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ZAUTKI LT, Cu R FITHRL & HFE Y REDRMAMEAZ RS T, BEALRLFNE % 8
189 5 (Cutting i) & B 2 5N TRV | @mERICE W TR EFHICAE Ut HEF O
FWEPHIFFCTE 5, DFEV . Cu K HITHOEMEE &HF U BRI ERRE L2 &
DITIFAER EBZ B 508, INTHEIEREOBLED B ITEERL I~ TE O RDRD
INEWTEDIZ, BIRBEIXIHE Y EAIERNVEF XD,
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RHRRICBICHTE DS THA D,
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A MEFR 7R D ONTE ORI KIET Cu il EBLZTE L, R—TF 4 " A
7 U v ReOFRMEEZG LT,

2. ERFGH

BB 21T 0.8mass%C-(0, 2)mass%Cu #il(LL T, Base #l, Cu #if)Z H\ =, 3UBHE, Fr
EDRTIZIRD X OIZEMTH D SKS Ll Cu 2L E - IRE LT b D%, & B IERIFE
Z VT Ar B AFPK TS TR, 100" mmx50Y mmx28' mm DR #iEd 25 = &
TER L7-(1.5kg 1 T v ), #FEMZ b FAERI Tablel (2”7, £D%, AT » b
%, SRS A ET 720 1223 K TES 10mm F CRAMELEEZIT- 72, 2D OB
IEATEDOSEICEI Y L, y BRI D 1123 K T 1.8 ks DIEMALLER 2 fi L 7=, EHIZ
MR IF ~ L T (723~923) K T(0.005~1.8) ks DIEIEMFFI KA LTI, 20Xk HicLTH
SN EHZ YW TERERBRICHE L 7=,

FHMBIZR I, L ERMEE, EEAE FBMEE(SEM) /e & N Y & - B 5 (TEM)
ZRWTIT o 72, M ORE R AL ORIE L. SEM (ZHEH S 4v 7= 760 B BEFKSE(Orientation
Imaging Microscope ; OIM)% VN TATV Y, EBSD(Electron Back Scattering Diffraction)i%(Z
IvEesnz7F—#IcoWnWT, TSL 48 OIM 2 25 A(OIM analysis)iZ L 0 fig#HT L
oo F72. BIERBRIL. FATES e3mmx10mm DOIEERBRA I LT, A A b 7
FIIRFERMEIC KV SR CHIIERE ; 1.0x107%s TITo 72,

Tablel Chemical composition of specimens used in this study.

(mass%)
Cu C N (0] Si Mn P S Fe
Basesteel 0.06 0.814 0.0026 0.0011 0.27 0.35 0.009 0.002 bal.

Custeel 2.06 0.823 0.0041 0.0018 0.26 0.35 0.008 0.001 bal.

3. MRBIUEE
3.1 RN—F 4 MADKHEBRICKRIET Cu MO E
3.1.1 fHIRAREICKIE T Cu i 2 30
Fig.1 /3. 1123 K T 1.8 ks ik . ogs?
SLER 7=, 923 K T4 ORFREIE
IRZSREALER % fifi L 7~ Base #fl, Cu £
DOIEBEER 2R, Teds, [HIRZARE
B ORI O W TIZIERZEREED
% HRHITT/RY, Base #f Cid. 30s R "Ll
OIFRRFFIC & 0 REHBLERE 0 e anie B

Sy REE A fHIR A HEER /N E > TR Y., Fig.1 Optical micrographs of Base steel and Cu steel.
These were isothermally heat treated at 923K.

Base steel

Custeel
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ICIHIRERES PSR TE2 00, ZOEMEEAIXIFRETHY | BEHNIERENE
TT2HDIT 180s #E LTz, FREEOAMRBILE 2 FE « OIRE THREF L 7Z3EBHZI DWW TIT S
Z & TER L7z Base #l, Cu > TT.THX % Fig.2 [IZ7-d, i, ZREBHLARR - #& TH#
ITAERBIEIC LV ER CE DL REOELZE L THIVW -, M O TTTHRK %
T 5L Cu IMEDOEIIZENERR LR - & THRIZREREIZEITLTEBY, Cu
OEWMBP AT OEREREEZE LT TND Z ENDND, —KIZ, RFBWMICE TR
ZRINT 5 2 & CHHEREN B 72 2B & LT, y OB ZRIEELCIRTE DJLHN
WEEIZ /2D Z LR ENRFETOND, 72720, BREFETHD Cufllic oW Tl iFRiE D%
AL 21T o728 2 A, WTOREHZBW T H I O' X & A4 M2
CuNFESTLEGEENTVRNVWZ EBRHLNER ST, DFED . Cu TR L HEREDE
JEIX, EFEOBBRIZMA T, y HO Cu NEREREEHES L <I3fm ik Ta tt
AL MAMTHBLT A Z L ICbERT L B2 H5H, Figld id, 923K, 823K
JUV723 K CIEHBEARZE T S EZ O O SEM itz =3, f#fEMToOXR
MR ITER TE Vb OO, IV T 923 K B L U823 K OffFHC L vk
BHERE TR O /A—F 4 MEBAB LN TWDE DI L, 723K TEREZZET S8R
BT A o MESENBZR SN D, DL EORE I, T.T.TAR K (Fig.2) Tl Bl L 23,
EL LD 823~723 KIZAERED nose M H Z &AL TR Y, HATdOERZERE
® nose IBEICKIFT CuliMOEEIT NI NWEE 2D, UBEOFERTIX, S—F 4 M
WO E SN DREHZ O W TR R 21T - 72,
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Fig.2 T.T.T diagrams of Base steel and Cu steel. Fig.3 SEM micrographs of Base steel and Cu
steel. These were water-quenched after
finish of isothermal transformation at
several temperatures.
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THEE 7Ty 74 X e RS 52
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FERTH D, WA EOBINTER LT,
T AR NS e THDHH, »
THUORFHEEDLA S Cu HINIC X
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Fig.4 Schematic illustration of pearlite structure.
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Fig.5 Effects of Cu addition and isothermal
holding temperature on lamellar spacing in
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Fig.6 Crystallographic orientation imaging maps
of Base steel and Cu steel. These were
isothermally heat treated at 923K.
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321 Cu iiINZ L B /3—F A MO E5REA L

Fig.7 1Z. 823K T 0.3ks (&7 5 Z & CIHIBZAREZE T SHERE OIS —2
FRE R 2 g, malkl & BBREZ D DREO R X 2T bz R L, o7 iEtE %
flEfR L CU 503, Cu il Base SICHE-<T, 200MPa 2 & WO BRRIRE 2/ L T\ 5,
—HKEIZ, N—=T A FEDOREIZT A TRIROATEHTE L2 LRMoNTEY,
(o) & 7 A T RIS DN IZH[1]A3 LT 5 P,

% 2T, Fig.7 L [RERICH 2 OIRFE CHEIBARELZ 7T S - AU 2 5 3ERBRIC gL L |
ZD 02%IM 1% 7 A Z RS DM CHRBL L 7=/ R % Fig8 |7, EHLOMED
BAFR BB L TRY . Cu BHENN—T 4 MALIER@Y | ZOREITT A 7
BIFBICKRE KTFET D Z bbb, 72720, Cudflid, Base LV & EWGREE L)L
THREBEOEE 26 L ERBEREMRFL TEBY ., Cu OFICE Y =T 1 MEDK
KWREAZ@RDDL LM TEDHEWVZ D,
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Fig.7 Nominal stress- nominal strain curves of Fig.8 Relation between of 0.2% proof
Base steel and Cu steel. These were stress and lamellar spacing.

isothermal heat treated at 823K for 0.3ks.
Fig.9 %, 923K CTlHRLEZE T X
72 Base #il & Cu#il > TEM #ifk 2 =7,
mE &b R e N — T A Mk L 2
LTWDA, CudfiTiE, o FITFEkL
£ 15nm FEE OGH 78 Cu b+ 23T H
LTWDZEDHERTE D)),
Chairuangsri &%, 1#ILATHH 4 H T
ERRBF O y/X—F A FFmic
fee-Cu(e-Cu) 23T 3 5 (FH R A ) =
EEREL TS ENDE AR

WCBWTH RO IS N4 U=t Fig.9 TEM micrographs of Base steel and Cu steel
isothermally heat treated at 923K.
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Fig.10 Change in hardness of Base steel and
Cu steel held at 823K and 923K after
finish of eutectoid transformation.
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Fig.11 Change in hardness as a function of

reduction by cold-rolling in Base steel and
Cu steel isothermally heat treated at 923K.
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70 EOWEE “FRLF B L7280 %  Fig.12 TEM micrographs of Cu steel before and
MT LRI, W AafaL Lt Eg:f;g;?e-(rioilggéglese were isothermally
NLOYHERE « MG B VI Z VIS T2

AU, KF/RHERE CTORA ROFESORLF BAROREEIZ X 0 MEHIENICE 5720,
=T A MEREF O Cu KL FITEMEITIIREREFLZ KT S RN EEZZ 6L, UL EDORE
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DI ETUEMARTSED 2 &2 S BRRFRE &N LA ZEE) 27 L CHIETE %
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4. fHm
2mass%® Cu Z AN L7 0.8mass%C IATHE D LT A 2cE), AT/ 5 NZZE D
BRI 2 AT 5 2 & T LT ofme 57,
1. EREEICE > THLND/N—F 1 MEMOTEESY A XTI Cu &I L7
W23, Cu VQjJD Ko T ERITEBIET S, ZE, Cul®cE 24 —AT7F Ak
DR AR B DN RN 72 > 7= Z ST Z, A=A T F A MR—=F A
NAREEEE S L < IERE L To Cud Bl b NS REITHICERT 5 &2 55,
2. Cud B /X—T A MEDORERIREIL, BHEDO/ =74 M LRI T A Z BRI KF
THZEWWMAT, 7274 NHIHTHT 287 Cu ki FIcER LT ERT5, =
@Cuﬁ%i F—=ATFA MR=T A4 NERBFE THHT B2 6150, KR
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3Cuaﬁﬂ~74h%%ﬂﬁﬁﬁbt HE. 7274 MO Cukitb 7 =T A hEk
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