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Influence of Phosphorus, Sulpher and Oxygen on 65% Nitric Acid Corrosion Resistance of
Super High-clean SUS316L Stainless Steel

Kazuyuki SAKURAYA, Takashi KIMURA and Satoshi IWASAKI

Synopsis : For the purpose to verify the effect of decreasing phosphorus on corrosion properties of stainless steels, corrosion resistant tests in 65% nitric

acid solutions were carried out for super-low phosphorus content SUS316L type stainless steels which were manufactured by cold crucible
type levitation melting method using Ca—CaF, flux for aiming at the dephosphorization. By decreasing phosphorus content in these steels
from 0.026 to 0.0002 mass%, the corrosion rate in 65% nitric acid solutions decreased remarkably. Especially even under 0.001% phosphorus
content, this decreasing phenomenon could be observed. Thus extreme dephosphorization improves the corrosion resistance of stainless
steels marvelously.

As for the non-metallic tramp elements, there were linear relations between corrosion rate and the very small amount of sulfur and oxygen
contents in the super-low phosphorus stainless steels containing under 0.0002 mass% phosphorus. So the super high purification of these ele-
ments is also very effective for the improvement of corrosion resistance against nitric acid solutions.

It is known that the corrosion of austenitic stainless steels containing over 0.003 mass% phosphorus in nitric acid solutions is intergranular
corrosion. In the present work, it is confirmed that the corrosion of super-low phosphorus content SUS316L type stainless steels even at
0.0002 mass% is not uniform corrosion but intergranular corrosion.

Key words : Corrosion resistance; 316L type stainless steel; 65% nitric acid test; super-low phosphorus; super high-clean stainless steel; intergranular cor-

rosion.
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Table 1. Chemical composition of metallic elements of
SUS316L samples. (mass%)
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Table 2. Chemical composition of non-metallic elements of dephosphorized SUS316L samples. (mass?)

Sample P S (6] C N Ca Remarks
No.
1 0.025 0.001 {0.0008 {0014 |0.0228 |0.001 Levitation melting with CaF flux
2 0.017 0.001 0.0005 0.014 | 0.0180 | 0.005 De- P treatment (10g Ca- CaF; flux)
3 0.0055 | 0.0002 | 0.0003 0.015 [0.0092 |0.010 One de-P treatment ( 25g Ca- CaF; flux)
4 0.0026 | 0.0002 | 0.0004 0.017 |0.0037 |0.022 De- P treatment ( 40g Ca- CaF> flux)
S 0.0013 | 0.0001 | 0.0003 0.016 |0.0029 |0.018 Twice de-P treatment
6 0.0004 | 0.0001 | 0.0002 0.018 |0.0010 |0.017 Three times de-P treatment
7 0.0002 | 0.0001 |0.0002 |0.019 |0.0003 |0019 Four times de-P treatment
8 0.0002 | 0.0001 | 0.0006 0.018 | 0.0010 | 0.002 Four times de-P and de-Ca treatments (without CaF flux)
9 0.0002 | 0.0002 } 0.0002 0.019 | 0.0009 |0.003 Four times de-P and de-Ca treatments
10 0.0002 |0.0001 |0.00003 |0.020 |0.0006 | <0.001 | Fivetimes de-Pand de-Ca treatments
11 0.0003 | 0.0008 | 0.00009 | 0.019 [0.0006 | <0.001 | Four times de-P and de-Ca treatments and S addition
12 0.0003 | 0.0026 | 0.00007 [0.019 [0.0008 | <0.001 | Four times de-P and de-Ca treatments and S addition
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Fig. 1. Relation between weight loss of de-phosphorized
SUS316L stainless steel samples and corrosion
time.

Table 3. Corrosion rate of samples by 65% HNO, test for
SUS316L stainless steels.

Sample Corrosion rate m

No. 48h 96h 144h 192h 240h

( 1 39.30 63.90 4744 (solved)*

[ 2 1.400 12.11 41,01 45.37 4052 |
[ 3 0.910 5.809 16.61 43.11 3794 |
1 4 0.832 6.542 13.44 42.68 3770 |
[ s 1.160 6.245 11.50 36.09 34.12 |
[ 6 0.505 2.968 5.579 8.830 18.56 |
[ 7 0.241 0.929 2.100 5.597 9957 |
( 8 0.179 0332 1.630 4223 7261 |
[ 9 0.182 0.195 0.246 0313 0.887 |
[ 10 0.178 0.184 0.207 0.247 0483 |
[ 1 0.180 0.349 1.788 5.110 10.23 |
[ 12 0.194 0.99%4 3.742 7615 1342 |

*Sample No.1 was all solved into a boiling nitric acid solution at 186.5h.
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Corrosion rate change by phosphorus concentration
in dephosphorized SUS316L stainless steels.
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Fig. 3. Corrosion behavior of dephosphorized SUS316L stainless steels after 240h 65%HNO, corrosion test. No. 3:
0.0055 mass% P, No. 5: 0.0013 mass% P, No. 7: 0.0002 mass% P, 240 h corrosion time.
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Fig. 4. Influence of calcium contents on the corrosion rate
of super high-clean SUS316L stainless steels.
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Fig. 5. Corrosion behavior change by the differences of dephosphorizing treatments. No.7: four times de-P treatments, No. 9: four
times de-P treatment and de-Ca treatment, No.10: five times de-P treatment and de-Ca treatment, 240 h corrosion test time.
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Fig. 6. Influence of oxygen contents on the corrosion rate
of super high-clean SUS316L stainless steels.
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Fig. 7. Influence of sulphur contents on the corrosion rate
of super high-clean SUS316L stainless steels.
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Fig. 8. Corrosion behavior change of super high-clean SUS316L stainless steels after 65% HNO; corrosion test in the case of

varying sulphur contents. No. 10: 0.0001 mass% S, No. 11: 0.0008 mass% S, No. 12: 0. 0026 mass% S

time.
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Fig. 9. EPMA images at the vicinity of grain boundary of
dephosphorized SUS316L stainless steels after heat
treatment at 650°C, 4800 h.
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