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Wear Reduction of Carbide Tools Observed in Cutting Ca-added Steels for Machine Structural Use

Naoki MaTsUI and Koji WATARI

Synopsis : The effect of Ca addition for improving machinability in carbide tool machining operation has been widely known. It has been proposed that

oxide inclusions, which would work as “belag” on the tool surface during machining operation, has been responsible for this effect. In recent

years, when Ca-treated steels containing higher sulfur are machined, MnS has been observed to form on the rake face, and this “inclusion

layer,” instead of the oxide belag, would serve favorably for machinability.

In this paper, we have investigated the influence of several inclusions and the addition of Ca and/or Mg on rake face wear of carbide tools.

The rake face wear of Ca-added steel was appreciably reduced due to the MnS inclusion layer formed on the rake face. However, the concur-

rent addition of Ca and Mg to the steel did not improve the rake face wear. Combined with a TEM observation in a cross section of MnS

layer formed on the rake face, these results are understood by the different nature of oxide inclusions in terms of abrasive wear.
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Table 1. Chemical composition of tested materials.

(mass%)
[ Si Mn S sol.Al [totalAl] V N (0] Ca* | Mgx HB
Steel A |Base 042 | 020 | 121 | 0.10 | 0.003 | 0.005 | 0.10 | 0.009 | 0.002 | — — 243
Steel B [Ca treated 040 [ 020 | 1.27 | 0.10 | 0.002 § 0.003 | 0.09 | 0.013 ] 0.003 | 37 = 250
Steel C  [Ca+Mg treated | 041 | 022 | 1.22 | 0.09 | 0.004 [ 0.005 | 0.10 | 0.010 | 0.001 6 24 244
*The amount of both Ca and Mg are represented by wt. ppm.
Table 2. Cutting condition for machinability testing. Sampling by a

Tool JIS P20 Carbide Tool
Cutting Speed 150m/min

Feed rate 0.1mm/rev

Depth of cut 1.5mm, 1.0mm
Lubricant Dry condition
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Fig. 1. Schematic illustration of the specimen preparation
for cross-sectional TEM observations of rake face
wear.
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Fig. 2. Rake face wear progress curves.
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Fig. 3. Appearances of rake face wear after machinability
testing (total cutting length are 3000 m), (a) Base
steel (Steel A), (b) Ca-treated steel (Steel B), and
(c) Ca+Mg-treated steel (Steel C).
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Table 3. Comparison of the cutting force and its component among tested materials.

(N)
Cutting | Tangential | Longitudial Radial
Force(F) Force(F,) Force(F)) Force(F,)
Base steel Steel A 955 838 368 274
. 880 799 294 225
Ca-treated steel Steel B (-7.8%) (-4.7%) (-20.0%) -17.9%
B 972 853 377 274
Ca+Mg-treated steel {Steel C (4.7% (1.8%) (2.7%) ©.0%

(' ):Variation of the cutting force relative to Base steel.

Fig. 4. Scanning electron micrographs of typical inclusions observed in respective steels.

Table 4. Quantitative analysis of alloying elements by EDX on the typical inclusions shown in Fig. 4.

(mass%)

Steel MgK AIK SiK SK CaK MnK FeK
A Sa 0.0 0.7 0.4 16.1 0.2 271 55.4
O 0.8 45.3 0.6 6.4 0.2 7.3 39.4
B Sg 0.2 05 0.0 29.3 59 47.7 16.4
Og 0.6 29.0 106 25 35.8 1.9 19.5

C Sc 27 06 0.6 35.8 13 56.0 3.1
Oc 4.6 104 0.6 28.0 1.2 41.2 10.1
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a) Ca-treated steel (Steel B)
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Fig. 5. SEM images and elemental mapping by EDX at the rake faces after cutting, (a) Ca-treated steel (Steel B), and (b) Ca+Mg-

treated steel (Steel C).
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Fig. 6. TEM image of a cross section of MnS deposited on the rake face after cutting Ca-treated steel (Steel B).
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Fig. 7. (a) TEM image, (b) selected area diffraction pattern, and (c) EDX analysis result, taken from the interface region between

the MnS and the carbide tool, shown in Fig. 6.
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(a) TEM image, (b) selected area diffraction pattern, and (c¢) EDX analysis result, taken from the middle region of the
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Fig. 9. Rake face wear progress curves obtained in the
supplemental experiment, where cut materials are
exchanged halfway. (Cutting condition: /=150 m/
min, /=0.25 mm/rev, d=1.0 mm, no lubricant)
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Fig. 10. SEM image and elemental mapping by EDX at the rake face of the Tool-I, after cutting Ca-treated steel (Steel B) 900 m

in length.
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Fig. 11. SEM image and elemental mapping by EDX at the rake face of the Tool-l. after cutting Ca+Mg-treated steel (Steel C)
750 m in length, following to the prior cutting of Ca-treated steel (Steel B) 900 m in length (Fig. 9).
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