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Table 1: Chemical composition of some common white irons [1].

Elements, wt.%

Type C Mn Si Ni Cr Mo P S Cu

12Cr 2.0 - 3.3 2.0 1.5 2.5 11.0 - 14.0 3.0 0.1 0.06 1.2

15Cr-Mo 2.0 - 3.3 2.0 1.5 2.5 14.0 - 18.0 3.0 0.1 0.06 1.2

20Cr-Mo 2.0 - 3.3 2.0 1.0 - 2.2 2.5 18.0 - 23.0 3.0 0.1 0.06 1.2

25Cr 2.3 - 3.3 2.0 1.5 2.5 23.0 - 30.0 3.0 0.1 0.06 1.2

High chromium white irons of hypoeutectic grade (Table 1) are largely used in mining, 
grinding and materials handling where their performance happens to be a function of not 
only the microstructure and properties, but also the abrasive wear resistance and ability to 
withstand impact. So, this short review explores the role of microstructure and properties, 
namely, hardness and impact toughness towards building better wear performance involving 
combined action of abrasion and impact. The as-cast microstructure of high chromium white 
irons consists of primary austenite dendrites and inter-dendritic eutectic of M7C3 carbides 
(‘M’ stands for metallic species including iron and chromium) and partially transformed 
austenite. Although the chromium content of high chromium white irons appears between 12 
and 30% (by wt.), the majority of this is combined with carbon to form carbides and quite a 
low content is retained in the austenite matrix. So, molybdenum along with nickel and copper 
is added to high chromium white irons in excess of 1.0% (by wt.) to maintain hardenability 
of the austenite matrix [1]. The eutectic carbides usually assume discontinuous pattern of 
M7C3 rods, each having hollow core filled with matrix material and exhibiting hexagonal cross-
section [2]. Duplex carbides may also occur as M7C3 encased with a layer of M3C following solid 
state diffusion during post solidification cooling. To improve impact toughness in chromium 
white irons, boron addition or use of rare earth has been suggested aiming to refine the 
eutectic carbides. Simultaneously, attempts are made to modify eutectic structure through 
alloying but with limited success. Further, to improve wear performance under impact, as-
cast chromium white irons are subjected to 2-6h holding at temperatures ranging between 
900 and 1100 °C aiming mainly to destabilize [3-6] the metastable austenite. Destabilization 
at lower temperatures (900-950 °C) gives rise extensive precipitation of secondary carbides, 
reducing drastically the carbon content of the austenite and transforming it to low carbon 
martensite with poor hardness. On the other hand, at higher destabilization temperature 
(>1000 °C), carbon solubility being higher in the austenite, there is limited precipitation of 
secondary carbides and on post-destabilization cooling the high carbon austenite transforms 
to martensite with large content of retained austenite usually detrimental for matrix hard 
ness. In both cases, moderate cooling (air cooling) after destabilization provides greater 
hardness of the alloy attributing this to additional precipitation of secondary carbides during 
cooling cycle; however, cooling at a very slow rate (furnace cooling) leads to the formation of 
pearlitic matrix impairing the hardness. To reduce the retained austenite content appearing 
with martensite following destabilization treatment, careful control of destabilizing condition 
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using subcritical treatment followed by cryogenic treatment below 
Mf is suggested [7]. Alternatively, the use of multiple quench and 
subcritical treatment has been noticed to be beneficial by reducing 
the period of destabilization [8].

 The bulk hardness and microhardness of the alloys subjected 
to destabilization treatment at various temperatures are much 
higher than those of as-cast condition. For example, the as-cast bulk 
hardness of HRC 52 rises to HRC 69 after destabilizing 18Cr-1Mo-
2.6C white iron at 1000 °C, attributing this to a maximum volume 
fraction of carbides and martensite [9]. A decrease in hardness of 
the matrix is observed with increasing destabilization temperature 
following increase in retained austenite content and coarsening 
of secondary carbides. Subsequently, the abrasive wear resistance 
of high chromium white irons being an ultimate requirement 
during service, is also noticed to improve following destabilization 
treatment of as-cast alloys. Thus, a destabilized microstructure 
issuing a suitable combination of martensite, retained austenite and 
carbide phases can build-up wear performance, while refinement of 
massive eutectic carbides appears to provide some additional favor. 
In this context, the recently developed idea of cyclic destabilization 
[10] for shorter duration (0.66h) at both low and high temperatures 
certainly deserves attention by issuing a combination of martensite 
and retained austenite along with spheroidized eutectic carbides, 
quite suitable to raise the hardness up to HV 900 and impact 
toughness to 12J in association with minimum wear loss.
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