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TU) AR BRI N TWS, —J, sk bic X 258 EAAL O ik &iEEA & Bk
BEEIZIRNTHDLZ b, 7= T4 MO SR 2B 3 2 BB T o B 76 23 2R
DHNTWND,
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F72. BEKEE R Processing map ZAEK T 272012, Li H[4]O#RET 58 LV EE - &
FEMIIEVEZ LD ATz, Lo TH=amiEik %z H O CTHER S 772 Processing map 28 £ R IC
BN TEOMMEZ THICE 2800890, TOREEEZHONCTLHZEEH 2 OH
M& Lz,

2. K
2-1. FEBRGIE
2-1.1 B
k& LT Z SUS303 AL (ELAE 8 mm, & & 2500 mm) &5 hs TRk 40 & i
ANL7-, #pk# Tablel 12539 (LLf%, as-received & FES), Z OMEM L HAR®
JEfERBR A (B 8 mm, & & 12 mm) Z/AEMN THIC X v a0 H L7,
FTo, RFEEOERDEMMOMFER (¢ 8mm X Hi12mm) BB 2 HE L 7=,
A2 TiE, 0.04 mass%C Z AR & T KR FEHIC Ti 2B L 72HSE2 H W TIHEER



AT o T-e BABIEIEM I LT, 1523K T600s DA — AT F A MuALHEES . 973K THE 4
DR FIRERLEZ L, £ DOREHIZEE X AL,

Table 1 Chemical compositions of SUS303 and SUS303Cu steels used in this study.

[mass9%]
Fe c Si Mn P s Ni Cr Mo Cu
SUS303 Bal 0.15 1 2 0.2 0.15 810 1719 08LITF
SUS303Cu Bal. 0.15 1 2 0.2 0.15 810 17-19 08LIF 07-1.3

2-1.2 BN e ol BR

IR T OB TERERBR AR T2 I = L — % — (THERMECMASTOR-Z; FZT-103A, & +7E
W TR W CTiTo 72, AREEIL, EBEESOTARE, OTAEREON T5:M4%
FREANZHIE 2 Z E N ARETH D 2 & b EEIN LMD R 2 .0 & 3 2 [ ORI H
WHNLTWS, 72, BEITARHAKEZ O CTEMABRZREDICRBRF22H T 52 L
T, BIREFIC L DWMHEEE L ZFEMCBIET 22 ENARETH L, EMARFTOT
EMCED2RBRAREDIR T EZ <2, Wkt & L CERER &2 Hviz, 240 EHE AR
DML F ¥ A% Fig. 1 &7, sBRAIEL 1.0X10° Pa LLT 0B Z2 i1 C & JE I 75 800 24
2R FRHEE: 20 K s71C 1523 K £ THELL, 300 s ORI 21T - 122 I E IR E
FCHALEM Lz, REBRZIX He WALV MAIEE 50 K s THiRETRaH LI, &2
F. 1623 KIZT 300 stRFFLZBRICZDOEFEMTHTICHBEETHTABA LR L IE
L7 (DA, BVLE O B T

MEa2IT-> T d o & N

THEPESR), SO frE-

BT —2 X0 EIRSI-EHO

T Al #R (o—efhi fR) 1319 — &

WaRELTEHE L,

2-1.3  FEEEAMIE. EEAIE

B X W Processing map DIEAL

o—e ith i D R AT 1A L D 2

R Ems LTEETH S, Fig. 1 Schematic schedule for the hot

Lo Ly B AE U8R T Idak compression tests.
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ISR TS D700, BEEREET — 4 /25 OIIZERIE T OMIEZIT 5 LEN H
5o

WO EBIZ L DI EFOMIEFEICOW TSGR B BEEAR I D P& 0 BE#
MEXDPRBEIN TV DN, 2 B IEREB A NE OIS ) OB 72 WEARI 72 E 7 L GRUE
JE Z A3 O THivy, A 0 K 9 7ok A E L, SEFREIZH 1T D coulomb BEEEZfEH L
Tz [5,6], LaL, EEOREHIERLD LU ETH D7D, @ S FROI 5460tk
U, BOOTHRICEWTIIR DA NARE =127 b, ZO L5 2BENG ., HAREE O
JERMEFR TR O BEEABOWREHIETREZZGLLEEBELOND, Lo T, AT



Li G ZNETOMREZEKICHESZ U, U TIORTESEREREA(C-1) 2 v THiE
AT 1. B, ZOWREEZIMEORDOEESBE L2 RO LA I VEERASNE SN TN [T],

(@+a’e+a”e* —P)+ (b’ +b"e+b"e”)m, + (¢’ +c e +c"e?)m* =0 (2-1)

ZIZTCPRHRH THD, Ry, RIZTTNZIEM L OB O KPR, PIHEE R T
Y. HB XD fI3EMfBEORE &S, IR THD, Eo, n TRl E T e
MoOEAMBEZEZRFLTEY, ZOBEREET VLR ESMEOLE, 0 b 1 O
Bx LD, EBIT, e FEOTAHTHY ., ZOMDEIXIERTH S, n T ko (2-1) %
FA\W7= Fig. 2-3 ICX VW HEEGRAWMD Z ENTEDH, £, IEHOMEITX(2-2) ZHW\WT
752 LNTE B,

UZ
o =
1+ (A+Be+Ce” + De’)m,

(2-2)
ToLEHATOIOE., KC-DNBRDE n, EMRARICLDHE SN To—e HROHE)
G (6) BEREOTH()TH D,
FEWNT, I LHREBIZ X D)IS T TREOMEFIEICODWNWTIENSL, IMLREIC L HIRE LA
ATIZB R ERERBRICB T Do-clifin, KAXECDZHWTREL DI EDNAIRETH D
(81,

AT = 2 [ ode (2-3)

I TplxREBA OB, CIIARE. nJIBEERLTWVD, ZOETOT il
Bl ET A LEEZONTEY . EEE, Mataya 5 DOWFZE[9]125 . OTAHHEEN 0.01 st
10 s TIHENERRD Z ERMESHTWD, WOEDMHENLLUTONX (2-4) %8 =
EIMTE,

ne = 0.316& + 0.95 (2-4)
OFTHBEEN 0.01 s XV /NIWEAITITEMICLA2MTEATEHA T EELZOND
72D, =0T ENRTE, ODTAHAREDN 1.0 s 22 55O EIT, AT
0.96 125 EBZEZLNTWND, 0T A, OFTHEENF UM T T/ O EMEIXRK
XNECHICLVRDHDDHI ENTE D,

In(o) = E + % (2-5)

T =AT+T (2-6)

2T, E=In(A-¢™)ThY RITK[EER., 77 IRRE LA ZZBELCEE, QI XmEE
EOTEMAL T RV — mlZOT Bl R, AIXERTH D, > THIERTDO T —
XEHNWTHEOTAIIBITD 4 @BLnoREXITZIX. XC-HOICLVEHINDIE
EEASEZZE LEERBRIEZ RO 2D Z A TE 5[10,11],
FRMEFEEHOCCTHIE LA JMEN S, Processing map ZA/ERT 5 720OII20F
K EEZ R n 2 HH L, EEOERBEICEBNTOTAEEICIH LTy T 5
VEPRDDL, ZOLEZHEAEBUETHNTT7 4T 07 L, OTHEE (&) OB E LT
m%ERDBH[1],

m = f(Ing) (2-7)

RGN o B EFE T A —HX & T Processing map ZAERKT B,
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A (Electron Probe Microanalysis, EPMA) . %ﬁﬁ&%iﬂﬁﬁﬁ”aﬁ%iﬁﬁfﬂ (Field Emission
Scanning Electron Microscope, FESEM) . HR1% J7 WCEL B 375 (Electron Backscatter
Diffraction, EBSD):]bJ:U@Jﬂﬁ”?é%ﬁﬁf’ﬁ@ﬁ(Transmission Electron Microscopy, TEM)
ZHAWTHRA L, MEBEIIAREMRM - BN THOEmOR.OE@EY | JEHEIZ AT
72 TIT o 72,

e L 22 35 LU0 XRD I P R BR 13 RN TR & R VD TR ICED 0 L, SiC BFEE Rk &
WT 3000 B E CTHREAUMFEE L, 1 um @ AL REIKIB LR 0.04pum D aa A XLV 7% H
WCEE A R,

MR, RS XV REERON o —RBENM TITo7-, ZHVITAEREREE
(Finite Element Method, FEM) > X 2 L —>a U E AW TRO MY O A4 L EMERE D
REHIEHOTAHAOEN BT L& THDH[7],

2-1.4.1 EBSD &

EBSD ¥4 & 1%, %*a‘%jﬂiﬁﬁﬁ@ﬁ?f& LTIEL b TWb s DT, FESEM N T 70° 1T
AL 7B 2w WA NG L. EBF% S HGLIEYTIC XV 4T 5 Kikuchi N % —
Z I CCD I A 7TE& ViAI, TDONRE— U OB T EIT O T & THIES ORI
ERET D, TORE, FHERORES AT — Z 1IN EE R (CRTERE) & & b ICiiek S
NAHDT, AT NERE#RE L THENICRBLESND,

EBSD & 1% Philip #:#l¢> FESEM: XL30S-FEG IZHX Y £FiF a7z TSL #E#l o> 0IM

(orientation imaging microscopy) ZffH L CTit~>7-, WESFLMH L. MEFEE: 20 kv,
Working Distance: 15 mm, Spot size: 4, REI AT —JHEEIAE: 70° & L,

2-1.4.2 TEM #8122

TEM B RURHE, MR A O Ll & PAT 2 mzBlsm e L TEE 3 mm OHR%E
M THEIC L v Bl Lz, FIARGUEE O Frifid Sic AP Z W TR & 50 um £ THZA
WFEE U 7=1%% . Fischone ™ Dimple grinder: model 200 (2L V. H.OLEAE S 25 um f2JE
[N I s W N4 V“&*‘%Kﬁ@bf:o AL i LT, Gatan ™ Ton polishing
system: model 691 12XV, /N2 HANTEBETA AU IV T HE LT,

TEM 8 %21%, JEOL #4: JEM 2000EX Z W\ T, I E 200 kV I TIT o 72,

2-1.4.3 EPMA #|&
EPMA JHIE B 28N TAH L0 cEM T#EA2 Wi L7, EPMA &L JEOL
8D Hyper probe: JXA-8530F % FHWNTATVN, JMIHEFE: 15 kV THIE L 7=,

2-1.5 HEAH D[R E

RERAR O FRE 2 X #ErE (X-ray diffraction, XRD)IZ K W IT-7=, X #REIHraE
Philips #:81 X’ Pert MPD Z W TiT o 7=, HpfkE XH & LT Cu-KX#R %2 A L, rémﬁi
Z 40 kV, FEIRE 40 mA OFRMETHE Lz, BERPTAEIZA — AT A MMEDO FEE

e —27 NEET S 30°<20= 1107 L L7,
2-1.6 Vickers i X B
EN ] A a1 0 3Bk O B R B R M O B & L T Vickers filfl S FER (MVK-H1, AKASHT)

Ao 72, REHIEBSD IEICH WAL D LR LS D& H -,
i S RBITRE P LES 10 S5 TITW, EWE S B I OEEREZFE B L-, mElF 9.8 N



T, far EFEVINEREIL 10 s & L7,

3. fES

3.1 SUS303 ¥ X TF SUS303Cu o #) HA K% 3 L O kAR

SUS303 (Fig. 2a, c, e) D NN LA #HHk (F) HI4EAK) © EBSD fif#r TH#3 & 4172 Image Quality
(IQ) maps (Fig. 2 a, b), Inverse Pole Figure (IPF) maps (Fig. 2 ¢, d). #&&h 5L
DA DOEAL WA KIZE L= b O (Fig. 2e) 2777, IQmaps FOEREWEIE MAS Th 5,
SUS303 1EAE el T AL T o H Ko A Lo s db bl 2 2 L TR 0 | JUBRIERLEE O i 5 1m)
W2 MnS BFRITH O THOB L TWAHZ ERnbnd, B, —A7 A MRRITWVTHO
FEIZBWTE 35 umBBETh - 72,

3.2 mIRAEZEH)

SUS303 35 L U SUS303Cu D EA ] L AR Cf5 b v izo—elli ¥R 2 Fig. 3 1277, SUS303 %
FEHE, SUS303Cu 2 MM TR L7-, MA4IC, BIRFEITEOT A ESLMA T, I
CRICH—DIG NI =7 2R L, TOE—27 2225 0T HOEMNE HLITERIL TN
AR TFTONTEIE) LTWd, Zhid 1.3 TRk 5, BiEERORREZ RIRS
LERMBETCH DL, —H, RIRELITREOT HEE S CIE, L% I Tk
WCEFHREREZLTWD, ZIUIM TS M THAEAE 0 & -7 IRIETH » B EER O
ERMAICDHEIND, —20E&%ELD L, o—<cliffOBRIFTIFIEFR LT TH 508,
SUS303Cu @ BRI E IS TTIFIE LS 72> TV b,

Fig. 4 CHAEDOKEMEMHICBIT I E =278 ZOBOBEOTH LK E —27 0T &
ERES) EOBRER LT, WAL, & DIGE () 200MPa) £ TIEE—Z G hn K&
K BBIEFEEE—=70THEREL 2D, 200 lPa iz 5L =28 hichrrbbsdE
— 27 OT B3 —E (athermal) &£ 72 5> TWD, ZAVUIARMZEICE T 2 ERSEMIC, ERHEHE
23RN A (R0 Z340) 7 & BN TR (RIS D) ~Zb T 2 BB NS FN T\ b7z
bEEZBN[12], 200 MPa fHE2MEMIN T & BN T2 5T 2R OISHETH S &
Z %,

3.3 EEMHIER X ONRERME

2 (2-1) 2 B EH & 37 SUS303 38 L ONSUS303CulZ BT 2 FNEND/RT A — & %KD

L7z, SMLEETHE LN mo—cllifRITR L, BEMIES L ONEEMIEEZ1T > 7mo—¢ Ml %
HEOI,
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— I, EHE R ;kv\ﬂfﬁ(m
ThoIFE, FHEROT HEHE
Th DT EBEBICLDREBIIK
LD, TORD, KT
AN TERELL S, KR -
KOTHBEETEEEZMZ D HE
Bk 24T o 723 A id, BEERA IE
DHENEHICREL D LEE
bbb,

3.4 Processing map

SUS303 & & OF SUS303Cu 6:0
U\ T, Processing map {ERKIC
W2 E DT £0.612 Té%*
TEDOERIS T DR IEMEE S &
oo N(1-6) B LOKX(A-T) 06
NRU =3B ER KO AL
EHEAT A= 5 ERDTHRL g o
72 Processing map % Fig. b5, 6
(ZR T W @236 T Processing figure of specimens annealed at 1523 K for 300 s

map @D IR i{ct < {%T l‘\i 75/’* followed by gas quenching: (a, ¢, e) SUS303 and (b,
Z ol R O AR ST IS d) SUS303Cu steels, respectively.

JIER T WD TH 5, Power

dissipation map TiX. 09 A

B 30 sTAREOTAEENMENZE, ELEERBEENEHWIE ERT — 3B R OHIE
RKEL RHBERNH Y . @R - RO T HBEM (117371323 K, 0.0170.1 s HICE—27 B dH
%, —Ji. Instability map TIL@EiRE - IROT A M (117371323 K, 0.0170.1 s H B &
OV OV 2 FE 2N W ME 22 7F (Stable) fHEE TH D Z LN b b,

Z 2T, SUS30412331F % Processing map (Z2 2R JE 87371523 K, U9 A3 & 0. 001 7100 71,
BT/ 0.5) &, Fig. 5 )5 X N Fig.6 L b+ 5 & | Power dissipation map Tik, ik *
KOTHEEMIZNT =B ROE =7 Ry E—JEHIELS, KRB ELIETHEOT HE
JELERDIFENRNRTY =B EOENRW AL L TWVDENI AL KL TWD, £z,
Instability map TlIMi A4t iR - IKOT AEEMIC Stable SN H O . LI7H K\ T
HHZENDLND, TOZENDL, JERMIESILTU 2 SUS304 @ Processing map & AMf
22 CH VN2 SUS303 5 L UVSUS303Cu @ Processing map D FIZIZT R & ZRBE W2 W E WX 5,

(a, b) Image quality (IQ) maps and (c, d,
e) inverse pole figure (IPF) maps and inverse pole
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Fig. 3  True stress- true strain curves of SUS303 and SUS303Cu steels
obtained from hot compression tests.



3.5 BRI TICAE S MR

Fig. 7T B8 X X Fig. 8 i+t *
AL SUS303 35 K T8 SUS303Cu D 4% 25
FBE, £#0TAHEEICBWTE
O A 0.92 F CERMEM AR Z
17 - 7-# B> EBSD fiftrfs £ Th
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nNo5, 20X, o—eliftDIE
WITE R RIE R O B #2278 L
TWTH, BIHERMEAREET D
EWIHBIGIT, 7= T4 M [14]
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NTWo,—F miRl (122371323
K) Tl RERERLOEE LD 72
<720 PRAH Sl A A LT
WAL, RO T HEEM L JHOT
R FER & TITALRR 2N 7 > T
Do FTIROT A EE A (0.0171
sH TIHMMBEIRE SRR -T2
BELTH Y . il x DRLOFEAR DA
AR I MMM A 2 L TW5,
Fo. RWNIIZRPT AL A% RS

TIT—va yBNBEIN, flE LT, BRIRE 1273 K, OFAHEE 0.01 s THEML
7oilBk o> EBSD fRATHRS b L O TEM Bl%2 45 ] 4 Fig. 9 a—c (Z” 3, IPF map (Fig. 9 a)
B L O Grain Boundary (GB) map (Fig. 9 b) LV . ZiEMALIXEWM TN ERY | BMAKL
FIZHENTWAZ NS, 2B, 6B map T Tl KRR GNLFEN 2° < 4<15° DIKA
ko4t (Low Angle Grain Boundary, LAGB) & #R#t, 156° < #<180° O MK (High Angle Grain
Boundary, HAGB) Z B T/RL CTW5, £7-. TEM#4 (Fig. 9 ¢) X 0V Hkiiz 72/ v 1 v %
G FTHMBEAE LTV DZERNDND, ZHHDORELY
FRIT R E S B RS ODR) MR TH D &z 5 16], —F . BOTHHEEM (10730 s71)
TITMAR T E — T, ROBRIZERNTH O FEMNSEZEATEY . ROF A E A
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Fig. 4 Relationship between the peak
strain and the peak stress for (a) SUS303 and
(b) SUS303Cu steels deformed at various
temperatures and strain rates.
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Fig. 5 Processing map of SUS303 Fig.6  Processing map of SUS303Cu
steel at a true strain of 0.6: (a) Power steel at a true strain of 0.6: (a) Power
dissipation map and (b) instability  dissipation map and (b) instability
map. map.

SUS303 35 L TR SUS303Cu I DWW T, BIREICK T 2 OF Al & fb fb ki O B4R 2 kK
oo MAEAELERBENSWIZERSRRIIRELI RD2ERARH D, —FH, OFT HHEE
Wt LTI OF R E DS 0.0171 s ' OFEFH TIE O B3 B o BN & 2 #E Ak 3ok L
TWER, OTHEEN 10 s 225 EfEMAITH R L TS, RIFEOREIZ. &
OFTHEENE ERERRL AT 2 E VW) BEDOHEE TR R DFERLE RS20, ZOMH
M1% Co—Cr-Mo &4 IZHB W T HRERICHEM I TWVWa [17,18], TS [18]1%, mUOT Ak
FEOER TIIMEINOMTRANTZE IR0, TRICEVRRENEE 2 & fEwmAt T T
LR, MTRAFTRRETIE RV E LB LTS,



Fig. 7  Variation of microstructures of SUS303 steel hot deformed to a true strain of
0.92 at various deformation conditions.



Fig. 8 Variation of microstructures of SUS303 steel hot deformed to a true strain of
0.92 at various deformation conditions.



Fig. 9 Microstructures of SUS303 deformed to a true strain of 0.92 at 1273 K and
0.01 s°1: (a) IPF map, (b) GB map and (c) TEM-BF image.
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SUS303 3 L O SUS303Cu & A LM 5l iR 2 17V i iR A T2 2 8) O MR AT 36 & OV Ak Bl 42
WXk, BIMEERORBIL L OCHEBEECICRETTEZEBIZONWTHELL, £,
Processmg map & EVEIIN THERER O BIR 2, T OEEEZ B Lz, Kt CRoiz
PSIRZIR ) G N 7 N

(1) SUS303 3 L1 SUS303Cu DA LATOMA L, kD> MnS 4t & 69 2 kit 35
um FREOF — AT F A M TH o 7,

(2) AMEMRABRICL VAL NEEIS - BEO0F Az, Waeitic, SEE R0
THEESFETIHBNHFEESEOLEBEHRZ R L, RIBEEIZEOTHEHESLMET
BEEROERMEE R LT, =278 =2 OFTLOEENS . A0
JECH W BRI X, AR 2RI TR ) & 2N TR ~Z8 (b 3 % B I
T,

(3 Li bickv#EESNZHLWEEMEES X CIEEMIELE 2@ A L. Processing
map ZAERK L7z & 2 A Sl CTHROM 2 M0 ik 2 15 5 i @R - RO 9 2 ol B
(1173~1323 K, 0.01~0.1 s)THD Z ENHEH SN, o, NU—1EERLEFH
FEEER . B X O Zener-Hollomon parameter(Z [K ) & /8T — 23 Bezh =R O B X AHES
BB ®H Y | Z RFPENGFETIEANAT =8I EL<S, FEREmne Bz
HIENTE, ZHITHBEBSROBRLEL LKL TV, D7), Power
dissipation map (2 X VB FRBIC L A2 LE THT 5 Z LITRECTHD &
Wz 5, L2L, @il - @OTABESRETIE, N =SB EMEWEZ R TIC
LD LT HAEENE S, 2O TIENMR & ITHE T o 7o R OB 23 @)
TVWHrb0EBzLND,

(4) AMEMERBREOW HMHMEIEE2 ZINTICLVER L, TO/KER, KOT HEE
FETITE BRSO Z R RFHE IR XN, GOTAEESRMTITZE
D 2> B AN D FER & T o 7,
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Strengthening ferrite steel by nano-scaled precipitation with ultra-fine grained
structure
Deformation processing, 2Microstructure Design of Structural Metallic
Materials
A. Chibal, Y.Li!, T. Furuhara?

Abstract :

Processing map of SUS303 steel at a strain of 0.6, which is constructed from the stress-strain curves
obtained in the hot compression tests. Compared with EBSD observation results and processing map,
at high power dissipation efficiency region, Zener-Hollomon parameter, Z, was low and the fraction of
recrystallization was high in contrast to the high temperature - high strain rate conditions where the
high fraction of recrystallization corresponds to relatively low power dissipation efficiency.
Nevertheless, it is indicated that processing map is reliable in predicting microstructural changes
during hot deformation. The equiaxed fine-grained structures were obtained by hot compression to a
true strain of 0.92 at high temperature, at both low strain rate and high strain rate deformations;
however their microstructures were observed to be different from each other. At low strain rate, the
grain refinement mechanism was conventional discontinuous dynamic recrystallization (DDRX) and
dynamic recovery and it is similar to that of SUS304 austenitic stainless steel. In contrast, at high
strain rate, the mechanism was static recrystallization after hot deformation. It is result from the
accumulation of dislocation substructures by dynamic recovery and adiabatic heating due to high strain
rate deformation. Strength of SUS303 steel was improved compared to as-received specimen after hot
forging un(iler the condition predicted by using processing map (true strain of 1.2 at 1323 K and strain
rate of 3 s7).



	H22低炭素助成報告書-千葉先生-最終 1.pdf
	H22低炭素助成報告書-千葉先生-最終 2
	H22低炭素助成報告書-千葉先生-最終 3
	H22低炭素助成報告書-千葉先生-最終 4
	H22低炭素助成報告書-千葉先生-最終 5
	H22低炭素助成報告書-千葉先生-最終 6
	H22低炭素助成報告書-千葉先生-最終 7
	H22低炭素助成報告書-千葉先生-最終 8
	H22低炭素助成報告書-千葉先生-最終 9
	H22低炭素助成報告書-千葉先生-最終 10
	H22低炭素助成報告書-千葉先生-最終 11
	H22低炭素助成報告書-千葉先生-最終 12
	H22低炭素助成報告書-千葉先生-最終 13
	H22低炭素助成報告書-千葉先生-最終 14

