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Formation Behavior of Proeutectoid Ferrite and Hot Ductility
in (a+7) Two Phase Region in Low Carbon Steels

Tadashi MAKI1, Tsuneaki NAGAMICHI, Naoki ABE and Imao TAMURA

Synopsis:

Hot ductility of low carbon steels containing small amount of Nb or B was investigated with a Gleeble
tensile machine. Special emphases were placed on the relation between the formation behavior of pro-
eutectoid ferrite and the ductility in (x+7) two phase region in the specimens with different austenite grain
sizes (100 ym and 350 ym). The morphology of statically precipitated ferrite changed with an austenite
grain size. In the case of coarse austenite grains, film—like ferrite was formed along austenite grain bound-
aries, whereas globular ferrite was formed in the specimen with small austenite grain size. Even when
the specimen was single phase austenite before tensile testing, ferrite was formed during tensile testing at
a certain temperature range below Ae,. This dynamically precipitated ferrite exhibited very thin film-like
network along austenite grain boundaries, irrespective of austenite grain size. These morphology and
distribution of ferrite affected the hot ductility in (x-+7) two phase region. The ductility became mini-
mum under the condition in which the network structure of very thin film-like ferrite was formed. Such
a structure was commonly obtained by the occurrence of dynamic precipitation of ferrite. The ductility
in (a¢+7y) two phase region was markedly influenced by austenite grain size, namely, it decreased with in-

crease in austenite grain size.
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Table 1. Chemical compositions of steels investigated. (Wt%)

C Si Mn P S Nb \% B N Al
Nb steel 0.12 0. 26 1. 40 0.016 0. 007 0.038 0.039 0. 0038 0.034
B steel 0.19 0.25 0.98 0.018 0.018 0.0016 0. 005 0. 039

—_

50 um

| SSS—

50 ym

(2) Nb steel : Dy =350 pm (1573 K, 605s—973 K, 300s—W.Q.), (b) Nb steel : Dy =100 gm (1420K, 60s—973 K, 300 s—>W.Q.)

(c) B steel: Dy =100 gm (1573 K, 60s—1010 K, 300 s—W.Q.)
Optical micrographs of proeutectoid ferrite in specimens with different

Photo. 1.

austenite grain size in Nb steel and B steel.
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Fig. 2. Schematic illustration showing the change
in (a+7) region by dynamically precipitated fer-
rite during tensile deformation.

(a) before tensile testing (1573 K, 60 s—1 010K, 60s—W.Q.)
(b) after fracture (R.A.=70%)

Photo. 2. Optical micrographs of dynamically
precipitated ferrite formed during tensile defor-
mation at 1 010 K at strain rate of 2x10-2/s in
B steel (Dy=100 pm).
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Photo. 3. Optical micrograph of dynamically
precipitated ferrite formed during tensile de-
formation at strain rate of 2% 10-2/s in Nb
steel (D, =350 pm). (1573 K, 605980 K, 60 s
—tensile test at 980 K (R.A.=539) ->W.Q.)
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Fig. 3. Hot ductility for Nb steel (D, =350 pym).
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Photo. 5. Optical micrograph showing the for-
mation of voids in film-like ferrite along austenite
grain boundary in Nb steel (D;=350 p#m).
(1573 K, 60 s—1010 K, 300 s—tensile testat 1 010 K
at strain rate of 2x 10-2/s)
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Photo. 4. Scanning electron micro-
graphs showing austenite grain bound-
ary fracture by tensile deformation at
(a+7)region in Nb steel (D; =350 pm).
(1573 K, 60s—1018 K, 60 s—tensile test
at 1018 K at strain rate of 2X10-%/s)
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Fig. 4. Effect of austenite grain size on the
hot ductility for Nb steel.
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Fig. 5. Effect of austenite grain size on the
hot ductility for B steel.
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ENBHICHNTREL LD EBL2AMC 2K TD
EEAMETLTWE—HEbEZ DA, MM TOER
OHEZZHRI VI LA v HERTHZFCALR
#-. Lo LABIZE Gl ¢ BB COERZEES 0L
DEECOWTIREMAHRER I e > TH RV O TH
LWl T E oy,
4.2 BIFH ¢ DBRBEICERCHXETER

B a HTHBLZIE Ae; BUTORETOEMC IS
D FHRC I OTERINMEEZINRB LR IDVBIEHHD
ThDH. B a FIHOBETLABEEC X>THLT
WL 7 Tk roa ZFEMEEINRD Z &1, HiE
FEEOHETILMOBRATWAY, OB IIEERE
TEE Ae; MU ETKImbha. —F, AMEDO X
5Bk Aey HUT O BET LabELEEED LB
BN S CERC A EREOHMEZETAHE L, O
FLZIC IO TRE IR roa BREIEHHICEZ %D
Fehd. EBELOOE YN, KM v MTOE
T X b T LI ¥ MBD <—F 4 + ERED ki-
netics OWTHZRL, ML X>T EEEE HFKE
QteBZ L 0FXED v FR L TOBAREE D HRIC
IZb0T, REEEINITICIOTREALEEYS
G ExB b L. B a FTHOBE L FEE
w, AW L oT r RHAED a OBABREE H 8
WMTBZEICXh BENIZRDHLNIE O THAHI.
Photo. 2, 3 R L X 5 CEIMFTH o 1 7 MRk
4% DR a PER, BETAEREC7 4 AR
T eV HEGBE DL, 7 KR ETO BAERE

EEAMEIN LI o EAEEIhD. Thyx, Fig. 2 ©

HIKO® (BRI ¢ BAR) sl (ZHB) o
EERO X 51 a ERBTE S 1 KNAVRERITS

EELTVWAHERE, 7 MR LETOB o HTHE
SAHRICED bRS. —F, FEROOERED X 51T
BENCIB LA ED 1 BANT TEHBORMITE «
ZIoThEDBRTWAEERIE, Photo. 2, 3 g T
TlLicXbte 7 KR LTO7 4 VA REMMOITH a 134
LB, CoBEciE, B o« 3BFO BN
a Bk v LORFERECKERTAAREESAE L DR
2%, BT @ & BRI BREAE L TWEBITH «
LEKAT B EAEBBE CRRETHONID, FF
AL A TIX T,

Fig. 2 0RO H 5 VRO O SRR CER « 7
WAk & ABEI, HOE o« TRrELREEVXS
K7 4 Lalk a BERERCAERT SO TEDTK
X HRILERRRT. X2 L, f8OTh T »bERE
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KiheBi o TER a AEABI50I b k&0
TR (DFh, Xy REERH) »S0BECS. Thdx,
T DEHENE D EALDODICEIN a YR EZ 5158
BRIFEROTR 2R ERETRIZE S, —7,
EE@D X 5 IR T TIBR a sz oT
WAHEAIX, BEMEL 2B EHRNE a oA
il v NRAECERTZEHONH a 24077k
2O TERINH a i X BBILERIZEA Ee5.
Fhwz, BEIHCE 7 BHEL LR I Tho%
BINTH a 2FEEL TR Y, BERBEBE LRSI
R (ONWOTRET) KBR a 2 ¥ MR
I XokEE (Fig. 2 o T, BEORE) Kk
T, A KREERILAE B LTS,

BIROMTHE @ DB, 7 MR 7 BN RER
ket ah@ 7 4 VA RIAERTS X5l h, #EHh
DREFR, TEREBIETC LML Lo ke T
HEROOEDELTETFLI Y S5. Fi, Fig. 20
BOTEHRNaTHAR I3 LERHC I Y EBETadr 4
FlLi-zEickDd, il 2HEcoat r of
HMOFRE—E L FTETRELL AL ILIEILEE)
ETbhtichkhs.

T RN VWEETYH, BN a Tl R Z 584
ik Photo. 2 iR L7 X 512 a 13#< 7 4 & RIC
ARTS. ZOBETIEMN aiTHIC X5 ERETER
BHRMO L E LRI LEBECKSTHA A, (3)RK
RLICISKAUEXD a 7 4 L AHVER LT RR
BINZE @ H~DOFREDEIVNE Dl
iz EDRIERBE B bDElEL B3,

5. #

Nb % 72X B %% L7 EREMA A, FE r K
% 100 pm 35 X O° 350 pm & B{E IV TAF BRI OWT
4 ORETIRAR (EHEE 2x10-2/s) R
W, BEEIT @ O4REEEIEEOBRICESA RS
THRLE. BbhicEBRIKDOEEITHS.

(1) BOCAERTHEH a OFEE, S r Bk
X o TET S, BB (100 pm) @k 3R a A%
r R i BTINL U C AR T B o L, Lk (350
pm) igh & v RAEOTHEL 7 4 v AR AR
5. COEARFEMEC I TRBCED bhiod,
Nb $HOBERMEIC e >THHR a Wz < —% >
4 AR @ BERTA.

(2) ZEWECIE r BHETHOTE Aey HUTOD
HHEERCREFDT a BERTS. 20 L5408

BIFTH a 1 r RRdS X OB ER IR o TIER
W 7 4 raRRICAERL, BEREXDRSTE a B3
BEHC 1 KRR SO T, BHHTRELR
e X 5@ CEBER a HBEEEERT 5.

(3) @M a ER BB RROBECHD
Xow r MRCIROTER L a HEERLEH T2
BR, affhCHES VYORE, ARSI VERNaY
BRMCER LTV ZERIDVEBIB I EIHERSh
. T e r RO @EREEL, Lardbah
74 VAR TEBRTHELSARTS & SIS ED
PEEr R 5, BEY a WHARZBEZ0 X5 nElt
NEBCH-EhsoTkERBIEEOERZT. Th
Wz, (at+r) 2HETOEMRL (at+7)/r BFRAEHED
AR ORER RN 185,

(4) 2MBCOEMT 7 NEERERSK &L, 7
WAKEL B ERICOBELKE . ZhIX 7 B
BERKRECE EHONTHE a 2 7 4 L ARCERT
BEE DB E, BIV a H~OEHOEFENK
Ellepr IS,

(5) Nb $oHFHBHICHT 2R, v BAHER
ThoBEALERIET T34, ToORER r BHER
THETH D 2HIETIZ/NIV,

BB, AWRIISMEEILRTIS [HEfssECs
5 NENEBTE] BT I0EMREO—FHTHD,
HFURERXZICHERAC IS ERAHARLEBE2HE
feT ERBL, B#oBEERLET.
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