I 926

i g 3

$% & 8 Vol 80 (1994) Nol2

C-0.5MosRDKFZRREIMEICESL T T ERHEBOZE

KAy ™ME* - AR

e - W BEFE - 1T

SHs %3
{8 —

Effect of Metallurgical Variations on Hydrogen Attack Resistance in C-0.5Mo Steel

Kimitoshi Kivura, Tohru Isnicuro, Takayasu Tanara and Kowuji Kawano

Synopsis : A large number of C-0.5Mo steel equipments have been subjected to successful operation in petroleum and petrochemi-
cal industries. However, recent hydrogen attack incidents below the Nelson chart limitation have been pointed out that
metallurgical variation makes an important role to affect the hydrogen attack resistance. Under the circumstances, five
cases of actual damaged samples taken from reactors and heat exchangers were investigated in metallurgical view
points. X-ray diffraction analysis revealed abnormal carbide precipitation with M,3Cs in all of the actual damaged
samples. As a result of laboratory examinations, these abnormal carbides of M,;Cs were recognized to precipitate in
a limited heat treatment condition with slow cooling rate from austenitizing temperature, which resulted in the
deteriorated resistance. At the same time, effects of tempering temperature for the base metal were examined by
autoclave test. Methane bubble formations of the base metal were apparently facilitated with the higher tempering
temperatures. These unique variations in the resistance were discussed in relation to bubble formation sites and effect

of free carbon in the ferrite matrix.

Key words : C-0.5Mo steel ; hydrogen attack ; Nelson chart ; free carbon ; divergent pearlite ; metallography ; precipitation.
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Table 1. Test samples used for metallurgical exam-
ination on hydrogen attack susceptibility
of actual damaged C-0.5Mo steels.

Hydrogen Service Experiences
Case2 Case3 Cased

Casel Case5-P*,-F*

. Forged Nozzle Forged Flange Rolled Plate Shell Rolled Plate Shell Forged Flange and
Locations cutoutfrom  cutout from cut out from cut out from  Rolled Plate cut out
Reactor Vessel Heat Exct Heat Exchang, Heat Exch from Heat Exchanger
Design
temp. K 733 723 591 591 unknown
Design
pressure* 1.47 1.96 13.24 13.24 unknown
Operating ynknown 113,000 90,000 90,000 unknown
time, h N
PWHT yes yes yes yes yes
* MPa note) P*: Rolled Plate, F*: Forged Flange
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Table 2. Chemical composition of material used.

Element C Si Mn P S Ni Cr Mo Cu Al \'%
mass.% 0.20 0.20 0.88 0.005 <0.003 0.05 0.05 0.55 0.01 <0.005 <0.01
As,Sn: <0.003
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Fig. 1. SEM observation of actual hydrogen attack
damaged sample below the Nelson chart
limitation of C-0.5Mo.

Table 3. Summary of metallurgical examinations
of the type of precipitated carbides
identified by X-ray and microstructures of
aucual damaged C-0.5Mo steels.

Hydrogen Service Experiences
Casel Case2 Case3 Case4 Case5-P*Case5-F*

. Forged Forged Forged
Thickness(mm) g =1 g ange 77 77 90 Nozzle
Identify H.A. H.A. H.A. HA. HA NoHA.
Fe.C (W) w)  (w) (W) --- (s)
X-Ray Mo.C _ —  —  —
MzCo  (s) (s) (s) (s) (s) (m)
Microstructure - F/P F/P F/P  F/B/P F/B/P F/B/P
Target :Cu (s) :strong note) P*:Rolled Plate, F*: Forged Flange
Voltage :40kV (m) :medium H.A.: Hydrogen attack
Ampere :150mA (w) :weak F: proeutectoid ferrite
Scan rate :22deg./min.  --- :Not detected P:divergent pearlite

B: bainite
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Table 4. Effect of cooling rate from the austenitiz-

ing temperature on the type of precipitated
carbides and microstructures of C-0.5Mo

steels.
Base metal
Cooling Rate Microstructure _ X-Ray
(K/s) FeaC Mo2C M23Cs
0.833 F/B (s) --—- ===
Forged plate with 35mm 0.167 F/B (1) J T —
(Simulating heat
treatment) 0.033 F/B/P (s) - (w)
0.017 F/B/P (s) - ()
(8) :strong (w) :weak note) Austenitizing :1173K
(m) :medium --- :Not detected Tempering : 893K

F: proeutectoid ferrite
P:divergent pearlite
B: bainite
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Fig. 2. Hydrogen attack resistance in C-0.5Mo base
steels after tempering of 893K as a function
of cooling rate from the austenitizing tem-
perature.

Fig. 3. Microstructures of C-0.5Mo steel samples
with various cooling rate from the austenit-
izing temperature after autoclave test of
873K under 12.3MPa hydrogen gas for 1.
44Ms.
a)0.833K/s b)0.167K/s ¢)0.033K/s d)0.017K/s
tempering of 893K
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Fig. 4. Hydrogen attack resistance in C-0.5Mo base

steels heat-treated by normalizing with
rapid cooling rate from the austenitizing
temperature as a function of tempering tem-
perature.
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Fig. 5. Hydrogen attack resistance in C-0.5Mo base
steels heat-treated by annealing with slow
cooling rate from the austenitizing tempera-
ture as a function of tempering temperature.
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Fig. 6. Results of hydrogen analysis for the speci-
mens after autoclave test as a function of
tempering temperature.
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Table 5. Results of metallurgical examinations of
the type of precipitated carbide identified

by X-ray.
Base metal
Microstructure X-Ray
FesC Mo2CMz23Ce
Quenched at 823K F/PIM - (5)
Cooling to room temp.  F/P/B W) - (s)

(w) :weak
--- :Not detected

(s) :strong
(m) :medium

note) Austenitizing :1173K
Cooling rate: 0.017K/s
F: proeutectoid ferrite
P:divergent pearlite
B: bainite
M: martensite

Table 6. Effect of tempering on carbide character-
ized by X-ray diffraction and chemical
analysis in carbide and calculated value of
Mo contents in ferrite matrix.

Chemical analysis Mo content in

Holding time X-Ray
of 933K, Ks of carbide, mass.% ferrite matrix
FesC Mo:C MzCs  Fe Mo mass.%

0 w) - (s) 2.45 0.088 0.46

3.6 W) -~ () 2.72 0.135 0.42

25.2 w) - (s) 254 0.169 0.38

97.2 w) - (s) 2.52 0.240 0.31

349.2 w) - (s) 224 0.309 0.24

(s) :strong (w) :weak

(m) :medium --- :Not detected
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Fig. 7. Effect of tempering on stress-strain curves
for C-0.5Mo base steel with various cooling
rate from austenitizing the temperature.
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