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Machinability Improvement Effect of Alloy718 by Controlling the

Amount of Carbides

Chihiro FURUSHO, Yuya KOSAT and Koichi UNO

Synopsis

Alloy718 has been applied in many applications such as aerospace, power generation plants, automobiles, and oil and gas.
Most products of Alloy718 are finished by a machining process. Therefore, improvement of the machinability can contribute to
the manufacturability. An important microstructural factor for the machinability is large carbides, which have high hardness.
Two types of Alloy718 containing different amounts of carbon (Alloy A: 0.024C, Alloy B: 0.002C) were prepared and their
machinability was evaluated. Machinability of Alloy718 depends on its carbon content, and the lower the carbon content, the
better its machinability. As a result of SEM observation on electrolytic extraction, (Nb, Ti)C type carbides were observed only in
Alloy A. Furthermore, the total amount of carbides and nitrides is larger in Alloy A. This result suggests (Nb, Ti)C type carbides
accelerate abrasive wear of the cutting tool, so that spectacular improvement of machinability was shown in Alloy B at the

machining temperature in which abrasive wear is dominant.
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Material i Probl f Machini

High hardness Shortening tool life

Abrasive particles

High work hardening rate Increasing cutting force

High tensile strength . )
Raising cutting
Low thermal conductivity temperature
High reactivity to a tool Degrading surface
. " roughness
High plasticity
High affinity to a tool Worsening cutting chip
disposability

Fig. 1. Relationships among material properties and
problems of machining process®.
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Table 1. Chemical composition of samples in mass%.
Alloy C Ni | Cr [Mo| Al | Ti | Nb | Fe
Alloy A| 0.024 |52.8|17.8| 3.1 |0.52| 1.0 | 5.1 | Bal.
Alloy B| 0.002 |53.3(17.7| 3.1 |0.55| 1.0 | 5.1 | Bal.

2. 2 HBRAE

Alloy A, BZNZNIZDoWT, heHlEtERIC X 2 8IH)
MR % R L 72, SABED A A — VK% Fig. 312, &
Btk % Table 2 127”9, #ABER L DMG ZRFHMO 5
HhAE AN A% NT4200 % fEFH L7z, 0EI TR ORI

(a) Being etched with Kalling’s No. 2 reagent

(b) Being electrolytically etched with 10 % oxalic acid

Alloy B

Alloy A Alloy B

Fig. 2. Microstructure images of Alloy A and Alloy B after (a) being etched with Kalling’s No. 2 reagent, and (b) being

electrolytically etched with 10% oxalic acid.
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Fig. 3. Schematic image of machining test.

Table 2. Test conditions of the tool life test.

Machining Center

DMG MORI NT4200

Specimen size

f92 mm x 300 mm

Cutting speed 30, 50 m/min

Feed rate 0.2 mm/rev

Depth of cut 0.5 mm

Coolant Wet (emulsion lubricant)
Width of flank wear

Evaluation Appearance of tool tip
Cutting Temperature

Table 3. Information of the cutting tool.

Manufacturer Mitsubishi Materials Corp.

Tool shape CNGG120408-FJ

Grades VP15TF-Cemented carbide coated
with (Al, Ti)N

Breaker v

Holder PCLNR2525-43

Table 4. Conditio

n of the electrolytic extraction test.

Sample size

10 mm cubic shape

Extracting solvent

10 % Acetylacetone
1% Tetramethylammonium-chloride

Methylalcohol
Extracting time 4 hours
Current value 0.20A
Pore size of filter | 0.1 mm
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Fig. 4. Cutting forces of Alloy A and Alloy B at various
cutting velocities.



Fig. 7. Major flank wear progress at 50 m/min in cutting
velocity.

96  ELAMH #89%K27% 20184
400 400
(a) (b)
350 350
€ 300 £ 300
2 2
5 250 5 250
s :
Z 200 Z 200
C c
£ 150 £ 150
o o
< 100 £ 100
he) 5
2 5 = 50
0 0
0 50 100 150 0 50 100 150
Cutting time (min) Cutting time (min)
AlloyA = Alloy B AlloyA = Alloy B
Fig. 5. Major flank wear curves of Alloy A and Alloy B at (a) 30 m/min and (b) 50 m/min in cutting velocity.
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Fig. 6. Major flank wear progress at 30 m/min in cutting velocity.
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Fig. 8. Image of tool wear pattern transition as cutting
temperature changes .
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Fig. 9. Average cutting temperature of Alloy A and Alloy
B at various cutting velocities.
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Fig. 10. Hardness of various carbides.
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Fig. 11. SEM and EDX analysis results of electrolytic extractions, (a) backscattered electron image of

extraction filters and (b) qualitative analysis results by using EDX.
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