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Effect of oxides on machinability and corrosion resistance of SUS304
Kazumi Kakimoto, Kazushige Kidena and Kazuo Nakama

Synopsis: Austenitic stainless steels such as SUS304 are widely used because of their good corrosion resistance, ductility
and weldability. Their high work-hardening rate and poor thermal conductivity, however, degrade machinability in
comparison to carbon steels and alloy steels. For machining application, free-machining grades such as SUS303
which are resulfurized to generate manganese sulfides are popular in use. Although manganese sulfides improve
machinability, they deteriorate corrosion resistance of steels because they easily dissolve in water to be corrosion
sites.

On the other hand, it is well known that calcium deoxidized steels have good machinability. Improvement of
machinability of these steels is due to its protective "belag" on cutting tool, which consists of low melting point cal-
cium bearing oxides. Calcium addition can be one of the remedies for machinability improvement without deterio-
ration of corrosion resistance.

In this paper calcium and aluminum additions were conducted to investigate the effects of oxides on machinability,
corrosion resistance and other properties of SUS304. Calcium bearing steel, especially the steel which includes
low melting point oxides, CaO-SiO,-Al,O,, exerted superior machinability to the conventional deoxidized steel.
Excess amount of aluminum or insufficient amount of calcium resulted in production of alumina-rich oxides, and
was less beneficial to machinability. Calcium addition to the steels dosen't deteriorate corrosion resistance and
have no effect on mechanical properties and hot-workability.

Key words: machinability; free-machining; stainless steel; calcium; aluminum; oxide; corrosion resistance.
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Tablel. Chemical compositions of materials.
0 mass%[] OO0 NO solCall totalCalJ ppm [J

Steel C Si Mn P S Ni Cr (0] N solAl  totalAl solCa totalCa
Ca-1 0.066 0.32 122 0.032 0.021 829 1821 42 449  0.019 0.022 36 37
Ca-2 0.060 0.32 121 0.032 0.026 832 1830 100 361 0.006 0.007 42 43
Ca-3 0.058 0.34 120 0.031 0.024 832 18.34 66 358 0.007 0.011 16 19
SUS304 0.067 0.29 1.18 0.036 0.024 8.17 18.07 52 492 0.002 0.003 tr tr
SUS303 0.070 0.25 1.90 0.038 0.328 9.01 18.41 105 538 tr a a a
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Table2. Cutting conditions.
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Table3. Conditions and evaluations of corrosion tests.

Tool P200 0.4R0O
Feed 0.2mm0 min
Cutting depth 1.0mm
Cutting speed 200m0O min
Cultting fluid None
Test

Condition

Evaluation

General Corrosion

1%HCI 600 O 1440min

Corrosion Loss

Pitting Corrosion

6%FeCl; 350 O 1440min

Corrosion Loss

Humid Atmosphere
Corrosion

11 200 O 90minO <O 700 O 270min[1J
20cycles] 90%RH

Appearance
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Fig. 1. Compositions of oxide inclusions[] as cast[] .
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Fig. 2. Appearance of typical oxide inclusions[] as cast[] .

29

susso40 0000000000 000000000

goeommibogooooooobooooboooobo
O00000000Rg30Fg4O OO OOOOOOOOO
gbobooobobooboobooboce-1000oca-
3f0dpoooogoooogcaoosio,fooooooon
ALo,0 000000000 DOOOOODOOOOoDooOoOon
DO0DbO0000bO0o0Dbca-10002080 0 Ca0-0920
980 O AlLO;0 Ca-30 0 O 50 110 O0 CaO-0O 00 301 O SiO,-
08s8uos0 AL, ddddOOC-200000
00O CaOO SiO,OALO,0 001010100000 O Ca0-
Si0,-ALO,0 000000 OO0OIO0UODDODOD240
370 O Ca0O-0O 260 350 O Si0,-0 340 430 O ALO,0 O O
O0clbUoooboooboooooooooooooooo
gboboooooooboboboooobobobon
ooboboooooobooobooboOo*®oboooDbcea-1
OO0Ca-3000000AL,D0DD0O0DDOODOOODOODO

Si0,

ALO,0 00—
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after forgingOl .
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Fig. 5. Tool wear curves.
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10min.

Sanyo Technical Report Vol.8 (2001) No.1



30000Ca0ADDDODOOOOODODDO0O000C Ca-
20000000000000000000000000
00O00Ca-100Ca-30000000000000ALD,
00000000000000000000000000
00000O000O00AL,L,00000000000000
00000000000000000000000000
000D00000000000000000000000
00000000000000000000000000
0000000000 000000000000000
000000000Ca-200000000000000
0000000000 Ca0-Sio,-Al,0,0 O Ca0O Si0,0
AL0,0101010000000000000000000
00000000

Fig7010mn0 000 00000000Ca0000000
0000000D0000Ca-100000SUS304000 0
0000000000000000000000 Ca-20
00000000000000000SUS30300000
0ooooo0o

Ca-1
T .o - 2]
g% o o
2 o
-
73 Q¥
Ca-2 2 %
. 2 3N
£ %
¥ .‘
r - L
{ ¢ o,
o
. S Ty #
- & y
Ca-3 P oy ® &
) :
* -in al"
& - u
" o L o
P = ¥
LT h EE
< & » B
R A ~™ %
SUS304 | s fe m o A=
(D ‘g P &
W e o
e,
g = 7
{
C e
SUS303 PR o
" . p
. s > L)
o
L L] b
’ 3 < r Bl
« - 8 §
¥ - »
» ¢
10mm

Fig. 7. Photographs of chips in machining specimen.
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Fig. 8. Results of corrosion tests.
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Fig. 9. Appearance of specimens after humid atmosphere corro-

sion test.
Table4. Mechanical properties
Steel 0.20YS TS El RA
0 MPall OMPall 0O 0O0O0O agoad
Ca-1 252 651 61.4 74
Ca-2 236 645 64.4 75
Ca-3 244 650 62.2 75
SUS304 232 650 66.2 78
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Fig. 10. Hot workability.
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