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Abstract:
AISI121.14(JIS SUM24L) is Pb-added free cutting steel containing 0.3% Pb and 0.3% S. Customers need Pb-free

free cutting steel from the viewpoint of global environmental problems. Since it has long been known that the
machinability of S-added free cutting steels is improved as the size of sulfide inclusions becomes larger, the
improvement of machinability was studied from this viewpoint. Firstly, the chemical compositions of the developed
steel were designed by the calculated phase diagram to have a wide temperature range of solidification which
results in the formation of large size of sulfide inclusions. Based on the results, machinability test and hot forging
test were actually conducted to confirm the chemical compositions. Crystallization of large sulfide inclusions was
first attained with chromium addition and increment of sulfur content. The authors have developed a new Pb-free
free cutting steel with excellent machinability in a wide range from low cutting speed such as drilling to high one

such as turning.
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Fig.1 Comparison of calculated phase diagram
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Photo 1 Comparison of size of sulfide inclusions (¢85)
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Fig.5 Effect of Cr, Mn and S content in steel on machinability
and hot ductility

SNDEMBEING AR LG L7z BISE R 2 BEHITEE &
bETCr, Mn, SHROMKEELTRSICE LN Y, K
Cr, & Mn E#ICEREENILIH L, BHRRED ST
N7 E 3 L7z F/2, SHmEEDICCrE
W, BEET 2 IS VA X R LCB D, FIRCHE
L RATED AT T 5 2 LI X DTk L7z & 5 18
DS RIFTH %,

VLB, AREERESE O RN DWW THEM L 72 2 BRin i
SN X B MERRRBRIC XD, BEEIE, BAMIENEE ISR
S P S B 4% & LC, 1mass%Cr-0.4mass%S i % Pt
L7z

4. FARSOFE (RIFFHE)

4.1 BB RS E

R1UIALER DB 2 RT T2, T2 ML 2R
T, FERAUTEE X AISII2L14 & 3IZRY%TH b,

K1 EZEES
Table 1 Chemical compositions
(mass%)
Steel C Si Mn P S Cr Pb

Pb free 0.05 tr. 0.58
AISII2L14 | 0.07 tr. 1.05

0.076
0.070

0.385 | 1.00 tr.
0.340 | 0.08 | 0.24
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Table 2 Mechanical properties (¢85)

Steel | YS(MPa) | TS(MPa) | El (%) RA (%)
Pb free 298 401 36 57
AISI12L14 289 409 30 43
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Table 3 Partition of chromium

YS: Yield strength
El: Elongation

TS: Tensile strength
RA: Reduction of area

JFE #3# No. 23 (2009 4£ 3 1) -

(mass%)
Ferrite Sulfide
Steel
S Mn Cr S Mn Cr
Pb free 0.026 | 0.15 0.94 36.9 41.7 10.2
AISII2L14 | 0.023 0.66 0.08 359 53.9 0.02
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Table 4 Mechanism of developed free cutting steel

Effect (L](?vrvi lslli)r;id) (Hgﬁ I;Elid)
(1) Crack propagation O @)
(2) Embrittlement of cutting zone O ©)
(3) Tool face lubrication O ©)
(4) Prevention of diffusion wear X X

O: Effective

X: Ineffective
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Table 5 Comparison of plating film thickness

(um)
Steel Not grinded Grinded
Pb free 4.017 4.548
AISII2L14 4.008 4.699

x6 RKEBRBRBRER (L1717 F>n-)
Table 6 Salt spray test result (Rating number)

Steel Not grinded Grinded
Pb free 7 9
AISII2L14 7 9
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