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Fig. 1 Comparison of ion beam implantation
and plasma source ion implantation.
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Fig. 2 Comparison of IBII and PSII with
respect to retained-dose problem.
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Fig. 3 Schematic diagram of typical PSII
system.
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Table 1. Comparison of various techniques in preparing hard surface layers.

Microhardness Coating Thermal Adhesion
(Vickers) thickness(am) | stability(C)

PVD (on high-speed tool steel)
TiN 2200 2t04 550 >17,000 psi
(Ti,ADN 2800 2to4 750 >17,000 psi

CVvD (on cemented carbide)
TiN 2100 3tob 550 >24,000 psi
TiCN/TiN/Al,O3 2300 10 1000 >24,000 psi

PSII
N-F¢ Cr=& 1800 0.1 1050 N/A
C-+9 Crx3 2150 0.1 1810 N/A

Electroplating {(on steel)

Hard Cr 1100 0.25 to 520 500 10,000 psi
Ni 600 2.5t0 125 1350 10,000 psi

Table 2. Examples of ion implantation in wear resistant applications.

Tool/Part Material Application Result
Compacting punches S7 ‘ Compacting bronze powder | 6X fatigue life
Compacting punches/dies D2 Compounding filled epoxy 2.5X% life
Draw die D2 Drawing 0.85mm STS 15X life
Draw punches Chrome Ironiﬂg 3mm 4140 steel 5X life
Stamping dies Carbide 0.4mm bronze connectors 3% life
Mold cavities Chrome Injection molding polyester 21x life
Notching punches WKE45 Cutting keyways in STS 316 3% life
Pierce punches M2 1/2in hot-rolled steel 12X life
Pilot pins M2 0.05mm STS 302 5X life
Plastic calibrator die 42088 Shaping vinyl siding 2X life
Finishing roll H13 Finish rolling Cu )3 life
Bearings STS 440C Bearings 1.4 X life
Punch/die WC-Co Sheet steel lamination 6X life
Taps Cr plate Tapping cold-rolled steel 8X life
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Table 3. Preparation conditions of PSII and/or Cr-plated specimens.

Substrate material: D2 and S7 tool steel coupons

Surface treatment methods applied

#1

#2 #3 #4 #5 #6

Pre-PSII of N,
Ion dose = 2% 10"/cm?
Filament source = 20V/0.98A
Filament bias = 100V/0.46A
Acceleration voltage = -25kV/23.1mA
Pulse width = 20us
N. supply = 11.5scem/5.5%10™ Torr

Electroplating of Cr
Coating thickness=10um

PSII of N,
Ion dose = 3x1017/cm®
Filament source = 20V/1.0A
Filament bias = 100V/0.48A
Aceleration voltage = -25kV/23.5mA
Pulse width = 20us
N: supply = 11.5scem/5.5%10™ Torr

D2 steel : Fe-1Mo-12Cr-1.5C, S7 steel : Fe-1.4Mo-3.25Cr-0.5C
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Fig. 4 SEM images showing the fretting wear tracks of D-2 steels with various

surface treatments.

htt LN
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N,-PSII+Cr+N,-PSII

~PSII+Cr

Fig. 5 SEM images showing the fretting wear tracks of S-7 steels with various

surface treatments.
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