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Toughness Evaluation of Mo Steel Using for Pressure Vessel

Hachiro OKADA and Yoshikuni MURAKAMI

Synopsis:

Experience of Accidents at petroleum-refining plants strongly demand improvements in the safety of
facility operations. Brittle fracture at relatively low temperature is the most catastorophic type of acci-
dent of pressure vessel that can occur in use. To prevent it, various approaches of reliability evaluation
have been taken. The most important factor in reliability evaluation is the toughness of the construction
material. There are more than a few cases in which a fracture originated in lower toughness than ex-
pected.

Pressure vessels of 5 Mo steel are the most widely used in such petroleum-refining facilities as naphtha,
kerosene, and light oil hydrotreating reactors. The significance of their toughness has become highlighted
resently.

22 samples of %5 Mo steels, which had been in long-term service for pressure vessels, were investigated
for the purpose of prediction of the ,T,, of 15 Mo steel. It was found that the +T,s of ¥4Mo steel can be

estimated nondestructively by using the following parameter.

T, (°C)=22.6 X—32.59
X =100 (P+B)/HV-N

where P+ B : Pearlite plus bainite fractions in the microstructure, HV : Vickers hardness, N: ASTM fer-

rite grain size No.
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Fig. 1. Histogram showing distribution of chemical com-
positions on materials investigated.
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Fig. 2. Histgram showing distribution of tensile properties on

materials investigated.
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Fig. 3. Histogram showing scatterings of impact prop-
erties in Charpy test on materials investigated.

15
A Weld Metal
e Bond
A HAZ

10k o Base Metal

Absorbed Energy (kg-m)

1 1

80 -40 O 20 80 120
Test Temperature (°C)

Q

Fig. 4. Comparison of Charpy absorbed energy curve
among weld metal, bond, HAZ and base metal of )4 Mo
steel.

— 143 —



546 B ¢ W % 73 4F (1987) % 3 5

ERIL7: TSRO E LTMA L.
3. E B & B

FENEHRAME Lo BMo i 08 % 5Fli 4 2 45
&, BMXERT &, EHEROBELE, &b
POATCHEELE LR LD ERY, FR6DOKRTFOHEMD
BUEANEERENCRETHLELNHS. Lo L,
RSP ERO RN oML % FMT A0, HKIE
BRI LZFEICL0IT) S EPVETH D, DERICH
ELBLT—FREONL. Thbb, HELFECL
% 3 7 UHIGEIZ 2 O OB B X O Sk, TE
EHDHVIRBEREE LTINT— Mok 2RSSR L
ML DREM R RO BTN D S

HIERY TO Mo BLUCEEE LR MIcXY, 3
7 U B X OB LG L OBER &0 T ¥ Mo
W OBINMEZEE & MET LSRR, BMo S, o
BHCE, IZ7 oMk BMOLELEBRZEICIVBIE
BERLZEPHSNT.

AREBRTIE, ThoomB i, BERERMICBYL
CIMBENICH DB LRF L 8 OB %R 2 2
Le L7 &b, H40BMELREET &8 L OB
oW, ¥E7—5 2RPEFEE (—%RX) 12X
WL, ZhZhOXISH 2 a7,

3-1 EABRMOBRLES UEHEDOHT .

EROIEN BB BT 5 80BN, Aeof:
B, HRICL2TELIHTHY, T8k IcLo
THRLRD. 207/-0, FTHLZBBELHETHZ LI
AAHEICHE . 2 2 TR 2B 2 EBRM (LITEE
MEFER) O D7 — 5 % FLM1C LT, HAEAESM (UL
THEEABHLER) 03I 7 olsrs, 20825 LE
% S LT H 7. -

Fig. 5 WFERABEMOCEEL I 7ok DT F: 7«
G4 N, B:RAFA L, P:X—54 FEWET.) M
BzRY. B, EBRMICBIISCEE 3 7 ol
DM %R S LIBE (920°C) »50BHIHE T &2
ELL 7. FRHBEMOBEZ S LIRESAHTH Y, ME
BHEEGELR EOFEORHETH 505, EEBM L RS0
BORBIUOELZL LBEL AL LT, 2O5HEES
HWET S L&, FREMOGHEEZIEFCE, 20I3
EAED OC/min LTORETCHGH SNz DE R
ENBH., ZOXIICECHEHEEOEAITIE I 7 u ik
DG HEBERA S LB/ S L, 72 (P+B &it
CE LI ZITHEMN 2 G %2RY. Fig 6 3FHAEMICE
7% (P+B L CEOMHBEZRLALDT, CEL
Xy (P+B) EXFEHEHICHENTS.

100
801
R 60
o)
“ a0r 3
» ooo o°
%" o

0 —08-0-00—

80°C/min
801
25°C/min

__ 60r
L
; a0k 9 °C/min
0 5 °C/min
20..

o

[0}
0l0 015 020 025 030 035
Carbon (%)

Fig. 5. Relation between carbon contents and volume
fraction of ferrite (F') and bainite (B) in XsMo steels used
for pressure vessels (Curves in figure shows cooling rate
after normalizing at 920°C obtained from reference (1 ).
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Fig. 6. Relation between carbon contents and sum of
pearlite (P) and bainite (B) contents of 4 Mo steels used
for pressure vessels.
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Fig. 7. Effect of volume fraction of ferrite (F), perlite
(P) and bainite (B) contents on ,T,, of X4Mo steelsused for
pressure vessels.
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Fig. 8. Relation between ,T,, and carbon contents of %
Mo steels used for pressure vessels.
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Fig. 9. Relation between ,T,, and ferrite grain size of %%
Mo steels used for pressure vessels.
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Fig. 10. Relation between ,T,, and HV of 5 Mo steels
used for pressure vessels.
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Fig. 11. Relation between actual ,T,, and collelation fac-
tor, 100(P+ B) /HV-N, to predict ,T,, of X4Mo steel.
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