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Effect of Alloying Elements on Creep Rupture Strength

of 25Cr-20Ni Casting Steel

Yutaka Fukur, Ryoichi Sasaki, Fumio Hatava, and Shintaro TAxAHASI

Synopsis:

Centrifugally casting steel HK40 (0.4C-25Cr—20Ni) is used for reformer tube in the steam reforming
process or cracking tube in the equipment which produces ethylene. A study has been made of the effects
of constituent elements such as C, Cr, Ni and adding elements such as Ti, Nb, Mo on the creep rupture

strength of HK40.
The results obtained are summarized as follows:

1. G, Cr and Ni are effective to improve the creep rupture strength, where Si is sligtly effective and Mn
is ineffective. With increasing Ni content, the slope of the rupture time-stress curve becomes gently and

long time creep rupture strength increases.

2. By adding Ti, Mo, V and Nb, known as carbide former, the creep rupture strength is still 1mproved
at high temperature of 982°C. Mischmetal is effective and N is ineffective.
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Table 1. Chemical composition of steels (wt%).

No. C Si | Mn Ni Cr Others

1 10.31] 1.11] 2.35| 19.85| 24.40

2 10.38 1.14] 2.55| 19.25| 24.40

3 10.40| 1.03| 0.93| 19.10| 23.25

4 | 0.51] 1.18j 2.59| 19.80| 24.05

5 10.61| 1.08| 0.81| 18.75| 21.35

6 | 0.38/ 0.47} 0.42] 19.15 24.00

7 | 0.35 0.61| 1.59 19.29| 22.80

8 | 0.36] 2.22 0.52| 19.50] 23.00

9 ]0.36] 2.23] 1.71] 18.55| 25.50

10 | 0.36| 1.03| 0.87| 33.20, 17.10

11 | 0.40( 1.04| 1.11| 37.50, 15.20

12 | 0.40| 0.94} 0.92 13.60 23.00

13 | 0.37| 1.04| 1.03| 33.40; 25.28

14 1 0.36| 1.04} 1.02; 43.20| 22.30

15 | 0.40] 1.18| 2.57| 19.45| 24.20] M.*, (0.15)
16 | 0.40[ 1.16| 2.22| 19.85 24.05| # , (0.35)
17 |1 0.38] 1.04} 1.00] 18.72| 22.80| Ti, 0.21
18 { 0.38/ 1.05 1.03; 19.08| 22.80{ # , 0.24
19 | 0.40| 0.98 1.00) 18.40| 22.80 Ti, 0.07, M.*(0.1)
20| 0.40; 1.17| 2.34; 19.80| 23.60| Mo, 0.37
21 1 0.40/ 1.20 2.29 19.70] 23.40; 7 0.61
22 1 0.40] 1.22] 2.40| 19.88) 24.30, V, 0.29
23 | 0.41] 1.22] 1.86| 19.70; 24.30, 7 0.10
241 0.38/ 1.11| 2.32 19.88| 23.10) Nb, 0.22
25} 0.40 1.23] 2.27| 19.50; 23.40 7 0.45
26 | 0.38 0.95 0.70| 18.05| 22.65| N, 0.157
27 1 0.39 0.84| 1.00] 23.85| 21.48| W, 1.02
28 1 0.34] 0.46| 0.44| 36.00| 21.65| Mo, 2.8, Co, 18.2
29 | 0.39] 1.06| 0.92 45.22| 21.80] W, 4.68
30 | 0.37/ 1.65| 0.64| 33.40| 20.70 Co, 15.8, W,5.5
31 10.41 1.23 2.30, 19.70; 23.80| B, 0.0022
32 | 0.41) 1.23| 2.60] 20.40| 24.10, ~ 0.0032
33 | 0.39| 1.04 0.76 19.05| 21.15 7 0.0046
34 10.38 1.09 0.79 18.95| 21.15 7 0.0072
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Fig. 1. Effect of C on creep rupture strength
at 982°C.

Photo. 1. Macrostructure at cross-section of cast specimen (No. 2).
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Fig. 2. Effect of Si, Mn on creep rupture
strength at 982°C.
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Fig. 3. Effect of Ni, Cr on creep rupture
o strength at 982°C.
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chmetal, Mo, V on creep rupture
strength at 982°C.
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Fig. 5. Effect of Nb, N, W, Co+W on
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Photo. 2. Microstructure before creep rupture test.
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Photo. 3. Microstructure before creep rupture test.
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Photo. 4. Microstructures after creep rupture test at 982°C.
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