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Investigation on Wear Resistance of Cr8 Tool Steels

LI Chen —hui" WU Xiao — chun XIE Chen WANG Hong — bin
( School of Materials Science and Engineering Shanghai University Shanghai 200072  China)

Abstract: Wear resistance of cold work tool steel is critical in stamping manufacture. In this paper comparison tests of dry
sliding wear under different loads were carried out by using a ring — on — block friction and wear tester. Four kinds of Cr8
tool steels were evaluated and ranked in term of wear volume and friction coefficient. Wear mechanism was determined by
observing and analyzing the morphology of the worn surface. Results indicate that abrasive wear can be always found under
different loads. As load increased surface oxidation became obvious and oxidation wear played a larger role in wear
mechanism. The wear volume increased with the increasing load average friction coefficient firstly increased and then
decreased with the load. The positive linear relationship between total wear volume and M, C; eutectic carbide content was
revealed.
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DC53.ASSAB 88  SDC99 \ .
N 1180 ~1 200 C :1 050 ~1 100 C
850 ~900 C. $170 mm
830 ~860 C 8 h
1 . 1.
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ASSABS88.SLD — Magic.DC53 4%
(OM LV150 Nikon Japan)
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Table 1 Chemical composition of used steels ( weight percentage %)

Steel c Mn P S Si Ni Cr Mo Cu v W Al Co Fe
ASSABS8 0.93 0.5 0.01 0.001 0.9 0.1 7.7 2.5 0.05 0.53 0.03 0.025 0.03 Bal.
SLD -M 1.0 0.46 0.02 0.09 1.07 0.43 8.2 0.9 0.37 0.06 0.35 0.35 0.04 Bal.

DC53 0.96 0.3 0.02 0.001 0.96 0.05 8.0 2.2 0.1 0.20 0.01 - - Bal.

SDC99 0.95 0.30 0.018 0.002 0.5 - 8.7 1.5 - 0.30 - - - Bal.
JB -30B SDC99 1040 C 10 min 210 C
10 mm x 10 mm x 55 mm. 2 2 h;3 1 030 C 10 min
. 200 C 2 2 h.
CMT -5305 2
7.5 mm x5 mm x 100 mm 5 mm/
min d 20 mm 20 mm 2.1
80 mm;
MMS -2A  / M7C3
3 mm X7 mm X M7C3
30 mm 3 mm X 30 mm 1 4
. W6Mo5Crd V2
HRC 68 ¢16 mm 40 mm 10 mm; ASSAB88 DC53 ;
200 r/min 60 min SLD - Magic SDC99
200,400 600 N ; ;
VHX - 600 > > »
(1) JMatPro
V= R;L {Zarcsin( %) - sin[ Zarcsin(%)] } 4 20 °C 2.
(1) 2 : ASSAB88  M7C3
V- mm’ R - 20 mm L - 28%  SLD - Magic
3mm B - mm. 47.8% DCS3  57% SDC99  64%
( Hitachi S =570 EDAX/TSL Phoenix) ASSABS88 Mo. V
3.06% DC53 (2. 41%) SDC99 (1. 8%)

SLD - Magic( 1

.31%)

Mo
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Fig.1 OM micrographs of annealed microstructure

1

2 ( %)
Table 2 Types and quantity of carbides by JMatPro ( weight percentage %)
Steel M23C6 M7C3 M2C MC M6C Cu MnS Total carbides
ASSABSS 6.89 3.66 1.41 0.9 - - - 12.86
SLD — Magic - 5.18 5.19 0.45 - 0.38 0.24 10.82
DC53 1.88 6.78 2.42 0.36 0.45 - - 11.89
SDC99 2.73 7.81 - 0.49 1.11 - - 12.14
SDC99  Cr M7C3
(Cr Fe),C, e .
HV1 200 ~1 700
67 .
®.SLD -
Magic SivMn. Ni N
4 3
N 2.3; 3
M,C,
9-10 3
2.2 4 N

DC53
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(a) ASSAB88 (b) SLD - Magic
Fig.2  OM micrographs of imported steels after heat treatment
2

ASSABS8
.4
M, C,
Y =3.0153 +2.2520x Y
X M7C3 Adj R -
Square  0.97659 5. SDC99
Fig.3 SEM micrograph of SDC99 after heat treatment
3 SDC99  SEM
SDC99
, M7C3
Table 3 Mechanical property results : 4('b)
Steel Flexural Impact Hard SDC99 SLD - Magic
ee strength/MPa  energy/] araness
ASSABS88 2416 75 HRC61 ( HV 720)
SLD - Magic 2415 82 HRC 60 ( HV 697) 2.4
DC53 1830 76 HRC 61 6~8
SDC99 2300 78 HRC 62 ( HV 746)
200 N
4 M,C, EDS .
Table 4 EDS result of ledeburite cutectic carbides ' «
£l " Weight AWtomic ”
ement percentage / % percentage / % ( 6) .
CK 9.80 33.22 “ » 4
VK 3.09 2.47
Cr K 43.88 34.37
Fe K 38.02 27.72 !
Mo K 5.21 2.21
Cr Fe
2.3

4( a)
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(a) Wear volume ('b) Average friction coefficient

Fig.4 Wear volume and average friction coefficient under different load
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Fig.5 Plot of total wear volume versus content
of M7C3 eutectic carbides
5 M7C3

(b) SLD — Magic (¢) DC53 (d) SDC99
Fig.6 SEM micrographs of worn surfaces at a load of 200 N
6 200 N SEM

(a) ASSABSS (b) SLD - Magic (¢) DCS3
Fig.7 SEM micrographs of worn surfaces at a load of 400 N
7 400 N SEM
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9 SDC9%
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200 N
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(d) SDC99
Fig.8 SEM micrographs of worn surfaces at a load of 600 N
8 600 N SEM
400 N
SDC99 200 N 12 4
10 7(a~c)
M7C3
7(d)
SDC99 400 N
o —
Fe,0,4( 1 154)
600 N

Fig. 9 Oxidized carbides of SDC99 at a load of 200 N

9 SDC99

200N
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Fig. 10 SEM micrograph and linear scanning analysis of the worn surface of SDC99 at a load of 200 N
10 SDC99 200 N

Fe

Fe Cr

8i Mo UM

Fig. 11 SEM micrograph and EDS spectrum of oxide on the worn SDC99 surface at a load of 200 N
11 200 N SDC99

Fig. 12 Crack at a load of 400 N on
the worn SDC99 surface
12 400 N SDC99

13 SDC99 600 N

Fig. 13 Oxidative wear of SDC99 at a load of 600 N
13 SDC99 600 N
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