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Effect of Sulfur and Titanium Addition on Machinability and Other Properties of PH Stainless Steel.
Kazuo Nakama and Yasushi Haruna

Synopsis: Martensitic PH stainless steel SUS630 has poor machinability because of its high hardness and high toughness in
solution treated condition. In this paper, the effect of sulfur and titanium addition to SUS630Mod. (modified
SUS630 steel by lowering carbon content to soften in solution treated condition) on their properties, especially
machinability, was investigated. The increase of sulfur content up to 0.02 mass% did not show remarkable
improvement of machinability. When titanium, however, was added enough with sulfur to these grades, drill life
was elongated by two or four times compared with titanium-free grades and turning tool wear was reduced. Non-
metallic inclusions generating in both sulfur and titanium bearing grades were mainly niobium-titanium-sulfides,
which apparently differed from manganese sulfides or niobium carbides ordinarily observed in titanium-free
grades. Those inclusions adhered to cutting tool edge resulting in decrease of tool wear. Titanium addition up to
0.07 mass% did not deteriorate mechanical property, corrosion resistance and fatigue strength compared with
titanium-free grade containing the same level of sulfur.

key words: stainless steel; precipitation hardening; SUS630; sulfur; titanium; niobium; sulfide; machinability; hardness;
toughness; corrosion resistance; fatigue strength.
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Table1. Chemical composition range of materials

used for this experiment.
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| Vacuum melting |
Forging

to 15 and 35 mm square
and 20 mm dia.
at 1423 K

v

Solution treatment
1323 K for 30 min, W.Q.

Inclusions analysis (20mm dia. bar)
Drill life test (35 mm square bar)
Turning tool wear test (45 mm dia. bar)

Precipitation hardening
H900: 753 K for 2h, A.C.
H1025: 823 K for 2h, A.C.
H1150: 893 K for 2h, A.C.

v

| Machining |

v

Hardness measurement

Charpy impact test (2mm U notch)
(machined from 15 mm square bar)

Corrosion test (12mm dia. X 21 mm)
(machined from 20mm dia. bar)

Rotating bending fatigue test
(machined from 20mm dia. bar)

Fig.1 Specimen preparation.

Table?2. Test condition for drill life test.

Tool SKH51, 5mm dia.
Cutting speed 15, 20 m/min

Feed rate 0.03 mm/rev
Depth of hole 15 mm

Lubricant None (Dry)

Table3. Test condition for turning tool wear test.

Tool Carbide (P20), 0.4R
Cutting speed 100 m/min

Depth of cut 1.0mm

Feed rate 0.2 mm/rev
Lubricant None (Dry)

Table4. Test condition for corrosion test.

Specimen dimension 12 mm dia. X 21 mm

6% ferric chloride
298 K
24 h

Corrosive solution

Temperature

Time
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Fig.2 Inclusion morphology and EDX spectrum.
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Nb-Ti-S inclusion observed.
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Fig.3 Electron diffraction pattern for the Nb-Ti-S
inclusion observed.
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Fig.5 Effect of sulfur content and titanium addition
on drill life.
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Fig.4 Microstructures in solution treated condition.
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Fig.6 Dirill edge observation after driling SUS630Mod.
containing both sulfur and titanium.
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Fig.7 Effect of sulfur and titanium on turning tool wear
of SUS630Mod.
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Fig.8 Effect of sulfur and titanium content on drill life
of SUS630Mod.
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Fig.9 Effect of sulfur and titanium on hardness of
SUS630Mod.
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Fig.10 Effect of sulfur and titanium on toughness of
SUS630Mod.
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Fig.11 Effect of sulfur and titanium on corrosion

resistance of SUS630Mod.
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Fig.12 Effect of sulfur and titanium on rotating
bending fatigue strength of SUS630Mod.
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