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Synopsis :

The strength, ductility and notch toughness of Mn-Ni-Mo and Cr-Mo steels for pressure
vessel are shown at the different level of cooling rates and tempering conditions. These
results are summarized as follows: (1) Along with an increase in the tempering
parameter, defined by T(20+log t) where T: temperature and t: holding time, the
strength lowered continuously, but the ductility and the toughness gradually improved,
passed through a maximum value, and finally lowered. (2) The tempering parameter
corresponding to maximum toughness was found to depend on cooling rates for
Mn-Ni-Mo steel, but not for Cr-Mo steel. Level of maximum toughness, however,
changed with cooling rates for both steels. (3) With respect to ductility, neither
tempering parameter corresponding to maximum value nor level of maximum value

much depended on cooling rates for both steels.
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The strength, ductility and notch toughness of Mn-Ni-Mo and Cr-Mo steels for pressure vessel are

shown at the different level of cooling rates and tempering conditions.

These results are summarized as follows:

(1) Along with an increase in the tempering parameter, defined by T (20+log ¢) where 7°: temper-

ature and ¢: holding time, the strength lowered continuously, but the ductility and the toughness

gradually improved, passed through a maximum value, and finally lowered.

{2) The tempering parameter corresponding to maximum toughness was found to depend on cooling

rates for Mn-Ni-Mo steel, but not for Cr-Mo steel. Level of maximum toughness, however, changed

with cooling rates for both steels.

{3) With respect to ductility, neither tempering parameter ccrresponding to maximum value nor

level of maximum value much depended on cooling rates for both steels.
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WALE m BiguT & mIETRIT AR Mo KB BT s S R S e, B
NiMo RIS TR T 5. = 170mm » ASTM AS533 Grade B 1 (Mu-

HEBEHMCHVT, B FLAAVIEEE  N-Mo#) &L OWE 200mm & ASTM A8Y
%Mﬂ&t&%ﬁﬂﬁﬁﬁFT7%%KmLTm Grade D @ (Cr-Mo $8) # i & L7z, W&
TTCCL o ORELRB LYY, Lol Ch GREEMR OISR, Kk aliEit
DR o — R E T A 0dy, HAHVCITE BIMENIEAERCEE LTHS Bh DUk

EDORGRICOLEHLNEHETHELD DL, — JENBEFHEBTH L
BEEETHED & TS REEIN ch H #ﬁﬁ@iﬁﬁﬁ&’hMelk.ﬂ?&ﬁ%
HOAA G I FEA NI T L D, HDVEBE
ANEOEGCE MBI HT L L osd Koo Table 1 Production process of original plates
u~ﬂ1——i‘5}wq B CIE e\ v e R —— =
Procec;q ‘ Equlpment
TR IO LY A MEYEREL, MHT5 0 - | —
EHHEME LT, ‘ftiﬁ’]fiﬂ_ﬁ@:#ﬁiﬁﬁﬁﬂff% ) thmm?gfsgning i 180t/ch. LD converter
Mn-NiMo ##s X 0 Cr-Mo $BaHVT, 5B w—e—
. inal re 1n1ng P
MR AR ST X Hin NS 7o B TR S 0§, & and degassmg 1 100t/ch. ladle refining furnace
TORBAEE OFEHE L ST N o
Slabbing ‘ 6000t forging press
2. R®R A& Rolling ‘ 4 high plate mill
Table 2 Chemical compositions of materials used (wt %)
 Steel o | " 'éf\ Ma | P w S_T Ni | cr | Mo | A
MnNiMo 020 | 0.29 | 1.37 | 0.012| 0.007 | .68 0.01 | 0.58 | 0.03
L 1 S C . .
Cr-Mo ‘ 0.13 ‘ 0.24 ‘ 0.60 | 0.012 ‘ 0.010 | 0.03 ‘ 2.40 | 0.52 ‘ 0.001

Table 3 Mechanical propertle% of ongmal plate'a at quarter in thickness

! Direc ’I‘ensﬂe properties lmpact propertlea
. i Stress | " - B -
Thick Temper-| relief | tion Yield Tensile ‘Elonga- i Reduc 0/ Absor-
Steel ness|. anneal-| ©of : h h iop tion of [T Trao  |bed
(mm) 2 ! ing speci- l}htrengt strengt tion area energy?
; menY|(k k . :
______ O ey M) 0 | o | CO) | O jgem)
, ‘ : |
, sosoc zocc | L | 88 et ] s o | -7 | e | 82
Mn-Ni-Mo 170 <5k xd5h — et S S S L —
| c ‘ 50.2 | 62.2 | | 0 | 43 ‘ -25 | 6.6
i 650°C . - 1T ‘ : ‘ o N
Cr-Mo 200 655;% xTT.5h| L . ‘ _3:_3’_9_ ‘__..53'1 : ,?4,,, .7?._ ZE},\, EE_!__ZO i
x 7-8h|710°C L ; . | e ' _ \
) 103Gy € | 39 | 533 ‘ 32 ‘ 79 | s —s | o201

Note 1) L : parallel to final rolling direction
C : transverce to final rolling direction
2) Testing temperature is —12°C for Mn-Ni-Mo steel and 0°C for Cr-Mo steel
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Fig. 1 Heat treatment (Cooling curves on quenching are shown in Fig. 2 and Fig. 3)
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Fig. 2 Continuous cooling transformation curve
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Fig. 3 Continuous cooling transformation curve
and cooling curves on quenching for
Cr-Mo steel

Table 4 Mean cooling rate and thickness of
which the same cooling rate is
estimated to gain at center

Mean cooling rate Equivalent thickness(mm)

on quenching

Air cooling [Dip quenching

37 °C/sec - : 20
24 °C/min 20 ! 225
10 °C/min 80 : 370

4, Fig. 2 5 2 Fig. 3wt
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Photo. 1 Electron fractographs of Mn-Ni-Mo steel in various condition of quenching and tempering
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Photo. 2 Electron fractographs of Cr-Mo steel in various condition of quenching and tempering
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Photo. 5 Transmission electron micrographs of Mn-Ni-Mo steel
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Photo. 6 Transmission electron micrographs of Cr-Mo steel
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Table 5 Austenite grain size, subgrain size and unit size of cleavage facet in broken Charpy specimen
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