# DR R 8RR
RIS RERE A LA AR PO, SRR IR RO B S BB 40 . 5 BF-RA KA EL, PM-BF-RA
TR A S e PR R i i P . T 2 AR AL R A A 0 OB R B — ] o 40 i S ) e AR i A
A GSCI AR B RAFPUAC. BF-RA GURERYJE Ao B sk B /Y 32 S48 BF, 1l PM-BF-RA IX0FE ) T2
BN BF AT PM. Horb, DU AYSR AL D SR Al, A4 ) AR RIS A B ER AR A 5it AL AL il
oA . HUBRR S PR TR A SR A B G AR 330 PM-BF-RA AU ZUEA AR TRfbfTh. mH,
TROFEUNAY BE FIPUR RA 15 PM-BF-RA Il B A B AP diiIte. &4 PM-BF-RA ZAHAL K+
i DL PR AN S B T 58 - - B0 R A TE 75

C13-P05
Custom 455 REENTE 480 “CHIRGTRR A 3R AT I ST
NG, SO, XISCk*
iR

Custom 455 ANEH AR iR LR T = B . KB TR AR RS AT A, ARBFFERLA Cu, Ti. SifE
R EEGRAITER Custom 455 L AT 3L FEHAE 850 'C % 0.5 h J57K ¥, FE 480 C [l kAN [
i), 153008 BEAR A 2. A AT S T 0B (transmission electron microscopy, TEM)A T4 ZHT R
(atom probe tomography, APT)AIF5 Bt R A2 b H AH e A2 R A 2048 Aol JLAE B ) 52 )

FEGRWT: B 5 min, Cu, Ni, TiJfFRE— &P BRI E, SE®ERERE I Rk
0.5h, & CuMl5E Nitl&AsnE, BRMHES NiMHERIRE NiAHRSR, %ML, Nio TiJfEFib
I 3:1, oA Ni3TiMH, BolRE NiAHRSI/D, B, Nio Siv TiJR iR 15:5:5, B2 G AR
) BFRL 4h, H CudiEESEREAL, Mk N3TIAHEES IS, GHIEMINI, Si. Ti i1k
16:7:6), ‘FEOEALINFIEAE; BfR% 128h, & CutH. N3TiAHM GRS EEML, % E T,
FEHWE TR, ® Cu M. NBTiMH. GHMMIKMERBFEEWDTW LN XR:
(111)Cu//(0004)Ni3Ti//(011)G//(011)M,[0-11]Cu//[-12-10]Ni3Ti//[100]G//[100]M,

C13-P06
SRHIS A BB Fe-18Mn-3Ti YA 5L40HI9E BE- M HET-
B 120 XURPRR 12 B 13 RANE 12, BRRAL 2, B
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1. E B2 B = R BEAF ST T
2. W IR L
3. FEFBR2EBE R

o Bl B FR O S ) g P RE AR B B I 52 2R TAL A ) iz 3. O 1 SE L r2A R Y
Th, RS A I . PIEG e oTR, XBFERI TR AL AR, AT A
TELA T Z . SRR —FE R G oTR, HBARMX R, ZITsR 5 A TS B
JreEVERERYARTE, XTI AR Z R, SR, TR S B A Ay S B - B A T A R —
FhRkik. B AHIFERY, @B TR & TS A KRR o-Mn A 3R AGHIAY Fe-18Mn-3Ti #d. %
HaRA 1.8 GPa WRIRGTsEE, (HRHMERA 7%, Tk, SRl TS, mfHRERk T L%
FBO ASEBURR Y 0 2 - TP AT RE TR TR AL T 2553 Fe-18Mn-3Ti #9538 B2 - B M- P AL
il OSBRI, AR AL AR, AR AR F R A P AT SRR Y A NP 2 i 2 A (] I AT
JIEEPERERI S S TN T2 (a-Eh IR, B A M- THIRAR)  RIOURZEHA . AR BRI 3 B A i vy U1 DR T b
e, SRR IEAIAVEAR T BT TRIP AW (B FR R (] e- I IR AR) . [RINF, S (TEL) Byl
SIEVEAETE IR TRIP AW (e- H IR AR ) 0- B FRAR B A8 A7 %

C13-P07
BRERAARALA RS 22MnBS 49 SUe U G B 1
W, RIE N, AR BN 2, R, EEE
L BRI B BEA IR 7
2. R MER RN A FRITAT A 7]

SUE SR P UE R — R EE N R, HAUEW A GO s, 5 kA, A3
PATEI4 CSP AR 7= 44277 1 22MnBS #9789 FLARCH SER RE, 3 1 i 2 B ER AR A U 52 R Bt T I 17 e F 52
22MnBS 7R KA R P Y L A RE A AL AN S e UM AR A, BAE N IASIE 22MnBS 4 1 Ak B i
e T ZSHM IO TR B RYE, NI STE N S 8 TR L S8 . A SOR A0 Bt
(OM) . HfliHiBE (SEM) . BE4THE (TEM) | X HFEATHHY (XRD) FIHHIRIa L0 B AR LTS
AT UM BEUEAT T F9T, A BLIEE B IR AL IR B A I I, D B8 L R ST AR O Y B A RS A W 4
K, ML 5 BEA e 58 J5E e R/, EARROREF AL L i R ORI IS T AYRE I, B R ARG B T
v, DB RO AV KOG B AR A RO AR R, DTSR BEAR TR, R MRS Bl ]S, FE (R AR A A
Ko M ERHL, BUERBRIARCS B2 15 22MnBS VK SRR K ARk, AU RE AR AL ) 4>
M SOE AN SUEEURNE,  DRITT SR AR A AP AIRITA  (SSRT) XA [A] B RO AL i BEAL R/
22MnBS W SMERUEMEEATHETE, ORI (TDS) XSS Ryt T E . SLHETRE
Wt B R PRI BE A T, 22MinBS 4 FR 9 o7 B8 2 0, kAt S8 O Py S8 R BT s, AT &
WEAR RO s REE PRI R R, SUERAAWHR R . 28G5 BRI AL EEXT 22MnBS 4941
YU RE A SN BUBPE R, & PL 920 CHAE S min 2RO AE M B RAILHIEE, WA S), fi2
PEREILR, ZWEMURIEAR.

C13-P08
—F T RERH R TR A SN AR Rk
SREFI, HhEFIG, XA, SKOOF

ek

R G AN HI13 S LA S A s e RA S &, BB — bt s B b S, IR e
AE, HATHEEMNHES. (2l THAH S PmeSWaEfEd, SRR ES SNy, AT
BEARG A S, ARSI P IS, 2 .

ARG R T G AR TR T — M B ik G 2, B R EEEREH R sR v, HEE
FEET 99.7%, AP TEAERIL, B AJETRE BT 2150MPa, A REMIEGHT 12%, AHR A H 4
P . HZEASHLER . PERE AL AT M.

C13-P09
Mo 3 5 AR G #0252 A X R WEE R
FEMH, FWE 2, PEAR S, INE S, BRY !, el !
L ANERBTTE B Be IR AT 7 e
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2. SRR AR R LA A T
3. FEIER S A T

HAl, Bk T2 SRR & & SN SRR WA EZEFRE, Mo & &X8 ZHA
MR, ASCRA OM, SEM, TEM #1 XRD #%% T AR Mo Jt#E (0Mo. 2Mo, 4.6Mo) #HE X5
FCAR R G Sl AR AN B B AL 2URD S R B R S R . 25380 B HELS, BE Mo & &sim, a9 ik
A H AR 237 1) 2 B P ARG, e A TR, WAERERE Mo &t mm s Wk E,
RIS A B A 5 AR ) ek 55, ARSI, (H 4.6Mo iR BCR DT 2Mo IRERH; 2Mo
IR0 L SR P e, 4.6Mo S AAE FE B AiGs AAbB G, IR R AL A A B 3 5 R KA B S R —
o mkAEEEE, ik i EER IR R IR FE S, SRR, 2Mo IRIRN B ik 2 S A B
B, OMo B4R b flchifi B f 1%, O ZHZY 2Mo R0 A9 S Al BE e, 4.6Mo R A9 S IRl R AIG . T8
it BRI EE R R, Mo JUE & &2 T AR ARIE R B AL i it v, (AP 43 A I 27 . 5%
W, HAR AR 0 B, 2T Mo SRR, ®MB M L ZATEN, #IABmRE
BIE KB PR IR IR R MGE B iR T 2PN ). ST, BRI I Ot R Mo, & &l mi
MBI CRER, AT R B8 A P T B ALy, B0k L AR b 7 id 24 1A

.

C13-P10
R RN 8 E D AN 228 T 451
EEE L OBEMS 23, SORE, U Y, REEAR 3, A !
L AR R2E
2. FIAGHE KA
3. FIANE A A BR A

7t i R ER PR VA i e 8 PV R TS A, LSRR il 29 Rt — 2 ALl e i T R A
WEE RS (28 DR, EHAEEAEDE IR (B0 SRE, XD R20E DU
ARTE, (HHSERZ B A AR RO R B2 5, REMTSE m AR s e . B R T i 2 B L
NHRZE R AR RAEAEA R, X T 288 A R L0 M R A

AW G AL RURE b4 7 e 98 B2 1 DA PP 22 R G M RN RRAIE, R S 2 e T AR A1
PR B B, % TAEF IR NS B 0.19%, ZIHR-ESE-PEL-R LV e Hl& 558, bk, Fl
M REREE TIRAL (FIB) A EE TR (TEM) #5228 WA T HEIRHE 12
&, WU AT (GPA) JriAX 28 fh LA R W A Ip AR BEA TS, SRS, A D3 A S e 1 AR
B (EPMA) MI=H4EJ T H8EH (3DAP) JEJGHY AN R (07 B M 28 i R E I DB R AT e, AU
AR T2 ZR GE B T 2R 23115 -5 22 T BORT 8 1 1 P52 2 ER A g 2 M RE P S M LA

SERRW, TR LA N ERAR S R A S O AR IR A, AR T HES AN AL XL 2 R
22 it ) 98 AR JLAARVE R NI, 22 B B A LA TR i R A AN R U DX 3 R /2 it 58 P e s
B, U A/ 25 it DAY T T DA Bl A /2 8 0 P B AN RO DX, A DN DX 15 ek e/ 2 iy 2 [ g LA SR
T, WASRER/D, WLARRMRR RAER, DRIFAEM RGMRENE. SRR 2 B L A5 IR T R A 3 )
oA, R R E A S et AR T A B A DI AT AE AN OR ROBE A AR B T, X2 2R i T 251
HROAS I DX 3 AR ) B SR AL B AR AN 359 ) 3 A (AR R R B 2R B TS AR, 1M 2 i PR A7 A 2L
JRIPRAN KA N . BT BEA R v R T AR 2R S AR A TR A, XA BT
ANECE A B L

C13-P11
T00L FAREEELHAAT HBT ST
RS
MERBTTE B B IR A ]

T PO AR R AR, TR AR R S IR . SRR i X AR S ). X EUBFSE T 700L 49
AL SR R OG- S S AR Sk WA 2L 5 J2akBe, i TR XA AT R . S5 R
T, ALK TR SR X, AR RIERERT, AKX M-A T 5 o fif, 1l R
fi%. SRASERTERE, 7000 45 KARLIX 5 E ) 2.0 mm, REREF 220 HV0.2, ®EHBEILT
18.5%, FfHIMAFERT 2 TG X, SRR PRI 752 MPa, -20Crpiilihe s 431, 5K
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PRAPIRFE LR, OG- S IR DR R i>12%, T8 /D>50%; Bl ML AV AR, 50
X SERE IS 24 BRI A<1.95 kl/em I, BRI SE BEFE AR 2 0.6mm, AR S A A il RE I8 2T 1)
b, -20Cnpalil i iE R A E] 50,

C13-P12
JEJR A1 B {dd Portevin—Le Chatelier (W ) B LK
IR, FRE Y !, Rdime
1 ALK
2. WS IR S 0 %

FIRAAAFE/NRE T R Ak Portevin-Le Chatelier(PLC)UNY R BE 7. SR,  Hh T I Jy MR AR F S 4%
P, R IR B 2 SRRV AE 1) B A R A IR 6 AT 5 PP A2 B PR PERY . AR EL, FRAT i Sk
FEIRA BB AR 2 18] ) PLC R R AR A~ . R — Rl BT 3% PLC UM 2R A 5 S B A
FEAUBPRE. LR e ) LA fORE P AT ORI AR SRR AN 5x104 28] 10 s - R GRS . N Tk
FTHEIE, TEFRCRMN AR, (E2 @ P T T 85 G807 G K BOR B Bl . 528
KW, SEERRLANLL, SRR BRI B AN R AE R URE (mSRS) I A AT . nSRS {HPA KA RE R
SR AR TT T IR SRS L B AE R . S RN S, IR PLC RN ] RE R AER AR AT
RTZAGRENL, PONEERABUARR. BLAh, Xt A IR UEAT 7, #8708 1 HOB BRI SR ARy
T JE A P 2

C13-P13
7R 1 54 B ER kI 3 e S A R S AR SO A R 5 T2 P RE T 5T
P PG
WA FE S BT BR 2 ]

T T e P A DR E e v R P R B I N s I R AN E B ol 4. SR I
TR 2 e AR A T D E AR B SO B BE B AL 2, IR AIFST T HAE A [R] FAAL FILAC 4 B4 fole R 21 23 A i
AT R . WFIEEN, b BB 4 B AR S G AR . B B ER ORI D B R B AR AL B, PR
i [ AEAE B B e B WA, OB MR R BT R 3R E (UTS) 1184 MPa, Wi KR 16.8%. 4t
480°C x4h I AL TE, M2k 5 IR TR B T AN 510 AR UTTERH,  BUBRI(F UTS 3% 1484 MPa,
I H SR 2 i AR BB AR L BRI 10%, Wia KRB E] 14.8%. M B ALEL (840°C x1h+%8
%) RENSINER AR TR AT, BRRERASERE 3% T, A 480°C x4h AL FE, Ni3Ti
Al Ni3Mo ZE4 K b AHER I, B4 UTS 155 1686 MPa, WG R 9.2%,

C13-P14
P AT I AL A R SR 5 Ty 2 P R A B T
RG>
WA TS B BR 2 ]

RAREELIE (CMT) +kef (P) HHTEA HIER ARG T 590 MPa  (JiE ARSESE) 5 55
i, BF9E T AR BB RS Ty R Re s . S5RERE, B 5.6 kl/em I, AR iR
FZ R EIVRAARFIRCR DURAR, IR (M-A) 4o G LA 14.82%, A RO M E A
(0>45°) HLBiR 36.3%, FIFERE AN ) TR0 BE 4 A E 843 A1 858 MPa, “F-¥JHEE 286 HV,
{HH-50°C op IR UL RE f A BIACH 15 A1 16 T T HE AN R 13.5 kl/em I, IRV &1 A 5 A RUJe A4
Y (d>0.4 um) FrEALMEIEA HlE AL B O R EIRER R R, [RIHA B T MR 4k DL EC AR D ik
DURRAE, M-A HITTH G IR E 4.21%, ARCKMAERF LG R 52.4%, MR AN R Hihn
RPN HIEARE 723 K1 705 MPa, SFIJREEEHERE 258 HV, (HHAGREH SRR & KIREm, 259
RET 109 M 127 ), L3RR A S AR v UL BE RS 7~8 %, ki W7 24 A1 A oy o A B
W7 8705 Sy B TR R BRI 2

C13-P15
PR SRR 7 A AR [ K AL A R 3 P B B L B 5
sBEE !, kR 2 ERUZE L WRPHEEE !, WEEE O, BRI ! SEgs
1. AR B TR
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2. TR RATHN LA R AT
3. IR BEARIIE R

ARBT G A R RN AT A T e R BV [l P RAN, I pR ARG e I T L UL i AT Ry
%24 2103 MPa, 2301 MPa I 8.26%, SCHlimEFIBBIER AL G, SEGMAGIEL, PRy ik i
LR E AN S, (e . WP A BRI AR (L B 3 AL STk o5 2z, s 1000 MPa,
TN J 30 F A I S AL . B [ R R E 4R, AR AR AR K, REGRE R, H
SAPEREIN. P, R ORISR rh R S B g i BE R I AR AL 1 AT AR

C13-P16
Nb JERXEE O SRR
5 B
WBRBIT TS B B2 ]

KA EFER 3 FARR ENICrMo-6 #2145 (1.14wt%Nb ., 1.32wt%Nb Fl 1.50wt% Nb) X 9Ni 4§
PEATIREE, [ OM. SEM. EDS % FBoWE i T e L i S EH S Rnp O, FF X8 k)
P, AR AE BT TR, SRR, EM SR ICE R A, SRSk R R PR G, 4F
B IR R k. RS B E NI BIRAEA A Nb (CN) FHARL, FEE Nb uR ST
5, RS EA-196C i shiZWi 953 TR 76.31; PrhiskJF iz 669 MPa JHE & 695Mpa, 1
Wi THREA L . TREU A Nb TR IR ay e B HAER, AR THREPE, H Nb&&
B L14Wt%3R 2 1.50wt%I, MBI ARG, 58 A BT L.

C13-P17
STREMART ER30SL A EEMIEBERR R R
Pt
RIS A BR 2 ]

ASCHFFE T =FARIE Cr. Ni i) ER308L AR 2% TIG ME B By 350°C il MY 52
Wi SERFW]: A JE B RO 2 2 B AR AR R B AR SR SBRIR AR A, i o T A e T 0
Cr. NiY4H{f/I] Delong KHiE ML PRRR MG R, FESPRM SRR, SRR m iR R h
24.5%5ETH & 29%, i AR BERPUA R R IO R A . R TR A S RS, PURSER R AR
RGO, REUTHR AR AL, S T HSR R I

C13-P18
JRIEHULTERT 1600MPa SRR B AR R A SR S W wo L
IR
HRFE R B A TR A

i B SAR P SR 225X 1600Mpa 2 1 56k B AN R AT I AR AR TS P AR R PR (GMAW) &
e, I T EIRALARA R, BFIT T A R ) SR R A AL BE(PWHT) X S ) PR 5 . 45 SR 3R
B PASEHAE (As-welded) HYJENRMRE R 1090Mpa, ZEiEmHETI R 46.67), 403 )5 15 54 8 1) JE
MR 1330Mpa, =PI 32.330; HALUNER AT LR, 1REEE)E o AR BEAY A,
TEAERL R . T 5] PS8 i X 5% SR B0 D TR A ol . it $RAb B, IWAT AR S, B s E
FLARH G T FAREE AR N K T AR, SRS Rl 3%I/08 0.2%, (%R H 11.51x10%/m? 34 fin %
14.87x10"%/m?, A RKEHBACTIHTH . XFB DB TIE, 15 WA RHRes i R 22 55 %
HH, RIS BRI AT A A R

C13-P19
SR IERT 9%Ni 4RI LR IR T B A B e
FEE*
BERITFE B Be A FR A ]

BERTAR . SR AR TR T A s 1 9%Ni AWMk, TR GB/T 21143-2014 brifE, -
196°C AR T AR GE AN A Wi XA W R, Tl A 2L Wy FURSRANRE B2 2 A A A, BIFSE 1A 1]
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TR X B ARIR ST R BIER 2w . SRR, FEAFE AR RS, IRAER I R B R R, A4
X 5 B pop-in MBS, FE( CTOD {HAYESRLIE M. —FhIREERY 2 R 413 3 B IR R MR+
T R HHAR, CTODMEAIZEA K, ¥I7E 0.25mm PA by H b4 i S IO 2 S AR 4 1 Je JRee o e v
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Nb JCE XA B R O AL SRR RE R M. SRR e s B A s o MR DL ER A AR £ 1141
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ws BERLGREETHE, SRS B A AL, [ B RS R AR LR, A SR B R LY
40MPa; FfE [ KR, E R R A A R B T e BT, AT ES Rt B, X
sl TAE 680°CHT MC AN A RIIEE(E, ARSI 100MPa.
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MO AL AR LA 57 W ST TRGANRAE S 0. GPRFW, RIEEEREERT XT70 E4M Bt
FAAUREE R 58 BEMGE RSP A K, (HEEI i R o TG, P RS Wi e R P IR 2. XT70
LA EE R AMURAEAE RSN T, IR AL ORI, I S A G UK R AL, Wy
2897 3 B 2R AL R IR R 4+ E AR BRI 2. A, W RSV AIR 1 X 70 A5 2 A9 RS AR
BT Arty, FLIRERREST A TR IR FFER TRE4F . 5 XT0 LML, ARS8 A R R
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e, X LA R BT EAT R AT T A, IR TR O e B Al AT F O A LS R
Wi, FPRFEM, B Ca. Mg SRHTINE O SR FEAA B TR R L IABRR SR, gk
6 % LS O P IR A T AR A IR R DU A S5 r e L35 T2 Reme i mm i atige 2, HAPR 24k
REFH 2 s i3

C13-P32
TR R 5 R R B P XS 3Mn SR AT R HIYLE
RO, RATAR*, SR, RS, JREEE, EIEH, AU
OB

BT 3Mn R PAH X IR AL -]k T, AR Sk Bad o B AR o] R B T i B R A8 AT, Tl
HL-I] ok T i LR AP R ARAT N B I AL BE AT AT 5. Z52RR0, 3Mn B0 7E 750 CHEATHY
ZTEYCHRFLARAT 1 Fh 25 Bl MR 2% P 2L B S o B TR AR ), T I L D R P o8 B e v 2 P )2
BEMZE, R T AEEARE . BSTE 300~400°C [1] K 10min frF, S35 B FR ARG 1) FL A S il i
R 2% R /N JZ0R i 14 22 T e o B ER PR R e A, L A A 22 5 o0 4 24 2 I I A LR 7 7 v T e
%, 21501 2 B 7 5 8 A S5 R T 1 7 B8 2 D 45 45 300°C [l il 4L 3Min B8 A e it g o 1
PCRETTIESENE, A TV T NI, OHRAG THIRGRE 1591 MPa, FIBTG KR 24.5%H)
LA TERE.

C13-P33
Effect of dynamic strain aging on evolution of dislocations in an austenitic steel investigated by
nanoindentation
Xuekun Shang', Xiuxing Peng?, Zhiyuan Liang?, Binbin He*!
1. Southern University of Science and Technology
2. Songshan Lake Materials Laboratory

Dynamic strain aging (DSA) is the phenomenon in which solute atoms diffuse to the temporarily arrested
dislocations and hinder dislocation monition. DSA leads to negative strain rate sensitivity and thus to plastic
instabilities that can be detrimental for material processing and formability. Herein, the effect of dynamic strain
aging (DSA) on evolution of dislocations is investigated by systematic nanoindentation tests with varied strain
rates. Obvious serrations are observed in the load-displacement curves at low strain rates (0.01 s! and 0.001 s!)
while they are absent at high strain rate (0.1 s™!). The serrations manifest the occurrence of DSA rather than the
formation of deformation twins. Detailed observation on the deformed defects beneath the indents with different
strain rates suggests that the occurrence of DSA has no distinct influence on the evolution of dislocation density,
which contradicts with the claims in some literatures. The present work indicates that DSA can restrain the
mobility of dislocations but does not necessarily lead to the dislocation multiplication.
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I T AE BB AU BN B VE A, I 2R B S RO R S TR W] BB B M Sk R TR AR 15 S R
K. AXFEEE T OM, SEM. EDS. EBSD SFRAEHAR S Gl X M GE M ST I 7E P A e it 7 v il
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C13-P35
R A SN T AR AT N SRS HIAH AR B B
HKIFM Y, AR R 2, IS L, BE !

1. AP T K2

2 LI REE

ARG R S AR iR R K 3R R G T KB A A Hh B ER AR ) 1 A8 175 AT S R X T 2208
HERZARAAR R, g5 R R, st A v 2 kA 4R (T, Mo)C R TR M AR - SAT i, A&
PR BRI EEALT 900°C . AR ST H A K A BE RN T B A ER ST AE A, XA B AR T 3
S 19-500's, TN FIRAEAS F B BeEAT 0-10°C/s FUTELER N, Kk PLN A8 1 A e 42 ik R AR M AR IR
BERIIRIE, BERAAL I S TRE MR (18.959.1 ym) . ZREFMESHIETERER, NEHES
B B B R ET FLAR HE T B8 DR AR P RN 320 A Bk 2 A1) (R Bep Az, 0 6 o A B BT LA o 7 A AT
T, XA TSR A AR T B R A AR AR kiR, i BB S AR AR LB, A GE T ST Bk
R AR S 5 IR AR R . S5aPUEMEN, BT VARG ST H 1 B 4 i s AL AT
PEALRORASAL . G5, T840 B AR 5 ST AR A A 2 A R 4 [T 1k 4 11 55 42k AR b g BE LA
M2 R AR 3458 (127—179 MPa) 58T HIRIGSCRI T (18087 MPa) . HILH L, &
PRYRE AR AT i AR, A BT AT ARG & s R SR A A AT Ak i e R
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e AT 5 B 4B B S ST PR 5
JURH, KA, ke, K

LB T oRAif & SREVR=ABE, L 1l 063210

TEARRIRIBE, AR RES T, RWAEERSRBEA . AT P AR, fEA2EREE N
ST REEE AN . BEE SRR AT ek R E I TR oK, & R AR A T Y 4 g R
AEENITIE L. AF5ERA Nb, Cr Al Ni & GG 8inisett, R ERRHMEIRAMIGIR 2 2ok AR IE
JEEVERE, SR IMatPro BTS2 i . - PRI RE . WUAME BEFNANAE W AE, i IEWTSE J12ia 4
XN AR H L SR, S U AR RS T, TR AR RV R ARSE IS e 5. R SRR B
R D AT L I A R A B I 1) i R R AR AR RN S R RH I O, 8E Se M 1 R & 280, Tk Ak il R
FE RS 330 mm UERERIEFTAE P2 IHAE 1240-1260 C IS HEAT40H], 5L R 5LIR < 820 'C, %L
IR A RSE R 90 mm, FLJSHE 500-600 C il T IEAT A, AFLHI G AR B Sk A1 EE A [R) (57 1
TRBES SN, W V4R, FJEMRGERE . PRI EEAI-20C vh 5 T2 K 5 464.4
MPa, 577.5 MPa I 222.9J. TEMMR 12 JERAL, JHARGEE . PrhissEAI-20 Cop i D)-FIIEEE] 396.8
MPa, 517.8 MPa il 142.4J, {H2FLHINHRZHE o D ZER . AR Y 45 B2 A B 3 2 0 phy 2R 28 LA
FEB RS, RIPIREREZE 180 HV AL, OEBAERETE 160-170 HV Z[8],
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BLEE 4R 5124 1670 MPa - 80.0%,

C13-P47
M50 BRI W AT IR AL DIC BF5E
RO 12, ThO 2, FREE, PRERK 2
N
2. HE Bl B mTTE B

M50 iR A PR EL AT T i B, T e T DA I S P R e i o i A R TS 2 ) 2 I . MISO
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BE SR e BEUEAT 7M. WPHLEL . R SRR AR R U v R b, R R R AEAE A A Y
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K (0.18mm). SAHZERFEI, FOmgh o BRI, HUNMLURE. @S mPthisk R 720MPa, & k%
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WA IS AT A NAR, 5 RS, HETEAESTL BRI T TR TREN . AR E &
PFHELE T AL EE S s, W Tl R MUSEL AR = LE K.

304 Stainless Steel Welded tube-Carbon Steel Cald Rebar Hot Rolling Process Experimental Research

In-process of Stainless steel clad (SSC) rebars hot rolling, there are technical problems such as poor
interfacial bonding and leakage points of finished products. In this study, cleaning surfaces of 304 SS welded
tubes and HRB400E CS round bars, and preparing vacuum oxidation composite round billet, an industrial field
hot rolling experiment was carried out to obtain @16 mm SSC rebars, and mechanical properties were analysed.
For the cross-section image analysis of rough rolling (6-7# mills), medium rolling (12-13# mills) and finished
product samples, the cladding thickness existed uneven distribution. The thinnest cladding thickness of finished
products appeared at the root of the transverse rib and longitudinal rib (0.30, 0.21mm), in line with the value in
GB/T 36707-2018 (0.18mm). The metallographic results showed good interfacial bonding without tiny holes. The
measured tensile strength, yield strength and total elongation of maximum force Agt of the finished products were
720MPa, 570MPa, and 14.2%, respectively, which meeted the technical requirements. This new process
technology saves costs and is easy to mass produce than metal fusion, seamless pipe forming or other methods.
Now, SSC rebars have been applied in Xishamen Bridge in Yuhuan, Zhejiang Province. This study will provide
theoretical reference and basis for the optimisation of SSC rebars rolling process, which is of great significance to
the industrial large-scale rolling production.
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C13-PO02
Microstructures and mechanical properties of TRIP steels under different heat treatment condition
Yinghua Jiang*, Huasai Liu
Research Institute of Technology, Shougang Group Co., Ltd

Effect of different heat treatment condition on the microstructures and mechanical properties of TRIP steels
was investigated. The results showed the microstructure of the steels produced by the heat treatment process
(') was homogeneous and finer compared to that of the steels produced by the heat treatment process (I). This
depends on the transformation sequence during heat treatment process. In the heat treatment process (1), the
martensite transformation in advance generates a uniform lath-type mixture of constituent phases, the preceding
bainite transformation leaves carbon-enriched blocky martensite. Compared with the steel produced by the heat
treatment process (I), the steels tested with produced by the heat treatment process (1) display higher hole
expansion property while maintaining good strength-elongation balance due to lath-type martensite by making
martensite transformation in advance which resuled in low hardness deviation from the austempered bainite
matrix.
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Study on the stress rupture properties and microstructure evolution of 630 °C martensitic rotor steel rotor
steel
Jiajia Qiu, Xikou He*, Zhengxin Tang
Central Iron and Steel Research Institute Co.,Ltd

The new martensitic heat-resistant steel C630R for 630 °C ultra-supercritical steam turbine rotor developed
by Central Iron and Steel Research Institute was researched. The stress rupture properties and related
microstructure evolution of the C630R rotor steel at 630 °C were studied by different stress rupture tests at
630 °C, scanning electron microscopy, electron backscatter diffraction and transmission electron microscopy. The
results show that there is obvious plastic deformation along the stress direction, and the tempered martensite is
stretched into fiber structure and fine grain structure when the stress is greater than 185 MPa and above. The
content and the size of precipitates increase obviously with the extension of fracture time. The adjacent Laves
phase have a tendency to merge and grow, and the size is obviously larger than that of M23C6 carbides. There are
a large number of cavities near the fracture, gathering into cracks to induce the fracture of the C630R steel. The
cavities caused by the oxide inclusions are smaller and shallower under low stress and the coarse Laves phase
forms larger cavities, which is the main reason for the formation of cavities in the long-term creep process of the
C630R steel.
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C13-PO08
Numerical simulation of macrosegregation formation in steel casting using a three-Phase dendritic model
Chuanyao Tang, Weiwen Zhang*
South China University of Technology



HEREIRS 2024 BESE @it U REL RS C13. 5 B kL

A three-phase dendritic model was developed to predict the macrosegregation during solidification.In this
three-phase dendritic model, some important factors,including dendritic structure for equiaxed crystals, melt
convection, crystals sedimentation,nucleation and growth of solidified phases, were taken into
consideration.Furthermore,using this three-phase dendritic model,the formation and distribution of
macrosegregation of ingots are simulated successfully, and the causes and distribution of macrosegregation are
analyzed and studied.The predicted macrosegregation pattern is in a good agreement with experimental
results. The dendritic equiaxed grains also play an important role on the formation of segregation. The macroscopic
segregation distribution of new heat-resistant steel castings is predicted by using 3D case simulation, and some
schemes to reduce segregation are put forward after comparing with the actual situation
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The processing map for MSONiL steel was established by hot compression tests at temperatures of 950 °C —
1150 °C and strain rates of 0.002 — 1.0 s!. Based on the experimental results of hot compression tests, the
predictability in both reproducing experimental flow stresses and predicting flow stresses using the Arrhenius,
physical-based, and artificial neural network (ANN) models was compared. The results showed that the average
absolute relative errors of Arrhenius, physical-based, and ANN models in both reproducing and predicting flow
stresses were 6.04% and 8.01%, 6.61% and 7.78%, and 1.91% and 4.74%, respectively. The ANN model had a
considerably higher accuracy in reproducing and predicting flow stresses than the other two models. In addition, a
processing map of M5SONIL steel was established using the predicted flow stresses by the ANN model. This
processing map indicated that the optimized processing parameters were 975 — 1050 °C/0.01 — 0.002 s
Instability occurred during deformation at 950 — 975 °C at 1.0 s*! and 1075 — 1150 °C at 0.01 s*'. The instability
prediction was verified by the microstructure evolution.
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C13-PO17
Enhancing microstructure and hydrogen embrittlement resistance with Nb-V microalloying in ultra-high
strength hot stamping steel
Songyuan Ai, Xinhua Yang, Mujun Long*, Rundong Zhang, Jingjun Zhao, Dengfu Chen, Danbin Jia
Laboratory of Materials and Metallurgy, College of Materials Science and Engineering, Chongqing University.

As an important structural material for automotive lightweight, the higher hydrogen embrittlement sensitivity
of ultra-high-strength hot stamping steel (UHSHSS) is an important factor limiting the development. In this work,
Nb-V microalloying of traditional 22MnB5 has been carried out with the aim of improving the microstructure and
hydrogen embrittlement resistance of UHSHSS. The effect of Nb-V microalloying on the precipitation
thermodynamics of precipitates has been investigated by Jmatpro. Then, the distribution of precipitates and their
influence on the microstructure have been explored by microstructural observation. Moreover, electrochemical
hydrogen charging experiments and slow strain rate tests (SSRT) have been employed to evaluate the contribution
of Nb-V microalloying on the hydrogen embrittlement resistance of UHSHSS. The results show that the
temperature regions of Nb and V precipitation are 1000-1300 °C and 700-1000 °C, respectively, indicating that
the V-bearing carbides precipitate later; the precipitates in Nb-V alloyed UHSHSS are almost complex carbides of
(Nb, Ti, V)(C, N). The fine and diffuse precipitates refine the grain size, which reduces the average size of the
primary austenite grains from 11.67 pm to 8.50 pum, and the number of small-angle grain boundaries is about 1.75
times that of traditional 22MnBS5 steel. The fracture morphology of the SSRT specimen with H-charging shows a
quasi-cleavage feature with secondary cracks for 22MnB5, whereas the fracture morphology is tiny dimples after
Nb-V microalloying, which indicates that the resistance to hydrogen embrittlement has been considerably
enhanced. The dispersed precipitates and refined microstructure resulting from the Nb-V microalloying are the
key factors improving the hydrogen embrittlement resistance.

This work is financially supported by the National Natural Science Foundation of China (No. 52274321) and
the Science and Technology Innovation Key R&D Program of Chongqing (Project No. CSTB2023TIAD-
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Precipitation and Dissolution Behavior of Ti(Cx,N1-x) during the TSCR Process of Ti-Bearing 22MnBS
Steel
Haohao Zhang, Songyuan Ai, Mujun Long*, Danbin Jia, Dengfu Chen, Huamei Duan
Laboratory of Materials and Metallurgy, College of Materials Science and Engineering, Chongqing University,
Chongqing 400030, China.

The size, distribution, and precipitation amount of the second phase in the slab have a significant impact on
the quality and performance of the slab and the final product. Ti(Cx,N1-x) is the main precipitate in the Ti-bearing
22MnBS5 steel. Clarifying the “precipitation-redissolution” evolution law of Ti(Cx,N1-x) during TSCR process
has important guiding significance for optimizing TSCR process parameters and improving slab quality. The
“precipitation-redissolution” evolution behavior of Ti(Cx,N1-x) in Ti-bearing 22MnBS5 steel slab during TSCR



HEREIRS 2024 BESE @it U REL RS C13. 5 B kL

process and its effect on austenite grain boundary pinning force and the solid solution amount of Ti elements were
investigated by thermal simulation experiments. The results indicate that Ti(Cx,N1-x) begins to precipitate at the
end of solidification and a large amount begins to precipitate at 1507K. At the end of TSCR casting process, the
volume fraction of Ti(Cx,N1-x) is 0.0256 %, and the average size of Ti(Cx,N1-x) is 0.1560pum. The volume
fraction of Ti(Cx,N1-x) decreased by 15.96 % during the heating process. The average size of Ti(Cx,N1-x)
increased by 6.670 % during the holding process. The maximum particle size of Ti(Cx,N1-x) before and after
soaking decreased by 42.34 % in TSCR process, while increased by 8.020 % in traditional process. In addition,
the pinning force of Ti(Cx,N1-x) on austenite grain boundaries in TSCR process is always lower than that in
traditional process, and the pinning force reaches the maximum at the end of continuous casting. The solid
solution amount of Ti element in the slab before rolling of TSCR process is 1.260 times that of the traditional
process, which has a significant solid solution advantage. The research results provide a theoretical basis for the
high-quality and stable production of Ti-bearing 22MnBS5 steel by TSCR process.

This work is financially supported by the National Natural Science Foundation of China (No. 52274321) and
the Science and Technology Innovation Key R&D Program of Chongging (Project No. CSTB2023TIAD-
STX0033).




