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Toughness and Ductility of a Characteristic Structure in
Isothermally Transformed Molybdenum Steel

Tsuyoshi INOUE and Shushi KINOsHITA

Synopsis:

Tensile and impact properties have been examined on isothermally transformed plain 0.29%C steel and
0.29%,C-0.5%Mo steel with particular attention to a characteristic structure formed in a molybdenum
steel.

In a plain carbon steel, ferrite—lamellar pearlite structure is formed over transformation temperatures of
450~~680°C, while in a molybdenum steel, divorced pearlite structure with blocky carbides is formed at
600~680°C and bainite structure at 450~550°C.

Lamellar pearlite structures show increasing tensile strengths and decreasing FATT (fracture appearance
transition temperature) with decreasing the lamellar spacing, but ductility in tensile tests and shelf energy
in impact tests are remained unaffected. With appearance of divorced pearlite in a molybdenum steel,
both tensile and impact properties are markedly impaired; tensile strength, ductility, and shelf energy are
lowered and FATT is raised.

Detailed observations of ductile fracture processes show that void initiation occurs at smaller strains in
the divorced pearlite compared to the lamellar pearlite or bainite structure.

Detrimental effects of the divorced pearlite structure on both impact and tensile properties can be attribut—

ed to the large, irregular-shaped carbides in the structure.
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Table 1. Chemical composition of steels (wt 25).

Steel C Si Mn P S Mo Al
CM 25 0.19 0.056 0.005 0.007 0.006 0.50 0.044
CM 20 0.21 0.055 0.006 0.005 0.006 e 0.042

* @514 2 A 19 g2 (Received Feb. 19, 1976)
(M) E AT b s %7 (Central Research Laboratory, Kobe Steel, Ltd., 1-3-18 Wakinohama

Fukiai-ku Kobe 651)

ok (IR PR R HER T8 (Central Research Laboratory,” Kobe Steel, Ltd.)
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Table 2. Variation of microstructure with trans—
formation temperature.

Transformation 450 500 550 600 650 68
temperature (°C) T ] i T i T

CM 20 Ferrite4Lamellar Pearlite
Structure

Divorced
pearlite

CM 25 | Upper bainite b

Photo. 1. Pearlite structures of GM 20 transformed at (a) 450°C and (b) 650°C.
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. Photo. 2. Bainite structure of CM 25 formed Photo. 3. f]?);:r?zzed :tear};:ehs;:uci::is?;‘rri:/t{i:i
at lower transformation temperature temperature (6 8%)° Q)
. (550°C). :
3. 2 B & B _
E 80 F
3-1 TREAERAR £ ss|
¥ - CM 25 X U CM 20 D& fEiR EREIRE TAR SN 3 =
S sok
> H#x Table 21IZRy. £F Moz &y CM20 T 5
3, 680~450°C (DZEREIRME TR XN D ML F T s
T 294 FHBIKS—F4 MEERTH Y, —F4 ME @ 4oF
. MiREIE ZRBRES KL 75 3 /&L 5. Photo. 1
. (a)ic 450°C T, (b)ic 650°C TARX NI/ $— 4 s} 1.
. * 413
| k& Tt e 70F {12 <
v %5, CM25 TIE ERIER S~ T4 b RS sl | B
Y, LREEEREVWE & (550°C BLT) Tk g4 5 © 410 g
FA4 b, ZEERESEVEE (600°C L) 1IEF 1 3 1°° 8
KA b se— 54 MEBAERE NS, Photo. 21X R 108 =
= 550°C T4 X%, Photo. 3T 680°C TZ 450 500 550 600 650680
Y Bl Z20 RFMESICEHEEGE RFEL LT T Transformation temperature (°C)

3 (Photo. 37T ¢=0.2 Z5jgi%). Fig. 1. Tensile strength and reduction of area
FaFE—A b =54 PCRTBERRILDIT, & of CM 20 and CM 25 as a function of

DHEEPLOLPBHXI, TOEN 10pBEDLDY, transformation temperature.
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Fig. 2. FATT (fracture appearance transition
temperature) and shelf energy of CM 20
and CM 25 as a function of transform-
ation temperature.
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Photo. 4. Fractographs of tensile specimens of
CM 25 transformed at (a) 450°C and
(b) 680°C, showing that bainite
reveals small size dimples and
divorced pearlite reveals large size
dimples.
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Fig. 2 EIRZREIRE O LI & s 5 HEWEES
BHE (FATT) 8LUY 2 v 7 A2 F — (Emax) DZEL
ZRT. ETERUEESEECOVWTAHSBE, CM20
THREREIREBREVZ LKL, 450°C ZREM T2 FATT
13 —25°CChh, EEEENEHELLD, =514 D
BREESHL B ohT FATT 135 < ik 2{ER %5
L, 680°CZEEH TIT +20°C L/ 5.

—%, CM 25 wklF 5 FATT OZ{LIzZ TR E
<, 450°C ZEREH TIlx —50°C L{E\. ¥ 72 CM 20 D3
B LRBLREBESEL R SIEE FATT 3E L /525,
<4 F4 b (550°C LLF) Tk 0°CELTFCTH%. Th
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Photo. 5. Debris of carbides remained at the
bottom of dimples. CM 25 transformed
at 680°C.

°C ZEREM TIE+70°C L —Zic &< 7a b, 680°C ZEhEht
TIE+120°C iz 3% 5.

Fio, VRN TZRNMF—TOWTE, CM20 TRk
EIRERRE I X 5Z&bX/hx <, £915 kgm TIFE—
EDEERLTWS. Zhigx LT, CM25 TRIZERE
I8 53 450~550°C DRITD Y = v 7 = v ¥ — 13§ 17
kgm TREAE—ETHBH, PRDF K- b -
=54 bpSHBT % 600°C DLETRET L, 680°C
FREMTIE 8 kgm BEDE & DTV 5.
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4 2%, W2 FOREE, HHEHEMTLEEXDL
NHW. Lo T, F4FE—Z b 8—54 FOHE
Xy, BIHEFOREIRSSELLTVWERD,
FOWETINC, Far P4 ZLEBAELND Z
EMBTRENS.

Photo. 4 {z CM 25 ¢ 450°C 3 X OF 680°C Z5hEHM 5|
RBHETRT. ZOFE,PLL?H XS5, ZEERE
75 450~680°C T TR TF 1 » PR TIE D 523,
ZTOREILHYDOENAZLNS. 450°C ZEREH O BEE
XA —CHI» W T « o TUVERRCTH B DK L,
680°C TIEF « v Pk b LB LL KEL 2T Wd
OMBE5h%. %7- Photo. 5 IKRT X 5, 680°C 2
BEM CIIF « v PVEIR WK E BRI RH B FE L
TW5008BDBRh5.

TDTZEMPDL, FaFE~RA b -0~ 34 MEBTI,
BT Lo R RALIA A A FEAEDER L LT
BE, FELEFS FHERLKREL, EEOWHLTEBL
WETORRLZ>Cw5 EBPh 5.

Photo. 6. Comparison of void appearance at
strain of £¢=0.55 in CM25 transformed
at (a) 550°C, (b) 600°C and (c)
680°C.

35 FaAK—Z b X—54 FOEMEHERE

3.5-1 K4 FOFE

CM 25 It oW T, HEHEOET LTy 550°C 248
#, EESAPEYETLTYS 600°C ZiEH, RI O
BEZE T 4 F—R b - 8= T4 PHRHBAELEER LT
5L{ETF LTS 680°C Fheft % & 0 LW, ZH%E
RTDRA FOFERT L I L.

SRRBREZ R E Tk >R BR =y VA v ¥
BTV, WHZEE LAOL, M L2 wE» S0
PR X CTHRREE Le. WA 5 x OFEEEC B D608
TOUTH (&) 1, ZTOME TOHMH LOEZED L
BETE5 (Kb LWHIERESALEEIIRRSH).
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Fig. 3. Fracture strain (ey) and strain to void
initiation (¢y) of CM 20 and CM 25
as a function of transformation tem-
perature.

Photo. 6 | 500, 600 3 X U 680°C ZEAEMIC I\ C,
e=0.35 DUOTHEZIIAMBTCOHEEFREETT.
DEEPLb»5 L S, 550°C EEEHCIZ X4 R
EAEHEEINT, ¥4 FORET =055k Kk
HROTHATRILZERZTFLTVS. Labic,600°C,
680°C ZREM TIX T Tt F 4 KA55E4 LTV 5 DA
b, KA FREEFRIZ 50FH1E =0.55 DUT L HEE
TES. ¥R UL ¥4 FFEt0ZD Hh3 600°C &
680°C ZERBHI & ek 35 &, MIFTEEA Fid/haxL,
T LCHIB v EBbhsDic K L, HBHTIEES F
DEEMNL D EIT L TR D, 600°C LM I 5,
680°C ZREM DL B L D /INSHMOFTHRTHA FRAENE
ZoTWshnEBbhs.

ZDX 3, MENCLSOTHEAS FRENSRZBO0TH
HRPILOREENRS D ZENTIEEINELD, F
HE & LT CM 20 iz DT ik 450°C % X U8 650°C Z5ER
##, CM 25 iz-D ~Thx 450, 550, 600 3s X ¢F 680°C 75
B oW CHE» SO A X CHER TV, K
A FREEZCOUOT L (er) 2. T OFEHR% Fig. 3
ZRT. R RN T L BIBIEYE (ef) ddhbiT
KL/ ZOE»LL»5X51C, K4 FREEZEOCT
H(efe) MHEYRELZETHRL, FaF—-R k-3
— 54 FOEEDETIL, £4 FREEFTOOTH (o))
DBINENWZ LI XBH0EELNLS

3.5-2 ¥4 FORKE

T4 K= b 8= 54 MBI BT B EEFEOR
B, FTFE4 PRLRINEROTHRCRETZZ L

TH5H. TOXSWNEBRCTHRTRE LKA FAT
PEIOXITRE L THEEZR S »% CM25 @ 680
°C ZREM T oW CEIES L.

Photo. 712 X OFERETRT. FEHOMKELMITTT
SRR D EmE E —FH LTw5b. (a) 1% =0.18,
(b) 1% ¢=0.20 ORFE T, ¥4 FOREYMEECH
D, K4 FIXEFHERRILDOBERC X W RET 008
HEDLEND. (c)ik e=0.25, (d)IX ¢=0.32 COFA
FDRFEFTT. ZOERMTIIRIEIMTRE Lok F
ARG NME M T EHBINTRENLRE I OTWSD
MELNS. RBIORBTIEETREZ LN, £4 F
DEEMRZ IR LD DL, F4 FREDLI3CED
DBBLTh) 9y JADT = 54 HEFEA4 FORIZBEAL
TR BZLTHD(FHPRENTRELAESHS). ok
Fix(e) (e=0.45), (f) (¢=0.47) HWTX bizkk
DEDLEHLND (KE). ZORPETIE F4 FREEE
PEDKREROTHR (6=0.2~0.25) »inboTk Y,
TR L7c AL MY OEE CHBishTvw 55, ik
FELEFA FOZEBIZEDLIPLFEALLZ = 74 MC
IDEEAFED LR TWS. ZDX 5K, EROWIM
KRELLFEA ERELILLEDT 2574 POBARX
DD LNDERERE, BEESLOMBHED TlddE
Do, —BRICVEREAE L K4 FIRLERCEETS
A ERVIBEREAMICEMCS | SMEEhD L EXD
NTCWDH, e=0.45 fHEE T, £4 FIzD X557
EZEFEZRLTWEVWEWLD. ZOZEIXEFEL KO
R TRS RN EE L F T, LabF4 FE2HED S
HRTIEHBEINATWB ZEEZRLTWS. .

LI OTALBEITL, (€)(c=0.55), (h)(¢=0.63)
EHBEFRA FEEIBREEL, EHLOPLBALLZ
=74 bERICMOMICERBAETCD X Swih, EF
H5|5RME L BMELHMICRET X O5CKREL LBEDY
ZLRLhB5 X5l d. Tihbb, ¢=0.5 Az
LT K4 FEDTORAF MR KA FRIEHESE5
FRP LIRS ESHECHERRLTCWD T EETELT
Wb, ZDZ LR, FIERRBRA O T, ZO0T A
MTAREL LD, ThiT & $ 72T 3 HiG JIIkAESGE <
B XH Wik oTL 572 LBbha. (i)iE 6=0.72
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— 44 —

~

a



.

TYSFUHOEEZREERASONES X Oz ow T

1519

i . Nz 3 "

|_5_| (a, b, ¢, f,g)
"

| — (C,d,h,i,j)
10 g

Photo. 7. Sequences of growth of voids occured at divorced pearlite in CM 25
transformed at 680°C.

Arrows indicate the intrusion of matrix into voids, suggesting the

stress parpendicular to tensile axis (T. A.) being compressive in
the vicinities of voids (up to ¢=0.5).
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SADIEM:-IEHEERIC LT X < bhi CorTr-
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PRBEETHD L LT HHEHFOXE SOEBEHIC
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bz b E2 NS, .
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mm?, y=I10%erg/cm22?, v=0.3 & LT, &REBRIGE
WD=25p 2 LTt=1p tt=10p TEHETDEL, fcr
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mm KT §+5EEL0N5. —F, oy DEERFEIX
—100~+100°C DiSEK T13§90.06 kg/ mm?/deg T
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EoBBEEDO LRCHGTEHDEEFLLNS. ZO
ERAERCHEIN,: FATT 0o FH L35 LY,
0L TREXRREHOFEENEFEREBbh 5.
4.2 F4HRE=b-1—54 FPOEXCDNT

Fa4 R~ b= 54 MEBEEEEZKREETS
¥, TOERASERRCITHEA FANSBROTHT
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FEBHIREEZT, TRITEA FBABETOOTALE
(er) BEARTHREIN B,

[__\/kLTf reerrrere e e e ( 8)

fkm02ﬁﬁmmﬁr&mr;m?2mh%
@W@ﬁﬁ,pmvbvyozmw& ThH. Ei,
L3 2 485 FRIREMEE L, B 2N FOoRE»A L r O
BEEEC B DR 2R F S NERIELTWE L
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ZZTF4F—A b - =54 MERIZOWT, &

ELBbhB{EE LT L=25y, 7;=10%kg/ mm??),
=100 kg/ mm? L F 2 5. ¥z r IR FEb h ORAEL
e X D CTRE D, FEONIVERIRE{LIO & EiC
WEERALFIE tangling 3E4RI®) THY, r=0.1p 8
ErREOBRIWERDNE®. TN TEENKE
Ve BRI VEERERTHD, A4 XBEDr
=1pDA—-FLHEILNBED. 74 F—R b
4 MBI BERMTOBEGCH—R r=1p LRES
L, ¥4 FRAEFTOOTHIZ(3)RX2H =0.7HE
DExEE25.

EELF 4 EK—~RA b 8—F4 PBTFDEA FOE
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DTELEHFABES B0, FHEIZ ONRIB L
4% Fisher-Hart-Pry (FHP) AI30) £ 7)1 & fivT
HBLTHBEEFZDLNSE. Fa4—FKRAPs8—54
I HERKTIE, Photo. 3Icd RohX 51, &
RE DEHUFTCTBOBRITEVH DS L, Tl
AHERALICAT HEMKRES M & LTEE, RO
TR ZD ISV EEZLND. Fix Asupyd), [
RORAPRNDEF D, LD E IHNFRKEWIT
sy ERHRRPLEVCIZEENSHROTLTEAL FHERAE
THHAfEEERLTWS.

Efe, FAR—AD - 8—=54 PTRRBELE LKL R
BREDREVLE22b 5T, FAES IR M if
BEENBIS5THEL, £4 FREZBES COOTA
BAREV. ZOBEHEELT, F4F -2 b 2%—=354
TIRAEA FHREIVDS, K4 FRZED ST FY v 2 2
D7 =74 PEEEEDKREL, ThFA FAERMICR
ET57D7 =74 tonfE UnITB{LIER) 3+4ic
KREL, OTHBEANCER LIt Wicw, 55RES
FMEEELMDFA FRmSTIIMLL, £4 Fod
Xk EzbhbhdrELbhs.

PlEF 1« =2 b 28— 354 MO TS BESESY
BMELL7h, COXSBERME2HEFZELERT
13, EMEEREROME TR VET LSRR oN
FRtED % b, SHE2MRTORE IO REEE LS
BERE, SHIEMLBRTIPLELEbh 5.

5. &

0.2%C$H(CM 20) %5k 180.29%C-0.5%Mo 4§(CM
25) k) B E{EZCREIRE & ZRBA KR, BRI UXD
BT ORRE AR SED X 5 LR 2B
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