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The Effect of Niobium on Wear and Friction Characteristics of High Speed
Steel by Powder Metaliurgy
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ABSTRACT In order to evaluate the effect of Nb on wear properties of high speed

steel by powder metallurgy(PM-HSS), niobium-alloyed PM-HSS have been prepared by
adding 0%, 1%, 3% and 5%Nb to PM-HSS of 6%W-5%Mo-4%Cr-5%V-5%Co presented

in the previous paper.

Sliding wear test have been conducted in various sliding speed conditions under the

constant pressure using a pin-on-disc type machine.
The results of this study shows that the wear resistance of PM-HSS has been
increased by the addition of Nb in the range of experimental sliding speed. However,

the amount of Nb shows to be unimportant parameter for the improvement of the wear
resistance. It may be due to the thermal stability of carbide and high temperature
properties of matrix by adding Nb comparing to the case of no addition.
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Table 1 Chemical Composition

C|Cr| Mol W |V |[Coi Nb
ONb| 1.70| 43] 49] 90| 5.1
INb| 1.92| 421 45| 60! 62]53] 09
3Nb| 2.09] 45{ 44 60] 65|52] 3.0
BNb| 2.27] 40| 45| 57| 61| 54| 4.7
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Fig.l Wear characteristics for distance of
INb at various sliding speed
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Fig.2 Wear charcteristics for sliding
speed of PM-HSS
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Fig.3 Morphology of worn surface for 3Nb testpiece (X 100)

Table 2 Result of EPMA for compound (atm%)

C 0) \ Cr Fe Nb Mo W

PIN BLACK]| 1243 | 42.80 2.64 211 | 36.38 0.62 1.67 1.33

GRAY | 27.70 26.31 [ 1043 2.36 23.47 355 3.63 2.55

DISC BLLACK| 33.32 552 0.89 2.64 | 55.38 - 1.32 0.92

GRAY | 37.30 479 3.80 W 296 | 2762 - 14.62 891
‘u:'qlz‘r'j'.":v.- 5\:;7;00»00 T'm‘4.¢':°-00) - ijj”l ._r ’J"".ij "’"'I . cllV-?’.l;. 2"5,000.00 u-m;..:’zc.?vt . Tl ‘ — '- r:_:j
( i ' i L ; ‘ :,J L S A A I I S __Mf
[ L : M};‘j__‘.__,;b;--_. R '/‘ : [ !

°'°Y”."W.f : } “tl,,;ﬁ‘,_ﬂm”f‘“ RN R
”i ! é M‘.:_,;-‘X__i___'....:'.,-f.. S S I ]
e SR . InE
(a) 2m/sec (b) 8m/sec

Fig.4 Profiles of worn surface of opponent materials(3Nb)

— 17._.



A HFENM 27 BEBH Agrn®
o} TlAIIR B o]BEL BF AIE
T AU
FAMZ ¢ F UKol FAAIEAME
S| A3HEo Hls C, Mo, W ¥ Vo &
o] AL Ao=Z & F Ut} oj I A e
Nbell 93] A" MCe3EMEe Ve
o&f HAHE @FERT o9 FIFY
7t AhE SKARAGOZYel Azl A&
Ao HAS Nb Hrbol o3l MCE S
HBASAA 2ZAZ C, Mo, W ¥
FEAA A2x2Hol Lol Ss ¢

019 o
= =)

l’)

{
-

< &

o4 Nbol oa} A44E MCe
S22 ot hus
A4 TAstEz AF
A& MCREES o

dEds FE2E 5 U
kil

» o &~
Rt

2

I J[N’ oﬂ. iz

2

23

oS gl O 30 do mu

&ﬁm\nﬂm{{nr{mm{u&_ﬂ,mmb
X o

7

L
o fo o

2 FAR490

i
o, &

L A
womy X

2

ot
=
2
o
wd
flo
o
all
r:‘\g
b
Lo

-
(o
L
o U o
2 K
ki
mo Jp
>
2
v
ox,
ol
rir
AV

_{
K

+
b o
K

Fig4¥ 3Nbe v#&£% 2m/sec, 4m/s
ec, dm/sec, 8m/secolA AJFE oA o)

9 Ztrack®e EHAREAE o839 1
n@gd FAoR ZAHY dUIZAHL
LEFR Aot

o
&
3

B9 AF groovert I 238 B
2% FHE uFol AAAA olFd A
dE ¢ F Utk #FA F2 AL 17‘:—
A, nEdHdE AHo) nlry1 QL
& ¢ F U4

NbE H718lE AT MC®3EEo] A
A=Y NbE7te o3 AAHd &@sEL Vv
H7bol o3 44€ MCeatEdl vl o
S sty g9y oz Ay RAeg ¢
a%x] 9;1‘:]‘-3)%)

24
fo Iy

EQGgel R A T
< Table 291X &= & F SIXxeo] YA
o tﬂsﬂ Fagel g ALz ¥R A
gl Bal9 vt&7EX 2 Cool Gl o

@ 4822 $3HY o5o $3e ¥R

e 988 & Aol £93h o1& Nb
€ 73 GsES o] A$ g &
AT ¢ ol HAEIdZ 1R Eo|:
daxog otHsteg $FFdFo) ¢
ZFad Aol B3}, ojgd ApHol A%
EdgYgel uvirE ONbET ZAAFAE R
o2 FAPATD
AEA = oz 2xALo] oo}
Ao AGREE FAA7Y olwe Nb
7t MC&3tE& 43t W, Mo, V 5
o HES AR ¥EsEe HEFRPe=E
B n2EALSE FAAT7] HEo o]
FHAME Wt Aol FAHE Ro=Z
4% £ U
AT Nb3H7tel o3 REIaLE=F 77
WrlR A YL MCe3Ed o8 g98
2 QA7 2A FEZRA e EAF
Aol 71d%e & 4 . 2y 3&%
FGqol F2ZAWe] nrIoz AJE

FANNAY £x7F Fdgtq 2= d
< A5std g8H 1329 MCRaE
o ol Abrasive®Ql g0z 037 vl
Ego) ZUY /H5AE AT & o



20

Initial Wear

shd
c
Q 8|
L
£l
<
(&
: 8
9
il
2 4
|
T
0.0
20 T T r——
= Steady-state Wear . o
@ '8 o 1INb
.5 v 3ND
E xR v 5Nb
[ 12}
o
o
c 81
]
b
L
™
w
0.0 —

Friction Speed , m/sec

Fig5 Variation of friction coefficient for

sliding speed
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