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Effects of Ti, Nb and Mischmetal on Creep Rupture Strength

of 25Cr-20Ni Casting Steel

Yutaka FURUL, Ryoichi SASAKIL, Fumio HATAYA, and Mikio Hacuisu

Synopsis:

Centrifugally casting steel HK40 (0.4G-25Cr-20Ni) is widely used for reformer tube in the steam
reforming process or cracking tube in the equipment which produces ethylen. A study has been
made on the effects of complex addition of a small amount of the Ti, Nb and Mischmetal on the

creep ruptures trength of HK40.

By addition of Ti and Nb,(Ti,Nb)C is formed, and as a result of forming (Ti, Nb) C, precipitation
of Cr carbides and their coarsening are retarded. Therefore, the strength and ductility of creep

rupture are improved.

Mischmetal is effective to improve the creep rupture strength, if it is added by alone. However
the effect of Mischmetal can not be found in complex addition with Ti and Nb, because the strong

effect of Ti and Nb hides the effect of Mischmetal.
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Table 1. Chemical composition (wt.%) and gas contents (ppm).

Nyl c|si|vm]| » s | i Ti | Nb (Mm*| O [ N | mH |Addition
1 0.43 |1 1.08 | 1.00 | 0.020 | 0.020 | 20.0 | 26.0 92 474 | 3.8
2 0.4211.22|1.12 | 0.018 | 0.004 | 19.1 | 24.0 0.35| 74 461 5.2 F
3 0.42 1 0.87 | 0.85 | 0.020 | 0.016 | 21.2 | 25.4 | 0.06 0.1 92 643 | 5.3 L
4 0.4210.87 { 0.85 | 0.020 | 0.016 | 21.2 | 25.4 | 0.08 0.1 76 583 | 6.5 L
5 0.42 | 0.87 | 0.91 | 0.015 | 0.018 | 20.0 | 24.9 | 0.01 0.3 91 531 | 9.1 F
6 0.42 1 0.87 | 0.91 | 0.015 | 0.018 | 20.0 | 24.9 | 0.03 0.3 29 377 | 9.4 F
7 0.40 | 0.82 | 0.86 | 0.021 | 0.016 | 20.6 | 24.8 | 0.08 0.3 53 532 | 10.6 L
8 0.41 | 0.83 | 0.82 | 0.021 | 0.016 | 20.6 | 25.0 | 0.12 0.3 22 257 | 7.0 L
"9 0.42 1 0.71 | 0.93 | 0.015 | 0.014 | 20.0 | 24.9 | 0.25 0.3 8 90| 7.9 F
10 0.41 1 0.75{ 0.90 | 0.013 | 0.017 | 20.6 | 24.8 | 0.26 0.3 15 66 | 9.7 L
11 0.39|0.80 | 0.87 | 0.013 | 0.013 | 19.5 | 24.6 | 0.31 0.3 11 107 | 7.8 F
12 0.38 | 0.98 | 0.86 | 0.013 | 0.010 | 19.5 | 24.4 | 0.43 0.3 12 66 | 9.1 F
13 0.38 1 0.99 | 0.92 1 0.012 | 0.006 | 19.9 | 24.6 | 0.52 0.3 7 45| 8.9 F
14 0.40 | 0.73 | 0.78 | 0.019 | 0.015 | 20.7 | 25.0 | 0.86 0.3 L
15 0.3910.85|0.94 | 0.018 | 0.016 | 20.8 | 24.8 | 1.22 0.3 22 35| 11.0 L
16 0.41 1 0.83 | 0.85 | 0.014 | 0.014 | 20.7 | 24.7 | 0.13 0.35 | 22 230 | 8.1 F
17 0.38|0.75|0.98 | 0.019 | 0.018 | 19.6 | 25.3 | 0.17 0.35 11 233 | 6.7 F
18 0.40 | 0.91 | 0.89 | 0.014 | 0.018 | 19.4 | 25.2 | 0.03 | 0.31 | 0.3 76 505 | 10.8 L
19 0.40 | 0.91 | 0.89 | 0.014 | 0.018 | 19.4 | 25.2 | 0.41 | 0.31 | 0.3 23 83| 9.1 L
20 0.40 | 0.82 | 1.05 | 0.020 | 0.013 | 19.5 | 25.5 | 0.16 [ 0.29 | 0.35 | 12 172 1 7.2 F
21 0.40 1 0.82 | 1.05 | 0.020 { 0.013 | 19.5| 25.5 | 0.20 | 0.29 | 0.35 | 37 408 | 9.5 F
22 0.41 1 0.87 | 0.82 | 0.014 | 0.015 | 20.7 | 24.7 | 0.33 | 0.28 | 0.35 14 169 | 9.9 F
j
* : Mischmetal, added percent. L :addition in Ladle, F :addition in Furnace
Table 2. Relation between added mischmetal (%) 800
and Ce, La contents (ppm). L
VT EGOO OO X :NO. I
No. | Misch. | Addition | q, La 3 AR (HK 40)
2 0.35 F 52 13 400\ ©
3 0.1 L 28 15 =z N
4 0.1 L 26 12 Do
10 0.30 L 460 20 2001 o
11 0.30 F 58 1.8 oY
17 0.35 F 23 0.31 . ".o.—".—",{‘/—.o‘x
19 0.30 L 580 40 0.6 08 1.2 <
20 0.35 F 89 2.8
23 0.15 F 37 1.0
24 0.30 L 205 19.2
25 0.20 L 40 0.33
26 0.10 L 30 1.7
27 0.30 L 290 8.4
28 0.30 F 52 13
L : addition in Ladle, ¥ : addition in Furnace
(o]
S RBRER I
3.1 ﬁxﬁ'*ﬁ'js:kz}: La, Ce ﬁ'*ﬁ' T O.(G%) 0.8 1.2 1.4
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Fig. 1. Relation between gas content and Ti
content,
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Fig. 2. Residual Ce in alloys with amount of
added Mischmetal.

Alggg: Addition in Ladle
2600" 4 _'Q99§‘008/o N2 .
[ ]
£ 400t
- in Furnace
c
)
+ 200[
8 Addition in Furnace Qg2
a |OO@_~A\ o
(U] 80 = -
60f =~
a0} in Ladle
(Ti,0.06 ~008%)
201
|O 1 1 ! 1
(] 0.1 02 03 0.4

Mischmetal (%)

Fig. 3. Relation between gas content and added
amount of Mischmetal.
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Fig. 4. Stress-rupture time data for No. 1~8 at

982°C.
—0—N0.9
—-e-» |0
il 0~y (937)"“_ v
i (3600 (894)(587) 4\0\(‘:’,86)
2t maﬁ\-.\
(3591
1 1 [ | L 1 1 | L L
Jé —o—NO.Ig
(66.9) (59.0) —®-—n |
Egl (67.8) —A—
Sa b e\ (370) S
=3} (790) (20) (-,6,77\-@-.:0‘%\
2 1462 oo
@ (66.0)
(]
= 1 1 R | : L
@ —0—NO.16
sl (554) é(3°°) Noug —®--u i
4t ot (3558
st (54.5) (42%110 27.5)
| 7* j-o
2 NO.IT7
1 1 11 1 L L p 1

) . .
20 40 60800 200 400600 000 2000 4000
Time to rupture (hr)

Fig. 5. Stress-rupture time data for No. 9~17
at 982°C,
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Fig. 6. Stress-rupture time data for No. 18~22

at 982°C.
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Fig. 9. Reduction of area in creep rupture.
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Fig. 10. Reduction of area in creep rupture.

Fig. 11. Reduction of area in creep rupture.
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Photo. 1. Microstructure of as cast and after creep rupture test at 982°C.,
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Photo. 2. Auger electronTspectral on No. 19 (As cast).
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Photo. 3. Creep ruptured testing specimens at
982°C.
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