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Wear Properties of Duplex Surface Treated Alloy Tool Steel
Sliding Against Aluminum Alloy

Shingo KAWAMURA™, Yoshio HARUYAMA, Nobuyasu YOKOI,
Yoshitsugu KIMURA and Kazuaki SHIOZAWA

* YKK Corporation, Machinery 1lead Quarters, Yoshida 200, Kurobe, Toyama, 938-8601 Japan

A duplex surface treatment of tool steel, which comprises of nitriding of a substrate and coating
of a titanium nitride (TiN) layer, is studied as a potential tool material for plasticity processes of
aluminum alloy without lubrication. Tribological properties are determined on a ring-on-block
arrangement, where the ring is made of aluminum alloy, A6063, and the block is made of the TiN
duplex treated alloy tool steel, SKD61, and is compared with untreated, nitrided, and TiN ion-plated
alloy tool steel. At higher loads and higher speeds, transfer of the aluminum alloy onto the tool steel
occurs, which is little improved by the treatment. Wear of the tool steel takes place as the predomi-
nant mode of surface damage at lower loads and lower speeds, and is markedly reduced by the duplex
treatment. Possible mechanisms of the improvement are discussed.

Key Words: Wear, Surface Treatment, Coating, Nitriding, Alloy Tool Steel, Aluminum Alloy,
Duplex Surface Treatment, TiN Coating, Plasma Nitriding
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Table 1 TiN thickness, depth of nitrided layer and surface roughness of specimens, pm

Code Film thickness | Nitrided layer [ Surface roughness Ry

SKD61 UM—0 - - 0. 03
Gas nitrided SKD61 | GN—0 — 100 0. 06
— 2. — 0. 06

TiN coated SKD61 | T 2 !
IP—5 5. 2 — 08
DM—2 2. 4 50 09

Duplex treated SKD61

| DM—5 5 2 50 0] 11

(a) GN-0 (b) IP-5 (¢) DM-5
Fig.1 Cross sections of surface treated SKD 61
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Fig.2 Measured hardness with varying loads
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Table 2 The critical load L. and scratch traces of surface treated blocks
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(a) Schematic of the ring on-block tester
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(b) The ring-on-block arrangement

Fig. 3
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Fig.4 Major surface damage as a function of load and
sliding speed (Test specimens : DM-5)
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2R 5 RT ., FERRRIIN IS &5 O TSR I ATTR & & Table 3 Measured friction coefficients
zt@fﬁmb FRZESHTTR « I8 550 TR S L - — —
ST T BRI CIL. B b B Specimens | Friction coefficient 1 Average
e e POV UM—0 0. 55~0. 72 0. 64
;f?ﬁﬂ;ﬁ& DIRENANET L < I foiesh, 90 Jlip GN 0 P o 6o
5 Hi1e T FEES % - 5%
500 m HifE THERZ ML L7, £ O 0)7I>J v 7 DRE P2 0. 38~0. 52 0. 47
FEeld, Halc U THIERED 0. 1mg LN TH - 72, IP—5 0O 40~0. 57 0. 46
ROPERREFET TV =0 AOED Y ¥ 70  DM~-2 | 0. 38~0. 53 0. 45
FERERLIE, MRS L T7 my 7 OESELLO 2 {01 T DM-—5 0. 34~0. 52 0. 43
BB, BWFFROXRE T LM TUE, B o
FErEUC2HEEN THOZ T8 A& < Table 4 Specific wear rates
FOEENBBEERIECZ S RBOT, I TEE (: T .
P ' N Specimens Specific wear rate Limiting wear
e B O G & BRI 2 10 "mm*/Nm volume of TiN, mm*
4-3 ERBEIZHIT2EM BEFRES FU*WMLEM CUM-0 860 _
E ﬁiﬂi%{i@ﬂﬁ{ﬂt L//C (”JI‘« 50 ~ D) L/{\_Jy( GN-—-0 1. 19 _
.04 m/s DA E BV, WPTIZ L 5 PER - P‘?l*ﬂli:‘l“{ IP—2 5. 80 0. 42
DAL R I~z IP—5 .17 1. 04
4-3-1 BEEEEE  FBEESREOHCA R, %302 DM —2 0. 52 0. 48
DM—5 0. 37 1. 04
2.5 5
- 2\
[
E
=l 1. B
[ (4]
© 0.5\ %
2 =
g
o »
[
=
Sliding speed, m/s o Ve 400 600 800 1000 1200
Siiding i
Fig.5 Change in wear amount with load and sliding liding distance, m
speed (Test specimens: DM 5) Fig.6 DProgressive wear of surface-treated blocks
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Wear tracks on surface-treated blocks after slid for 1000 m

— 263 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

4852 EARBETT LS TAMOT LS =9 2060 L e 5B J 5 EEEHE

(a) Failure in a wear track on DM 5 after slid for 1000 m

(a) Scanning clectron micrograph of collected debris
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(b) The same area as (a) observed after removing TiN O 1 2 3 4 5 6 7 8 9 10
coating Energy, keV

(b)  EDS spectrum of the debris shown in (a)

Fig. 9  Wear debris in sliding of 1> 5 under a load 50 N
at a speed 0.04 m/s
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The arrows indicate the sliding direction. VU WK DB L Tw T, A7 Sy FRo

(d) The same arca as (c¢) observed after removing TiN

coating
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