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Transformation and Mechanical Properties of Low Carbon-High
Mn-Mo Steel by Controlled Rolling

Tamotsu HasumMoTo, Takeaki SAWAMURA, and Hiroo OHTANI

Synopsis:

A study was made of the effect of controlled rolling on austenite to ferrite or bainite decomposition, and
also on the resultant mechanical properties. Several laboratory heats of 0.05C-1.9Mn~0.25Mo~0.06Nb steel
were used with emphasis on the role of austenite forming elements such as carbon and manganese and
that of ferrite forming elements such as silicon, molybdenum and vanadium. Controlled rolling were
carried out after heating slabs at temperatures of 1 100°C and 920°C.

The results can be summarized as follows.

1) Fine duplex microstructures of ferrite plus bainite, or ferrite plus martensite, were obtained by
controlled rolling, resulting in an excellent combination of toughness and tensile strength above 70 kg/mm?.

2) By applying controlled rolling, the austenite to ferrite transformation was accelerated, while the
austenite to bainite transformation was shifted to lower temperature range. Thus, the separation of the
above two transformations was accompanied by the increased volume fraction of ferrite, and by the decreas—
ed volume fraction of martensite or bainite. However, the obtained hardness was increased.

3) Similar separation of the transformations could also be achieved by increasing silicon content.
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Table 1. Hot rolling condition.

Elab‘ Pass schedule
. eating
Rolling tempera

mrefz%) 20——15—10——5 t (mm)
CR-A 1100 1000 750 700 °C)
CR:B 920 800 750 700 °G)

Table 2. Chemical compositions of tested
materials,

szfﬁi c | si Mn Mo | Nb

1 Base |0.050.251.950.25 0.06| 0.032 |(P)
2 0.03C 0.03(0.25(1.900.24 0.06| 0.032 O%m
3 0.08C [0.080.29/1.88/0.25 0.06| 0.036 | 0.007

sol. Al | Others

(S)
4 0.9 Mn0.060.230.930.25 0.06 | 0.034 ()
06
60 Mol0.05/0.251.9400.00 0.06| 0.036 (ngoll

7 0.40Mo|0.06/0.25
8 0.05Si |0.05/0.05
9 0.5551 {0.06/0.55
10 0.08V [0.05(0.27

.90,0.40{ 0.06| 0.037 | 0.007
.000.25/ 0.05| 0.031
.93|0.25 0.07 | 0.039
.010.26/ 0.06 | 0.034 |V:0.08

{
0.010

1
1
1
0
5 4.1 Mn|0.050.27/4.100.24) 0.07| 0.037
1
1
2
1
2

R o224 R A Table. 2 3. 0.05%C-0.25
% Si-2.0% Mn-0.25% Mo-0.06% Nb $f% H#esi s L
T, rERETENC, Mn BXOadKELED Mo
Si, V oilingE*E 2. TOMoORBRHEIL 2.1 5%
TRCRALTH%.
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ER—D b O THOk. ik ~N1 71 BRI
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AFA AT VAL PCEREBLT LD THS.
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RCFEEERNCIL T TR K 60% © a M AR LTV
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BDBND. HHEIN 660~RT LifEdel <7 V41 b
b U7 IARZERE ¢ S MY 3 5 3 kBB DB & I
Ul I bh s AC (FHe) TIXMEW
BRO=AT v A P LAEA 54 b &, SHila
(T BEZTIb D EZT 0D & ORHE
SHEBIE DR TS, CRA, CRB 1, r 0ERKT
DETH 67,75% ERE\. 20 X5 AR, 7
FaF—7=F4 PXTAF4 - b L, SHE
a LTI AR B & O I s v &
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Fig. 1. Relation between tensile strength and
quenching temperature after CRA and
CRB rolling.

a) 650°C LB.Q.  b) 600°C I.B.Q.

¢) 550°C 1.B.Q.

€) 400°C I.B.Q. f)A.C

Photo. 1. Electron micrographs, showing transformation behaviour from austenite to ferrite,
bainite and martensite, Steels were quenched from several temperatures into iced
brine after CRA rolling.
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1 METHDTKE I TS Zfbixisy. Fig. l iwTHEH
TREBRSIFPI AR TR LI X 512 TS —EDiRfE
BoaBHbhsZ b THY, Thidro>aZBREEKTL,
RDNA 74 VEREEBIAT 5 T COLERENRI & &
5. ZDBigi Photo. 1 b & ¢, Photo.2 ®c &
d ORI IO TR IND. Lid Z OBRIBEEK
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~550°C L BEZEDOF N r —a BENGREMCBIT IR
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:

a) 1.B.Q. at700°C
just  before rolling

b) L.B.Q. at700°C
immediately after
50% rolling

¢) 650°C L.B.Q.

d) 600°C I.B.Q.

e) A.C.

Photo. 2. Electron micrographs, showing transformation behaviour from austenite to ferrite,
bainite and martensite, Steels were quenched from several temperatures into iced

brine after CRB rolling.

3.2 MEROTELBHNME

CRA, Bz ko>CBbhic: 7 e AR ONFBEMES
% Photo. 3 i3, Mifla B —oH L, TOlHE
BED D X5 CRBARHEBS RO b s, Fig. 2 ik
MO 3 7aeflfio) =T7-T ) VAKX B HEE
SPEER Y TRT. CRA CliZS@ita b X131 b+~
T A P DOERENS 6 THBH, CRB Tliia
o (Fp+Fp) 281, EKEZRHEEOLEL 20%
A LT b. FEERBIREIMEL T, 800°C ITFoD
FEF&RoOAZ\ CRB 0Jj2 Fig. 1 TRl r—a%

R0
a) CRA b) CRB
Photo. 3. Optical micrographs showing fine duplex
structure of CRA and CRB rolled steel.
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BLD, Lok 2 OMEASHHKSIMBRE OE, 7
DIERIRE FTROK R LT Ea BHIEE
B X B [4ERIZRE o (REEA] LT A Shk

°l
Rolling Yolume fraction( ) Hv T.S
50 100 | (B+M) |(kg/mni)

CR-B 245 72

Deformed ferrite (Fp)

[ polygonal ferrite (Fp)
B cainite « Martensite (B+M)

Fig. 2. Analysis of obtained microstructures of
air cooled steels and its properties,
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Table 3. Mechanical properties of 0.05C-1.87Mn-0.38Mo-0.06Nb.

Tensile properties Charpy impact properties
Rolling
Y. S T.S EL vEoec vIs Number of
( kg/ mm?) ( kg/ mm?2) (%) (kg-m/cm?) cc) Separation
CR-A 54 72 33 13 < —140 0
CR-B 57 72 29 11 < —140 1

5. AT BBEK LT R 5 &
Lt d%. Table. 3 =g OMMIEE%R7. CRB
DITHS @ BH L\ b 23Dt b PEIR ZERE A 4k I B 7
Cké, alFPRMTELYZ T ca Db 5EE S\
TERE) WELEMO TS Bl —riks. ven
E-RBROWHBBRE (vTs) 3WELLRIFTHS.

4. STHMETRCHELETEERDOHE

11 TREBHOBRER

BE LR FECEERSD BROENEL LIcEA
DIREREEN A FA L7-. Fig.3 13 Mn B0 Rl 5340
DIEIER T HOBEARE & TS ORARTH 5. HEER S
» 1.95Mn it CRA 1 600~550, CRB i1 650
~500°C iz TS REDFEEL B » HEERIZERE S /R LT
W5, ZhiexLlT 0.93, 4.10 i Mn iz 1.95
Mn S 243 5 HBESUARESS B I b 7y . ZEHEER
WX UTE Mn 0 0.93Mn $iTIit~<1 1+ FREN,
= Mn o 4.10Mn BT 7 —a EFENZH TR
INTLEDLDOTHS. Mn 3TN r £RE oL
RO—2TH D, DEEIERCHK LT E %
HTBERNED bR,

Fific CRB DEELLRICT Si OB NS E
% Fig. 4 w3, Si OB LD, r >a OLREKT

130 50

120

S
7

3
S

T.S (kg/mm?)

N
143

o
b

~
o

60 —1—60

700 300 500 700

300 500
Quenching temp (<)

Fig. 3. Relation between tensile strength and
quenching temperatuee after CRA and
CRB rolling, showing the effect of Mn
on transformation behaviour.

DI TN, 7 —>A 4 b ZEREBIAIRE
PMERBI BT LEEEO DBV BE IR TV 5. Si
a EFRFTCERO—@ETH D Fig. 3 R Uk r EET
RO Mn OFER &t B 7288 4 R Ui,

ZRA TCRDEF) LIBED 3 7 v B ORI B
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< 90F
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E
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z 80L
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70 L [ —O—Z_S_SL ._0’0 ’,e?‘-’O’

0.05 Si 7 Bs Ft
P A N
60F
0 200 400 600 700

Quenching temp. (°C)

Fig. 4. Relation between tensile strength and
quenching temperature after CRB rolling,
showing the effect of Si on transforma-
tion behaviour,
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0.03 200{ 63 205( 65
Cloos W |210|67 235 71
) 008 W {235 75 VZZ___ T | 230| 73
0.93 PZZZZ7Z B [(210) 64 (205) 6 2
Mniigs™ " TR [210] 67 238 71
(%) 4.1 0 EEENEENEN | 300( 101 285| 98
o B B8 |1e0)| 60 7222772 B |(225) 63
Molo25 [ TN |210| 67 P22 ] 235 71
Rl 0.40 I | 235| 72 2777 W |205)72
0.05 [ JSNERENN | 200 s% 18563

Sifo2s [ HEEE |210{67 235(71
(k) 0.55 235{73 260} 7 2
vio 21067% 235[71
(){0.08 TN |220[73 25075

Deformed ferrite (Fo) ~ [__] Polygonal ferrite { Fp)
B Bainite « Martensite B.M) B2 Pearlite
¥ Hardness of (BsM)

Fig. 5. Analysis of obtained microstructures of
air cooled various kinds of steels and its
properties.
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WMIETROK XV CRB OFH CRA X v b afiod
BixE . NP EREBHEEO Yy » — A L f
R L. SiwBRETEI VTR RSN X v KR

DE#BE VL LS. ok Mo EMbicky TS
70 kg/mm? v XA CRIF vIs B THIE LR T
W5, CRB #oo vTs B LTt sv—v a2 vOIIR
HREDBESS.

5. & =

5-1 HIEEEICK 3 AEBIZTROEE

Photo. 4 1358 3 O EERIC T CRA DZESMIcHE X
Nl AR=ATF VA b EETHEEEM a b3
LTV AEBAEEBTHS. DL 7VYFaF—7 =
54 MllTe L EFRE B AEC-E Mn-Mo-Nb g% 4l
T2 E&E it a & <A 71 L ERE~AT VA
N 75 & OISR A & 0 IR S A R Lo
V. LS EOBEADRAHEEC LD r>a X
BBl 7oA a1 RO BERYS 28T L 51l
50TH%S. Fig. 6 g 3 HERMOBE LRSI <D

PRERRKE DA BRI Lie s B F OREIXIET. L
LU Si 32 0B X v AEREELR Ul DI LB L
Twb. bl o EMECTURERS—ECTCRA 2D
CM3“&ﬁﬂEL%@%EkLTﬁ%m§%?ﬁ“
BB E LR DEAD, HIEEEREFE—ET SI O
%%%%Klbﬁ%hép&ﬁﬂﬂbLDT@A
4-2 #WEOMEOZEL

Table. 42BE D B L OV 4 4 ©—ERRRE R Y ¥
¥ %, G, Mn, Mo 7 & Oy X % TS LA
{EEZrRE A By DR & F oWElhic & & 70 5 —iBH /s
een b ThH 5. Si ORI X 5 ERELTEE T O
B U7 hs B DML T % b S HER OBE& O ZEEmRIL

Photo. 4. Transmission electronmicrographs, show
ing lath martensite and polygonal
ferrite in CRA rolled 0.05C-0.25Si-
1.87Mn-0.38Mo-0.06Nb steel,

Table 4. Mechanical properties of various kinds of steels controlled rolled with CRA and CRB.

Ste él Tensile properties Charpy impact properties
CR-A CR.B CR-A CR-B
Y.S [ T.S Y.S | T.S Eo°oc Number Eo°c Number
1. El. |¥ T v T
(/| Cia/ | Tory [Cke/ |(ke/ | (o |Gegem| (68 | of |(kgom) (Yo | of
mm?2)| mm?) °/ | mm?)| mm?)| /¢ cm?) separation | cm?) separation
1 Base 49 | 67|36 | 60 | 71| 29| 16 |<—140] O 4 |<—140| 1
2 0.039C 50 | 63 | 37 | 58 | 65 | 31 | 13 | —140 0 11 |<—140| 1.5
3 0.08%C 50 | 75 | 32 | 50 | 73 | 31 | 13 | —130 0 14 |<—140 | 0.5
4 0.9 Mn | 60 | 64 | 30 | 59 | 62 | 25 | 11 | —90 0 11 | —130 1
5 4.19pMn | 81 |101 | 18 | 83 | 98 | 20 6 | —95 1.0 5 | —105 1
6 02, Mo 48 | 60 | 39 | 61 | 63 | 20 | 11 | —130 0 | 10 [«—140 1
7 0.4005 Mo | 54 | 72 | 33 | 57 | 72 | 29 | 13 |<-—140 0 } 11 |<—140 1
8 0.05% Si | 49 | 66 | 33 | 50 | 63 | 31 | 12 | —130 0 11 |<—140 1
9 0.559, Si | 54 | 73 | 32 | 62 | 75 | 25 9 | —1I5 0 7 | —140 1
10 0,080 v | 53 | 75 [ 32 | 58 | 72 | 27 | 11 | —130 0 ‘ 7 |<—140 1
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Fig. 6. Schematic illustration showing difference of
CCT diagram by rolled and not rolled steel.
Dotted zone shows expansion of incubation
area of transformation.
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7 v A PR CORIT LRI S hishote s L%
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W DRSS D BRI r R R DML T 50, KR
BMTEZRE LIERELBIE—cEBEATSZ &
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Tiskh, KBRTE D DTSR LROMRIL, H
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MEOBEAELEL OND) ¥ATHMLHEAELEZCr
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TRELIN, 1—a, 7131 M EEOBRIHN
BKRL, BYTFra A+ PUL LT VY4 b
DY IASBERRERY & 0 HEAHEBYET 285
ThBHEERENS. £ LT, A—EKaHchoTh,
RY TFa DERENS T E, KERE r iz CE
MELAEm Y, X0 EEGEKRARHER ERT 5 X
S51is . :

5-2 SERTREEI(EZEEIOER

HHEL I X5 SERZRIE B IIET Ryt E0%E
Bhie oWt 5. Fig. 7138 4 EOERTIT oK
CRB oDEEEGREAM OF|ERRE Fig. 4 2R) X
DTRDIcy > aBREOKT Fr) X131 +ERED
Bt Bs) BMEXEHWMO T LBH LIERThS. F
WEERE DR R 1 5 1o EER Lis\WIBE O 2 h Hict

m,. 700\,
5600
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500t
2000 400+
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Fig. 7. Effect of alloying elements on transformation
temperature in CRB rolled and not rolled
steel.
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DR OBHEE YT 5 1.7°C/s W CTHFRHL
CEREMELTOERTHS. FELEM & ERE LA
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Photo. 5. Electron micrographs of extracted from 0.05 and 0.559% Si steel of CGRB rolled.
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