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Effects of Alloying Elements on Embrittlement of 15Cr-26Ni-1.25Mo

Type Precipitation Hardening Alloy

Katsumi IiyiMA, Norio YAMADA and Seishin KIRIHARA

Synopsis :

The object of this study is to characterize the effect of alloying elements on the toughness of 15Cr—26Ni-

1.25Mo type alloy steels (A286) aged at 650°C.

The results obtained are summerized as follows.

(1) The Charpy absorbed energy of 15Cr-26Ni-1.25Mo type alloy steels aged at 650°C was decreased

with increasing C content.

This fact suggestes that aging embrittlement closely depended on C content.
(2) Precipitates were found on the grain—-boundaries of the alloys aged at 650°C for 1 500h.

Microscopic

examination indicated that these precipitates grew as aging time increased. Auger electron spectroscopy
showed that titanium carbides were included in the precipitates.

(3) Decreases of C to 0.03wt% and Ti to 1.65wt%, were beneficial in keeping good Charpy absorbed
energy the value of 35 to 55 N-m in the specimens aged for 6 000h at 650°C, without reduction of creep

rupture strength at 650°C.
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Fig. 1. Normal creep rupture strength of forged
superalloys for rotor applications.
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wwH\ 72 Cr, Ni, Fe, Ti 0&EF=xA1¥—13Th%
R 529eV, 848eV, 651 eV, 418eV THAH.

4. RBERLZO®RH

4-1 MBRIEICRISZTRSOEE

Fig. 2 11 650°C BrahRi R Otk 0 5 BREF R Jug
+ Ti BogE4vrd. BHiioss, 20°C Toglk
BMXE L000.2% Mt Ti Bofine: &b B
ML, FAmEEY, KB ETT5. ZotEHENT
650°C © 1500 h oB&hEL A3, Ti wmilcs b
fe5 1 M (Nig(Al, Ti)) oA RLE D REDRM

and heat treatment of specimens.

(wt%)

G Si Mn P S Ni Cr Mo

Al Ti B

Al 0.042 0.70 1.35 0.013 0.010 25.78 15.92 1.23
A2 0.020 0.69 1.21 0.012 0.010 25.98 15.79 1.24
A3 0.048 0.74 1.35 0.012 0.010 25.75 15.86 1.25
B 0.040 0.44 1.46 0.013 0.006 25.38 14.77 1.33
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2.23  0.0055
. 2.36  0.0057
0.15 2.98 0.0050
0.3¢4 2.18 0.0031

Ww.Q. / \AC.

Heat Treatment
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Fig. 2. Effect of Ti content on 20°C tensile
properties after aging at 650°C.
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Fig. 3. Effect of Ti content on the toughness
after aging at 650°C.
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Fig. 4. Effect of C content on the toughness
after aging at 650°C.
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a) A2(C=0.020 wt%), As heat treated
b) A2(C=0.020 wt%), After aging at 650°C for 1500 h
c) A3(C=0.048 wt%), As heat treated
d) A3(C=0.048 wt%), After aging at 650°C for 1500 h

Photo. 1. Optical micrographs of alloys as heat treated and aged at 650°C for 1 500h.

a) A2(C=0.020 wt%), As heat treated
b) A2(C=0.020 wt%), After aging at 650°C for 1500 h
c) A3(C=0.048 wt%), As heat treated
d) A3(C=0.048 wt%), After aging at 650°C for 1500 h

Photo. 2. Fractographs of Charpy specimens fractured at 20°C.
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Fig. 5. Auger spectrum of alloy aged at
650°C for 1500 h.
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Table 2. Chemical composition of alloys used in the verification experiment.

[®f Si Mn P S Ni Cr Mo

HH 0.039 0.36 1.23 0.003 0.002 25.79 14.95 1.22
HC 0.037 0.36 1.27 0.003 0.001 25.85 15.05 1.24
HT 0.024 0.37 1.25 0.004 0.001 25.89 14.95 1.24
LL 0.023 0.38 1.25 0.003 0.002 25.67 14.82 1.27

(wt%)
Al Ti B —_—
) 0.24 1.79 0.0028
0.30 0.20 1.52 0.0040
0.22 1.81 0.0026 AC. AC.
0.18 1.54 0.0040 Heat Treatment
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Fig. 6. Toughness of specimens with lower
C and Ti contents aged at 650°C.
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Fig. 7. Tensile properties of specimens with
lower C and Ti contents at 20°C and 650°C,
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Fig. 8. Creep rupture strength of specimens
with lower C and Ti contents at 650°C.
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