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The Effects of Niobium on Sliding Wear Characteristics of
High Speed Steel by Powder Metallurgy

Han-Young Lee, Jong-Soo Bae* and Yong-Jin Kim*

Department of Materials Engineering, Keimyung University, Daegu, korea
*Materials Forming Lab, Korea Institute of Machinery and Materials, Changwon, Korea

Abstract —In order to evaluate the effect of Nb on wear properties of high speed steel(HSS) by powder
metallurgy, niobium-alloyed HSS have been prepared by adding 0%, 1%, 3% and 5%Nb to HSS of 6%W-
5%Mo-4%Cr-5%V-5%Co. Sliding wear tests were conducted at various sliding speed conditions under the
constant pressure using a pin-on-disc type machine. The results of this study show that the wear resistance
of HSS by powder metallurgy was increased by the addition of Nb within the range of sliding speed used in
this experimental study. However, the amount of Nb did not improve the wear resistance. It may be due to
the thermal stability of carbide and high temperature properties of the matrix containing Nb comparing to

that without Nb.
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C Si Cr Mo w \'% Co Nb Fe
ONb 1.7 - 4.3 49 9.0 5.13 5.29 - bal.
INb 1.92 - 42 4.5 6.0 6.2 53 0.9 bal.
3Nb 2.09 - 45 44 6.0 6.5 52 3.0 bal.
5Nb 227 - 4.0 45 5.7 6.1 54 4.7 bal,
M2 1.0~1.1 0.43 3.8~4.5 4.8~6.2 5.5~6.7 2.3~2.8 - - bal.

Vol. 16, No. 3, 2000



196
3 T
1Nb
o
E 2}
"]
7]
[+]
-l
-
® '
=
0}
3
3Nb .
—e— 2.0 m/sec .
(= o 30nvsec /
£ 2 —y— 4.0 misec /
- —g - 5.0m/sec /
] —=— 6.0 mvsec A
g —0- 7.0 m/sec -
3 —& - 8.0 m/sec - //'z
13
® 'F
2
ol
3 T
5Nb
o
E > P
" el
@ ~
[~
g P
LT g
oL

Friction Distance , km
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Fig. 2. Wear charecteristics for friction speed.
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Fig. 3. Morphology of worn surface for opponent materials slide against the SNb (sliding direction : —).
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Fig. 4. Morphology of worn surface for 3Nb testpieces (sliding direction : —),
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Table 2. Result of EPMA for compound (atm%)

74 o o] }\1'§}-€°] 23

9ok,

53] 3Nbe] FA4kelE(B)
s 9ot va ge 2
—8— Nb°ﬂ ofsf A39E MC

® "@3ER olE

GOZ«] A 418} 453
ola] MCRESIE-S FA3PEA BAE C, Mo, W ¥

& MEAA Jpar

80854
A& AP

REER §]'°]5]°13‘4' o1
3 Aoz 2auT. 2%

A vlE

A2

ZA

'6‘

SR EEA AR AbekEel

F

)9)

o) -

2F

s

e 5 ZA7t
Bt &

Rol #

wE - 2083

oz

oA & ONbdl| H|E ]

1.;~

sHEME Vel <s) A
2la71 Hrh= SKARA
Aoz A3 Nb 7l

'I—J

ol\;],

oleiat Al

-‘Iol'

AasEe BAQ Pel sl o) AsHEol

cps
20 Fe }
|
!
15
v ;
|
10 Mo lj
N |
L g i
i |
51 Fe \ (ir
CO j‘ fe
wﬁ ¥, f{_uj {1
“ (s SN VUYL Y A I‘ \..,,_,
c:.”.pr.,;,.”I ﬁTé i
Energy (keV)

(b) Gray compound (Testpiece, 6m/sec)

C (¢} \'% Cr Fe Nb Mo w
ONb B 10.56 58.52 0.97 1.53 26.67 - 1.02 0.73
PIN G 11.68 65.47 2.84 1.12 16.69 - 1.19 091
B 12.43 42.80 2.64 2.11 36.38 0.62 1.67 1.33
3Nb G 27.70 26.31 10.43 2.36 23.47 3.55 3.63 2.55
DISC B 33.32 5.52 0.89 2.64 55.38 - 1.32 092
G 37.30 4.79 3.80 2.96 27.62 - 14.62 8.91
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