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Development of Martensitic Stainless Steel with High Hardness and

High Acid Corrosion Resistance

Naoki SEI, Chihiro FURUSHO and Yoshihiko KOYANAGI

Synopsis

Though SUS630 (17-4PH), precipitation hardening stainless steel, is used for components requiring high strength and acid
corrosion resistance, it has inferior strength and abrasion resistance compared to high carbon martensitic stainless steel,
resulting in short service life of a component. Therefore, a high hardness (500 HV class) martensitic stainless steel with acid
corrosion resistance comparable with SUS630 has been developed by optimizing alloying elements. In this study, various
properties of the developed steel were evaluated in laboratory-scale tests, and it was confirmed that the developed steel has
acid corrosion resistance equivalent to SUS630, and high strength close to SUS420J2. The developed steel has a good balance
of strength and acid corrosion resistance, so that it is expected to be an effective material for components requiring both acid
corrosion resistance and strength for a long service life.
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Table 1. Chemical composition of experimental steels

(mass%).
Steel | C |Si|[Mn|[Cul|Ni|Cr|[Mo|[Nb|N
De‘éfé%ﬁ’ed 0.20/0.2 |0.4 [1.5|3.0 [16.0/1.2 0.2 [0.05

SUS42042|0.32{ 0.2 (0.3 |0.1 |0.2 [12.6(/0.2 | - [0.02

SUS630 |0.04{0.3 0.9 |3.4|4.3|15.7|0.2 (0.3 |0.03
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Nig, = 159 X (%C) +0.32 X (%Si) +0.66 X (%Mn)
+ (%Cu) + (%Ni) + 0.47 X (%Cr) + 0.64 X (%Mo)
+159 X (%N) (1)

Mdy, = 551 — 462 X (%C + %N) — 92 X (%Si)
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Fig. 1. Position of the developed steel and SUS630 in a
Schaeffler diagram.
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Fig. 2. Calculated mol fraction of the developed steel by
Thermo-Calc software.
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Fig. 3. Schematic diagram of heat treatment condition.

Fig. 4. Microstructure of the developed steel after tempering
treatment at 453 K.
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g. 5. Influence of tempering temperature on Vickers
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Fig. 6. Influence of tempering temperature on results
of tensile test of the developed steel. (a) 0.2%
proof stress and tensile strength. (b) Elongation
and reduction of area.
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Fig. 7. Influence of tempering temperature on results
of Charpy impact value (2 mm U notch) of the
developed steel.
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Fig. 8. Corrosion rate of hydrochloric acid immersion
test (RT, 1% 3.6 ks) of the developed steel,
SUS420J2 and SUS630.
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Fig. 9. Corrosion rate of sulfuric acid immersion test (RT,
5% 3.6 ks) of the developed steel, SUS420J2
and SUS630.

Table 2. Comparison of acid corrosion resistance to 1%
hydrochloric acid and 5% sulfuric acid between

experimental steels.

Corrogive Bevalonad Steel
Solution e;i;fe SUS420J2 | SUS630
1% Hydrochloric
acid A D B
5% Sulfuric acid A D A

A:<01g/m’+h B:01~1.0g/m°:h
C:1.0~10g/m*+-h D:>10g/m* - h



98 BRI F 3B 2E 2022 4

5. #&& &

GRS O & L ifEkYEDOALE ST A X — 2 % Fig. 10
WRT. BAZEHIE SUS42002 & v o 2B FD< VT U
A PRAT VL AR TIEFEIEN IR Z A L
Twh, AL AT L A TH 5 SUS630 &
WARCHRSEOMMIEEZH L2050, BhmELE LT
WAEMETH D, FDl, I THEZR WV LIRIEER
BRI LY FHEGTH D EDTRETD 7251250
LT, BAFSIIAERMEL L CGEASNS Z &0 HifE
INs.

lSUS440C l
lSUS420J2| ) | Developed

steel
E =

High
29ny

Hardness

Low
D —

Low Acid corrosion resistance "

Fig. 10. Relationship between hardness and acid
corrosion resistance.
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