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Production and Properties of Modified 9Cr—1Mo Steel Forging (F91) for Valve Bodies

Yuichi YAMAMOTO, Shoitsu SEO, Jirou MATSUMOTO, Yoshikuni KADOYA, Toshinari NISHIMURA and Ryotarou MAGOSHI

Synopsis : In order to conserve the energy resources and to reduce the dependence to oil, the large coal fired power plant which was improved heat effi-
ciency has been currently developed. A very effective method of improving the heat efficiency of steam power plant is the raise of steam con-
ditions. [t is important to develop the high temperature turbine valve forging which is used as the major structural material of this steam
power plant. Modified 9Cr-1Mo (Grade 91) steel has been incorporated to the parts of boiler in thermal plants due to its excellent properties
at high temperatures. In recent years, this steel has also been applied to the parts of turbine in ultra super critical plants. Former experience
with a process for manufacturing forged valves of low alloy steel in thermal power plants have enabled the application of F91 steel to forge as
valves. A 25-ton ingot was made by the basic electric furnace and was molded to valve bodies by combination of forging and shaping with
Gas. The manufacture of trial valve with F91 steel have successfully been performed. They exhibited high quality, good creep rupture proper-
ties and excellent toughness.
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Fig. 1. CCT curve diagram of the modified 9Cr-1Mo
steel.

Table 1. Effect of the normalizing temperature on the im-
pact properties of the modified 9Cr—1Mo steel.

Normalizing temperature (C) | Impact energy at 0°C [J] FATT(C)
1050 195.6 -15
1100 179.5 -12
1150 145.9 -5
1200 114.0 0

Heat treatment condition : 1050~ 1200°C X 2hr (2°C/min)
760°C X 10hr A.C.
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Fig. 2. Effect of the cooling rate on the tensile strength at
room temperature and 600°C.
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Fig. 3. Tempered hardness curves for 730, 760 and 780°C.
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Fig. 4. Effect of the tempering temperature on the impact
properties.
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Fig. 6. Creep rupture strength at 500 to 600°C obtained
when the cooling rate and tempering temperature
are varied.
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Fig. 5. TEM thin-foil micrographs showing martensite structure at each tempering temperature: (a) 730°C—10h, (b) 760°C—20h,

(c) 780°C-20h.
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Table 2. Chemical composition of the manufactured trial

valve.
(wt%)
Valve Process| C Si Mn P N Ni Cr | Mo A Nb Al N
Trial-A EF {009 ] 0321 039 | 0.009]0006] 0.09 } 876 } 0.95 | 0.20 | 0.076| 0.013 | 0.046
0.08 | 0.20 | 0.30 8.00 | 0.85 | 0.18 | 0.060 0.030
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Fig. 7. The shape and dimensions of the trial valve and the
test specimen sampling position.
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Fig. 8. The manufacturing process of the trial and test
specimens.

Fig. 9. The appearance of the trial valve after cutting.
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Table 3. Variations in the chemical of the

manufactured trial valve.

composition

(Wt%)

C Si Mn P N Cu Ni Cr Mo v Nb N
Ladle 0.09 | 032 | 039 | 0.009 | 0006 | 0.06 | 0.09 | 876 [ 095 | 0.20 | 0.076 | 0.046
No.1 009 ] 032 | 039 | 0010 0.006 | 0.07 | 0.10 | 8.80 | 094 | 0.20 | 0.075 | 0.046
No.2 0.09 | 032 [ 038 | 0.010 | 0.006 | 007 | 0.10 | 875 | 094 | 0.20 { 0.075 | 0.046
No.3 009 | 032 | 039 | 0.010 | 0.006 | 007 | 0.10 | 875 | 0.94 | 0.20 { 0.076 | 0.045
No.4 0.09 | 032 | 0.38 | 0.010 | 0.006 | 0.07 | 0.10 [ 875 { 094 { 0.20 | 0.074 | 0.044
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Fig. 11. Mechanical properties of the trial valve at each lo-
cation.
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Fig. 10. TEM thin-foil micrographs at three locations on position @of the trial valve.
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Fig. 12. Tensile properties of the trial valve at high tem-

peratures.
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Fig. 13. Creep rupture strength of the trial valve at the
temperature of 500, 550, 600 and 650°C.
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