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ABSTRACT The microstructure evolution during deformation of undercooled austenite in three low
carbon steels with much close contents of Si and C but different contents of Mn has been investigated
by means of hot compression simulation experiment at 760 ‘C and strain rate of 1 s~!. The effects of
the content of Mn on the deformed behavior of undercooled austentie, the kinetics characteristics of
deformation enhanced ferrite transformation and the ferrite grain size have been studied. It was found
that the addition of Mn delays the transformation during deformation of undercooled austenite and
higher true strain for the transformation is needed with increasing Mn content. Transformation kinetics
can be divided into three stages, longer time and higher true strain are needed for each stages with
increasing Mn content in the steels. Deformation enhanced transformation induces forming ultra—fine
equiaxed ferrite grains with sizes of 3.574+1.60,2.00+1.05 and 2.2941.02um in steels with 0.48, 0.84
and 1.29 Mn respectively, and homogeneously distributed minor second phases.

KEY WORDS low carbon steel, deformation enhanced transformation, grain refinement, Mn con-

tent, transformation kinetics

SLELANAL FT FIHR E B AT R SRR . AR (WA VE R R R R AT () —Fh R B, IR R E ]
SRR R TR AT ¥ P A8 I B 4% T 647, AT
*EREAEMFRLBAUFHTNE G1998061506 KK IR ERARF SR R R AR SN S, HEREHEEE
CEITRIE 8T 2003-01-28, ICEIMBREE M : 2003-05-21 %, THEMAMERFSEHE, HkRkakRx
feEms © AW, B, 1969 4, M1k EREANAL, FTERRINA @ IT RN &I TR BREIA T IR




2 & B ¥ % 40%

BERS—MF U Mn RO RERER, BEHES
A ARV ST Mn [FFIER RIKAEER @ ik
BERATEATH B, AERRATR AR R i Bk S
BATATH. FERIT NS E—EHHM. Mo Xith
RSV S R rh AT, BASRALAE, AR
Y04 B 4 ST B A R AR SO 8 B TR R A SR AL
FABH R V. ASCABFST Mn S BRKKE I =
TR BRIRTE As—Aqs ZEIMERIT Y, L5
AP R I ST EAT, W Mo &8
S E B4R o ¥ B FR (TS 7 it AR o TS A R A AR A B S

1 eHE

LHA A, B, C W maR 1 R, KEZRENE.

HHREEEE, B2 1100 CAE 1 h FHNER 11 mm
FIEEL, KBEEHN 850 C, LA, HEEHAR
AlEEY Y. VUL ER 6x15 mm @ FEEEHEEE
R ER 2x13 mm #REHREE. B DT1000 #
RS B ARAATE R As 7RSS & B Ik g
Ta FAEEEE (5 min) T LRA—5E §9% HE B E 52 Hint
# Ars, BERUEIIARE 1. EIESEHHBRRKELEER
/5 K5 A IR GG B R T4 Shobr B R Al e 35—45 pm 72
A, REIEE NI R R R ko DA —
FEFXFEH, H DT1000 #izAk (e &Mds 1
IRARAE 760 CHREL T RFEAEASER A IHE. RIFFR 1
B AE7E S A BB AR AR AR TR, B E AR TE T 2R 4R,
Her A, B, C SEEENA € 43314 A: 0.05, 0.11, 0.36,
0.51, 0.70, 0.92, 1.61; B #1 C: 0.11, 0.36, 0.51, 0.70,
0.92, 1.11, 1.40, 1.61. R E/KER B EIEERTH
4, UERESRRENETEMSERR EHEREL
I67E Gleeblel1500 ST AERSLIGHL_EHEIT.
WATERRRIE R IYITF, VIR, eH S
HHIREE, AR5 BRI 4 100 #idFR MR
Rk ZMAN. H LEICA &8RS WESEF AL
HREAR, FHHAEEHR QWINS SHrik A48
RAEERSEREGREEEHTE. B SEM BHREM
‘Image-tool BRAHTEMF, FABLEN B R R T
PR B RS K/

2 ERERESH

2.1 A BEERERIE
Q235 FIMRBRMT X BIKATBELBREN S - K
A 2R U R R R AUE S, X F B T
P R R AR SR AL A e e B R Bh S P S S F AL
TR B B, A, B, C H7EHARE 760 C
AR 1s™! BENT - MEHSLS Q235 &I
ERMEAAR, mE 1 PR BETFREETR R
PREfk TR, NIMERI SRR, ST RILAR T
Sk B R OB K o, 5 450 T A A B 7 R (LT AR
TEMER XN AN S — AR MR, L
%, B RSB ARN, ATt v B ik i B B R
WS, WA REARBTIRER, AR S SR AR AE R
EARRR. &R Rk BRI W K S04,
VBT Hgkst, B2 R BIBH. KK, ERE R RN
i, 24 e T AR (LA SR R A AT e S BT A R BRI
kS T WA RE RO TR B R, LR — A4k B3R
MR TRE, I T E—A g b FRANKERE
HR AR, EARSETHAMRBEHEL, LS
RASBR I, RASR 1 I B S A T,

210
180

-
[4)]
[=]

Steel A
120

(o]
[=]

True stress, MPa

0.0 0.3 0.6 0.9 1.2 1.5
True strain

1 A, B, CHH7E 760 C, BAEAY 1 s~ BFEN S -
IR Hh 2%

Fig.1 True stress—strain curves obtained by hot compres-
sion test of steels A, B and C at 760 ‘C and strain
rate 1 s™1 (strains shown by arrows to be 0.40,
0.45 and 0.50, respectively)

® 1 LBRAMOEERLT As, A REGRRERRERZ

Table 1 The A.3, As, prior austenite grain sizes and compositions of the tested steels

Austenitized temp Cooling rate Arg As Grain size Chemical compositon (mass fraction, %)

Steel C C /s T C pm C Mn Si P s Al
A 930 30 750 850 35.54+ 14.03 0.060 0.48 0.15 0.012 0.0060 0.012
B 950 30 740 835 38.35%£17.09  0.069 0.84 0.16 0.0094 0.0072 <0.01
C 920 15 700 805 43.1+ 20.33 0.064 1.29 0.18 0.013 0.0059 0.011




1 JASREESE : AR Mn & BARRKEE @ B IR TE AL 78 AR A Bk R (A AL 3

TEM BRI, BEE AR RGN, &R
EEWR, WA AR AR A, MR AR Rkt
BT MR AR R E B FRE RN SEE R
B, SERENAMER TR, HENH - M
£ P RINEMSHEAHI.  Mn SEKA A FEM
77 — RIS B4 BRI B A SR

BT A, B, C ZFEHSE L Q235 41K, LT
AGZE Mn SBEAER, HENH - RAMETE
WMFREEL (1) BE%E Mn 8800, 0 R EAKR G EH
i, ARSI RATF R TR T A R BNSE S K, TR
At 7 B8 R AR A 2 B A AR U S K B 9 B R A A Y
8B, (2) WENAMkLE, A, B, C SRS
K- RIEAER S1HE Mn & BRES KK, X2HTF Mn
ST Rk B AR VR R HR, BRI R
SN AT T VRS I A, SRR I, TEASH RS
. [FIBFUEAEL R H7 % 137 g R A5 B AR e A, 43 B 44 %

0.40, 0.45, 0.50. [&] 1 &L RIFRIE S A, B, C =fh

MEEE AR, RIS E SR KRR R
G R AT RS RS, HIRE RS Mn &
Bitm, SUREKRAFEAEREM, REEm, Z# Mo
FEEEN B, C AR TRARMATEER R ERIHTHE
T AR ERA, FIRTE R T2 AT & A LUV ARFE
-, BRALZFUANK IS f BB A S5 T AR D0 2 A AR TE
B&ME. (3) B - R RMXUSFFAERE Mn & &
AR IR, BB RBAREER N, & Mn BN A
BRI KRBIRE AL, BEN MRN8 E
TR AR, ERE AR B B EERE T REE

AR R R EE EWARRERI R, RN KRN 0.9 4bik
MRS, ST B FHEEEE LR TRYRER
BB R HE R E NI EMEZAIE B Mn
SR, MR Mo BT HY SEEE AR
WS S FE TR, E B MR REE R
L, MRKILER, NETI RS 4k TE th & 2
RRFFKF, MAERTRERAE BB E
¥ Mn 520 C NERBEREE KRR, i L
B — R, ARG R A, BT RRR
HERAL GRS R B E A%

ARG RSN AR, A B IR B RS g,
B HE_IEAHE, CHWALRE_IETTRESRERD
SER S BEREIARARX.

HIYV H - R ay BRI R T A, B, C =Ff
Wt RGBSR AR A AN, FHAEEE L
RRPESRRETHEH YA L, LIGET BMARMTR
FREBHIEFAILEL.

2.2 HPEE

B2k A, B, CH7E 760 C, EN7AsR 0.11 | B
AN 1s™! Btey SEM 4.

EVAR 0.11 B, A PRSESERE S L AT
BIRBICAR R FARBE K, RSN E R REL
BABKEEZSEER, WA 22 PR, EEBTFHSRR
7 9 pm I£h, BARN 25% A, XESRHREK
KR, BWHTF Mo SEKS, Mn TEMURR
FRKAGS, TEARMAERE, AR EREZ, &
FHEENSR 6. BRBRERSBRRE=27 (E

B2 A, B,CH7% 760 C, HNVAN 0.11, JEAEEN s~ ith) SEM F47
Fig.2 SEM micrographs of steels A (a), B (b) and C (c) after deformation at 760 C and strain rate of 1 s, '

showing the volume of ferrite decreased with increasing Mn content at the same strain of 0.11 (F: equiaxed

ferrite, arrows 1 and 2: equiaxed ferrite grain at triple—point and boundary of the prior austenite grain

respectively, RA: residual austenite)
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Fig.3 Microstructures of steels A (a), B (b) and C (c) after compression deformation (along horizontel direction

in the pictures) at 760 C and strain rate of 1 s~!, showing the volume of equiaxed ferrite increased as the

strain increased to 0.36 in the three steels, but still decreased with increasing the Mn content (F. and Fa:

equiaxed and anisotropic ferrite grain respectively, Ag and A¢: deformed and equiaxed prior austenite grain

respectively)
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Fig.4 SEM ‘micrographs of steel B (a, b) and C (c, d) after deformation at 760 C, strain rate of 1 s~! and true
strain of 0.51 (a, c), 0.70 (b, d), showing the necklace—like equiaxed ferrite grains (Fn) nucleated repeatedly

and rapidly at the front of the phase boundaries between the ferrite and austenite with increasing the strain

B5 A, B,C M 760 C, HMAEAFF 0.70, 1.11, 1.40, FHASEEN 1 s~ BB TEXAFER

Fig.5 SEM micrographs of steels A (a), B (b) and C (c) after deformation at 760 C, strain rate of 1 s~ and true
strain of 0.70, 1.11 and 1.40 respectively, showing ultra—fine equiaxed ferrite grains with sizes of 3.57+1.60
pm (steel A), 2.00+1.05 pm (steel B) and 2.2941.02 uym (steel C) and homogeneously distributed minor

second phase (shown as arrows) in steels
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Fig.6 Ferrite transformation volume ws true strain
curves for the tested steels during deformation at
760 ‘C, strain rate of 1 s™1
(each curve divided tree stages and a’, a; b, b; ¢/, ¢

corresponding to the dividing points, respectively)
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Fig.7 SEM micrograph of steel A after deformation at
760 ‘C and strain rate of 1 s~!, showing equiaxed
ferrite grains nucleated at triple-points of prior
austenite grains at the true strain of 0.05 (F¢ and
Fa: equiaxed and anisotropic ferrite grains respec-

tively)
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