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Effects of Alloying Elements and Microstructure on Corrosion Resistance
and Hardness of Martensitic Stainless Steels

Koji TAKANO, Mizuo SAKAKIBARA, Takayoshi MATSUI and Setsuo TAKAKI

Synopsis : In the application field of self-drilling-tapping screws and joint parts like a high strength steel pin etc., high corrosion resistance as well as

high strength property are required even in martensitic stainless steels, because commercial martensitic stainless steels have a large disadvan-

tage in terms of corrosion resistance in comparison with austenitic stainless steels like SUS304. In this investigation, effects of alloying ele-

ments and microstructures on both of hardness and corrosion resistance in martensitic stainless steels are examined to improve the corrosion

resistance of commercially applied high strength martensitic stainless steels. The results obtained are as follows.

(1) Corrosion resistance of martensitic stainless steels is improved to the level as same as SUS304 by suppressing the formation of J-

ferrite which leads to the promotion of Cr-carbide precipitation, and also by increasing the PI. value; Pitting Index (=Cr+3%Mo+16%N) to

18 or more.

(2) On the hardening of martensite, carbon has 2.5 times larger effect than nitrogen, hence the hardness of as-quenched martensite can

be linearly plotted to the value; (2.5C+N).

(3) Carbon contributes the significant hardening of martensite through the promotion of introduction of transformation twin and the re-

fining of block structure.

Key words : martensitic stainless steel; high-strength; corrosion resistance; d-ferrite; chromium carbide; chromium-depleted zone; microstucture; trans-

formation twin.
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Table 1. Chemical compositions of the steel used

(mass%).
(¢} Si Mn Ni o — _
0.05 o0 ool
I 02 03 2.0 : | l
gy 162 25 0.12
12
Z 1of
s 8 "
o
=}
5er
(=]
[
+
b “s boundary obtained b
g “SUs410 boundary obtained by
Zz 2| microstructure obserbation. ..
............... L
0 L e ‘.. ‘ |
10 12 14 - - ]

Creq(=Cr+1.5Si+1.4Mo)

Fig. 1. Structure diagram in the relation between Cr equiv-
alent and Ni equivalent?. Steels used are plotted in
this figure (O). Specimens were air-cooled after the
solution treatment; 1353K—1.8ks.

52

05778112k, 7/ - FoBiHRICEVWTEREE
100 uA/cm? DELL TR 7=,

A F/ANBBRAMIZOWVTIZ, 1273~1473K T 0.6ks
REHIZZE WSKs) LTILT V44 NERERE T X
27z, ARSI T VA PRAT ULV AETH O,
ZHTETAREAD 2D, 2 TEAIZTRAREREL /-,
—EHOHAM I OV TIBANBERICEREERI T T ¥
T AT > CTHREA — X714 P EREIISLT VA
FMELZ72, ZHhoDRBHIE 72574 FEBELUREA —
2774 FEDOER, SEMARSESMEORE, ML
WFEROHEEICE L 2, SRBMMIIHENEO .08 %8
HIEL, FRTTyF 7%, HFEMBICLODBEL
7o 2, AT UYL FPOTEHMEBOKRZ X (Fay sy
DOIE) ZYIMEIC X DHlIEL 72, —S0EAMIZ OV T
HEAER L, 400kV OFEARE TS IC THAMEL
B 7z, B 3MEAMOMME 2 HmitE L, fiH kg
DYy 7 — ZAXEHIT, XA 5EHED /14 DBFT %
AREAmIZss BRIz sHBllE L, 2D TR L 7=,
BT ERIZ, becHEEDQ00)ED XEEPTE — 2 2T
HEL =,

3. XKBHRBIUEE

3.1 HEKCRIFTETEOEE

Fig. 11 1353K 2 6 2% L 2R M o MlEH cH b
Markus 5 ?OMGRIZ T LF VS 4 L 6§72 T4+
DERBLBCrYREM, A —XFF AL bewLTVHA
FOBERBABNIYERMICH D, LT VYA FEEEA
A ->TW3, ZDZ L, #%iB3 %5, PLESKHISLY
E(SUS304 L EYDo#BTEIZIETe L7 V34 F B
BohbdZLaE#RLTVWS,

¥ 7z, Fig. 212 1353K-1.8ksTRE%, BH L MHBD S
7274 FEOERNE, % 5 N Thermo-Calc (Version L)

30 T T -
O measurement
(1353K-1.8ks,A.C.)

F A calculation
5 (Thermo-Calc)
2 20t 1
2
kS
[
«
°
c 10t 4
o
°
o
w

0

12 14 16 18 20

Creq(Cr+1.5Si+1.4Mo)

Fig. 2. Change in the volume fraction of S-ferrite as a
function of Cr equivalent; Experimentally mea-
sured (O) and calculated by Thermo-Calc (A).
Spesimens were air-cooled from 1353K.
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Fig. 3. Effect of the value PI., d-ferrite and cooling rate on
pitting potential.

Fig. 4. Corrosion point observed in the steel with &-fer-
rite after salt spray test. (0.5%NaCl+0.2%H,0,,
308K-86.4ks)
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Fig. 5. Effect of molybdenum, nitrogen and cooling rata
on the amount of Cr-carbide which has been

formed on the cooling from 1353K.
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Fig. 6. Effect of molybdenum, nitrogen and cooling rate on the precipitation behavior of Cr-carbide.
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Fig. 11. Effect of carbon and nitrogen content on the lattice constant and crystal structure of martensite.
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