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Krittapart Sriboonrueang: EFFECT OF NIOBIUM ON HEAT TREATMENT
BEHAVIOR AND ABRASIVE WEAR RESISTANCE OF MULTI-ALLOYED WHITE
CAST IRON
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Multi-alloyed white cast iron containing Cr, Mo, W, V and Co is widely used as
an outer-shell material for hot-rolling work rolls owing to its excellent abrasive wear
resistance. This study aimed to investigate the effect of niobium (Nb) addition on the
heat treatment behavior and abrasive wear resistance of multi-alloyed white cast iron.
Alloys were produced with Nb contents of 0.00 - 2.58 wt%, together with C of 2.00
and 2.40 wt%. The specimens were annealed at 950°C, austenitized at 1050°C and
1100°C, hardened by liquid nitrogen spray (LNS) quenching and tempered at 400-600°C.

In the as-cast condition, Nb addition changed the solidification mode from
hypoeutectic in the Nb-free and 0.70 wt%Nb specimens to hypereutectic in the 1.05
wt%Nb specimen and in the 2.40 wt%C-2.58 wt%Nb specimen, owing to the
crystallization of primary MC carbide (MC,) prior to the eutectic reaction. The eutectic
of ¥ + MC and Y + M,C was observed in all specimens. In the as-hardened condition,
the matrix structure consisted of martensite, secondary carbide and retained austenite.
The as-hardened hardness decreased with increasing Nb content up to 1.05 wt%Nb,
after which the hardness tended to increase while the volume fraction of retained
austenite (Vy) increased with increasing Nb content. A similar trend was observed at
both austenitizing temperatures. However, the Vy was higher and hardness of
specimens austenitized at 1100°C was lower than that of specimens austenitized at
1050°C, for all specimens. In the tempered condition, all specimens exhibited
secondary hardening behavior, reaching a maximum tempered hardness (Hrma) at a
tempering temperature of 525°C. This Hrmax decreased with increasing Nb content up
to 1.05 wt%Nb and increased again as the C and Nb contents increased further. The
Vy increased with increasing Nb content. Regarding the austenitizing temperature,

specimens austenitized at the higher temperature exhibited higher Hrmax. The highest
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hardness at Hrmax Was obtained in the 2.40 wt%C-2.58 wt%Nb specimen at both
austenitizing temperatures.

Regarding the abrasive wear behavior, a linear relationship between weight loss
(W) and wear distance (Wy) was obtained for all specimens. The lowest wear rate (Ry)
was obtained in the as-hardened or the Hrmax Specimens. In the Suga test, the wear
rate increased with increasing Nb content up to 1.05 wt%Nb, then decreased sharply
in the 2.40 wt%C-2.58 wt%Nb specimen. In the rubber wheel test, the wear rate
decreased with increasing Nb content up to 1.05 wt%Nb and increased again as C and
Nb contents increased further. In terms of hardness, the R,, value decreased rapidly in
specimens with hardness below 800 HV30, then decreased gradually as hardness
increased in both abrasive wear tests. Regarding Vv, the R, value tended to decrease
rapidly when Vy was below 8%, after which it tends to decrease gradually and stabilize,
regardless of the abrasive wear test. At the Hrmax condition, the best wear resistance in
the Suga test was obtained in the 2.40 wt%C-2.58 wt%Nb specimen, while the best

wear resistance in the rubber wheel test was obtained in the 1.05 wt%Nb specimen.
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