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Development of BN Added Free-Machining Steel based on AlISI P20
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As products life cycles are becoming shorter, the reduction of die and mold manufacturing cost and time is becoming more
crucial in the machinery, automotive, and electronics industries. Over the past decades, many initiatives have been made to
develop high performance free-machining steels without significant degradation of mechanical properties. To develop a
modified AISI P20 free-machining steel, we studied the effects of B, N, and S additives on the variations of the cutting
forces and metal structures such as grain size, density, and distribution of free-machining inclusions. From a set of
experiments, it was observed that an appropriate addition of B and N additives reduces the resulting cutting force by
approximately 6.3% and delays the tool wear progress. During the solidification B and N additives form hBN precipitates,
with a layered and planar structure, within the steel matrix. The hBN precipitates’ weak shear strength results in lowering
the required milling force. It is also confirmed that machinability is prominently improved when a large number of micro-
sized hBN precipitates are distributed uniformly in the steel matrix. This study could contribute to the development of high
performance BN-added free-machining steels for die and mold applications.
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Table 1 Chemical composition of workpiece materials

Table 2 Measured mechanical properties of workpiece materials

Work material

Classification P20 Mod. Ref, Ref,
(Ref) +B,N +B,N, S

C 0.31 0.33 0.27

Si 0.3 0.29 0.28

Mn 0.88 0.89 0.86

Chemical —p 0.02 0.018 0.017

composition

(Wt.%) S 0.011 0.011 0.017
Al 0.025 0.025 0.028
B 0.0019 0.0092 0.0082

N 0.009 0.023 0.027
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Work YS TS Impact HB Grain
material (Mpa) (Mpa) ) size
P20 Mod.
(Ref) 810 918 52.9 322 10.6
Ref.
BN 855 960 48 337 10.7
Ref.
BN, S 819 937 51 317 10.8
Table 3 Cutting conditions
Parameter Value
Cutting speed (m/min) 80
Tool federate (mm/min) 306
Spindle speed (rpm) 2550
Axial depth of cut (mm) 5
Feed per tooth (mm/tooth) 0.06
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Table 4 Comparison of cutting forces

Table 5 Comparison of Brinell hardness of workpiece materials

. Average cutting force (N) Work Brinell hardness (HB)

Work material .

F, F, F. Resultant material Surface R/2
P20 Mod. P20 Mod.

(Ref) -890 428 -89 992 (Ref) 322 304

Ref. Ref.
BN -826 416 -93 930 BN 337 314

Ref. Ref.
BN, S -823 497 -81 965 BN, S 317 294

0.1446 nm
Nitrogen (N) ___» g
atoms —_—

Van der Waals—
bonds ———————*

0
Boron (B) —"

atoms T »

0.6661 nm

Fig. 1 Hexagonal boron nitride (hBN) structure
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Fig. 3 SEM images of BN and MnS inclusions
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Fig. 4 EDX analysis of BN and MnS inclusions

Table 6 Analysis of BN inclusions

Properties
Work - -
material Number Density  Average size ~ Aspect
(ea) (No/mm?) (um) ratio
P20 Mod.
(Ref) 504 36 2.56 2.02
Ref.
BN 2128 153 228 221
Ref.
BN, S 1928 139 2.26 2.44
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Fig. 5 Size and number distribution of BN inclusions in Ref+B, N
steel
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Fig. 6 Distribution of precipitate materials
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