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Effect of Mo and C on Toughness of 1/2 Mo Steel for Pressure

Vessel

Hachiro OXADA, Katsuyuki NAITOH, Hiroshi YAMAMOTO and Yoshikuni MURAKAMI

Synopsis:

Effects of Mo and C contents on the 1mpact properties of 1/2Mo steels utilized in the pressure vessel of
the petroleum refining equipments, were investigated to improve the toughness.

(1) Molibdenum addition suppresses the formation of ferrite in the steel resulting in the improvement
in the toughness. On the other hand, if the microstructure of the specimens is constituted by the same
volume fraction of ferrite, pearlite, and bainite, increasing Mo content decreases the upper shelf energy and

increases the ,Ts.

(2) Increasing C content from 0.15 to 0.30% in 1/2Mo steels lowers the toughness.

(3) On the basis of the experimental results on the relation between ,Ts and microstructure of steels
with 0.15~0.75%Mo, it is found that good toughness is obtained and the variation of which was very small
if steel plates had more than 40% bainite in volume. The above condition was realized by the appropriate

cooling rate according to the plate thickness.
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Table 1. Chemical compositions of the samples (wt2;).

C Si Mn P S Ni Cr Cu Mo Al N
A 0.22 0.27 0.71 0.006 0.007 0.01 0.01 0.01 0.01 <0.005 0.0082
B 0.21 0.26 0.70 0.007 0.007 0.01 0.01 0.01 0.15 <0.005 0.0088
C 0.21 0.26 0.73 0.006 0.007 0.01 0.01 0.01 0.32 <0.005 0.0084
D 0.23 0.26 0.72 0.007 0.007 0.01 0.01 0.01 0.50 <0.005 0.0083
E 0.21 0.27 0.71 0.007 0.008 0.01 0.01 0.01 0.75 <0.005 0.0093
F 0.23 0.25 0.72 0.007 0.008 0.01 0.01 0.01 1.0 <0.005 0.0098
G 0.15 0.24 0.71 0.003 0.003 0.01 0.04 0.01 0.51 <0.005 0.0096
H 0.25 0.24 0.71 0.004 0.003 0.01 0.01 0.01 0.51 <0.005 0.0104
I 0.30 0.25 0.69 0.003 0.003 0.01 0.01 0.01 0.51 <0.005 0.0086
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Fig. 1. Heat treatment conditions of the samples.
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Chemical Compositions {wt %)
~ Steel C Si Mn P S Ni Cr Cu Mo Al
B 021 026 070 0007 0007 OOl 0O0I 0Ol 0.5 <0005
D 023 026 072 0007 0007 00l 00! 0Ol 050 <0005 Austenitized at 920°C
F 023 72 0007 0008 001 001 00l 100 5 for 30 min.
900 1
@ B ‘\\ S 'c?:ﬁ 'min. [8°C{mi .il:lmim.l MOI.F fmin, - --- cJolinq #04 l‘l
800 < 2 _ --\-3\-: LTy ----0.I5MoI (StesiB)
. - FToem 1K < Fe \ \ 050Mo Steei D)
N
g 700 N | 0 J’ e | O Mo (Stes!F)
] B = - - - .
600|—Istes! —— j¥. 2 A
® B 864°C| \ 471 ) ~N T LA
2 Acs { D ass.c \ . \ B \\.\ -
© 500 F 855°C ——= \' v
[ -
B 724°CH+ o= /)r \ P 4
%4oo-Ac. { D 725°C < N T \ A+
S G PN v TR
300 .
I =ulIAVHANIA |-
i 0.15M0  Glopia g@ 76 gsa i Ij% /25 20| | |
@ 100 Hy{ 0.50Mo _Gi7 e i i 14844 31
- 1.0 Mo =) @ &9 | @ é a7 |
‘L 0 p el L ilel Lt L 1ah L bt
| 10 107 10° 10* I0°sec
ll i PR |5 1 'b 2‘0 Lo min.
Sd__l_l___.l
5 10 20 N

Time
Fig. 2. Comparison of CCT diagrams of 0.15, 0.50 and 1.09 Mo steels.
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Fig. 3. Comparison of CCT diagrams of 0.15 and 0.30%C steels.
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Fig. 4. Effect of Mo contents on volume fraction
of ferrite (F), pearlite(P) and bainite (B) in steels
cooled at the rate of 5, 9, 25 and 80°C/min after
austenitizing at 920°C for 3 h.
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Fig. 5. Effect of C contents on volume fraction
of ferrite(F) and bainite(B) in 0.509,Mo steels
cooled at the rate of 5, 9, 25 and 80°C/min after
austenitizing at 920°C for 3 h.
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Fig. 6. Relation between 2775 and Mo contents
of the specimens cooled at the rate of 5, 9, 25
and 80°C/min from austenitizing temperature (920
°CX3h), then tempered at 600°C, 650°C and
700°C for 5h.
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Test Temperature (°C) absorbed energy curves.
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Photo. 1. Variations in carbide precipitation morphology with increase in tempering temperature
in 0.15, 0.50 and 1.0%Mo steels.
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Table 2. Carbides identified in residues extracted
from 0.15, 0.50 and 1.09,Mo steels austenitized
at 920°C and tempered at 600, 650 and 700°C
Figures in this table show rerative intensities.

= %3
‘<::::Iii:::i‘~\«\~‘a~4< 80°C/min | 25°C/min | 5°C/min
- % T
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FesC 25|40 | 45|39 | 55 | 35| 47| 59 | 53
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FesC 28 (43|68 20|49 | 633746/ 62
1.0Mo Mo,C 20 | 36 21 | 34 16 | 39
M;3Cs w w w
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100=1000cps, W : <15

240 Cooling Rate = 25°C/min
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Fig. 8. Effect of tempering temperature on the
vickers hardness.
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Fig. 9. Relation between vTrs and C contents

of the specimens cooled at the rate of 5,9, 25

and 80°C/min from austenitizing temperature

(920°C % 3 h), then tempered at 600°C, 650°C

and 700°C for 5 h.
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Photo. 2. Variations in carbide precipitation morphology with increase in tempering temperature

in 0.519,Mo0-0.259,C steels.
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Fig. 10. Relation between v7T7rs and volume frac-
tion of bainite(9) in 0.509,Mo steels tempered
at 650°C.
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Fig. 11. Relation between 077s and volume
fraction of bainite in 0.15-0.75% Mo steels.
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Fig. 12. Changes in the tensile strength with
tempering of 0.509,Mo steels.
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