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Relationship between Deterioration of Toughness Due to Overheating and
Amount of MnS Precipitated on Austenite Grain Boundary in Ni-Cr-Mo-V
Steel

Masaaki KATSUMATA, Isamu TAKAGI and Haruo KaJi

Synopsis :

The effect of overheating on the amount of MnS (Vs) and the number of MnS (n) precipitated on unit
area of ductile intergranular facets and hence on the change in upper shelf energy (vEs) was investigated in
this study. The vEs decreased proportionally with an increase in Vs in steels overheated by isothermal
holding. A change in vEs related to both Vg and 7 in steels overheated by continous cooling. The increase
in vEs due to slow cooling at a cooling rate less than 2°C/min was caused by an decrease in n; despite an
adequate amount of Vg. The Vg was 0.1 to 0.5 times as small as the amount of MnS precipitated on unit
area of grain boundaries ( Vs') which was calculated from the Mn/S solubility product and grain boundary
area per unit volume. The Vg/Vy' tended to decrease when S content increased. This suggests that the
increase in S content enhances the intragranular precipitation of MnS. It appears that an decrease in the
onset temperature of overheating with the decrease in S content can be explained by the increase in Vs’ due
to coarsening austenite grain and the prevention of intragranular precipitation of MnS. The critical value
of Vg’ for preventing overheating was 5X 10~ ® mm3/mm?2, which was obtained from the relationship between
vEs and Vg'. Combination of Mn and S contents to get the Vs’ of less than the critical value was deter-
mined.
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Table 1. Upper shelf energy and fraction of duc-
tile intergranular fracture of tested steels.

Steel Solution y Hffeat treat. £ a
. or ppt. viis DIF
Mo (%) temp. G.S. £ MnS*3
S (%) for(!)VlCn)S No.*2 (Z"C-':nin) (kgf-m) (%)
wQ*® 20.1 0
1150- 5 15.5 33
15 10.7 66
400 12.3 41
N 950- 0.5 14.0 50
0.35 5 10.8 81
0.005 1350 0.2 150 7.6 91
400 10.6 72
700- 0.5 17.6 24
15 15.5 47
150 10.2 36
400 12.2 52
1150 2.6 17.4 0
1 200 2.2 14.2 28
S1-1 1250 0.7 950-150 12.1 45
0.36 1300 —-0.8 9.4 67
0.007 1350 —2.6 6.6 87
1400 —3.7 7.1 77
S2-1 1150 3.4 950-150 15.7 0
0.36 1350 —3.2 8.9 80
0.010
S3-1 1150 4.3 15.7 0
0.35 1250 2.6 950-150 15.4 28
0.014 1350 -0.9 9.6 77
1400 —=3.1 6.5 91
0.5°C/min 11.7 18
S1-C 1350 2 6.3 61
170 10.0 38
0.5°C/min 13.4 6
S2-C 1350 2 7.6 80
170 14.8 19
0.5°C/min 14.2 26
S3-C 1350 2 7.9 80
170 16.3 21

* . Solution temperature for MnS *2: Austenite grain size number
*3 . Heat treatment for precipitation of MnS 4. Fraction of ductile
intergranular fracture *5 . Water quenching

Fig. 1 XU 21X MnS OFHHFEEEZRDDL DI
FFEROSHZRUEL L OOF %KY, Fig. 1 13150
S1 % 1250~1400°C 2 hn#kf%, 950°C € 150 min D%
BEREE L 723546, Fig 2 138§ S1 % 1350°C (2hn#ksk,
700°C % % 2°C/min & 0.5°C/min TEGAHEI U 725
BTHAH. HHAERKZOTRGET 7 v HAIEWTER
ERL TR, FHRFEENKRE L 2D EERGA
~NBTTARBZAL L T B & & 455 Dbl s,

Fig. 3 % N % 1350°C i hn# % 1150, 950,
700°C D &8 T 0.5~400 min f£4F L 7285 MaS O
PR, HALHEEO TR R LT AR
T, HEAEEOLEERFHE Lo MaS E2RY. KL
FIERIRFBREI T, REBHIEL 25 EKEL
%A, WTOBE 950°C REOBEFRLE L, R
T 700°C RT3 0, 1150°C RFOHEI R DI %\,
950°C R DA, RIFHMICKVRFRIZIZEALE
L Zzvas, 700°C & 1150°C {550 GA R FFREHE A
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Fig. 1. Distibution of radius of MnS particles
observed on ductile intergranular facet in steel Sl
isothermally held at 950°C.
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Fig. 2. Distribution of radius of MnS particles
observed on ductile intergranular facet in steel S1
continuously cooled.
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Fig. 3. [Effect of holding temperature and time on
precipitation of MnS on ductile intergranular facet
in steel N.
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Fig. 4. Effect of heating temperature and S
content on precipitation of MnS on ductile inter-
granular facet.

Bt CRBICHENT AERIEALNS.
Fig. 5 1358 S1~S2 % 1350°C in#sk 700°C £ T%
a4 OGHEE CHHE L 2R O R E L T8l

—126 —



Ni-Cr-Mo-V 80 B2 L L IHA — 257+ 4 FPRFRICHE L7 MnS E0BR 433

Steel

Unit Area of Intergranular Facet
(10-5mm?3/mm?)

-
8% o
T

e o 0o

Number of MnS Particle on Amount of MnS Precipitated on

Unit Area of Intergranular
Facet (105/mm?)
o a8 a

T

Average Radius

0.1 l 1 ‘ 10 |10’ l 10°
Cooling Rate (°C /min)

Fig. 5. Effect of cooling rate and S content on
precipitation of MnS on ductile intergranular facet.
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Fig. 6. Change in upper shelf energy with amount
of MnS precipitated on unit area of intergranular
facet in steels N, S1, S2 and S3 isothermally
heated.
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Fig. 7. Relationship between upper shelf energy
and number of MnS particle on unit area of inter-
granular facet in steels N, S1, S2 and S3 isother-
mally heated.
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Fig. 8. Change in upper shelf energy with amount
of MnS precipitated on unit area of intergranular
facet in steels S1, S2 and S3 continuously cooled.
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Fig. 9. Relationship between upper shelf energy
and number of MnS particle on unit area of inter-
granular facet in steels S1, S2 and S3 continuously
cooled.
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Fig. 10. Relationship between observed and calcu-
lated amount of MnS precipitated on unite area of
intergranular facet in steels S1, S2 and S3.
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MHH 0 ) . - . -
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Fig. 12. Effect of S and Mn contents on calculated amount of MnS precipitated on unit area of
grain boundary and deterioration of toughness ; the values in figure are for the specimens heated at
1 250°C and aged at 950°C.
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Ni-Cr-Mo-V SO @#MBIL L HA — X7 F 4 FRFISHTH L7z MaS EOR4R 437

FoAER, TEEoHEBPHLNE L o 72

(1)BEIBAIHES vEs O T Mk RakmE b i
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BB AT A BTz,
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F— 25 F 4 MROHKAL & RADFREE MnS A2 X
ZEARREAECH TS MaS EOHIMTHET &
5.

(3)@E D 1250°C LLF oMz 8T, @kt
RIS B2, BRERES S OFEIC X B HACK R E
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