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Boundary Lubrication Mechanism for Self-lubricating Specialty Steel with Low Friction Loss
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The Hitachi-developed steel SLD-MAGIC™ has become popular in the Japanese die and
mold market for cold-working processes because it exhibits superior galling resistance to
other steel and iron materials. However, until recently, the nanoscale mechanism
responsible for its lubrication properties has not been well understood. To clarify this issue,
samples of different types of steel were analyzed using ball-on-disk tribometry, X-ray
photoelectron spectroscopy, Raman spectroscopy, and X-ray fluorescence spectroscopy using
synchrotron radiation. The results led to the development of a new boundary lubrication
model, referred to as the CCSC model. This report describes the foundations of this model

and its tribological implications.
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Table 1 Analysis methods and conditions

Name of |Manufacturer - -
equipment or place Details of conditon
ball; 26 mm SUJ2 (AISI 52100) 62HRC, radius of
Ball on disk Nanotec friction track; 2.89 mm, pressure; 80 MPa,
(Japan) velocity; 11 m/min, disk specimen; 220 mmX5 t
(Ra; 0.2 um), equivalent to AISI G99
XPS . .
analysis Shimazu u-ESCA AXIS 15 keV target; Al,O4
Synchrotron L . .
radiation J-PARC KEK-PF, exclusive line of Hitachi BL-11B
Raman . X
analysis JOEL JRS-SYS2000 (infared wavelength; 633 nm)
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Fig.1 Effect of alloying elements on frictional behavior (numbers in
parentheses show hardness (HRC) of disk specimens)

3. EBRER

3.1 SLD-MAGIC MDEE#E4SM

3.1.1 AETTRDHEE (Cu &t S DR
B1I3E4ERICE VPO SN2 BEEEEI /T
LER/ITCHFELRT. AERTIE, HOEEEICEDEED
N2 5t# % SLD-MAGIC » 53k CTEEB & 1T - 720 BX
BT bR TRV NS ORE LY, -Al (SLD-

MAGIC 75 Al 23\ 7280%), Bi% SLD-MAGIC @ &

PRIFIRE] 40 # DLF T BB AR B IR, Cu & S& W
RERML 72 ORI ERLTWA I LG h o
727,

K2 xR 1 ®»JIS SKDI1 & SLD-MAGIC 721} 0 E
BRBORHZELEZHEB LD TH L, ZOFT, fHH)
% 10 BPIIAT - 72 B8 H 1) L B L O KT 54T % XPS T
To7e BIBICEDRRERT, REIRFENDIT V¥ 3
A= a YHLEVH, Ar ANy ¥ 2D D L5 %2 Fe,
ODY—=DLMNo70 LHL,Cul SiImBEhihro
720

=2 HEAMOILFER

Table 2 Chemical compositions of samples

SLD-MAGIC™ Fe—1.0%C—8.3%Cr—Ni—Mo—W—Al—Cu—S

SKD11 Fe—1.5%C—12.0%Cr—Mo—V

8%Cr steel Fe—1.0%C—8.3%Cr—Mo—V

-Cu Fe—1.0%C—8.3%Cr—Ni—Mo—W—AI—S
-S Fe—1.0%C—8.3%Cr—Ni—Mo—W—AI—Cu
-Al Fe—1.0%C—8.3%Cr—Ni—Mo—W—Cu—S
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Fig.2 Frictional behavior of samples used for XPS analysis
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Fig.3 Composition profiles from top surface to 3 nm depth
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Fig. 15 Results of friction tests in the presence of fromic acid and
acetic acid in parafin (amount of oil; 0.1 mm®, SK5; AISI W1-8)
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