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Effects of Strain, Strain Rate, and Temperature on the Hot Worked
Structure of a 0.16% Carbon Steel

Seita SAKUI, Taku SARAI, and Kazuo TAKEISHI

Synopsis:

The high temperature tensile deformation of a 0.16% carbon steel was studied over a wide range of
strain rate from 18 sec™ to 2.6 X 10~%sec™! in the austenite range. From the metallographic investigation
of the specimens quenched by hydrogen gas instantaneously after deformation, it was observed that the
structure rapidly deformed (é=18 sec™*), which was very unstable at deformation temperature and under-
went static recrystallization in less than 0.2 seconds, was retained to room temperature by the instantaneous
quenching.

The relation between the strain at which the structure changes distinctly (g;), and the strain at the first
maximum flow stress (ep) is expressed by the following equation; &=(0.724+£0.06)-ey. The average
grain size varied with the increasing strain in the range over & and approached to a value determined by
the strain rate (and the temperature) in high strain region. The final grain size (D) is dependent solely
on the first maximum flow stress (o) regardless of the deformation conditions (i.e. initial structure, tem-—
perature and strain rate), and expressed by gy =0¢+K-D~V, where g4, K and N are constants, and ¢4 and
N are equal to zero and 0.70, respectively. The deformed structure in high strain region showed a mix-
ture of uniformly distributed isolated fine grains and comparatively coarse grains with serrated boundaries
whose period was about the smaller grain size, and this state of mixture was almost the same regardless of
the deformation conditions.

The apparent activation energy for high temperature deformation obtained from the temperature and
the strain rate dependence of ¢ was approximately equal to that for the self—diffusion of Fe atom in the
austenite range of 0.16%, C-Fe. It is concluded, therefore, that the deformation of 0.16% C-Fe in the
austenite range is controlled by the dynamic recrystallization process in terms of the self-diffusion of the
Fe atom. This fact suggests that whether the observed stress—strain curve shows a peak stress type or a
stress oscillation type depends on the difference between an initial grain size (D,) and a dynamically re—
crystallized grain size (D), and the peak stress type curve is observed when a grain size decreases with de—
formation (D < D,), and the stress oscillation type curve appears when a grain size increases with deformation
(D>Dy).
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ot 0.16% REMIEMEL b & LTEE D
BECEEM L, SUTHMLT 15ke Offiie Licdho
T, ik 1200°C CEREIEHE TS L, &&mT
E 75% #52C 0.25mm EXO@EHEE L. ZhX
DEFTEHE X 25 mm CiE 3 mm OJF{FAEER & AL
Fc b L, ik 1060°C T 60 min GEaif%EER
L7z BAREAE U 23U D {LEHLR KD & 5 T &
7=, C:0.16, Si:0.31, Mn:0.52, P:0.008, S:
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(6=10°~10-7sec~ 1) iz id4a UEREHEY o0 ] Z5 A 1 il 3k
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BECHD. EBREBELOVKERLEOFMENE
DWW TR NTH 5.

200°C fHift A 5 BERIOREREE £ <13k 20min T
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h=ovg 4 Ml CERERTOIHA — 27 7 4 M
ReBHbT o e TEL. BHLLBEA—2F 54 M
DR DEER LRI OME A FETEMET X > TfTe >
7z.
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Fig. 1 13 «a(700°C), a+7(795°C) & 7(890°C,
990°C) $EIKIC BT HRFMELT-EHOT A (o-¢) §f
M RRLTWVWAD, LD alat+y) &7 EKICKT
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Fig. 1. Typical true stress-true’ strain curves of
0.169,C-Fe at temperatures between
700°C and 990°C and a strain rate of
2%x10-3sec1,
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Fig. 2. The change in true stress-true strain
curves of 0.169,C-Fe with strain rate at
940°C. Metallographic observation was
done on specimens which had been de-
formed up to the strains indicated by
circles.

X5 ERL o-e HIFRIIR L DY 2 EHERBY Th
BoRTWEZEpD, ZORNOREDREIRERD
Mk, MERAE, FRTBI6NRA EDBVICIKTE Lk
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Fig. 2 13 940°C COFLHEER 1.43scct 55 2.6
X10-4sec=1 FC LILE YL E2D o-¢ HBETRLT
k0, i LoAFagt T 5 ERHAGOBE TR
e R LTWS. Fig. 1, 2 X0 v fAMICEIT 5
o-¢ OIS S CIRERIGCITTE LWERE L 0T 4
FEREFEEZRLTVWS Z &8 5D, TOBERICD
WTIRRKERTRE L BR~GRHT 5. £ ofERoPRTH)
B E T (onr) DIREE & OF R EIRTFIEIC B 5 865
R B, ArrHENIUs DFFER, [E=¢&0-exp(—Q /RT),
ZZT éo 2, RIEEI ZHAVTERDI-DDEPT
OFEELAVF— Q BHE LKL B5hic Q fHiX
LG 3 kg/ mm2~11 kg/ mm? O TILIZIE—%E
& 68.5kcal/ mol R L7W. Cofflx 0.169%C-Fe
@ 7 M O Fe R0 B © EElb= 2 v ¥ —
61.5 kcal/ mol (NIF{E)D LIFIFZELWETHS. Th
X9 0.169%6C-Fe o 7 {HRIZ BT HEFIL, Fe BT
OECHECE S EBRBC X2 THXRENTWS LES
ENBW. COEREBEMPI TR EN F2TEH T
SHIROEBROIBE L OTF A ERERFHZHREL, X
72 o-¢ IR BT SN ORBBAROEBE & CFHRE
FEIDT(LRBREL TS EEZ LN S,

Tensile direction

formed to strain of 0.43 at 940°C and
18 sec-1, followed by quenching (a)
instantaneously (after Osec), (b) after
0.2sec and (c) after 1.5sec. Magnifi-
cation is 150 times.

3.2 HEXHHEBTH S

Photo. 1 {3V 940°C, 18sec-! T4y 0.43 o
O HECEELE, (a) WKER 2 ChREMmC &S
Lo, (b) 1% 0.2sec 1%, (c) Ik 1.5sec Bira
WEIEEBF OERNIBMEEZ R LTWS. ERATOM
# (Photo. 3 (a )iz B WEBLDRD LR E
AT EmMs RN DY, TOFEE W EN 31.5
g TdHo/. Photo. 1 (a) 13 Z DESENAOT S 0.43
FCOFEFRERIZ X > T BRARENCIEME L, FEHS
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0.16% R FE MO BRI TAMICHT 20952 L O FHEE LREOEY 859

ML U S EREC VOR A B MR 2338 LT v B &

LERLTVWS. 5RO FHEREE 4.5, TH D
FREBEAHMO SO 26.5 THorns, Zhidd)
WO Sl i GREE 04 0.43 I 5RE S &7
LEIFHRINLNEOTEELLIZE-FH LT3,
2 551x Photo. 1 (a) X 0, 0.169%C-Fe o 7 fHtkic
B OERMBMRIARER CHVWAH R X2 TRIERES
BT DO EMNTERLEPHIL TV 5.

—%, Photo. 1 (b) LK 0.2sec @ 25D B
I E DT EROEABSBIEIN TR D, FHES&
BERGAFICA U EZRLT WS, WO &SR
R FEAE U i B SRRV 1.5 sec FRICVIATEM
e EMD S ETE L, Sl SRS CEY
PR 28.0p) ZRLTW5. (Photo. 1 (C)) Bllo
XS WIRERD v I 10 2 BIREH M R.A.P.
Djaic 58 B FRULI X HIC EbDT AEELLDT
HY, ZDHET C Rossarp L 7L LUHF 5 DY
WISEHIG R S SRS EOZEE S0 DI
THaikdDTlrdic L fiiahsd. 7272 LFEL,
940°C T DIROTHEED 2%x10-2sec-? THy 0.60
T CHRER 873 12 W TR O §F 970 fL AR ZE
{LDOEIE AT SkER, EIBE Ssec THIMZILY

HHNZIRE D, 30sec TAJZALELLE & TS SRR
B DT, DX ICHIBERM OIS HEE S
BREE LWOTRE (Lar > CEREN) Kk
FIRT ZEMbLA DA, ORI OV TRIKREN HRE
THFETH .
33 EWEROELBRE

Photo. 2 | 940°C, 1.48x10-1sec-! ‘¢ Fig. 2 o
o-¢ MR TR LicAALONiE £ TEI3RZE R, Photo.
1 (a) tFEUEHTadsH BRFOor—25 914 b
FHEEZ R LTS, OIS NITE T o F ToMiinT
b0 Ss1F Bl (Photo. 2 (a)) 13, ZZulD#Lik
(Photo. 3 (2) IEHDD) &HERTEFNIZLEOZ{LAETL
TWIR\WE D THHH, JHEBRNC VIR B Ak A
LFREDLND. S5, PHERXGEN 2 RT0T 4
(0.275) oERTE CTEX €5 & (Photo. 2 (b)), I
ELR T —FRIC R LD e Z 0 T ORI 26.1
& 7cotz. Photo. 2 (c), (d) T RENh3Xoic #hbliE
DEOT B TIT S SICHR L S, KEE X D —
BR{L L A& o7, FiRiR 11 0.442 O-F 2T,
17.7 1, 0.59) T 18.5, Tdh5 T &b, BOT LiHlK
THIEIE—EOERHRIGE SV T 5 Sl s 5.
Photo. 3 1% 940°C CX DK HHED 2.6xX10-4

Tensile direction
- o

S X, 8 : 2 ]
R T el R B

Photo. 2. Microstructures of 0.169,C-Fe deformed to various strain at 940°C and
1.4810-1sec-?, followed by quenching. (a) ¢=0.178, (b) ¢=0.251,

(c) £=0.442, and (d) e=0.591.

Magnification is 150 times.
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Iensile direction

—

2.6x10-1sec-!, followed by quenching. (a) ¢=0.057, (b) ¢=0.093,
(¢) €=0.148, and (d) ¢=0.223. Magnification is 150 times.

sec ™! THRAT BRI QS &gl 0o 0F A
e st —27F 4 MRHIEEOELEZR LTS,
W CRE( LI 351 Bk (Photo. 3 (a)) WXL
DN EEDLTR D, FRED 31.5y LLEGD
bDEELDN . ARG ERTOT A (en=0.105)
DEATETER S &S L (Photo. 3 (b)), K DES
dufild Photo. 3 (a) LRIULTH B, LI HETAHK
IR X 0 BERE W HAES BRI en
X O EFLR S A (¢=0.109) 0%kl Photo.
3 (b) LRU KBS ORI WSS L |l
Twichi, —7 Photo. 3 (b) TS HIHAR D%
EXTDRE S I LT Wiz Photo. 3 (c¢) 13HHID
BANENETRTOT4H (6=0.135) R CcEREEL
LEDOHEITHD. HARIRISTATOHLE AT w1
mEE, 1 FEAETHKILBEATYWS. L LEIHN

I ADINES L & BL S s ik 4 £ FIR F 203 sk L
THELTWBDO2#H LS. kb Photo. 3(c)
REIC XD TE U MKE R & B % 5 7o wiEs
daf & OFRH—IREHEEE R L TE Y, TORERED
HIEBFRIC X DCRE DI3IE 56 DBy & 80y DB
Gy (BIERRBHGEEE 18004) &EAEEL W B2
DEKENETTOT LA E CER &5 & (Photo.
3 (d)), WU &R & Roh ik Mz o
7275 <, [EEHICETF OISL LIc b DAERD bhich
F— A7 F A4 MBI SERITOGZEEST R
KRB EZ TR L. SHEBUCTAET, TRIETL
(Photo. 4 (€)), TOLEHAEOEENE Photo. 3 (d)
EFEAEELT FHRED 93 & OFHIZLD
TEELEWZ L (Fig. 4 2R), BHOTHEET
HEE—F LABENGE ST W5 LA RS,
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0.16% R FZ MO AR I THEBIC T 50T & OFHEE & HEORH 861

L E DL OBIES X 0 HIE U2 s REOD EBRT 503 2 (o) R KIG N &2 RT 0T 2 (em)
FHREOTHEEK X 5Z{b% Fig. 3 zaR L. f& LDEROTREEOHME & it inlL Tk D, Fig. 2
RWREOZELIOTHEET X ST WTFh L RIS ITE & Fig. 330 ¢ & ey EOMITREAMPEILTEZ &
T HETCOMIT LB THBEL TV, ZOMBEL Hhhofk.

Tensile direction
- >

with strain rate at 940°C. (a) é=18sec-1, £=0.45*(x300), (b) é=1.48
x 10-1sec-t, £=0.591(x300), (c) é=2.0x10-2sec-?, ¢=0.61(x150),
(d) é=2.0x10-3sec~!, ¢=0.579(x150), and (e) é=2.6x10"%sec™!, e=
0.422(x 150).

* This is the structure in the region in which, due to deformation instability, shear displacement
occured locally and so the true strain in the region should be several times larger than 0.45'3>,
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Fig. 3. Effect of strain and strain rate on dyna-
mically recrystallized grain size in 0.16
2% C-Fe at 940°C. P; shows the strain at
i-th maximum flow stress.

ec=1(0.724£0.06) -e s

ZALEBHIA L T LORENZEILIOTF Lok e: & bic
B BMERLEBLER LAY S, HOT i
DEANTNOOCTHFEEC I DOTHIRES DB —FOE
SRR E R LTS, Photo. 4 1XE0FH4EMIC BT
SREMEEHBEOOFTHEEIC X 5L LER LT
%* Fig. 3 & Photo. 4 X 0 EOTHANRIIC KT BT
TEAEEE LW OT Zodi B R E® 2 R L, TOEEhE
BZEWATD L DI~ 2X10-2sec—t DL FOE D A8
ETi Rt L, 2x10-3sec-t BLF D KO ZHEEC
HRELTWwWH Z Eddbh s, T HLOAEEENIIE
NS WL L7cfE R & T h & IER L A E X i
AT U2k R 103 B MR RS Sfr & 25— RRIZIRAE
L7CKEEZ R LTWH ERB Z LN TEDN, ZOHE
1 Photo. 4 X b 18sec-! $5 2.6Xx10-4sec-! F ¢
OLERMER T IHE L THbILTwb EEZ N5, Tk
bb 0.162C-Fe @ 7 {HIC BT BHOT LML TO
LG, THREHIE L Ty 58S O THEITE L
WO T REERIAE R R T OISR L, £ oG OIK
AN iThas EFOMMIIONTFLEECILLTIT LAY MArTh
Dt iR hs.

* Photo. 4 (a) (& 940°C, 18sec-! TRINIZ CHE I IRBRED
BFSTREOMBR TS 3. 7L CREDBINCBATESRSETL ST
BIFHPTA (0.45) OREQOVTa25 BT IWEEEALLN
%13)

4. & =

4-1 BRVEIBAE

EEOFHBER B < HLBRICET 5 1 205
3, AT o HEELOBBL L 2>TtE A b0 5
NN B BT SO BISEE RIIRO X S i E;HE
nb.

(1) BB MR LI RERIS T 5 £ CoPI
ML LR THA L. TDEEDOTH (o) LHR
BARIENZRTOT 2 (enm) E DRIT e.=(0.72+0.06) -
ey ERDYLHEGRMKSI L.

(2) MEEZELEBEME LTH SRR RIZOFHRD
HEhn & & B BB MM E - RBL R LAND, GO
THRMRICIE B EOTHREEL L DOTHRELDHE—FED
LN EE R L.

(3) @U?&EMkkﬁéﬁﬁﬁﬁm,O?AJf
KELGTWThd ISP WIS, Uicisqal s wh &
IFER U AR E XM TMM{b LR 2H T 5K
fufl & B —FRICIRE LCKIEE R Lc. ZThilEIRLE
Shje CuM) o Nite) ¢ 22 X 555 H9C Al
IEEL S IEEEMOR RN S 5T ST B >
w5,

(4) BOTLEMOFHESRE (D) BXELVWO
FTIHEERIFMA R LA, 2hib D 3EE LD
THET B ENRFREINS. i, MUEKGH
(om) & D LoBMEER LA Fig. 4 © X 5T R T
5. MPoEMIT T=890°C, ¢=2x10-2sec-1, e=
0.62 o L EDMERHERETTA, TOLEFIO f5&r
£ 25.9p 1% 90°CEKBRIC I D 31.5p LB D
Twva. Fig. 4 X0 D 3wiiERNE LiREROTA
WEDBVIZE BT oy OADREE LTRDbT Z &M
TE&E, WAOMRILERT KR TERb .

om=oc,+K-D-N
TTT g K, NIZERTHY, HPhOEBLY o,=
0, N=0.70 Db %. Fig. 4 KWRBHEDID ou
LENRZE LD FHEE RN & o ERE AHTRL
7o @

— FATERLFR O BHER S ALK D S TR E o illlsE
EREBEELTVS.
C(8) o BERTOTEH (enr) MBSO T REE T
Y57 oy OLOBETHEETEAW. (Fig. 5 (a)s
W) en W MEELDO BB T4 (o) LEBTBZE
5, o-e HIERT B DIIERAE I O HBE & D5
ZlLewmEcBARLTN 5.

(6) o-c HBIETCHI TG OBRERL LT
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Zi0 016%C - Fga ]
2 Tl '
Y20 a
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v ‘\ .

% 10 A :/Stouc

- T Dyndmic ——%

. c 6 g Dy ! '\\\q

2 4 !!! =

= L 0,A T=940°C \»\

g 2 | I([.)‘,: 31'5.}1)

- ® ' T1=890°C

2 L]0 259

(AL S5 PN 0 Y S PO P Y

4 6 10 20 40 60 100 200
Dynamic recrystallized grain size (U)

Fig. 4. The relation between first maximum flow
stress(oa) and dynamically recrystallized
grain size. D, indicates the initial grain
size.  Broken line shows the relation
between oy and static recrystallized grain
size.

HDH—EEERL, EENUTEENIREZ R LR
HDH—FEEERRT T MR FRIZINI, FHF A
I 31T 5 —FEDOERIEN L & TOFHE AR ED
—EEETTCE LG LTS,

(7)) om DIRE LT HEEEIFID Sokd -4
DI=DO BT OELT 2L ¥ —iF, 0.162,C-Fe @
7 MR Fe T-0 FITAEMOMEHEALE 3 b ¥ —03F L
BThs.

PAEDOFEES R & D,0.16%C-Fe @ 7 fRIBUT B 5 @il
LRvE Fe RTF-0 HOMIHICED < BIEF @R X
DTHEINTVD LFHRIND. TRIXZNETKE
MO y IS BT HZENE, C. Rossarp 5 D30 %
HE, o-e BIfZ 31 DIEXIS ) O IR E 223G IRE)
OBRFIT D LEIERE R EELTVWD EFHRLTY
JoZ Loy & BT FIF LIERR L7 D TH 5.

M LI — A TR R E D LT 5 2 &2 b,
THECTHEBROPIZZ 2TV T W HME— DIk (LE TR
TSR TH D ERES T2 Z DI B
THBUTRERG L TVwE st 2 TER_ENTE
7%, TS OTEEMITBEIIN IR A U i MRS &
THy, ZZTHEE LTSI 4§ 5B
e REDORLRLLBRTHD.

42 ENH-OTHHBELHNEER

0.16%C-Fe @ yiEIC KT 5 o-¢ i 13 FIEHA
THREWEKIE T EZ 7 L, RSHTRIEDREZ, &
OFHTREDCEFREEELZRT LA TEIND
W, DX 5% a-e HFROIZIRZE LD T BT
HFah EREE BELTWE EEZLNRDS Cu®

10 LO1ENCFe[ (Tension) 2010ZCFe | (Torsion)
- Eu, Ex | Rossard and
06 Blain¥
5 10} £x
£04 —rEu € E
g - 206 f rér
02 3 ¢ /Ex w04
. P . /
2ot ~J 202 s
006f o1 ,/j
0 “F <
gl
1 <] L 008 —4———117
12 4 6 10 20 1 2 46 10 2

First max flaw??%ress

First
@ o ) irs i??.flowz§tress

Fig. 5. Dependence of strain ¢ and ¢y, measured
as indicated in the insert, on first maxi-
mum flow stress for (a) 0.169,C-Fe
(tension data in this experiment) and
(b) 0.259,C-Fe (torsion data®) in their
austenite ranges.

Nit® prh L3R U TH 5. M. J. Luton & C.
M. SELLARS'® |3 Z D o-¢ iR DOIIKZE(LIT Fig. 5 (a)
AL o iiROBRANTRLA 2 2DV T A em
Eoex EOXNDBIRIT I 2TIRE D & LTEMMNEL
fTie2t WM IE DT & 7R T O 2 epr VEENTEES &
DEIATHOT A EFFEFLL, ex B —ERTIRED
ZIEHERIAT 50T A E 2 L BvNE N &R T 0T 24
Eem EDOETHY, BTGRP BLE L TH BIZIEST
TTE2ETOOTHRITELY. ey<ex THDHEGIIH
TlE, em THMA LTEEMA 587§ BRNICIR DS D
TSGR ABAZE U, InCEE L & FEES b & 2363 L C ki
THT BRER—ECHREOERE R T O L, en>
ex THHBEISHUTIE, en THIE L AFERIE RO
OB BT 5 e T LTH D, T &
Sih & EFIPNC kR LA T DR RIS D iIRE A R
LB 2 CEGHE o-c fifih HIRENR o-c iR~
DEBEHEMING, ev=ex LD EEDOWHRICH oo TH
D & S Vg L7

L L M. J. Luton 50T ey IDkfd HHFEL
LSEIOEBFEITHEATEL . Thibb =26
10-4sce THEIFNCHERTOY AL CERB L&
Z OHLRE (Photo. 3(c))1E, W X 2T E UrclokEE &
B & WNHIRE AL & DR —IRERELZ TR L, Thr—
HERHMBE T T IORBRBDRIEIBASIIER L
#%Ths. (Fig. 3) Lss>T o-z fiiic 515 IS
THRENIRRKIE T S RRICE T REER K ED £ COE
BREREORRTHLEELLND. LT ertex DO
ToHrLEFIREEAE TS L Lic M. J. Luton 5
DFZET-F L.



864 g% & &0

62 4 (1976) B 72

Fig. 5 (a) 13 M. J. Luton LRIz &5 % Fig. 2
D% o-= P HEIE LI 2 2DO T Hoear, ex & oar
EDOFZREFRLTCVWS. MR LA G TIE en>ex
DRERITHDP D, M. J. Luron L0 F 2 XAE R
KRIENIEF 2R TECTE o-¢ BIRIT Rbhii vt
THhsb. hit Fig. 3 D o-¢ fhfEid omr=5.8 kg/
mm?2 10 L) |- 08 C G J1REN & IR S SRR IE N 720
ERTEVIEBRERCIOTCEESNS. L LFig.
5 (b) R L% C. Rossarp 5¥ @ k % 0.259C-Fe
DR YREBERTIT enr & ex 1349 4.5 kg/ mm? T
ARLTED, ZOKEIE -« RO ERE LD BBR
G EBRE—FKLTWwS. Fig. 5 (a) & (b)) @
MROBWIFTEOSEHRRC BT 2B~ N TOZER
L, BEONLVRBICE I DB MEANOO T4 E
OFT 2R DOEALIC IS R —E N TOER & DE
MHEEL LTHRbN/cbDLEILNSD, ThCET
LRI TR~ 5. i H. P STOWE 519 &
R. SANDSTROM 520 3 M. J.Luton & DZEERESH %
WOBIPIEES BRI BT S H A RRE LTV 545, |/
FVISNIRE 2 EBERIEDIREIELTE LT, Ei
#E M. J. Luton & ERIUL em & ex EDFN
BARIC XL 2T o-e HMIDEHKAS REDELTED, W
Th L SEOERER & Z—F L.

FHEOLIE Fig. 2 & Fig. 3 ¥/2i% Fig. 4 &K
T 5 Lo LR GRE D, EBOT HRBERICEIT S
PR RE D LoZEA L, D>D, 0L ET
HHER L & HIHBEL TWL & EF S T1REDHS REE
Wb, D<D, O X S5THIRL LT WL LSS
IREIDSHIR T 5 L OEFEE 2. —EGERETIREST
HERIEINGOTH LR () (FTOT2HE) ©
B TE AR DT, EEPOIEHLERIZT, KRT

Kb s.
de do
do'=< a4 )-de +< " )-dt

ERADOFE V EidhITEEb, 2 EIXEImATRC IS
SIEHZELERYT. R Fig. 2 B3 5BAEHT
W do=0 TH Y, TOHEDOIKLEM T do<0 b
LML X 0 HEIEBRIEESISHE(LBRE VT
EERLTWS. TROLMABRAENEIERO T4 e
THRGA LB A S C EHIAERY on DAEAGE
EhE, The X2 TAET SENEL» I TEEC X 5
JEAEME D L REL L DTHRbN-EEZLLNS.
BERS R OO OEE T HNEE MR oL h k
LY, HERARCEH SN0 TAL T2V — D
mEEBiTEINT5EE 2605, BENMIOERTT

EINTRE{EAKEL e (E/00E em) HDREVOT, B
BB GOBEHN L BRI ANLF I RKEW. L
PO THIERSOEERERE IRE <R YD, TR
DEL L IATRFCHEOTMA LRI D MBLL
Tl —HREDUOZEE T TEMIMELD & b/
LB DIDTCTER A NNF—APNE WD, XHOoT
ATETHERERIE (R E) CHEMI B R o
BT B398, 2 DGFIb i { -2 OFK
BELNE,H . PHOBWESRIIERE L L b
O ThEIFIUBLEHE—EDREZETERET B,

DX S BFEIBEMN, MEAEE K5 £TK
BEGTINTE 547 g G & O RAKERZ KT
(Photo. 3 (¢)). X HIERE L D & BINIEIBTEMRK X
BBV LT 5 5 HERANC T S uin THE L
LTVWE, 5BRAOUTHIANT - ET S EHBC
WIRITHRE S 2D < JENB DR Z D 3 2 DRSS 23
Bbhd. ZOX5BREZEERRLAPE5—FEDE
EME~SESWwTWwL EFxbh 5.

BRI 31 5 EBINEE SN OEBGRRRIX o X
SIHNBIRIT X D TR S, BOTAHLKRS LER
& (T, é) K XOTHREDDHD —FEORKEXDOER
FiaRTXoIind. Lo ORI HEN/NE v
ST U7 gs b & Fh 2 IZIER UK X X oA TMN L
LIoH R AT B AR & 2 — IR Lo kg%
%3 (Photo. 4) #%, ZHhRZARE & DLEMESESL
TR EBWF L TSR L CTECTWB 2R T D
DEFEZLNDE. kDXt D, & D rok/EE
25 o-¢ MEROWIREZRET D L v SEOEHOEY
PV EREMEE L RO R R EE RS
FELIBMERLZTTRG, X 0 MELBECLD
Bit4 5080555,

5. & ]

0.16%C-Fe @ y $HIRIC 351F B LT & SRR
PRI TR RS

(1) TEEZEE (18sec—t) LHEMIVC 2 Licilii R
THREBIEEECEHBRERMAGE ER T CHECELD,
COMEBIZIBE T TEDLDTALETH Y, LK
T# 0.2sec THEHIIHE R L 5B LE R L.
(2) BHBCHEBOZ LA ET 5 2 TOH)
AN T LA Rt L, ZDEED UOTH (o) 71
BRSHETTOT S (em) &E DRI ec=(0.72+0.06) -
ev ERbE LGNSR L. HESTLzBA L TH,
LOEGHEE, OTFAoEmE & S ERLEmEL
B RIR LAY S, BOTHERICE S L 0§ HRE
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0.16% M ERMO R MITHEBITHT 20 TH L OTIEE L EEOEE 865

KEIDTREDDHD—EOKRNEL R L.

(3) BOT BB BT 2ERMEE, 07 HEE
KEBTWTHRS PN W Lk SR & rh &
TR CRE S OREICMME LAk R a2 A T DKk
fufy & DS —FRICIRAE L7 RAE R R Lz,

(4) B\OTHEHIC ST 2 FEEHNE (D) 15,
ZRHOMBOB VI X LT ERRERLOTHEER K
STHEREXRE T (om) OHORAEE LTRATERDT
ZEIRTER.

om=0,+K-D-N
ZZT 6o K, NWIEHETHD, 0,=0, N=0.70 T&h
.

(5) oum DIRE EOT HREKTFHED b RDIZTE
D= dO BT OFEM (L v F — (68.5 keal/ mol) 13
0.169%C-Fe @ 7 4gHD Fe o [ IR EEL = % 2
¥ — (61.5kcal/ mol) ITHIEWETH 5.

DEo (2) 25 (6) FTOHERELYD 0.16%C-Fed
7RI BV B, Fe [RT-O O MRENC X5 <H)
PR R L > THEEShTwd LS h s,

(6) WRKIGNIETZ RTRICHE o-c B &GN
KB 2 RIS DA o- ghR ORIV, AR Skr
BE(D,) LBIFEMRE (D) LORPBERIC L > Tk
5. DD, LKL T 5 L ERBAENEZTERL,
D>D, LR LT % & ESWEISTIRENZ T & FTHHXHh
5.

AR AT D W THRR Tafg Wi 2w HE
EIAR T RFEARIC E BB LT KERTHW
72 0.16% BFEMIT A AMEW CEES I LEST S
12bDTHIELSBILBELETET.
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