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Fabrication and Properties of Forged Rings made of Modified 9Cr-1Mo-V
Steel for High-temperature and High-pressure Reactor
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Recently, a higher temperature process has been developed for more efficient operation of extra heavy oil
processing and coal liquefaction processing in the oil industry. This new process will be operated at around
500C. Therefore, modified 9Cr-1Mo-V steel may be a candidate material because of its high temperature
performance. For forged shell rings constructed for the heavy wall reactor, the weight of ingot used may
exceed 190tons, and the wall thickness is over 300mm at the time of heat treatment. However, it has been
reported that forged products that were manufactured using an approximately 30ton ingot of modified
9Cr-1Mo-V steel were prone to internal defects; in particular, the generation of casting defects becomes
a more serious problem as the size of the ingot increases. Therefore, it was necessary to confirm the
quality of forged products exceeding 100tons. As a result of an evaluation test, it was confirmed that the
mechanical properties meet ASME requirements, and internal defects were not detected. The heavy wall
shell ring with modified 9Cr-1Mo-V exhibited good material properties.
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Table 1 Material requirements of SA-336 Gr.F91 (ASME Section II)

Chemical compositions (%)

C 0.08 - 0.12
Mn 0.30 - 0.60
P =0.025
S =0.025
Si 0.20 - 0.50
Ni =0.40
Cr 8.0-9.5
Mo 0.85 - 1.05
AY% 0.18- 0.25
Nb 0.06 - 0.10
N 0.03 - 0.07
Al =0.02
Ti =0.01
Zr =0.01
Mechanical properties
Tensile strength  [585-760 (MPa)
0.2% proof stress =415 (MPa)
Elongation =20 (%)
Reduction of area =40 (%)
Heat treatment (C)
Austenitizing 1,040 - 1,080
temperature
Tempering 730 - 800
temperature
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Fig. 1 Effect of cooling rate on as-quenched hardness of modified
9Cr-1Mo-V steel
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Fig. 2 Effect of tempering condition on 0.2% proof stress and tensile
strength for modified 9Cr-1Mo-V steel
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‘ Melting (Electric arc furnace and ladle furnace)

Ingot making

Weight: 190ton

Outside diameter: 4,550mm

Wall thickness: 310mm

Heat treatment

Quenching: 1.060°C X Th/WQ
Tempering: 740°C X 9.4h/AC
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‘ Machining | | Cutting of test piece |
Nondestructive | Simulated PWHT |
examination 775°C=32h

+ Ultrasonic testing

- Penetrant testing Mechanical test |
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Fig. 3 Manufacturing process of trial shell ring
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Fig. 4 Shape and dimensions of the trial shell ring and sampling
position of test specimen
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Fig. 5 Optical microstructure at center position of wall thickness
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Fig. 6 TEM micrographs at center position of wall thickness
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Table 2 Chemical composition of trial shell ring

(mass%)
Position C Si Mn P S Ni Cr Mo vV Nb N Al Ti Zr
12 0° 0.11 | 0.26 | 0.50 | 0.010 | 0.001 | 0.33 | 887 | 0.95 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
ToP 180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 8.88 | 095 | 0.22 | 0.07 | 0.05 [ 0.002 | 0.002 | 0.001
14 0° 0.11 | 0.26 | 0.50 | 0.010 | 0.001 | 0.33 | 8.88 | 095 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 [ 0.003 | 0.002 | 0.001
72 0° 0.10 | 0.26 | 0.50 | 0.009 | 0.001 | 0.33 | 8.89 | 0.94 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
BOT 180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 893 | 096 | 0.22 | 0.07 | 0.05 [ 0.002 | 0.002 | 0.001
14 0° 0.11 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 | 0.002 | 0.002 | 0.001
180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 [ 0.003 | 0.002 | 0.001
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YS: 0.2% proof stress
TS: Tensile strength
EL: Elongation

RA: Reduction of area

FATT: Fracture appearance transition temperature
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Fig. 7 Mechanical properties of trial shell ring at each position
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