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Effects of Alloying Elements and Inoculators on Refining of
Solidification Structures of Type 430 Stainless Steel

Synopsis:

Yukiyoshi ITOH, Shigeyoshi TAkAO,

Tadaharu OKAJIMA, and Kiyoshi TASHIRO

In order to improve the solidification structure of type 430 steel, alloying and inoculation were

tested.

Among used alloying elements, Ti is most effective for formation of equiaxed zone, and this effect
is considered to be attributed to TiN as nuclei. Ratio of equiaxed zone is related to quantity of TiN.
Co-borate and other borates induce the local temperature drop by thermal decomposition in liquid

steel, and then improve the solidification structure.
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So these inoculators must be used at casting stage.
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Photo. 1. Macrostructures of test ingots without alloying. (X 11/50)

Table 1. Conditions of alloying.

Element Used alloy Aimed contents
emen
Alloy : Contents (%)
Ti Fe-Ti: 709, Ti , 0.30, 0.50
B Fe-B : 15.99, B , 0.01, 0.03

N Fe-Cr-N :

Zr Fe~-Zr : 44 .39,7Zr

RE Silicide : 1594Ce,
REM 10.391a, 4.40,Nd

, 0.10, 0.30

0
0
5.69,N | 0, 0.05, 0.10
0
0

, 0.05, 0.10
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Fig. 1. Effect of temperature on ratio of
equiaxed zone.
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Photo. 2. Macrostructures of test ingots with Ti addition. (x11/50)
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Fig. 2. Effect of alloying elements on ratio of
equiaxed zone.
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Fig. 3. Effect of Ti contents on ratio of
equiaxed zone.
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Fig. 4. Effect of Ti and N contents on ratio of
equiaxed zone.
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Table 2 Calculation of Ti-N Equiliglia

Superheat (°C) 38 42 61 64 80 83 99 105
Ratio of equiaxed 68 84 922 53 62 66 63 64
zone (%)

Ti 0.290 0.410 0.440

0.340 0.163 0.302 0.250 0.208

Chemical com-
position (%) Cr 15.39 15.35 15.26 15.39 16.17 16.17 16.08 16.26
N 0.0137 0.0161 0.0099 0.0137 0.0252 0.0164 0.0235 0.0248
Solubility of N at
1500°C (%) 0.0077 0.0056 0.0052 0.0066 0.0146 0.0081 0.0096 0.0116
Quantity of effective | o go65 |  0.0464 | 0.0208 | 0.0314 | 0.0468 | 0.0367 | 0.0614 | 0.0583
TiN (%)
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Fig. 7. Ratio of equiaxed zone of 150 kg ingots.
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Photo. 3. Macrostructures of test 10 kg ingots inoculated by borates. (X9/52)
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Fig. 8. Differential thermal analysis of
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Table 3. Teeming condition of 6.3t ingots.

Number of | Teeming | Teeming Chemical composition (%)
Ingot No. ingots per | time temperature
trumpet (min) °G) C Si Mn P S Cr
4 (No inoculated) 4 10.5 1530
0.069 | 0.55 0.48 0.036 | 0.008 | 16.3
5 (Inoculated)* 2 5.7 1535

* Co-borate was added at trumpet by 0.1%.

Table 4. Composition and cleanliness of slabs.

Composition (%) Cleanliness (25)
Ingot No. Test position*

Co B o A B C Total
1 0.021 0.021 0.000 0.042
2 0.025 0.0025 | 0.0049 | 0.008 0.008 0.000 0.017
Top 3 0.029 0.008 0.000 0.038
4 0.013 0.000 0.004 0.017
5 0.026 0.0024 | 0.0026 | 0.017 0.004 0.004 0.025
4 (No inoculated) 1 0.021 0.013 0.004 0.038
2 0.024 0.0013 | 0.0075 | 0.013 0.004 0.004 0.021
Bottom 3 0.025 0.013 0.004 0.042
4 0.004 0.008 0.008 0.021
5 0.025 0.0019 | 0.0043 | 0.013 0.013 0.004 0.029
Average 0.025 0.0020 | 0.0048 | 0.0l6 0.009 0.003 0.029
1 0.017 0.004 0.008 0.029
2 0.074 0.0070 | 0.0057 | 0.013 0.004 0.013 0.029
Top 3 0.021 0.004 0.004 0.029
4 0.029 0.000 0.004 0.033
5 0.075 0.0013 | 0.0036{ 0.017 0.004 0.000 0.021
5 (Inoculated) 1 0.013 0.000 0.004 0.017
2 . 0.072 0.0088 | 0.0031 0.013 0.013 0.021 0.046
Bottom 3 0.017 0.013 0.008 0.038
4 0.025 0.038 0.008 0.071
5 0.068 0.0096 | 0.0096 | 0.017 0.021 0.008 0.046
Average ‘ 0.072 0.0092 | 0.0055 | 0.018 0.010 0.008 0.036

* Test pieces are taken from center of width and sample No. 1 to 5 correspond to edge to center of thickness.
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Table 5. Ridging of cold sheets.

Ingot No. Surface roughness Ridging
(w index
4 (No inoculated) 30/40 C
5 (Inoculated) 10/30 A/B

20% BIEYHBRT X oTY v v 725 L.
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