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Influence of Chemical Compositions on Toughness of Steels with
the Microstructure of As-quenched Martensite

Toshiei Hasecawa, Hidesato Masucur and Shuji Arxara

Synopsis :

Influence of alloying elements (Ni,Mn and Cu) and cooling conditions on toughness of as-thermal cycled martensite

simulating the microstructure of coarse-grained weld heat-affected zone (HAZ) of quenched and tempered high
strength steels was investigated. Regardless of the cooling conditions, toughness of as-thermal cycled martensite
increases with increasing Ni content and deteriorates with increasing Mn content, whereas toughness is not influenced

by Cu content.

Toughness change.of as-thermal cycled martensite is mainly attributed to change in cleavage facet size and amount
of cementite precipitated due to auto tempering in the laths of martensite. Cleavage facet size at the initiation point
of brittle fracture tends to be refined with increasing Ni content. The amount of cementite in the laths of martensite
precipitated during auto tempering decreases with increasing Mn content and cooling rate. Therefore, soluble C is
presumably detrimental to the toughness of as-thermal cycled martensite.

Key words : toughness ; martensite ; quenched and tempered steel: steel plate ; heat affected zone (HAZ).
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Table 1. Chemical compositions of steels tested
(mass%,*ppm).

steel| C Si Mn Ni Cu Cr Mo Al B* N*
A1 ]0.08 0.22 1.50 1.00 0.25 0.59 0.47 0.072 - 23
A2 10.070.21 1.96 1.01 0.25 0.60 0.48 0.069 9 19
A8 |0.08 0.21 2.20 0.98 0.2 0.59 0.51 0.047 - 20
A4 ]0.08 0.21 1.25 3.02 0.25 0.61 0.48 0.087 11 18
A5 10.09 0.21 1.48 2.99 0.25 0.60 0.48 0.073 - 29
A6 {0.08 0.21 1.72 2.99 0.25 0.60 0.48 0.072 10 13
A7 [0.08 0.21 1.98 3.00 0.25 0.60 0.48 0.072 9 18
A8 {0.09 0.23 0.54 6.30 0.26 0.63 0.55 0.072 - - 23
A9 [0.09 0.22 0.76 6.43 0.26 0.61 0.54 0.073 - 24
A10 0.09 0.23 1.03 6.08 0.27 0.60 0.53 0.074 - 35
A11 [0.09 0.22 1.25 6.11 0.25 0.60 0.48 0.073 - 25
A12 10.09 0.21 1.49 6.07 0.25.0.60 0.47 0.072 - 29
B 1 {0.08 0.23 1.01 1.00 - 0.59 0.50 0.069 8 12
B2 (0.08 0.22 1.01 1.01 0.50 0.60 0.50 0.072 10 10
B 3 [{0.08 0.22 0.97 0.99 1.00 0.59 0.49 0.072. 7 12
B4 ]0.08 0.22 0.99-3.02 - 0.60 0.48 0.068 8 20
B5 [0.08 0.22 0.98 3.02 0.49 0.59 0.49 0.071 8 20
B 6 |0.08 0.22 0.98 3.02 0.98 0.59 0.50 0.070 8 14

(P, S=0. 003mass¥%)
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Fig. 2. Influence of Ni and Mn content on FATT
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E194H Y, MntNit TEMIE AT 2 BEOH LR
o THRALOAT SN ZHAE L T 2 TREEIH 2 6
b, 272, RALOATHEEZE B LTI, MnldNizlb~<
TaPDCOWEEE G C 5 HRPECZ L bImEINTEH
b 19, Mnb RALM DT 206l L To 2 REE S F 2 6
5,

L boEgEr»re, BiEANE D= vT A4 b BEIEEHE
DM RIETHBERE F OB T, WEFEMPNI, MnE iz &
hE b RS (BT 201k, AaERERL 7 AhDEE
CH 3 CRRALDOITHIRBTH S 2 L¥HL» L LT,
FREECY I L TH O RS R ELP RIFL T3 b
DLEEINI, =T U4 NEBBEOELA XA MY
BMEHE S h, BIECEVET T 513 E, ~ SHBEORE
Ehie B, BiErmbE3vsbotFLOLNG,

5. &

FHEERNMO 2 RBEEHBEEROMM AR T (2B

BANE =T A MBEPE T sMOBME R TLERSORE 633

TAMEO—RE LT, BERLAEZITOZ G, BANE
FROEBAFA 20 E D= v A b B OB
KIETNi, Mn, CuDERIE LIcHER, LUToX 5%
BB o he,

(1)WIEEFCL ST, WHREINIEOBINC L b - T
mEL, MnBEOWIMIZ L b R THAT B, CuldiZ b A E
B RIT3 R 0, WHIREFPIWQ b Atys=230s £ TIHEEH
SRR RE PR DT I Y b O TR IR BEE
EHED Ltz

(2)ARBXTHE L ICE 8O~ v 7 9 4 | BLUAEMA
Bz o T, MEC RIETNI, MnOBEBIRZBINEM b
UTORXRTHEL(H#ESINRS,

FATT=33—16-Ni%+13-Mn%
FATT=-89—7-Ni%+36*Mn%

(WQ)
(Ats/5 = 303)

I 2T, FATTOYRALIXC, Ni%, Mn% D BAIlImass%
Ths,

(3)Ni, MnE#Z L3 € 12380 = v T 44 b B
BoRHEIHEEBEMOELE VT F A4 T RARD
auto tempertZz & 2 COEIE - M EFOZ IR R T 5 LH#HE
E3Nb, HIb, NIROEMZL Y= vT oA b7 ey
Z2H B0y AL L, 2 ORE, BEEBALOMK
ML R O N3, F72, Ateys=30sDWENFRMUIZUT L,
WQDHEA b auto temperi & b RALIDOITHHAEL, Mn
BOWMGC L b oo TR DN B HIH S L TREIECH Y
s L THEPHILL, BINIEOWIMZL b Lo T
RO PEES N TEHE M ET 2 LF Lo b,
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