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H SRS TR R A 558 R VR B P e A 32
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R ST B TR

AR TR B A FEVIAE A2 0.30 mm B I JC B A REANEAT ¥ #1508 K Ab P $745<0.08 mm
PR ETCH A R . FIRDE A B . T EUNATAS (EBSD) Al x STZRATH (XRD) X #4 KR RO 24H
UM HEAT 7 RAE, EUR B FLIE AN TS5 AT M B IR 1 e e B m A ) % T R I ZH 2R S5 21
PRI . FEAELERE T, BEEA SRR RN, RO R4 £ BN o-Rrar 2841,
A-ZRZAF ) Cube 2344 2K H {115}<161> 234 (1% 51y s ¥ FLAE T (0 T 45 i A% 0 B 32 2 {1113<112>
A{111}<110> BT Y) 7 . A SR AT, TEAZ AR 3228 Cube. {001}<120>. {012}<100>. Goss-
{1143<481>. {111}<112>% 015, HF{012}<100>. Goss 5{114}<481>Hx 1] 4> & A W 5 (1) 30 & 3% £ fH
1k, {1113 <112>H A B0 5 R A FALREEE YR, Cube 5{001}<120>BY [al fFE E fe s, 0 S R Ak ib &>
FEAERUAIET FLALR; Cube 5{001}<120>H [ o T AH X 45 55 HI AT FLALRLAE b A= K B Be R B AR AR 34
TE B & (A G5 S R s BT fe o . T 45 S 2R 1 {001}3<120> . {012}3<100>. {114}<481>5{111}<112>
SR 5 REB IR R B3R AL TEA 55, 1T Cube 5 Goss 2K BN BB 7 A 4L T 2 M Bk . gk
i 8 5 BEM T A6 SR AA FL L 2 iR A .
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BT LI RAEACE AAZ O 2R R RS, ASCHF R — R B0 5 50 B -0 - ks e
PE P87 AL i S A E A BN 3Cr5Mo2SiVN. FESRAALHE 7 T, S54%4 H13 4MAHLL, 3Cr5SMo2SiVN s it =
A T /N R R R A SR AR S AR 22 [V CVN TR B 51 7 A [ Vs e A A P T B 5
TEFAHLH T T, 58 = LR VNV 2 AR 4k B 55 3% 814 1) CP ZHLFN Bain 2H 50 A7 W35 3 T T = ff BE TR
M HE R T b AU m AR R R m i ph i R s [FIRS, YRR AE B AR A A AR M(C, NYBRE
W BA TN RS AR BE S L, A RRC T S A et . fERR e LI 7T,  3Cr5Mo2SiVN 4N
BAHE SIS, A800H 7 eEY i, 25 T HARHEAL . BRI M(C, N)EE MC B 8 & (1) [
TR BRI R A TC 5 RN LT E, M3(C, N) IR I HE B BRI RVRE 77, TRITT 3 350 LA e s TR AR 15
Ak, FR0E RS H A B T A B A/ N ) B T A e 1A s s A E . b
ML 45 3Cr5Mo2SiVN AH7E LR FF msm I TE I R, et g tE, A RB — s R A ERL
BRI T RS 4.
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F& Ni-Fe-Cr £ ETL i & S KRB BT I
AEH KR BREL ER?
1 KRG S H IR A

A (N B ST E NIRRT R R R S B R 2T B, TEANSS USRS T T 12 MR o
MG A AN S, HESNREE R, MR THER K. AP N08120 &4 —Fhit s
N 7 & 1) Ni-Fe-Cr £ £t il & & 0 700 R, FIFH B0 RIE HLAEAS [F AR T S A4 o0 kAT v TR 4 A
AR PRI, B EAAEIEAT N, M T MR AR TR A & AT A S ) T o T, 73 s
PRI T % H 4 1100°C/10 s-1. 1200°C/10 s-1 A1 1150~1200°C/0.01 s-1, FF] EBSD %5 Bt FEART T
MBS TS L, FER SR PR WRAT NI TI 7, B AERA BRI AR A BB MR I OGR R 2, MA
N BN T T ZESHE B AR SR .

C13-06
BHIEL CT WA RHSURIIBT K 5 PR
B M
1 FR LR
2. K= AR T B

BEE G PR RS . IR, LA SRBAURMIN A, fEmiR . R AN R 2 B S AR 2% 1
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ofdry BT AR R T MR MBS AEREAL CT iR MmiRch s X H L BRI CT
BRI IR, R IR T S AR A RE IR 00 N T SE PR 22 21k
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Fi+ B s 3R T & @AM BT MERE AR A, C8l 2 B T RSB il & 2254 B
AR Z RETH LUGEENE R YERIER, T8 oo Je 24 K IR A M g sz it 7o /b
AU E (L) &1L Crofer22 APU AEEAATE AN &, MEH La A5 La Je =P r A EHhA
W La fERHIPTEAER, BIERRRLE La & 8. BRI, FifE La & & (0. 0.04%. 0.08%-. 0.17%)
$eim, 800°CHIALI E DL 0.08La fN A7, BARMKEAEES, XELTHEE La fIE La k&Y
PLFEERA. (1D Fi%E La &85, P EE La 285, WmRERTTER: 1\, B Lafist
A, JE La203@Cr203 45, RBIh Cr203 $e it jEziz O, (it fryr P Cr203 WZITERG R, La3+
GIEEN TR E, PHESRHE AL B MnCr204 M2 A KEE . Kit, FE#E La SEis,
Cr203 W ZZWii &, 1] MnCr204 4MNE5EA8H, La &N CAMNE. (2) E La &R, Wbk
TP, HEARAT R AE T R OLa 49 R E SR A48 MgAI204 A1 TiN, MgAIl204 4
FiRasE, SHEEMNE TS B, TN &40 57 RGER Tio2 1 N2, RFUIK, #iiR%E 10 )Z; 0.04La #10.08La
W, HE TIN B B R, FEREYN/NT 2 um (1) La203 Al LaP, R 96 M REwk 8L 2
SEAE, THEWIRER; 281, 24 La & 82155 0.17%H, MNP T KE KT 2 um A La203 A LaP,
TIEW A E 2 E R, La203 WAFE R EZSAEIEFIZNK 2 ma i, ARNNT Bl ftPudisiE, LaP
AMETE R G 15 Rk P205, MK, MR EM)ZE. Bk, BiE La S8EmE, RIS ERBIRE R
LB, La BN R FEME, &b, BV La f14 La R MHEAER LR E TR HTEfL
RE: 24 La & E<0.08%, [E¥ La X402 A FIVE R K T I AFINE R, 4R BT A0 P ez s
X La & 8>0.08%H, KRF La203 A LaP X284k = A E R G 1%, AP 58 SR BT R %
MIRTHBUEA BRI 5 S, Crofer22 APU AEEAN ) La 7 & R4 HI7E 0.04%~0.08%. AHF 78 M &l
La A1 La 4RI M MAE78 T La X} Crofer22 APU NN E I EAL AT AR ALE], A A SOFC ik
FARA 00 B 3 e TR A e ARAR Ak A S 4%
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3. g B AR KA

# Fe-Cu Al Fe-Cu-Mn W F14X 900 °CIE¥ 2 h J5/K¥%, 7E 500 °C A RN ], FH R 7R EHZ iR
(APT)FIEE — PRSI Mn PN E Cu AT FERIS e . BF RN, 7ERTRLWIHA, Fe-Cu F
Fe-Cu-Mn I H B E Cu AHHTH . BEE IS 24 (R EE K, Fe-Cu-Mn X 1'E Cu AR KT Fe-Cu 4, 1M
R % LT Fe-Cu 4N, IX3RU Mn B nedt 7 & Cu MK . I24 16h 5, Fe-Cu-Mn i+ [1)'& Cu
FHEEARRTOAL T 454, H'E CuM RIS Cu X558 Mn X &0, SB— VTR, Fe-Cu-Mn
W Mn IR INEE & T E Cu AHIEAZIE S RN, & Cu M5 ER AR TS 7 254 1) Mn 3500 78
Cu tHE Rk [ S Re, MmN 7 & Cu FHAEK.
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B X BOLALBTE D AT BALAFE R AL M RERT I
KL TRA. HE. B
KA Tk

Kk X BOLE (SLMD) AR #1417 —Fl Fe-12Cr-9.4Ni-1.6Al-1.5Mo JTIENT L ANEEEN, FE6HHE
it BEAT A . BRI O BN b B . RGWET T SLM LZSHANRAEHE T EXAF W E L H
U S )5 Re I RE I . 5 SRR, FTENJE RIS A 2] 99.49 % (BOLIIZE 260 W, FHH#EH A 1000
mm/s). BEVEAEE S, BRI L T ey D IRk, [FREREE 2. B Sb s, HOREs M TE
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B, FEIRAF THURE NIAL AT Y. B RO AN [ A i RO e i s B B 35 v, RIS R4F
MR EkRe. SRR T SRR LE, 99K 2 NIALAH SR R8T s 2 PERESETH I E 2R A
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BEUREEX Nb-V-Mo-N HEE&NBMALR . BREMY L1 R W
SN P ANE 3 F
RES PN

RN, KRG AEIUEE X Nb-V-Mo-N & &4NAHZHEAE . MX (M=Nb. V. Mo; X=C.
ND B BT AT R S 15 MERE R . 25 SRR, 4B HUR BE N 700°CFEMRE] 600°CHT, Atk
REKFAE & EE i 91.5%98 /D %2 78.6%, 1 BROG A ARk F 44 o5 L 7370l B 8.5% 11 0% il %2 18.8%7F1 2.6%,
B RSERLR ST R R A B b A 5 EE 4 ) i 8.8pum A 85.6% /N & 5.0um AT 73.4%, “F¥) KAM {H 1 0.363%%
KE] 0542 BbAh, 9KGbR BALYIAR T H 2 E) 5 B 49.1nm I8 /NE 26.9nm, R R ~F T 7.3nm 4H4LE
4.4nm, FCEFE R 1.0%1015m-2 39 K3 8.7x1015m-2;  Ji AR 5 FE AT 5 FE 433 FH 673MPa 1 795MPa 1k
% 955MPa il 1083MPa, Z iR M 603 Ji/NE 8], 600°CH: B S AN (15 5 fe v, ELAT HH SR Ak 1
4 300.5MPa, % Jit AR5 FE [ DTk B f K, 700 45 UG R 4N s fb i & (185.1MPa) oK, R ph i #)
PERAR -
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JRAL B 5T 15 4 < R DX 82 M X SR B oA AT R BT X )
HAF 2 WFH I FRMIL TW L 2
P E
2. LA TREEARBIA

NIRNERIEESRIX (WMZ) S5#GEIX (HAZ) 7E i IRAE 5 1F T (e R Gl e Ak S FExd 2
PEREMIFENT, AWFFTIEH] 16MNDS SNIREEARE, (EEH T B8 (TEMD HITRE T 450 °C R JEAL Fe
BRI S . R I B RS X R AT R FARE I [X, SR 400 keV Fe B THEATREHEN, JF[H
D EBOREAII ST . AR ai R EoR, M FEREAMFIERT, WMZ AR I it &
RET HAZ, A EEE AT IS EER L2 R A DR, LA 2 ELH RT RV AL
I RRHIE,  IF AT CRAT — e SRS T PRI RS AT Fr 45t . 0 HAZ AL B3R O A e, R RORE
W ERUR, D AESE OB RL, RS DX A) I IR B S GRSk P DX BRI 13k
AN SN U5 T A2 W 22 5 o BEAE AR RIS, IX e P 1 AR A RO S & 91 KRR G A
Hrp, WMZ A5 IZ T T Aa e, SRIGTESORFFBCR AT PP, 10 HAZ rh ISR B SR 3 ) e 68
WS EMH, RIHEROSEMBESIE. 456 Orowan HUHI T, X EEA7HE S5 22 7k B3R AR 48
MEREALAT N WMZ [RISLHE M 2 P i HLORREHES K8, AR IS s iR s phs, RILH B W] 2 4 I o
Wk ; HAZ | RSk 2R, (HHIESATEE 58RI A0 m] B PRI RN A FF 2. 2R B TR,
PREREA SR ARG 5 G ETCR AT, RZIFW T mkEE B Rs AT AL B 25 1 i i AL
12, FECWMZ 5 HAZ 12458 JEm Bk SEA LI 7 TR B AEZ 5 . ASHEFUM SRR 4575 7 16MND5
O 2 [X A e R R IR T ISR B AT O 5 0 S VERE TR R, Do S I HE I 7 75 4 S i A PO IR AL
PEREVEAG SR 1 BRSO 5 B kAt
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B 4L 201 BERHEE SR AW &, MUBZE S R B D BON TR R sk S, Xt —DHEa)
TSR IR S N TR BHT, B AN s BN AT A S AL, AR, 4 IR
PBTh SRR 1200 MPa i, S EbT 2L n) BUZ T W, BEAE SR AP IR T, AN R
B, 3 e ni FE - SR BBURRAE (AT O B B PR TR v R AN AR R i PR B R R A TR AT R A
() SRS EL AR BT AT H AR A0 ok DA S B AN vt B, XS 7k D UE BRI A R FH R I T A
ffifie /1. HB500 i B 4K R LA 57 1) o -~ 1k RE AN B PE, RO L AU S i B 43 152 4% 11 B ik
MRk SR, Hmam e S8 T E SN . BRI IR, SR R o B E AR 5
FE BIPERBUE M e 3 B A B3 B IR T SR 25 52 008 . R, SEI/INT 5 TIOK IR deoks RO 75 S8 T s 4%
KA . Nk, Al e aikit 5 TE R, PR MPEREAEL 1700 MPa 2%, JFIEH K
PR SRR S 4 pm ff) HB500 4N 30Mn2MoTi, 3 RZi0F 5t 1 HAE ik 2E e A4 N IR BUT A 5HUERLH .

AW R RHEZEP B+ EHE+ LRGN KLRN, HM2ERSN
0.30C-2.0Mn-0.35M0-0.06Ti-0.002S-0.009P (wt.%). if i 900 °Ci4: -k +180 °Clal K AbFRJ5, 1 A2 B
(OM). il 7B (SEM). B B 7 BB (TEMD. Ab2EZEBU 73 S5 BRSNS 560 80 IR AR 20 47
i AR HAT T RAE S W e, [RINE AR (IS . IR AT 540 CCfRiR T L3R T SEI8 N /)
ZERE. AR 0.1 mol/L NaOH VAT iR m A CFRIREE 1 mA/em2, K 24/48/96 h) J&, FIIFH#lit
Beit (TDS) E&E i T A& B AP, JE18 R AR R R (SSRT) RIGIFAN T SLI6 4K 1 & i
RO

SEERIA, 30Mn2MoTi A #Vb LG HB i ik % 520, £74& HB500 24 BN briE . Foit 2023 f 4
IR S AR 5 5 FE K TiC M A (95%Ki42<70 nm) Mk, JRAA B FAR SRR SFZ8 4 pme SEER4N
HERFEEIRS N EA NSRS T fidrsRE 1760 MPa, &R 1520 MPa, ZEMHZR 12.5%, Wik
HHR 44.5%, -40 °CpPiT 26 Jo MM KAE)E, TDS M R R B2 7E A7 B 1 fdi i, Ho
Peakl U AH iR BEUR A AERFAE 145 °C, XIS 245075 0.25 ppm (24 h), 0.28 ppm (48 h) 5 0.35 ppm
(96 h), FEFEFEAN AN, &R WBHH N, ANEFHEESR N TDS 45 5% Peakl HIEIE L
Ea=18.6 kd/mol, T & A B A IR Peak2 W IR AR AYERFE 354 °C, X RIE S BIRZARFFE
0.03 ppm [HARAK TR, XN T TiC A7 B A IR SSRT MIiA4E KL FEA 96 h J5 M (R K58 = 5
(1771 MPa) 5 RUFHEME (RE{H1% 11.5%, WiURZE2 42%), SEM IESTIZ AL T, Wity
TR AL R AR PE IR 2, R DLV AR B v S M VAR, SR B Rt e A . X5 SCERIRIE T R
ERIRT L. IEUE SRS, AISI 4135 458 T I 14%, RINMGEIERZL. HLEOHHA A, SCIRMNAII R
PrENEHE: AE I T 1O 2 T 59 0 EE P R RS — 7 TH R 20 s 445 ) (56 B AR AR P PR s S T AR A 5 e sl
e ALRT 11 pm 9 AISI 4135 8X) BT, S IR N TR EAFAME T SUR I SR TS a0 Am, )R
B U7, KA B T PR A I TG 3R A A O 5K, G DR -2 T A B SR IR AR R S5 A

AT EEZOERWR: N @ Ti a5 T2 W EER, wTszEl HB500 i BE4N 1 &
Kt E b % 4 pm 2450, IFAE 1700 MPa 5K, EE S E NN 0.35 ppm I SE <% 5 FE 4 2k + 4 3]
PEERE . X — B AT BT AN TR T LI A EE S % (1) @A LRGN FHECT
BRANF AT A S ERIREG, RO A XN AN AIREER (2 WEiREBEES: B S P
R IR 0.002%F1 0.009%, BEW 3 B AR A 2R FUME T AR o
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TR TR B TRA T RN
K> BEN . KA. T BER
LR

TR UL R (CFB)EA, 7RFK TRIP R DU AA-BR R ARAN (TBF 49D, BATBE R . DU i 2
ARG PERE, G TSR, SRS, 2R et RN i S AR . 248 CFB AN 28 1 fi 1K
PR 7 FRLH, QT 52T CFB AW 2R 1 A& AN AU 1 2 i L. AT TR, B BR ER A AT AR 7 B A B IR AR
FEINT Mn 35t Il CFB ANMEPEIRTT I — 1. IXANF I 2 5 B IR (0 DL A AR AT, A1
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K Mn SRS CFB AN ZWERERI R AL i ANS 2 . AHEFT LMIR & < CFB AW A, IRABIIL 13l
ARG G ICR B RAT N SILBALAE, W2 R DR AHARAT Ty R B AR A SR AL R 25 47 B2 A
Hr HAE L], A SRS 5 UL AR A B R4 RO A e iR 280k CFB AN A T 3 BB A 4l 5 A o J %

C13-14
HNERRERERL LS. R AEE
HER* F0AR. KAM. RILE. B, FHRE

ARG VEGINA T B AN LT EL I B AR AR, W B AEREBON IR IR FE e Sk LA AT
YHorfile, R T EAREAR IR I FL RS A AT R PR IE S AT R R PR R O Il T R 11
BT ZH AR IHBEBAT . fEIREA E, PRGN E T RAEVR A T BRES m din STUE AT & 11 i
PR, Horb U 4E 1500-1800MPa L HAEIEAN . IKE 4N, >780MPa JUAHA AN . GPa i &5k 5 IX
PREN. SK85 H i BRAN i IR (s AR T Y6 AR 52 48 P AR SRR B 4 (67 i
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i S 7] ok 4 U R
I ARF L REFL BARL RER?
1. R ST AT R A 7
2. T4 A R 4 24

I EEAFFE AR Cr (R H08 0.5%. 2%, 3% 4% 5%) 5% ey SR 1h AN 5 A2 4R 2 1k
RERISZm B, RS T AFEMEANEL. 258K, 4 Cr S8 2% &2 3%, A1) TR f543 e
JRsiE P AN 58 5 23 3l $E =12 80 MPa il 120 MPa. 24 Cr>4%M}, KT 80%!1 UL [ARAE 1S 4N i I f5 A
HNT 10%. M TRENAE 120 h 5555 B 1S AR B A 55 Q345GNH MATEL /T 70%,  FLilif il e 52 = )
BRI T Ao B & Cr JE il =4 BT A Ni 51 2 1) B 8 il AL 1R R

C13-16
B R R BRI B T
BH EHEF . FREL ARH
1. KHER Tk
2. MBI BB A IRA T

e R e PR RN )1 2 VR E R B A 2 SR OCE ER, (EREE RN K i s, H
T I ¥4 3of 1 BSOS 7 T £ ) it AR A O SE , Herh, AR 1 B 1) 0 200 (] L o Bl iR 2R AN A V4 i s
IS BRI, I 29 e BBV 2R AN T2 I R 1 DG B )

AR NZ REE 22BN XA B, X T By DI 2 m , AT 1 B VIR R AE S5 T RN 7L
B VRN GRS BRI IO Z00 77 2 MR A FLI B U s R s S 1 25 BRI 7 sE A 4Tt
PO EAR Y, JRPEH T BTUI I RE VAN BT v X T IRl S0 5 400 ) il R, R o R A A
M5 &SR EWAEERRAR, Bk, JFRE 75 E ik mmi s 2 2 in#Bad #2rh R I H 1 Bauschinger
RURL . WEASBONA K A ACEE Bauschinger AT N IASKRERY,  JF HLAr AT 1 50 (el st SRODkS FE 1 G Be R 22
AL T BN AR BT T A R SR, T8I ST IR T AAL RS2 [ 3 T P R 1 LA B (e s ) g v A
Rk, it R A ] SR P G B T B S AR IR 5
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Fully restoring the damaged ductility of H-charged medium Mn steel via pulsed current
STEBE RN B R K Bk AL B AR A
AL RHOR

£ 250°C PR AR EE T4 (MMNS) BEAT Rk AL B (EPT) W LA R B IR A B IRAA DA, 58
R EEEBBIAIREERR . MAEMFENRE T, RAFEHHLEE (CHT) BMERBEERD KRETRH, (H
BT 0.3wtppm 1 H 5k B, SECH RN IE S D IR 50% /41 . SRE WO AL ZERAEA TDS
W, R T EPT B AU - MRS I AH LB

It was found that the electric pulsed treatment (EPT) performed at 250 <C on a medium Mn steel (MMnS)
can remove all the H atoms preserved in martensite and austenite by the electrochemical H-charging; as a result,
the severely deteriorated ductility and strength due to hydrogen embrittlement (HE) were both fully restored. In
contrast, only the H-atoms in martensite were completely removed by the conventional heat treatment (CHT) at
the same temperature, but 0.3 wt ppm H remained in austenite, resulting in the damaged ductility just restored by
about 50 %. The relevant mechanism on releasing H-atoms by EPT is discussed on the basis of microstructural
examinations and H-desorption kinetic measurements for explaining such an unexpected phenomenon.

C13-18
IR FE BN £ SRR R U R SR TR SR NPT L e R
HPC SN NS 7 EANE S C RN L
L. AR B ST
2. R R R TR

BEXT o B S IR (>1200MPa) 18 2 S ot IR AR AR5 T I PR e 2R ROHE RS, AT 72 8T PE 32t
I FH A L R Ak B s Ak T R M A B B 5 0 SRR R 42 (1) SR, (R b AN Th S A1 9RE A, A AEGE &
o IR AN I SN e o I8 B BRI R & T AR &2 (0. 110, 150ppm) ] 42CrMo &y [k
W, w550 H7 Ola, 110La M1 150La. KA B AEZENK, B NATEZE R (SSRT) HEMEIEAR
(HMT), JFg5aafime (SEM) ME-FHEBUNATH (EBSD) 404, RGIRTT 1 X 42CrMo T AR
Y BUT A EREBHE R R ENEBURPE R LR

WFTEEE TR INIORG L8, BV R B4/ N IR B SRERTE G+ Je 2 W, X Se e Z e N s ohs
AL AR, HERREE I R E T ALOSF MnS J&Z:4). 110La AP HUREEL OLa F£1K 14.2%. SSRT
AR, R R AR A S AR I 2 (KAMD 2SR 2 ALOSHI MnS S 2:Mit 6 f% 0L |, %
AR e e A L R PR AS T RE . AL, i R4 A0FEN KA A (HAGBs) B IR T 16%, A
MPARS ARy e Ba T ERBOUas i E4, 110La B EMERURIEFREEL Sis A\ OLa 1] 64.59%%
iK% 55.91%, HIF &n Wi AR AR BL /> 53.3%.

ZR ERTA, AN IR LA Re S [FII SEIR ZR e . A SRR S S A A AL, 8 PR AL
RIS A, AT o D IR TG RS . AN H A S B S B smaNig it 7
B EIR KIS SRS .

AR T EX AR ST (WH% S : 52404354, 52101165, 52031013)

C13-19
Rate-dependent ductile-brittle transition in a Medium Mn steel
Yuxuan Liu, Mingxin Huang*

The University of Hong Kong
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Medium Mn steels (MMS) have received significant attention owing to their excellent tensile properties and
rich deformation mechanisms. This work reports a strain rate-dependent ductile-brittle transition phenomenon in
strain rate regime of 10-6 s-1 to 101 s-1, where uniform elongation dramatically increases from ~10 % at 10-6 s-1
to ~50 % at 100 s-1. In other words, this MMS exhibits brittleness at a low strain rate but becomes ductile at a
high strain rate. To unveil the origin of this unusual phenomenon, comprehensive characterizations focusing on
microstructural evolution, fracture behavior, and strain heterogeneity at various strain rates have been carried out.
Despite similar microstructural evolutions, the fracture morphology transits from brittle fracture featuring
quasi-cleavage and intergranular cracks at low strain rate to ductile fracture featuring dimples at high strain rate.
Strong but brittle fresh martensite and soft austenite matrix lead to higher strain heterogeneity at low strain rate,
while strain incompatibility is largely alleviated due to plastic deformation of fresh martensite at high strain rate.
Further tensile tests on the same MMS with pre-introduced fresh martensite and tempered martensite highlight the
critical role of interstitial carbon solutes in governing the rate-dependent ductile-brittle transition. As identified by
atom probe tomography, the difference in carbon clusters in fresh martensite at different strain rates indicates the
activation of carbon drag effect on dislocations. The carbon drag effect is inversely proportional to strain rate,
which is believed to affect the deformability of fresh martensite, leading to the strain rate-dependent ductile-brittle
transition phenomenon.

C13-20
RARBO AN L BMAR S SRR R
TR WM. AR WRE. KK RRE. R

B R B T

Ak m R G 2 RN L SRR T, HMERE E e M Re N 2 A MERE . BT EAN 2 g
(PR TiE 2 (M S5 M 0 AT, AN 22 AE SERR IR IS R A2 2 2R R . &S i A LR SRR, [RIN B T4 Rk &
TE RN 2258 % ) S AN AR S A AR IR AR B T, AN 22 1K) R LB R AR RO S A% o AR SO AT 28
CT. SEM. EBSD DA HFATHHEAREGE M FBL, WL TRk BOCIR N L, M g — L5 S
AT R RO, JUH A R AR BRCAREN 22 32 T4 5 I A L 43 J2 W M O ML R EEAT T 7. S5 R,
SN Ly R ZL G R TN 22 P B E B 00 0.15R~0.5R T Bl Y , L A7 B {1103<110> & 7] 2K 5
b, SEEMEA IR 2 BN 114, FIRHZIX ISR R . b 1S Ak DL R BT 1)
HONFHE M BRGAR A, RN TE X IR A . 2 EMST A2 J5, BT 23502 R kA
RLFTREAG, (A REE GyyR R m Y R, AN 53 2 B AR AE

C13-21
TR M2 R AR R R
e
PALAT 4 TR B A b

FEARRFFEH, RABFAREN (EBM) BARGIZ T M2 mika a4, st oA sl F3 85 14
HEEE, RGMIRR T RAAEN T4 B Aia F2as (SEM). EH B2 (TEM). B
ST (EBSD) AR AN 1] 2% (AR S AT T A HERAE, DAV ARy . PURSREE . MR
PEL SRR SUMRIAHA . SRR, Lt E% SRS SRR, BmiZee
EoSHRmEA, MERMLRESIREA AR, NI SR AR o maii. SR, ZLaemEidmk
SEURBRICELG, I SEEEKIERFC. #erRESRAG AR 7.8 2%, PHEE 2.4 KH
fEE 0.1 22K, WISCHL 99.6% [AHXT#E. 793 4EICAEAE A 2860 JEMAMIHIEIRSE .

HL P RO AN T B A SRR R #0758, R AR OAE [, BE SRR X N PR AR RS R IR K BN,
T BRERR ) <= BRYE” TOREE M . IXFh 7 2 G HITE 2 R 7 ) E B AH/INR SRRl AR IR i R R 1) 55

8



[ M 8L K 2 2025 C13. SLibameit il

ol AL e L B R O 8 R FEE VA B T AR R i T A I R R AEIA, 1EZ L2, ESEREIRIE
JRE FECT TR

C13-22
R R R EE RV BN NS FEEHXAERMARFRER
. TEKE*
AEFRHER

TR AR rh e 0 et i PR AR R A0 R R R A BRI PR R, K W Rl i fLIE RER AL . AW TR
W7 AERBAREE KSR, OS2 90 vk 3R M+ DL ERAA L BRER AR LBk ER AR+ BRG] St i o A )
FLYERERIREM o Bz A+ DL IRAR S5 A R Bt UK Z R MBS AR+ B AR SE DB R (B PR e, IR T4
PR DL ERAR ) F 10 AL BAT — RO A I X R RN AR SR o IX A ATl (et i (BRE D) S5l
HCIURAE) AR AR, STt 7 R Eavkae, MMseE 7R Ak, ks, 550°C
HRAE R AL 1A RO R RS A S ORI A RST s ATt — 2D R 1 BB o XS R B
1 BINEEE A7 1R ST S (XA St i 5 S A BT R I P R 5 T AT T

C13-23
R RN SR B M h I B T 5T
x| & Y2 R Y EAE YA MR Y2 RMERA?
1. bR R SN BRI H AR B R G5 O
2. LT A 5 AR A RPN L RE R AR A O

AR A R T B AR AR PEAIRRT & BRFRARIARAE, 9 - B MR AN vl b o AN 9 I8 A 1 4%
AR, § SRS Z AN, s lshisl. S, frib S am@ e, BERI 74561
MERE. B, %) Fe-0.3C-2.8Mn-3.5Al1-0.5Cr-0.2V M1t Ti&E 4 F R REFL T2 (700 °C), i
BRAM T 2 iR K R A e 22 RBEARSI RSN, PRER T KSR A B IR RO A A HEAR,  FEMIT Hh e 8 B
BiFEFVC K. A)F, #—PHAMEERS GRINNbMo), T VC Hriiki+, (Nb, V, Mo) C ¥i
T & RFE B AT BT HoRAER, (8 8 Bk FIIARAT 7E RS R h & T A i ARG, HLI R
YA SR A IG N 7 R AR B AR U AR e P, B0 T B AR R AR 511, BRAIK T R8Tt & Bk ik
I IBEAST, mZ3R19~1.2 GPa HihiidfE, ~40% SRR iRk, Hoh, NPMEEEE, KHK
IARFL T EAREA O S, FEiEd b s (0 R K T2 4k R B i A SR, mA&PiH
B >1.4 GPa, MK F>22%, fERENZCR FBE %) SR TRIP. QP #elR4NE . b 4L T
2t Ak, ST T G IRAR . Sto BRI AN R AR B IR DUAR ZOIR S, AT e A e I e P e i
1.0 GPa, #ifusBFis%] 1.4~1.5 GPa, HEHKZFE>20%.

C13-24
4.2K fiRIR A R R Y R RE A FRR SN JRETZIR
FE* Fik. x4
VKA 69 5 BB R bt

XTI R AL BEST 68 4.2K IGIEH B m ¥ NS5O B IR A B IR Bt Bl Rl 7 A, IR
FANF G e AR, QU PR EIE RO RASR IR LU & SRR 2R, BRI OB, = o
J5- L2 1) 26 Uk 2 TR KB, SRS HEE 50, T RE ISR IFUT AR . A7 28U DR i T ORI, 22 3R 1 Jo R ik
B, BRIIIT R kR AR, IRIRREK 42K SEBIVEG S, ek IRAE BEST ki @bt HI A4 A
— TR AR VEA BRI A AT o
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C13-25
HL T AROE RIS RS P RERE M2 R AT ST
BT KEE. W4
TR AR R

M2 s R ] 2% R 2 U ] R R R AR 2 — o DL AU R IRIG R (EB-PBF) AR I35 44 i
IEFAR AT DL B Ao g5 ) LI FRRE . A%, RN RIS fh G eE I SV R IR AT S5 )
e ARSCWFFE T EB-PBF BUE SN M2 S NS0 FE K bR b5 B 2 g2 . A IR Tl
R FE 5 i N 73 310 820°C % 43.6 I mm-3 ), M2 s R E Ik 99.7%, T34 R R SHY 3~6 pm, ik
man s B Ao 50 o i PR B AN BE SR BE R0 45 R R W, IS ECT e M2 il IR s T ik 70
HRC, HEH R A KIS B AR T 13.7%. FU IR IRL 3 — 2P & B (500~600°C, 1~3 IRIEH,
FREE L/, il R EB-PBF BB M2 midi N 1) fo b R 4L B1<1.5 pm,  H & P AI/NsAL YT H 3
I, HAFEFEATREARFRAE 61~66.1 HRC, £1 A8 M 5t o] J At BEA i K32y 14%.

C13-26

690MPa 2 ¥ TREAR E4RMR (210mm) TMCP L2452 KRB TEST CTOD 18- 5WisT A
AFE. RoE*
AL BB k2%

K TMCP L& s hibl 4% B ik 210mm ) 690MPa i TR o s R AN A . B s, imid i
JR AL A TR P TR IR RIS, AR U R T A O RS ) S R AR ORI S . AT
TEERARAEAN [ G 25 1F T B WT 2480 14, PR 4 J5 R — 5 25 AR, 40 et BEAA | #4 \ R 10 kd/em., 30 kd/cm
(PIEEANAR, DR N 30 kd/em J5 HEAT IR J5 AL B AN AR 7E-10°CHA 5 I/ 7 CTOD {Eillik. Mtsh
R34 1.37Tmm. 0.12mm. 0.09mm #10.39mm. 7K H, CTOD {HZE|HARLMM B E LW, FIE4
TR 0GB AR SRR S KA A A DL e M-A e P E B . o, M-A ATl R I ik
C Ji7- il B R ST 25 G s FE RN T EBUBAL BRI Be o S5 5 P B dE i 73 i S5 Bk 10 M-A 2H 0 R 12 =14
B CTOD 1. B4k, @Ak B RMRHHE T M-A 470 SR AL R st g E A TAEfb 5% n,
FHEET Crafft BLAYFI Dewsnap #5288 53 il g 37 1 WIPEWT L St B RS L~ M-A 4035 (8] 78 5 W R 9014
Kic 2 [A] {1 9C Tk .

C13-27
Enhancing strength and toughness in a pearlitic rail steel via multi-alloying and accelerated cooling
Shaohua Li* Junheng Gao**?,Zhenyu Han® Haibo Feng*,Chongmu Chen?® Haitao Zhao™? Shuize Wang"? Kexiao Wang®,Guilin
Wu'2 Honghui Wu'2 Xinping Mao*?
1. University of Science and Technology Beijing
2. Institute of Steel Sustainable Technology, Liaoning Academy of Materials, Shenyang 110000, China
3. Pangang Group Panzhihua Iron and Steel Research Institute Co. Ltd., Panzhihua, 617000, China

The demand for higher speeds and heavier loads has emphasized the necessity to tackle the inherent trade-off
between strength and toughness in pearlitic rail steels. Herein, the co-additions of Cr, Ni and Cu and accelerated
cooling rate on the microstructure and mechanical properties of a medium carbon pearlitic steel were
systematically investigated. In comparison with base alloy, the new steel exhibits smaller prior austenite grain size
(PAGS) due to the drag effect of Cu and Ni solutes. The finer PAGS and lower C content increased the volume
fraction of proeutectoid ferrite. The finer pearlitic nodule size (PNS) and pearlitic colony size (PCS) were
attributed to the small PAGS and greater extent of undercooling due to the combined effect of multi-alloying and
accelerated cooling. Additionally, the synergistic effects of multi-alloying and accelerated cooling rate decrease
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the pearlitic phase transformation temperature, accountable for the finer interlamellar spacing (IS). Compared
with the base steel, the yield strength and ultimate tensile strength of the new steel increased from 587 MPa and
1069 MPa to 740MPa and 1178MPa, respectively, with a simultaneous increase of ductility from 12.4% to 14.7%.
The strength increments are mainly attributed to the finer IS in the new steel. Meanwhile, the new steel possesses
a higher impact toughness compared to the base steel due to the increased volume fraction of proeutectoid ferrite,
and finer PNS and IS.

R

C13-P01
ET Al §EALR R R IE MRS Tt BE 4 b R £ FR AL
VRIS, HEEET. ERTUT. RIRE. e
R SR ST

RGBT LB R I EE AR R ) TR oK, A TAELL—Fh & AR Al & 5(0%~2.4%, sy
BO WA AN A S (NML68) NI TRt %, R Al & X O 4L 235 A K oy 24 Rt B 1 B P S i A e
S5 IR NM168-0.8A1 & 2r & ERe i £, iR PUEKRSE 2900MPa, NAF & 9%, 2h B4 25 H 2 { M 0.25mg,
5 NM168-0Al AH bt HAt e o B2 AL 4 AR 73 4 & 1 7.4%. 12.5%, HIE#IREERRK T 50%, LI
T ORI BEVE R RIS S . fE AI0.8%) AL C JEFIEE, SURHIAERILY) VC RISk EER
M7C3 [#T 3l J1%,  SEBUBRACA A0/ INSR B A s A/NBAL DS R SR AL, ST RS A e 12 3l e A
Tt G A s [ ISR A [ O AR T HR AR E S R I SRS 9K VC AH, S FHAL T IZ B BE ) Al 6] A2 T R
SR, 4 AL EEN L6%H, A4 RIS IR I gl it , BRI T 4R s s Al BB I i 30
Al SEMEINE 2.4%0, HORWE AR RS, BRI I 1 RGO A AT e R T, R
NM168-2.4Al & 4 K A N AL, 13— IR R R i B 45 i vk « A el d 2 REERAE S 1 EEAE S &
1] B AL B B A R B - R RL AR AL -2 K VC SEAE AT H I BORAL AR, ST T Ay -2 2R -1 RE ) E R R
B, ONE R B G A A G S AR T RN iy TSR At T B VR A HE R SR

C13-P02
EEBEEASE T Q690 FHsa N BIR 8% 57 ML SRR T

LYY

A

BRI R, Sy SR RFAE, I D@ A ST IR TR AE KR s D omia, SR A1 52 3™
W BN 5 06 . A SO B IR IR X AT, HEAT 1 850k Q690 iy S AN X 45 1 485 o7 fr B, X LEAS
[ FE 393 S-N 2k, 38T 1 JE kAR 16 v SR X AR SR 55 MR RERE M, B TR O EAR AT U kA 1 T A T RE
B SRR BEAE O N, XHRAR AR AR SR ), RGBS, ik 100d
HIBE TRy 8.46%, H5 4% X ARG DXF- X JES ihiR BE S 42 70 A1) 1.34mm/a., 1.46mm/a, £ i 4 a3 A
WU IB 55 R BRABLFEARR 1 32.7% o HRAE S Ry I 3 8 45 2R AT R, AR SR 5 1B Tl 15 06 T3R80 RS i K
UEAk, B0 2R RENE S iy DR OULEE, Ab T BT, BT sk BeRsb, 0 R ER TR .
T T4 Rt Q690 iy s AN AA FYY SiE P A% I FAT B B i 3
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C13-P03
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T R0 FLAYOUL L g AR AT ISR oGR8 5 ERAR AT RE RITEAZAL i 5 2SR B R D77 A2 L
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C13-P04
L TEN — IR B R R B A ER T
MIEZE 12, VEAR L
1 ALERHER
2. RIUBHIK ¥

W FTEC 73 L BE AT TADx— 2Bk KB 7> (Q&P) AW EERTMEPER oM . S5 RERW], B N /il F P
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I, E S A S B A7 A s AR [ sl 2 — % Q&P AN T EE A bl . BAh, #5771 Sit
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C13-P05
ETHRME SURRBEMANNAREL SR EREAR
SR L2, SKEIE. TEPRRS 2 TEKEE ML WEEAE AL SRR AL RKEHE YA S N A . BT
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KAR AN EINE, RIS CRAFRERE . Bttt & AL AN AEFL I A iR RS b 1 35.1%,  IX DR T4 ) Sk 2 1k
MR BAh, BRE SR E IR T 19%, SRPE-IEH IR R T 20%. Xy i A
PRI TAERESR AL VBT IR, AR, AERBUERE R, JRRIUEE BIVE M e s AL AT AL . el
B e HNLE R o I R P 1 R I AR AL I RS« B EEANEY 5] o0 A, DA T 5SmSR 35% ) b i Ik
BEAk, 5 Nb ANEAR 1 SRR 57 REGERIE I, H R TiN GG A R 137 1 BRIz AL
P RIIETE Nb(CN)™ A2 BN 7375 o 3B I He ok 5 < AT A2 i A 1 7 A RRUS e 5 vt e %
AN TERE A RO .

12



[ M 8L K 2 2025 C13. SLibameit il

C13-P06
I BE T Z IR B ATUAR R A B F8 Hh SEOLEY SO 4L 3T SR
PITIFN VAL IREAEA BEPRAE ML VEOKPE AL REAE VAL RZOME VAL RS VAL R T AR L BT
1 AR RHCR
2. LTI E

B O 2 B T & UL B TR U SR, iSRRI R 7 5 7 A (TR B SR ) 2076 IS Bk
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TR AT IR A P 1 TR BB S A s PR A 1 1) ORI ™A%, (HR IR BN A T B Re A B TE K
(R XU, X R R AR R A P i R VIR G . SR EARIR R NEAR R, FRATHR T —Fhdk
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M TEAIETTRE . W T IR BBAR A T SR B2t . HR, B R RIAR, K B € A TERR L,
SHURE T ZME 0. &E, SaARTBERMITIRE, 708 7R R bR AR . R
W1, B2 ARG it (R TR E AR 22 DR AE 1.5 LA .

C13-P07
B B0E T2 AR AR B RIS B e - S S G A SR
IR 2L SREIERA, PR T VKT T B ML SRR L RIS P S L BB . BT
1 ALERHER
2. ST IR

BRI O Z BT U AL 3 AU SR, BRI R o By A TR et R A ) ) 3 IS B
FERIRE— 05w . BRI A AN S oo AR IO RE L . bl PR AR 57 0k L S5 O SRV BE BT REIR
TRIRATUE 1 5 FR ot IR B S5 e TR D P SRR ™ %, (IR BN R AR T S VB e T B R
(TR XU, X R 5 AR AR P i R VA G . SRS ARSI AR, FRATHR T —Fhdk
TS AN IR R BB k. B, AT TG T e B R KX MaS R R X
AR R ITRE . [ TR BRI TR ah 2. Hk, B SCRIEAR, K E il A AR L
SHURE L ZMEEN. &E, S0ARTBERAM TR, /0 7R R AR . 45 RE
W1, BRI G it R E AR 22 ORI AE 1.5 AN .

C13-P08
B VAR ELHIRI AR B Fe-Mn-Al-C 3 B AR 4N R B - B8 P4
ERNNC SN = S NS NP UIER S

il

AR AR IE I fa] SR LA BRI 25 Y 1 — P A MUR SR T 45 R ) Fe-Min-Al-C 5 BRIRIA R AN BB V&
FLARF R NIE N (20%—80% ), 14N A (o7 5 4 BE AN Y )i G G I, I f B 4 IX AR A o E [X 38D
ELB N B o IX R B GRS A A O AL 3 2 B — T DA o O AR ) 7 SR 2 1, BIE 2008 T8,
WAL RIRE X (44 EE 249%) AMIRE FEALER HOBRIX (L) EE 76%) SR FURAE . X AR AT il T
WA RACHLER], TSI 1 am AR U R RN, AR R A B 1266MPa,  Hidi 58 IAF] 1415MPa,
W AE 140 29% . XV FLARIE 5 3 (1 5 R A5 # 9 T R B I s T 1) Fe-Min-Al-C 2 i A d fit 1
B o CUEREE
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C13-P09
BRI SO IR 53T 5 R L —— DA =S E A Bk A
2 yk ko=
AT | A N5

TS ER A (304—439 45D S [E 7 5 BB B A . B A I 1K BB B . A TR T
MU 2 T R BT S E N R B R 0 R, RGWT U ERBE I E T2 R i L], AE BN
] 1A (AN R T2 R R SR IR 22 3

Yo, RHAZREM R, BRI M AL E i s M AT 7 VENRAE . BB 2 WS
WMEL. DMEAERFIE (SEM. EDS) KA #r (XRD. Raman 25), 7R 7%V T S &
HIFr= M E . W TR, BRETIEARCN L O O, AR AR Z R, R AERE R R LR A
ARSI AR, AR EMR A S, RBR THRMGIE SRR RIRFHRIER . 75, XEh4
SR B A SCAE SR S 5 AR FRAG S ok b R S i R ik ) S B RS (o-FeOOH) . £F8kH™
(y-FEOOH). 8kl (a-Fe203) FIRZELH™ (Fe304), #B4rFEMh 2 mAS IR PU J7 £F2kH™ (B-FeOOH), ilE
ST AT SR I AEALE .

Rk P ERIZ S R A B A, WTE TR SRS, A IE LB T K. Na2SO4 ¥
NaCl ¥R AT I JE A B8, 5 SR RO [ Rl 42K 84, DAVPAl L3P B+ (SO42-F1 Cl-) X fig ikt
REFE I . G 4R AR RS R Rl A, R4S XRD AT AR, B T Ef A 58
D= 2 (BRI R o G RBIR, 16 =P DRER S A )45 235 38 FRAIK T $efi /g, U AR SR T
TR RIS, S8 M2 MRS KE A TE R DI . & SO42-3185% T B R M 45 /2 Befh /1 I
ik UNF 109, HEZERFUY)N y-FeOOH, ZWiE; & CI-HEL 5 E K B-FeOOH, 5 5l Rfi3r i, Ep
CEIGFRRNL; 1024 CI-FT SOA2-FLA7I,  BRas IR k=4 LA K e, RORAR ik T Ha Ak 225 R TR A R
XP kAR A B ORAT 5 R T B S . AT AN T SC I R i AT N AR AP S SR i 7 B LR 2R,
BRI AEE B AR I 1) 3 7K S B 5 LA B R A LA LB A 1 3 A AR S 4

C13-P10
BT EIAT AR BTG R INT18/316LN BRSNS L NIET M A
Wik, BB
NN

NETE IN718/BNi-2/316LN Wi A #i% s (Transient Liquid Phase, TLP) #23kiFAERE, A
Wit 7 — R R S 54 kb #E (Post-Bonded Homogenization Treatment, PBHT) L% . 544 PBHT L
SR, AL 650 °C. 150 MPa 641 T 3 i 18k I A A, GRS A%, B RO L5
Mt K% FE vz B #98  (Density Functional Theory, DFT) H5&BL, K PBHT il A b AL AT 1,
A R TG R AL SR, ATTRESE T i R Wi R4 BRI T RS AR % . BAAHLHIN: Nb. Mo
5 Si fER AL R IEAT N, 456 NbsSi AHBURIEZ R, A BT NbsSi AHMR e . AL AE L
TIFIESFE T fEmEizee2e. FRTRFEAZE R, el S Ni JER R & i A0 B Re A
MG, H— PSR R. A, ARSCIETHT A S 20 R RO R, 857 T IR AR 2R
AL Ty A8 SR ] g AR AR 2 AR K S TR R, JRRE A & ST AR I S AR
TR AR W3R iy o B FC R R TSk S e A RME IR AR IR B R B IR PR Re SR it T BIR SC R S THR &
R ) T 05 A8 A VR i ) T R ST AR TR BRIFIE TR T
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C13-P11
The significant role of austenitization temperature on the bainite transformation kinetics and mechanical
properties of Al-containing carbide-free bainitic steel
Feiyu Zhao!,Weiwei Wang?, Yuliang Zhao? Qian Yu®,Yiguang Zhao*,Jun Hu*®
1. Central Iron and Steel Research Institute Group
2. Dongguan University of Technology
3. Northeastern University

The high performance carbide-free bainitic (CFB) steels requires achieving a balance between formability
and service safety while maintaining low-alloy costs. Therefore, tailoring inside microstructural characteristics
and optimizing mechanical properties are crucial. However, the influence of austenite temperature on prior
austenite grain size (PAGs), bainitic transformation kineticsas well as on mechanical properties remains
inadequately understood. This study examines the effect of PAGs on the microstructure, bainitic transformation
kinetics, strength and ductility of Al-containing CFB steel. As austenitization temperature rising from 850<C to
950°C, the PAGs grew from 17.2 to 46.3 pm and the bainitic ferrite size widened from 0.98 to 1.12 um. The
elevated austenitization temperature induced grain coarsening, thereby reducing nucleation sites and slowing the
bainitic transformation rate. At austenitization temperatures of 900C and 950<C, a significant amount of
martensite and large-sized low-stability retained austenite were obtained, which deteriorated the mechanical
properties. Conversely, a lower austenitization temperature of 850<C facilitated the shape of finer bainitic ferrite
and enhanced both quantity and stable of the retained austenite. A superior combination of mechanical properties
was obtained, including the yield strength of 778 + 16 MPa, the tensile strength of 1145 +17 MPa, and an
elongation of 29.6% =+ 0.9%. The straightforward processing method, characterized by a reduced
austenite temperature followed by a single-step bainitic transformation treatment, combined with the low cost of
alloying, makes the aluminum-containing CFB steel highly suitable for industrial applications.

C13-P12
#BABIE FHLLLAH 9Cr3wW3Co M #aM IRE A 1 B8 K W3 pLEL
FHFEL T THA S xR L AERET
1. PR T A
2. VRGBT Eh F A A E A S
3. F AR R PR A A

R I FEALZH FH 9Cr3wW3Co i #AVH 75 75 i A B 73R F R K (8] A, BF 50 A HARE A1 BE X 15 4% 1)
GATEAT A EEE L. AW ESELE 620°C~675°CiIEJE F1 80 MPa~200 MPa ¥ /7 T % 9Cr3W3Co [iif #4
AT REATATALS, Bl 5 I A RO A SR IR LB . SRR WA RN T &, FEAK
AIRETAR R . il N RT3 ORI, A ARIRET R, A 9F, SRR A, ST SR E A . [
i) Laves AHEIMT HHZSHAE WL Mo S50, FRACENASRARUR, IWIMPE IR AERE. M ERT, 7
R, ATALETE RE IR, ETHLRONES , AN B 5 AR A T R AR E R, 51K e RiAETE
M5, ARCKE AN, SERFAEREIC. EIrE RN /)R, 9Cr3W3Co MR H
PITERI R, RO EEAE Laves AHFT MyCo AHALTEAL, &R AT s AHFNREE N bk, S4adkil 2,
YIE B AER K, thAh, 23 BRI 021 Larson-Miller 28057l 7 650 °CHF 10° h 5 6
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C13-P33
The Effect of Rare Earth Element Ce on the Low—Temperature Transverse Impact Toughness of 34CrMo4
Steel
Xinning Yu,Yuhe Huang,Shuize Wang*,Xinping Mao
University of Science and Technology Beijing

The short-process steelmaking route using 100% scrap and electric arc furnace (EAF) technology has
become one of the key pathways for achieving low-carbon transformation in the steel industry. However, residual
elements introduced through recycled steel scrap can significantly deteriorate the low-temperature impact
toughness of the material. Moreover, coarse tempered carbides in steel are also critical factors that negatively
affect its low-temperature impact energy. The addition of rare earth element cerium (Ce) to steel can alter the state
of residual elements and reduce their solid solution content in the matrix. Furthermore, Ce can inhibit the
coarsening of tempered carbides, thereby improving the low-temperature impact toughness of the steel. In this
study, 34CrMo4C steel produced via the short-process route using 100% scrap and EAF technology was
investigated. A combination of scanning electron microscopy (SEM), electron backscatter diffraction (EBSD), and
transmission electron microscopy (TEM) was employed to systematically study the microstructure and
mechanical properties of both base steel and Ce-modified steel under different quenching and tempering
conditions. The mechanisms by which Ce microalloying influences the microstructure and properties of the steel
were comparatively analyzed. The Ce-alloyed steel exhibited a significant improvement in low-temperature
impact toughness, with the absorbed energy at -50 °C in transverse Charpy impact tests increasing from 51.17 to
94 ], representing an 84% enhancement, while maintaining comparable room-temperature tensile properties. After
Ce addition, Ce-containing precipitates were found to cluster around tempered carbides at prior martensitic lath
boundaries in the tempered sorbite matrix, suppressing the growth of these carbides. As a result, the morphology
of the carbides changed from elongated strips to spherical or short rod-like shapes, and they were more finely
dispersed within the matrix. The average carbide size was reduced from 96.33 um to 70.93 um. These uniformly
dispersed spherical carbides significantly decreased the likelihood of crack initiation upon impact, thereby
enhancing the steel's low-temperature impact toughness.
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Study on the Surface Corrosion Defects Mechanism of 1500MPa Hot rolled Pickling Hot Forming Steel
Chang Wang*
Research Institute of Technology Shougang Group

In this paper, two typical corrosion defects on the surface of pickling plate were systematically studied.
Through the microscopic analysis of samples and production line investigation, it was found that the
mechanism of corrosion on the surface of steel plate was intergranular oxidatione during hot coiling process. The
formation mechanism of intergranular oxidation was studied systematically by thermogravimetric analysis and
scanning electron microscopy. It was found that with the increase of holding time, the intergranular oxidation
depth increases, and after oxidation for 30min, the intergranular oxidation tends to be stable. With the change of
temperature, there is intergranular oxidation of steel at the tip temperature of 750°C. The mechanism of
intergranular oxidation is revealed from the aspects of internal and external oxidation competition, diffusion
difference between intergranular and transgranular, and selective oxidation of alloying elements.
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Effect of tempering and Cu addition on microstructures and mechanical properties of DP steels
Yinghua Jiang*
Research Institute of Technology, Shougang Group Co., Ltd

The effects of tempering process and Cu addition on the microstructures and mechanical properties of DP
steels were investigated. Through multiscale characterization combining EBSD, TEM, EPMA, and mechanical
testing, we demonstrate that Cu addition fundamentally modifies phase transformation Kinetics and carbon
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partitioning behavior, while tempering induces critical microstructural homogenization. In Cu-added DP steels,
the austenite-stabilizing effect of Cu promotes a higher martensite volume fraction compared to Cu-free DP steels.
Tempering transforms continuous martensite networks into triplex microstructures comprising ferrite, tempered
martensite, and interface-localized residual martensite, reducing dislocation density and promoting carbide
precipitation. These microstructural evolutions enable concurrent enhancement of yield strength and elongation
through solid solution hardening from optimized carbon gradients and back stress hardening via strain partitioning
between tempered martensite and ferrite. Notably, the hole expansion ratio (HER) increases by tempering,
attributable to suppressed deformation incompatibility and crack initiation at homogenized phase boundaries.This
revealed that a microstructure containing tempered martensite is advantageous to maximize the enhancement of
the hole expansion property by tempering.
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