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THE EFFECT OF RATE OF COOLING FROM THE AUSTENITE.
RANGE UPON THE MICROSTRUCTURE OF LOW-CARBON RIMMED STEEL

(On the formation of pearlite-free structure)

Synopsis:

Kiyoshi Yoshida

The microstructure of low-carbon rimmed steel spec1mens cooled contmuously from their
austenite range to the room temperature at the various cooling rates was 1nvest1gated in.
relation to their cooling rates. '
950°C for 30 mn. They were then rapidly coold at the rates of 300°C/mn, 150°C/mn, or
20°C/mnto the different temperatures, 800°C, 750°C, 700°C and 650°C and subsequently cooled
slowly to the room temperature at the rate within the range from 3°C/mn to 96°C/mn. -

-The results obtained were as follows.

1) Cooling slowly at the rate 3°C/mn below 700°C a pearlite-frée structure was formed
with the 0+08%C specimens cooled at the rate above 150°C/mn to 700°C and .with the 0-059,C
specimens cooled at the rate above 20°C/mn to the same temperature. In other words, the
formation of the pearlite-free structure was affected by the temperature at which the -slow
cooling began and also by the slow cooling rate.

2) The specimens which showed the pearlite-free structure gave the exceedingly high .
Charpy impact values in comparison with the annealed specimens of the same chemical com-

All specimens were first given a homogenizing anneahng at .’

position.
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Fig. 1. Tentative diagram for the begining
and endpoint of - cementite formation, based
on micro-structures. (J. Gorrissen)
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Table 1. Chemical composition of test
specimens.

Sample c Si Ma | P S
AT ] 0°13 tr | 037 | 0°030| 0-046
AB 0+08 tr 036 0+024 0040
CB I 005 tr 035 | 0-007 | 0-017

Table 2. Heat-treating conditions.

1) The effect of cooling rates within the temp-
- erature range from 950°C to 700°C.*

‘ T °
No. | Cooling rate °C/mn Remark

950°C ~700°C f7oo°c ~500°C

1 air cool Normalizing
2 300 3 ‘

3 150 3

4 20 3

5 2~1 0°5 Annealing

* At 700°C the slow cooling was begun in
any.

2) The effect of the temperature at which the
slow cooling began.

Temperature at which

No, | Initial rapidly cool- | " slow cooling began
QC *

ing rate °C/mn

1 300 - 800
2 300 750
3 300 700
4 300 . 650

* Slow cooling rate was 3°C/mn in any.

3) The effect of slow cooling réte which is
accompanied with below 700°C.-

Slow cooling raté

N ’Inifiai rapidly cooling
o- below 700°C°C/mn

rate up to 700°C °C/mn

1 300 3
2 300 8
3 300 28
4 300 78
5 300 96

T 500°C ZTHBL, MBRZEW L. BLEEBORR

AVX Fig. 2 WRTZE LEMTHE 2L -,

BERAR  HEHARBII 12mmX12mmX100mm o
ABA Z BB <7 SR D L ER & 0 EESFICERE L
BER, BHRECR O 3 BEEOBME LT\, HiE
A (G.L 28mm 8mmg¢) o ¥t~ HERBPT
D7jz. ‘# ¥k ferrite FEE, Eﬁﬁﬁﬁﬁﬁiﬁﬁ%ﬁﬂbﬁ"ﬁ

THRIEL 72

— 14 —



ERERORMEERICRIT 4 — 27 74 FREL ) OBHEEC DT 473

IV. =2 B & #
-i) Eﬁf?ﬁﬁﬁﬁﬁmkmﬁ"%s
-~ A) 950°C ~RBELAIREE 700°C M D ENEE
. 950°C ~700°C FOWEMERE OB ERIC I XiET
AT 5 700, 950°C L Y 700°C  ETORHEE
X 300°C/mn, 150°C/mn, 20°C/mn @ 3 f&EIRIT T,
HEEEAIEE WD 700°C (700°C LT 3°C/mn
CTHHD) L. hBhEORD, B, Beine
(70t BA QMBI ORERBA OB EHE LR
S E OB DWW TR S &
RBA AT (C0°13%) 12 % HE
pearlite DFFHOR/HLLRILSDD, W F hOLEIT
f%\n T ferrite {RICHIRD pearlite HHTHL TH
, BE %ﬂ&ﬂ@%@bﬁ: banded structure ZEL Tw

'%>.

ek AB (C 0°08%) bciswcm, WHLEE300°C
~150°C/mn TIIELEE (X800) I THITE HEE
D, X T pearlite BNEFEL TR D, KER
(X 100~ X 200) T i3 ferrite % QMM & HEE bR
(AT Zofi% pearlite-free structure XF15.)
WENERE 20°C/mn, BESGLIED D D1 ferrite ¥R iT
YIk o pearlite pSHFHIL T\ 5., (Photo. 1%%)

EOERRTIY

Zhn

=EH .CB (C.o° OS%)Vl(%i'iﬂ:EE 300°C~20°C/mn
T pearlite-free structure Z#E21L, FHEDD

Coo mg rate (950°C 700°C)
150°C/mn 0 (1/2)
Pearlite free stucture

. Normalized %100 (/12)

Cot())ling rate (950°~700°C)

DI pearlite PR ITIHTHEL TV 5.

LLEARAERR & bW h b REAE AR & ferrite B

BRI cementite 2HTHIL Tk b (true grain-bound-

ary cementite & pearliie @ decomposition T X
% cementite BFEEL TW5) LOHHOEER
pearlite-free structure Z2L 7 dDBHRIVWLUS
L v~ (Photo. 2 pearlite free structure % £-3 55,
Photo.3. #gliv-% 3 o, tk#£8) Photo. 4 {3pearlite-
free structure ZHEBRICTRL DT, flakes ©
3 DHS pearlite @ decomposition T X % cementite
‘¢ thin @3 DA truegrain—bounda_ry cementite T
& 5+ Photo.5 VI pearlite-free structure % =7 B
B~ FICTHEER, WHEE 5% T a—- VBRI TE
Bk 2T o iER I C pearlite ¢ decomposition T
X % cementite IS Y UEEY —FRTHEBELTVD
A3 true gréin boundary cementite EIZEAIILTW
o

Dl EDEERIC X b C0°08% 3 150°C/mn, C 0+05%
1 20°C/mn DL EOWEREE I T 950°C~700°C Rf%
WHEIL, BlE 3°C/mn wCHHITHIE pearlite free
structure %51, pearlite-free structure # &3 %
PREGHERENL C% WX D> TRY, %/ ferrite fff
CHT 3% cementite” OREIIBQIEL D WL U D
L\, CO0°13%D% DIXAn{Tis 5 EGEREIC TH pear-
lite-free structure ZELRLWZ &b rolk.

Annealed %100 (1/2)

20°C/mn %100 (1/2)

Photo. 1.

Sample :
" structure %300 (1/2)
Photo. 2.

Photo. 5.

X 60621/2)

Photo. 4.

% 600(1/2)

15 —



474 & & # EMUE FE 4B

L DL > AR X 5 BRHESRMOVS U B L
FBUX pearlite  decomposition Iz X % cementite
DEROBRERC D0 E#EX, ZOLRKOREL pri-
mary pearlite OXE JKEHL, HHAEFEOKTD
% Lk, #SBAtARE® primary pearlite A3/NTiE D
8 BB T pearlite '55 decomposition U 5 <&
pearlite-free structure #2353 0:#EFEx 5. L
WD THENEEIC X ¥ decomposition DOFEEAEL Y
pearlite  ferrite OEIGICEREZAETLILDOEFE X
5. ~
C% XBHEI, CO013% DT LLAHFREDOKE
% DORBHERE # KIC LT3  primary pearlite o
K& ZH/NTI BT —ER3IE ¥ iz decomposition
3575, fibik pearlite L L CHFF+T 5. 7 pearlite-
free structure JIEESfITIC HE R pearlite o decom-
position iT X % -cementite DIFHOVWHL LB LWV T L
V¥ pearlite-free structure % pearlite ¢ decompo-
sition 2A+G W T i-7-H T, ture grain-boundary
" cementite. DT HE VBT D LI &k J. Gorrissen
HBNTWBH T L ferrite FEHEDOKRL 55481
(pearlite-free structure * 83 Z 3 0) /I 54
(7= & ZITHEGTABIE D B 0D) ICHAT Ay RIZKT S
ferrite © C OEBEIRTHHDOTEL W EF L
5. g ’ v' ) 3 ‘ . (
Photo. 6 3 950°C~700°Ci{D¥difgE & pearlite
DKEE L OMFETA D, BHBHAREET0C T
TR RFTORBEBEEETRL 2 b OTHS. AR
300°C/mn T THHL 7= $ DT pearlite HBnHLBL
ML T3, Bix 20°C/mn T THHL 7=bD
¢, AHAT pearlite BATHSE. ARLOHOR
Wiz X b pearlite-free structure 2L 723 DT B
13 pearlite SR I H L7 HEBEZ R LD TH B,

Cooling rate 300°C/mn Cooling rate 20°C/mn
Photo. . 6.

B (tRwRGIEEDORE
DL EDEERL, Wh bHGEAKkIEE 700°C Ofa
ThHHH, RABKREECFELRIT 22D, R

AR EE 800°C, 750°C, 700°C, 650?C D4 FERAILOE
KR #1T 07, 950°C b S AW BIAIREE % C 300°C/mn
CCHHIL, FRBIKIBEL TR S 3°C/mn 1T
THHIL7z. RBEAABEAY, KRR IHEHOER
T, BEBEIAIEEE 700°C T pearlite-free stru-
cture #EL7bDTH5. « R

EBREERIC I E, BABIAIRE 700°C DML D
VX, ferrite. ESLEURIC pealite MBFITHFHL TV
5. BRETHIEIRESSY 700°C Ll E o4 pearlite. Ok
EXPKRTHBRD, TOBOBEEIT BT pearlite
7% decomposition LIz { Wi ¢, 700°C LI FTH 5
& & J. Gorrissen OEERIT XNnLE, 690°C~670°C
B2 pearlite 23 decomposition LW E DT
ET, 650°C INTIY, = DIREHMA%MR%, pearlite
#5 decomposition” LIz Wit tELbh 5. wxiT
700°C LISt D#SBIAIREETIX, Yitko> pearlite 352
DOENDDETHS. HEOThORABBEE S
‘T3 true grain-boundary cementite % 38s 800°C
750°C. Oig&ridE T . peariite ¢ decoinposition 12
X %5 cementite B, :

C) W BMAIRELT OBMINEEIC X 5 5

A) HBoERIC XY, WK AB X 950°C~700°C
Mz 150°C/mn DLEOWRENEEICTHAL, HRWEAA
I8EE 700°C (BLF 3°C/mn I C¥#) &+hif pear-
lite-free structure #5345 Z Ld3bhDfz. AREIZ
FVWTIE, HWBAIRE 700°C LU, ThUATOWH
WERZ{LX T ferrite WRICH AT 2 cementite
DORECDWTHRETL 2.

EBRIRGHE AB 2LV 950°C~700°C [# 300
°C/mn T THHIL, 700°C LLFOB#EIEE % 8°C/mn
28°C/mn, 78°C/mn, 96°C/mn ®4 FEIE it oW T
7. BRI E 8°C/mn TlIfdHll: pearlite 33
ferrite WRICH L, AT true grain boundary
cementite BRFH L TW5. (EFD pearlite o de-
composition T X % cementite HFHET) 28°C/mn
WCBET 5 &, Biko pearlite #HTHIL, HRIC
true grain-boundary cementite BITHL TV 5. 78
°C/mn P EIZTHIT S L, RO pearlite DifHi
HSEHNL, BRI true grain-boundary cementitely
FEH LTV,

DL EOFER L D 8°C/mn i Ttk pearlite 537 H
LCWbHZ i, wHEENKTH B pearlite D
decomposition BFRF5TH 57 B :ELLN true
grain-boundary cementite #2 28°C/mn IZHEWTDH

— 16 —



EREMOFEMSHEBCRETA - 25774 FPREL Y OHHFEFE LD T 475

= 5% o & I3 pearlite ¢ decomposition T X 9
HFKEND cementite X ) EREEESKCTHD I L%
TTHDEHELD.
i) EmpEck JETEE
pearlite-free structure %ET 530,
STNIER 5 H D & @ﬁWE’JﬁEEQKﬁz@” Lz nﬁ%ﬁ‘
AB,CB% M, 1. HE#Hte
 (950°C % 30mn) 2. pear-

BEHE, £

lite-free structure %
B3 A AL (950°C~700°C
fq 300°C/mn [ THHE,

700°C BAF 3°C/mn (2T

Hardness (Hv)

Ferrite GSKH

‘mn % 2-0° 5°C/mn 1T
#E) O 3 EEOBME A
ﬁw#ﬁmh,y?me—

| BREEERE AT B
R#% Fig.3 wrt. Pk
H, FEREVIBESLERE D
H DI, MhOMIITIL~E

Charyy inpact valie @) Elatin)  75.YP ()
p %Y
X

S §§ § FETFTLTWAHR, (&
& &5 <

.. s&&ﬂ“eﬁaﬁ’ﬂi LA E R
. Fig. 3. “The effect of each \~. MFEIHEE ferrite f

heat-treatment to  the
mechamcal propertles ] Em%ﬁm@@»&‘f bl
‘ Z>L<1£VFL,T\,~Z,>75>

HEHE, pearhte free structure % 24 5 AL L o
Wb LB L EEDKR.

CEEEEYE, lﬁ@ 30 kg -m/cm? pearlite-free struc-
ture % 5 %R 20kg-m/cm? Bigh 10kg -m/cm?
FEEic T pearlite-free structure % 2% % b OVIFEEE
FBHOLDVRFENHO cementite DEFEIIVHLLD
LW 3P bbb TFEVWEEELZRL TS, Lk
TR E RAT ) cementite X ) ferrite $IEFICA
ELEETDHIOLEZLD. '

. V. ﬁ__w 3E

(EpEMO austenite range X 1) OUENHE & BAM

$EHAIE & ORI OV T, %aﬁ%ﬁ“?t?r*% D E O
Baii. -
r)%w0~%w%#ﬁgmx;d%&%bﬂ§mT
GPﬂ@E®%£b BRIV b U L (BHE
AEBRITI T C 0°08% RERK CIx 950°C ~f%/*ﬁﬂ
H4IBEE 700°C [ o¥WHEE 150°C/mn L, C 0 05%

— i

. EAERETIx 20°C/mn LA R T
LU 3°C/mn THeT AL

BHUBLLEW.

41X pearlite-free structure %%f’éﬁi,

%) 3. ;;gﬁqg (950°C><30_

R, ferrite JIBEMAIE

, W EALRIRE 700°C
pearlite-free stru-
cture # E L 7. (L& EEEIZ OV TYE pearlite
decomposition 733+5}’Gt£b\f:&>ijﬁllk0) pearlite %
W3 5. L7-hoT pearlitefree structure %&£
T 5 LUk, B L b R ST HIO cementite 3w
C 0°13% ERERK VXA 7e S HLERE
o T 1, pearlite-free structure 2L 7\ .

- -2 pearlite freé structure ¥ 950°C~R¥%EALAIR

B 700°C FED®HERE & & dICHRBREC LR
L, BEEE 300°C/mn T THREBIAIRE 700°C O %
R
EEEHS 700°C X DB TN FROBEI S T bpear-
lite' ASPLIRICHT S % ,' .

3) pearlite-free structure VXE&BIAREL T

CAHNERSIC DL, WENEREE 300°C/mn i THVGEE

T&IEEE 700°C 12 C, AT 3°C/mn i THEIT 5 &
pearlite-free structure %53 %%%, ZhihXid
WHGEEICCHENT B & pearlite APLIRICHTHIT B-

28°C/mn @,‘»%fpf@ﬁﬂpc pearlite "¢ ' decomposi~
tion T X'% cementite JIZZb SIU7E VD5, true grain-

b0undary cementite BEHLhS.
L . 4) Be#E, pearlite- _free structure %E‘i‘éﬂ@
\~&%&%%®®%WMﬁE,/th
B b, (RIS, BEHATE 0 T DALERIC ISR TR
"TFLTWS, B v e pearhte -free structure
B2 HE, EEStOIEICE T LTV 3.

I E R BT

z OFIHED
&3 ferrite HEEICX B30 J:%ix 5.

BLEBRARA T E L, KERIT ¥ » austenite range
X D:@(%%D;EE’Z@%%QC;: n pearlite @ decomposi-
tion OBEEMBRD, iﬁf&%%ﬂ%ﬁ%a:wbu 5LARET
5 l:fP:bZPOfL ‘

o, FREORERREZ uﬁ’—fé‘htﬁﬁ&%ﬁ%]ﬁ%
B, WK, B Eigiiein o SENE, KR
1T, QDE&E REERCESLOHBEEELET.

' (A3 32 @ 5 f—l#ﬁ)

L % @
1) J Gorrxssen JISI 162, (1949), p: 16
'z)chchmmmrJISlu%n,1pzw
3) %ﬂﬁ @etﬁ 37 (1951) 11 p. 20
4) R - RES: Exﬁ}ﬁ%‘**&, 18~ (1954) 1
p. 599
5) A. Josefsson Journal of Metals May o

(1954) p. 652



