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High Density Oxygen Plasma Ashing for Recycling and Reuse of
DLC-Coated Tools and Dies
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DLC coated tools have been widely utilized in the dry milling and cutting of aluminum alloy parts and components;
e.g. A5052 alloy parts were efficiently dry-milled by using the DLC-coated WC (Co) tools. However, since the
original DLC coating was inevitably subjected to abrasive wearing, its thickness was significantly reduced during dry
machining. In order to preserve high quality of machined products in continuous cutting operations, the used DLC
coating must be removed or ashed away before grinding and polishing. Most of conventional methods required for
long leading time even to make incomplete ashing. High density oxygen plasma ashing provided a solution to make
perfect ashing of DLC coating together with metallic interlayers. In the present paper, this plasma system with
quantitative diagnosis instrumentation was first stated to describe the effect of processing conditions on the ashing
behavior. The DLC-coated end-milling tools were prepared to prove that the whole DLC-coating should be completely
removed with fast rate. This ashed tool substrate was further ground and recoated to demonstrate via two types of dry
end-milling experiments that the DLC-recoated tools should have the same machinability as the original virgin DLC-

coated tools.

Key words: High density oxygen plasma ashing, Plasma diagnosis, Activated species, Ashing rate, Complete ashing,
Recoating, A5052 alloy, Dry machining tests, Recycling, Reuse
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Fig. 1: Engineering endurance by DLC coating.
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Fig. 2: Illustration of plasma controlling items in the inside of

vacuum chamber.
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Table 1: Standard oxygen plasma ashing conditions.

Processing Item Parameters
RF-Voltage 250 V
DC-Bias -600 V
Carrier Gas 02 Only
Partial Pressure 15 Pa
Mass flow rate 65 ml/min
Ashing duration time 7.2 ks
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Fig. 3: DLC-coated WC (Co) end-milling tool.
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Fig. 4: Effect of oxygen gas partial pressure on the ashing
behavior of DLC coating. a) 40 Pa, and, b) 20 Pa.
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Fig. 5: Effect of jig location set-up on the biased cathode plate.
a) Jig was located at the center of cathode plate, and, b) Jig, at

its end.
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Fig. 6: Optical and SEM observation on the end-milling tool
surface after oxygen plasma ashing
by the conditions in Table 1.

a) Outlook of ashed surface of tools, and, b) SEM

observation around the tooth.
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Fig. 7: Comparison of Raman spectra for DLC coating before

and after ashing process. a) Before, and, b) After ashing.

Ty 7w AR, 20— 2 ERNED
THZENEESN, KHE—7MFE (1320 em' B LW
1600 cm™) 2/ TH E— 7 BB &g, A7
DLCER B 5 LHEESND. T o 7 HDT <5
FEREZXT) IRT. E—IMENKRES BT DL L

FRWHE -7 v FLEOY YA 7V e L TCOEEERETIAST v 7 21

BT, E—=ZIRELL T =ML TWAE. Ty v
ANZBIT A RENZE— 7B =2 1Im &
FaRZAN

ULDZ<o53emn, 7y 7 %ICDLCEIE TR
FHIIZELFEFEL TR EEZEZ BN, BTb) OfER
IETEME EOZ R Mg 720,

EEDOa—F 4 7%, TEMEHEEM EDLCERE DR
WCERE (CofEaIEr e sE) #hEEE LR
5. ZhiE, DLCa—7 v RTEMFHARFOATICH LT,
HEMNODLCEE N HBET 2 D& BIET 5720 ThH 5.
DLC=—7 v RTREEMD Y ¥4 7 L TlE, HIZDLCE
DHERET DT TIE R, ZoOFHEEbERITERE
TOMENRDD.

LOLlBH DT T AT v 7T, Xk [5] ©
LML TWDA LI, Fr— Y —RIZkD T vy
TR R L SR ERE DT A EE Y, 2 OPRE
ERETHENEHE LW, FITI—U U 7UHITED &
2T, HAEmBDEHERTEREAT HEGEICE, Ak Lz
X O IIDLCIEZBRET D b, Zo&BEFHEERE
THZELELWEEZ LS.

T, AEEFETO s a APEOREDE A
IEREICFEIR T 5728, K6b) FHOMUTIE > TEDXIZL D
TR EAT o1,

Atomic percentage /%

Distance across the tooth /mm
K8 : T HBOLENERFIZRT 5 LEEME
DI

Fig. 8: Distribution of chemical components along the distance

across the tooth region on the tools surface.
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Table 2: Dry milling conditions up to the specified length of
200 m by using the DLC-recoated end-milling tools.

Processing Items Parameters
Spindle speed 6350 min’
Cutting speed 200 m/min
Feed rate 2250 mm/min
Feed per tooth 0.12 mm/tooth
Axial depth of cut 10 mm
Radial depth of cut 1 mm
Overhang 30 mm
Cutting direction Down-cutting
Actual cutting speed 200 m/min
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Fig. 9: Microscopic observation of DLC-recoated end-milling
tool after dry milling in the length of 200 m. a) Around the
edge of first tooth, and, b) Around the skew part of first tooth.
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Fig. 10: End-milling tool for large volume machining in dry.
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Table 3: Dry milling conditions up to the specified volume of

240 cm® by using the DLC-recoated end-milling tools.

Spindle speed 6350 min’
Cutting speed 200 m/min
Feed rate 2250 mm/min
Feed per tooth 0.15 mm/tooth
Axial depth of cut 12 mm
Radial depth of cut 5 mm
Perpendicular depth of cut 5 mm
Overhang 30 mm
Cutting direction Down-cutting
Actual cutting speed 200 m/min
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Fig. 11: Microscopic observation of DLC-recoated end-
milling tool after dry milling in the volume of 240 cm’.
a) Around the edge of first tooth, and, b) Around the edge of
second tooth, and ¢) Around the edge of third tooth.
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