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- The Reﬁnen’?lent of Microstructurés of Si-Mn High Strength Steel

Synopsis:

Ryukichi OBARA and Ishige SHIGEMATSU

It is well known that rolling procedure considerably affects microstructures and mechanical proper-

ties of steels used in hot-rolled condition.

The properties of Si-Mn steels treated under various rolling and cooling conditions have been studied
from the standpoint of the refinement of austenite and ferrite grain. The present results show that low
heating and finishing temperatures and adequately controlled cooling rate are necessary to obtain
finer ferrite-pearlite microstructures, and that these refinements are affected by the total reduction.
ratio rather than the amount of one pass reduction.

(Received Mar. 25, 1972)
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PERRM % HERF o 0 /e nBhEE ¢ 1 200°C i hngh L,
30min {FLA0L FHCEIE L, TEEEKTIE
WRAS REBEE T ETHAE LTI S, EB
F/NREREE CFRED/ISA Ay Y o — W CEE L. &
DEEHFHM O 100mm EXOFRPEELMIEES .
7 BB OB ERIE IV EEEST E Ay,
CDFEBIC B WTERH ULRELELEH % Table 2 iR
T. FELTHORVIBRVWIEAERBNC X>C, F
DEEYE L Ticbb, Table 2IC B LAL D

Table 1. Chemical composition of specimen (wt%).
c | si Mn P S Cu Ni | Cr Mo | Al
0-16 0-41 1:00 0-030 0-018 0-24 0-14 [ 015 0-05 l 0-026
Table 2. Rolling conditions.
o T8
ol = @
3 |5 |3 g
g ~~ g’.‘/-\ o g .9
O 5 mo I L
g 58 83 Pass schedules g 2 |Cooling
° g g8~ | 8 X g [3 hod
"z w O g o o | 8= (mm) k= © [metho
o | = o0, .%"_g 2 = =5 after
= g g S35 (E3 (3 (ofl1]2|3|4|5|6|7]|8]09 4 5 5 |rolling
= T 8 55| ES B loass e S
n's lins I
1 |1200°C x30' (1070 | 950 | 10 | 38 | 34 | 31 | 28 28x50x L| 1'3
2 940 38 | 3431|2825 22-5] 20 20x50x L| 1-9
3 940 38 1341312825 22-5/20 | 18 18x50x L 2-1 A
4 930 38 (3431|2825 22520 | 18| 16 16x 50 L| 2-4/A—course
5 900 38 34| 31| 28|25 22'5| 20| 181 16 l4'5k14'5><50>< L| 2-6
6 |1200°C x30" 1050 | 950 | 30 | 38 | 28 28x50x L| 1-3
7 930 38128 |20 20x 50 % L| 19| A-course
8 900 38|28 20 |14'5 14-5x50x L| 2-6
9 |1200°C x30" {1200 {1000 |30 | 38| 28| 20 (14-5 14-5%x50x L| 2-6
10 1070 | 920 A-course
Il | 960 | 850 :
12 |'1 200°C x30' {1200 {1000 | 30 |38 28| 20 {14-5 14-5%50x L} 2-6
13 i 1070 | 910 B-course
14 960 | 840
15 {1200°C x30' 1000 |1000 | 30 | 38 | 28 | 20 [14°5 14-5x50x L| 2-6
16 |1 200°C x30' 800 | 810 A
17 {1000°C x 30" | 1000 | 980 | ATeourse
18 (1 000°C x 30' 800 | 800
19 {1 200°C x30’ |1000 | 990 | 30 | 38 | 28 | 20 |14-5 14-5%x50X L| 2-6
20 |1 200°C x 30’ 800 | 800 . C
21 | 1000°C %30’ {1000 | 980 —eourse
22 11-000°C x 30 800 | 800
* A-course.-After rolling, immediately one end of plate was quenched in water for 10 sec, but other part
of plate cooled by covering in asbestos.
B -course-«: -+ After rolling, each plate was kept at 1000°C, 900°C or 800°C in heating furnace for 10min,
then one end of plate was quenched, other part cooled by covering in asbestos. The cooling
rate from 900°C to 600°C of plate cooled by covering in asbestos was about 25°C/min.’
C-course-----+ After rolling, immediately one end of plate was quenched, other part air-cooled. The cooling
rate from 900°C to 600°C of air-cooled plate was about 75°C/min.
2.2 EBAE i, No 1 5 No 1l 3 X(8 No 15 75 No 18 %°T

ORBM T OWTRE, EERTER, EEMOXES %
10mm [ELD 7 AXA MCEDEE 100~200 mm D
HoN— (BE) Ta%, OZHOHSEF—~ZFF4 b
R R kD B -dickrhic 10sec BrEL72DH, Blk
FTCEDEFORETEHIE LI, TARRX b AN—DHE
Shx, FEESES L-REZEERE T >HBE L. —Un
BEAN DK HEIRIRE ST, RO ST WHTH 30 mm
KEWHETH 0mm TH5.

No 12 75 No 14 = CoORBMICOWTIE, JEERK
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Fig. 1. Effect of total reduction ratio on austenite

grain size and ferrite grain size under the
rolling conditions of plate No 1~8 descri-
bed in Table 2,
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BEMEL RL T Ll oTHmibLTtwd z s, X
OFEERE TIBEAREC 10 min {4% LSS RE T 5
[ 5 T ENED BN, 2@ 10 min {FHEHE T E%
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Fig. 2. Effect of rolling finishing temperature and
keeping in furnace at rolling finishing tem-
perature for 10 min. after rolling on auste-
nite and ferrite grain size under rolling
condition of plate No 9~14 described in
Table 2. Open circles (C) indicate plates
kept in furnace at rolling finishing temper-
ature and cooled. Black circles (@) in-
dicate plates not kept in furnace.
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Microstructure of austenite grain Microstructure Plate No Heating temp. Starting temp. Finishing temp.

a b 9 1200°C 1200°C 1000°C
c d 19 1200°C 1070°C 920°C
e f 11 1200°C . 960°C 850°C
g h 14 1200°C 960°C 840°C

Photo. 1. Typical examples of relation between figure of austenite grain and microstructure
at various finishing temperature of rolling. Reduction per pass 309 and total
reduction ratio 2'6. Plate No 14(g,h) was kept in 800°C furnace for 10 min
after rolling.

Table 3. Chemical composition of the specimen for another rolling test (wt 2).

c i Mn P S Cu Ni o | Mo | Al

0-23 0-43 1-07 0-030 0-009 0-22 0-17 0-14 0-05 } 0020

MR MBS RAE Lz L &ECd. Table 31T n‘:'”»“”}tﬁ 309 T E%%E LT 12 mm X 50 mm X 250 mm (Z EE L
TR OEMRO/NRA (30 mm X 50 mm X 100 mm) B L2BE0, BEiis FiELdoE%R%E Fig. 3
% 1250°C iz 2hr jn#k LT JEEEEIAIEE 2 th 2 h RS, EEBBIEER, o0 UDMAZRE Lice

1250°C,°1100°C, 1000°C 3 X (f 900°C iHEL, oM —IEEhRz ko Tk &, FPHBAHTE DR
NS AT EDETRELNEN 5%, 10%, 20% X [icisof & &R ChRISORE > TwH &4
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1 250 [ : 1 ,
I 200 : ,
! Staerting
- i temperature
& : of rolling
~ 1100 : 01 250% -
o 9‘ 1 O
= | i
e i { / %1100
. 000 : :/ T/ 51 000%
ES ! i /
© o
o : /l /(.’
T B g S T
O -
o g e
é 800 V"
E
E
700
S 10 20 30
Reduction per pass (%)
Symbols

©  Plates of normal microstructure

4 Plates particlly containing abnormai
micrstructure

X  Plates filled with abnormal microstructure

Fig. 3. Relation between finishing temperature of
rolling and abnormal microstructures found
in plates rolled on another rolling test.

In this test four kinds of starting temper-
atures of rolling and four kinds of reduction
per pass were chosen.

BYZ X DTHRE Lz

Photo. 3 12§ Sivic FEMEHERS 3 X UUE RERT O Hndhsm &
OGS ERT. Fig. SR ITAAR X O XEIBEY
MR 2 L EEEEET, ORI 900°C DT
DOERETIRETHEELTHY, KBCEDFEEH4EIR
Z L. LA L Photo. 4d) WRT XS FEKLTE
EERME AT b EEM T 850°C 1T 10 min {R4%4
HrricXb, BEMEBIMERL, 72514 %-3
4 MEBROBRIERE T TV 5.

LD BREHBO AR I -oF0 X i SIATE X
5. HEELA BNV E WHERT, FEKTERESD S
RELTCSE, INLEZVT /oA~ 27 >4 MMESR
CEREINLEL I VX 1T/ N X<, F7FiEH
DHDET 2NN F —H/NELLDTWBEDT, -5
FA MERRARERTECIERSDDVIIERET S
TR = A VX —BRET B8, FERELMSHEIEXHh
HTETKED. ZOXSTRIEDA — 27 F 4 MEsai
DT = T4 b 08— 54 MNERRITIE U T LS R E
DREWVERL I DOT, BEMNAOTROBICL DT
=94 PRIXONN—-F54 vedl-hrdo s v K2 X 57
y 7 AR UG, BEHEEZER L2 TS 5.
B ZORFEMBOTAED BT RS 35 X CFERERT

Plate No Remarks
a 11 Micresiructure with fine grain
b 14

Microstructure with coarse grain of one part
of the microstructure test piece

c 14 Microstructure with mixed grain of another
part
Photo. 2. Various aspects of microstructures of

plates rolled at finishing temperature
under 850°C.
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%, Table 2173 No 15 7 No 22 % TOREM
ZRWCHRRRE Fig. 4 WRd.

F—AFF A4 MERPER, FEERKTIRE 1000°C o
AR OWTORBIEFRETH 2. EIEFTOIA
F =25 F A4 MESFEE 1000°C mEho & 3 TREE
5 2:0, 1200°C hp#hod & E CTRERFST —03 224D
DEBRD DI, TDEE, FEL26EEDIDEERT
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Heating temp.

Finishing temp.

CE A Bphy
;gﬁﬁﬁﬁ¥jﬁxd%

P SEAN Y L

Starting temp. Reduction per pass Remarks

a 1 250°C 1250°C 880°C 5% —

b 1 250°C 900°C 800°C 5% —

c 1250°C 900°C 830°C 10% —

d 1250°C 900°C 830°C 10% Kept in 850°C furnace for

10min after rolling
e Material for rolling test, heated at 1 250°C and air-cooled.
Photo, 3. Microstructures with and without abnormal structures of plates rolled at lower

finishing cooled. Temperature and microstructure of the material for test heated
at 1250°C and (Total reduction ratio 2'5)

VIR THRORBSNEICDEE L, T — 2774 ME
ERAIEE, 7 = T4 MERNE L iz, 1000°C fnEiF s
MOBERNTH D7

7 = A4 MEREALE, INEVEE F X K TIRES
ELRD, FEEROEHEENSKE L KLLohT
MR LTw 5.

HELERE D E 8z, 1000°C HBhfEEM T & & 1 BEEE
TH5H. Thix, 1200°C hpBkEEA T bl UEEK T
REDF — A7 54 MESRHB X DAL LTV 5k,
WHBEROF — 27 7 4 MERNOREDHEEIKE L
HoLNIDTHS 5. FKEBRTOHEBRS D 900°C
L 600°C FTOBIMEEIX, 7ARZ hpSN—EBEHIL
7oL ETH 25°G / min, 224 Lz & & T 75°C / min
THY, BEOERA — 2754 OB OREN
Diel, Eior > a TR OBFSEROBING Y7 = 5
4 MO LIC BRI is o 2 & SR Xh 5.

Photo. 4 X Table 2 iz774 No 1525 No 22 ¢
DR O IR Z T, 2 S0k S D EE
EOREZHL» CHFETE S,

34 Jzx54 MERRNESBREAMELEDOBR

Table 2 7”3 No 15 %5 -No 22 3 ToOHERMIC
DWTELNAFRES, M (0029 KAZE) XK
2mmV /o F v VEHEE (0°C) » FEKTIRE
rOBRE Fig. 512, MNRIOEEEELY =54 b
fEambEE & DR % Fig. 6 1TRd. 3I3EM®X Wi
FEREEAFIT XD CTHIMN D biTn v, EEREEAE
{ZEbDTw5.

EER O M) LTI nEERE 5 X OVFE RS TIREE O
THEYTHB 23 ER» S@MbhT WS A, B
CTREGROR 2 0 VHBEHRECERE B4 —
AT FA MEGRP LI LLINDELDTHMMEE T =
5S4 bS5 4 MRE L OEEMIZR VT, o
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Finishing temperature of rolling (°C)
Symbols heating tempergture  Cooling rate
<) from 900% to 600°C {%¢/min}
L4 1 200 About 25
] 1 200 About 75
a I 00C About 25
a 1 000 About 75
@ : Austenite grain size of the specimen heated at | 200°C

A : Austenite grain size of the specimen heated at | 000°C

Fig. 4. Effect of heating and finishing temperature
and cooling rate on austenite grain size and
ferrite grain size under rolling conditions
of plate No 15~22 described in Table 2.
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FB. —fRCERRAMHEOSINEE R RS < ThiE, 7
= 54 MESHAHIEL L, Zhit X 0 MESHLET S
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_ Fig. TRAERI SV LhA — A7 54 MaS
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Finishing temperature of rolling (°C)

Symbols  Heating temp.{(°C}  Cooling rate
from 900°C to 600°C (°C/min)
[ 1 200 About 25
o 1 200 About 73
a I 000 About 25
a I 000 About 25

Fig. 5. Relation between heating temperature, fini-
shing temperature and cooling condition and
mechanical properties under rolling condi-
tion of plate No 15~-22 described in Table
2.
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Bhrb. WFRIT LTh 4 — 27+ 4 MERRH M im
WD LMD TT = 74 MR M 7coTE
D, EEMTIRESMES D/ REREEOL — 27 54 b
RERICE VT2 DWMART =4~ - /8=5 4 |
MERE O T LIXRRICET 5.
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BOEWPIME 2B 5 DI, FEAABS ST 7 -
A b= 54 MEBITH D Z EBSLAZHETH,
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Si-Mn SRE R O EE-BOMMILICOWT 1901

Plate No Heating temp. Starting temp.
a 15 1200°C 1000°C 1
b 19 1200°C 1 000°C
c 16 1 200°C 800°C
d 20 1 200°C 800°C
e 17 1 c00°C 1000°C
f 21 1 600°C 1 000°C
g 18 1 000°C 800°C
h 22 1000°C 800°C
Photo, 4

Finishing temp.

Cooling rate(°C/min) Ferrite grain size( JIS)

000°C about 25 8-0
990°C about 75 85
810°C about 25 9-5
800°C about 75 95
980°C about 25 90
980°C about 75 10°0
800°C about 25 100
800°C about 75 11-5

. Microstructures under rolling conditions of plate No 15-22 described in Table 2.

(Reduction per pass 30%, total reduction ratio 2°6)

BECE L, FELTEREOSBHEEREANA + 4 MR
BERLGVWHATHERICTS 2 E288E LL k2 TL
5.

4 i

Si-Mn REEASEO EEERO Hifbicks XiETE
EEHDESE Y, 2 LTH—RAT+4 MERFESX
O7 =54 MERNELOBGREVIEA»OHEAELE
R, DFOHEEHELHIIET B LN TE .

1) FEFTOHEKA — 27 + 4 MESBIIELE 258
BB LS 2T b LT W&, FiEthid 5 —F
BLEiwis b & EER ORI it 5.

2) ET&E10% & 30% ORITIX, EEHID S —F
CAlbiz b 4 —2A7 F4 MERMOBMMEL S LET
HEOERFILAERL Y, ETEOEMAHEMLI
SR D 5.

3) MEBRES X OCEEKTREZETT5Z ik
DT, F—R7F A4 MEGRIIMILT 5. A EER
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°® 7 8 ,9 . © Piates of cooling rate of 235 °C/min
Ferrite grain size (JIS number) O Plates of cooling rate of 75 C/min
bols Cooling rate from S00°C to x  Pilates of Wi(:{mon statten structure
Symbe g 600°C (°C/min) a Plates of finishing temperature under 850°C

o a About 25 Fig. 7. Relation between austenite grain size and
o a About 75 ferrite grain size under rolling conditions

Fig. 6. Relation between ferrite grain sise and - of all plates in the test.

mechanical properties under rolling con-

ditions of plate No 15~22 described in 74 MR BRI LTS & &1, XA+ A4 MERRSEE
Table 2. LI WEEEAT, WEhEEZBRRICTHZ ENEE L.
~ L' ik
TIRE» L 7 > a ZRETOGRHKMEZ/ NS T2 1) W. E. DuckworTH, et. al.: JISI, 203 (1965)
WA — 27 F 4 MERROREZ DT 5. 2)§I=Plgim 54 (1968) 4, . 433
3 - I} N - - BHARE A 4%) 5 > P-
4) FIEF TR 850°C DITickd L, #—2 3) K. J. Irving, et al.: JISI, 205 (1967) Feb.,
7F4 MEGBRER AR 0 ¥ TEBMTIIEES p. 161
Ly, 4) K. J. IrvINE, etal.: JISI, 201 (1963) Nov., p.
5) 7274 MESHOMILE A — 27 7 1 MES 5)?; o 85 g, 53 (1967) 10, p. 453
7 Lo 2 - o~ /73; 5 Xz - E’ 3 X iy 2 p'
E@ﬁmmklof%kbéhé-%Lfih%xﬁt 6) FTER, 1EAh: 8k &80, 53 (1967) 10, p. 469
FEORBELEA—ZXTFA4 PO L XL, FLLHHE 7) NG, S 8k &, 54 (1968) 10, p. 589
T5%. 8) R. PRIESTNER, et al.: JISI, 206 (1968) Dec.,
6) HEMEIMEEIET = 54 b - 28— 54 F MRS . g;?Q
A BIC LA TREL, &< I @RI b R0 S g o Al JISL 200 (1966) - June,
TH5. 10) R. B. G. YEO, et al.: J. Metals, 21 (1968)
7) FESTHOGIEEICX DT =54 b - /8~ June. p. 33
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