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The Role of Liquid Metal Embrittlement on the Chip Disposability of Steel

Synopsis :

Hiroshi YAGUCHI

This investigation was carried out to verify the role of liquid metal embrittlement by Pb, Bi and Te on

the chip disposability of steel.

chip temperature was made, and the results were compared with chip morphology and fractography.

A computer program using finite difference method to calculate average

It has

been verified that the average chip temperature exceeds the melting points of Pb and Bi in most of
the cutting conditions tested. As a result, liquid metal embrittlement takes place which reduces the
ductility of chip. Consequently, the chip can be broken easily, and its disposability is improved. On the
other hand, the Te addition does not improve chip disposability, because the chip temperature does not

exceed the melting point of PbTe or the eutectic point of MnS-MnTe.

Further, liquid Ag does not

embrittle steel, and thus no improvement in chip disposability is observed.
Key words : steel ; machinability ; chip disposal ; Pb; Bi; Te; Ag; liquid metal embrittlement.
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Fig. 1. Schematic illustration showing how
continuous chips break due to the constraint
caused by the presence of a tool, toolholder or
workpiece. After reference 1).
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Table 1. Elements, compound and eutectic which
are believed to cause liquid metal embrittlement
and their melting points.
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Table 3. Machinability test condition.

Single point turning
Tool material

Carbide K10 & P20
Tool geometry 5 0, 6

, 11, 0, 30, 0.4R

Bi 271°C No chip breaker or coating
Pb 327°C Cutting speed .7, 5.0, 3.3, 1.7, 1.0&0.7m/s
MnS-MnTe eutectic 810°C Feed 0.3, 0.15 & 0.03 mm/rev
PbTe 923°C Depth of cut 2 mm
Ag 962°C Dry
Table 2. Chemical composition of samples used (wt% ).

LD C Si Mn P S N (o] Pb Bi Te Ag
1 0.16 0.20 0.41 0.022 0.025 0.024 0.0059 0.0059 — — — —
2 0.17 0.22 0.61 0.022 0.100 0.029 0.0075 0.0061 — — — —
3 0.14 0.20 0.47 0.022 0.021 0.020 0.0069 0.0037 0.28 — — —
4 0.14 0.19 0.46 0.023 0.024 0.014 0.0070 0.0047 0.32 — 0.15 —
5 0.16 0.21 0.44 0.024 0.020 0.018 0.0046 0.0051 — — — 0.23
6 0.15 0.24 0.87 0.022 0.089 0.020 0.0069 0.0056 — — 0.052 —
7 0.15 0.19 0.56 0.021 0.018 0.022 0.0063 0.0047 — 0.38 — —
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Fig. 2. Shear zone configuration assumed in
calculation of chip temperature distribution.
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The melting points are indicated by
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Typical examples of chips observed at various speeds and feeds, (a) base steel,
S, (¢) Pb, (d) Pb+Te, (e) Mn+Te, and (f) Bi.
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Fig. 4. Cutting force as a function of cutting
speed, feed = 0.15 mm/rev.

DIEPURFEI BEATEL D BHAEIZ 2 5.

3)Bi (&, R -K% ) T Pb X YIHIKILZ KT
=g 5705, EETIE Pb OB PRI KE V.

4)Pb EHE~O Te mINE, Pb ZU3EAL TS
L D IEPIAMEER KT L T 5%, SERTRELS
FRLTwS, LaL, P20 TEfHECZE, Pb+Te
IO HAS Ph BEAME ) b3 & A & OYPHIGHET,
EHAET LTS



HOIHIREDY) ) BRI BT TR SR ML o1& 687

(a) (b)

Photo. 2.

Typical examples of fractured chip surface at the speed of 1.7 m/s and the feed of 0.15

mm/rev, (a) Pb bearing steel, (b) Ag bearing steel, and (¢) Mn+ Te bearing steel.
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Fig. 5. Typical example of chip temperature
distribution calculation results.
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Fig. 6. Comparison between calculated tempera-
tures and measured values.
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Fig. 7. Examples of chip temperature calculation
results shown as a function of cutting speed at the
feed of 0.15mm/rev, (a) average primary shear
zone temperature, (b) average secondary shear

zone temperature, and (c) homogenized chip
temperature.
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