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Development of BN Utilized Free Cutting Steel without Lead Addition
for Machine Structural Use
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Abstract:

Pb-added free cutting steel has been widely used because it has good machinability under various cutting
conditions. Furthermore, free cutting steel without lead addition is increasingly being in demand for steel maker
because of global environmental problems. There are a variety type of free cutting steels without lead addition, but
JFE Bars & Shapes has developed a new Pb-free free cutting steel containing hcp-BN (hcep: hexagonal close-packed
structure, BN: boron nitride) inclusions which are similar physical characteristics to graphite by adding more than
50 ppm of B and more than 100 ppm of N. Since wear properties are satisfactory, this material is recommended for
high speed cutting applications. As the size of BN inclusion is similar to MnS inclusion, the mechanical properties,
fatigue properties, cold and hot forgeability and other properties of BN free cutting steel are virtually equivalent to
those of the base steel without BN addition.

B L7200 RTINS DD b EEMHE S TS O
BN {5 R IESR DA I D W TS S 5, BB, kY T
RIS EI N OV THIE L TWABDT, BFICL

1. 3U&IC

TREIE LT, 20fVBEBFORS2 5, Ph IS4
SHHEINTEZ LALEDS, HBRERBEMED S HEM
A—=H =13 LT, FEERPHIMOELD T ) OO H b,

HEISIE R E C 2HFHICHFHTE Do O EDIE, BrEIME
& [IRE (2 v T 8B 1 o BB S I 6 & L C OBV IR BE O Tl
A FER S N A RS I T H b, OV EDIE
AISI12L14 (AISL: 7 2 ) 2 #k#iilns) [CEShb, Kk
ERTHEINEZ HE—KE T 5 0bW AR FEREIH TH
5o

JFE &8TiE, SHEIB LT, Pha#shma®b 2 pH:
mLETFRBE LT, #idh~o BN AFED G, B X Ok
SRR X WAL RE ORI H U2 PElg 2 2 h 2

2008 4 9 H 17 H= At

TWe72& 720,

2. AROER

P vE IS 2 LC, S, Ph, Ca %2 O INISASEH
fbEhTWwaA, THEAR, CURLIYE, H EFHEHSZ
D OREHIELAE A LT Ph I OR A0 H D 720,
Pb HHEISAYE <A STV B, JEEBICIEHE 4 DRI
D& Bo STHIMO S ik % B3 & I 0 B eSS
KEL B 7280, F 72 Ca tiIE B SR | EHEHEE T IR
DI L, EEYHIT LRSS V2D, Wiy Pb
PG O EITIE 2 D12 W Se, Te, Bi 2 b dHH%5, W
THHEMTH 2o BEROEM LS80 BHITED R 2
EAHISNTEY ?, 22 TSI B W o



B ST BN 1 T B IR S0 D 5 o0 Bl 5

FBPLTWAATEBN 2 5H 3852 LI2L 5 0H{LD
WRELEOME 24TV, MV L7z

AFETIE, FITXR—= 55 H S45C D& % Bl H T T
BN HREIS O % BT 5o

3. BN BREISFOEIE
3.1 BHEIK%ELTHBN

BN 2 5 4% (white graphite) & HIEIZN S X912
B EEL L 2ok s S R E 2 AT A, Hd D
%ﬁﬁ%é)ﬁiéﬁf_%ﬁ@%&ﬁwﬁci#& DERWZEFmSR
THH? ZOBNZHPIIH—FHEELIEITLY,
LWy A TOWREISH»MFETE 5, 4 0B L7z BN R
HIS L3 PSRN BN % S S8 72%, SiHEEH % 7
WAL A, BREBIITHETEIENFRIN. M
ML72R) 5 BN &, FESEATEm & LT, KREBsrps il
THAT o BE1ITEAE 70 mm AU E8 L Wi <l
22372 BN 27”545, A4 AMICIE MnS & 13 il_J LTh»
bo Lo T, HWMMMHEEOBIE LT, R1ICH—EE
DHHEE 870T ThtZe & L L 7= DM 19 1k ’é’f@kb%«%m
A, N—2Z0 S45C & BN Pl 6 o> BEmk P 13 12

HTHbo

3.2 7Y — B QOERIMESE

BiZ7)—BeLTHERATALHMNLERTVHHDOLH
WCBEAMEA T T2 LA 2 oMb, B112545C & X—
A& LT, N/Blt N&EAEEBEAEDL) 222723
EDYVaI=—h—T%m1~T, N/B=2.01 ® BN1 iZ~X—2Z
D MA5C L AEDBEAETH HDITH LT, N/B=1.14 &

L e e e
10 um

BEE1 BNAEME MnS MM D LS (¢70)
Photo 1 Comparison of BN inclusion and MnS inclusion (¢70)

x1 HEWHOME (70, BES5 L)
Table 1 Mechanical properties (¢70, Normalized)

Steel YS(MPa) | TS(MPa) El(%) RA(%)
S45C-BN 323 615 30 48
S45C 336 608 34 52

YS: Yield strength
RA: Reduction of area

TS: Tensile strength El: Elongation
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Tool: Carbide, P20 Depth of cut: 0.5 mm
Feed rate: 0.1 mm/rev Cutting time: 30 min
Lubricant: Dry
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Fig.3 Relationship between BN content and tool wear
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Table 2 Mechanism of BN free cutting steel

Effect ](ir(i)izlir;ieed) ;rll-gg}ilnsgpeed)
(1) Crack propagation O ©)
(2) Embrittlement of cutting zone O @)
(3) Tool face lubrication O @)
(4) Prevention of diffusion wear X @)

O: Effective X: Ineffective

Tool: SKH4(¢6) Hole depth: 30 mm
Cutting speed: 34 m/min Feed rate: 0.15 mm/rev
Lubricant: Wet
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Tool: Carbide, P20 Depth of cut: 0.5 mm
Feed rate: 0.1 mm/rev
Lubricant: Dry
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Table 3 Chemical compositions
(mass%)
Steel C Si Mn P S s-Al B N
S45C 0.44 0.24 0.72 0.014 0.020 0.020 tr. 0.005 7
BNS 0.43 0.24 0.71 0.014 0.017 0.023 0.0055 0.010 7
L1 0.44 0.24 0.73 0.014 0.019 0.021 (0.09Pb) 0.005 8
L2 0.43 0.25 0.73 0.015 0.019 0.022 (0.13Pb) 0.005 8
S1 0.44 0.23 0.71 0.014 0.044 0.021 tr. 0.006 4
SE 0.43 0.24 0.75 0.016 0.021 0.018 (0.12Se) 0.006 5
TE 0.45 0.25 0.77 0.017 0.019 0.023 (0.12Te) 0.0059
BI 0.44 0.25 0.75 0.016 0.020 0.022 (0.11Bi) 0.006 2
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Cutting speed: 30200 m/min (Tool life: 200 m/min)
Feed rate: 0.05-0.3 mm/rev (Tool life: 0.2 mm/rev)
Depth of cut: 2 mm
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Tool: SKH51(¢10) Cutting speed: 50 m/min
Hole depth: 30 mm Feed rate: 0.20 mm/rev
Good Lubricant: Wet
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Table 4 Chemical compositions
(mass%)
Steel C Si Mn P S s-Al B N
S0-BN 0.43 0.19 0.74 0.019 0.028 0.018 0.005 4 0.0124
S1 0.46 0.20 0.73 0.020 0.046 0.027 tr. 0.008 0
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Table 5 Mechanical anisotropy

Steel P YS TS El RA | CIV
ce (MPa) | (MPa) | (%) | (%) | (J/em?)
SO-BN 0° 350 | 656 | 22.5 | 394 | 39
90° 345 | 650 | 148 | 169 16
Anisotropy
©0°/0%) | 0986 | 0991 | 0.658 | 0.429 | 0410
S 0° 350 | 663 | 220 | 386 | 46
90° 342 | 644 93 | 116 19
Anisotropy
©0o0%y | 0977 | 0971 | 0423 | 0.301 | 0413

YS: Yield strength
RA: Reduction of area

0: Angle from rolling direction
TS: Tensile strength El: Elongation
CIV: Charpy impact value

Right: SO-BN steel
Left: S1 steel

1.8
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Fig.9 Cold forgeability
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Cutting speed: 200 m/min Depth of cut: 2 mm
Feed rate: 0.2 mm/rev
Lubricant: Dry
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