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Presented as Relative Erosion Resistance (RER)

1. RATIOS OF EROSION
1.1 These comparisons are ratios of the erosion rate of AISI 1020 steel standard divided
by the erosion rate of the test material.
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FIGURE 1 (LEFT ) Standard alloys. RER rates and hardness
(HRC) values for presented along with its average test
surface hardness.
FIGURE 2 (Right) Relative erosion rates and hardness
(HRC) values for chill cast hypereutectic chrome white
irons.

Predictably the tough NiCrMo steel (W25) and the corrosion resistant stainless steels
(WC26 and WC55) exhibited erosion resistance that was only slightly superior to the AISI
1020 mild steel standard.
The erosion resistance of the other alloys increased generally with carbon content
although there was one anomalous result for W05 (2) iron which was much more resistant
than expected. In contrast, Hyperchrome W12 and W61 alloys were somewhat less
resistant than anticipated. The latest generation Hyperchrome W217 iron displayed the
lowest Coriolis erosion test volume loss and the highest hard-ness.
The Coriolis erosion resistance of chill cast surfaces (chill) and those at a distance 5 mm
from them (top), are presented in Fig. 2, along with their surface hardness values. Similar
behavior was observed in both cases with chill surfaces exhibiting some variability but
with mean RER values that were 3–4X greater than those for the slower cooled “top”
surface of the small castings.
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2. Metallography
2.1 Standard Alloys
Microstructural details for the higher C chrome white irons that were the focal point of the
work, are given in Table 1. They were etched with either Glyceregia or acidic ferric chloride.

TABLE 1
Metallographic Observations on Chrome White Irons
Alloy

Main details

W05 (1 and 2)
W07
W12
W14
W49
W51
W61
W217

M7C3 eutectic carbides and sec. carbides in martensite. The structure of the less resistant W05 (1) was coarser (Fig. 3)
Transformed austenite dendrites and eutectic
Coarse primary M7C3 carbides and eutectic (Fig. 4). 41% CVF. High incidence of microcracking and spalling of carbides
Primary austenite dendrites in a matrix of eutectic carbides and partially transformed austenite
Primary austenite dendrites in a matrix of eutectic carbides and partially transformed Cr-rich austenite
Carbides in a duplex (austenite and ferrite) stainless steel matrix
Primary carbides in transformed eutectic matrix. 38% CVF with finer carbide structure than W12 (Fig. 5)
High (44%) CVF with refined primary M7C3 carbides in transformed eutectic (Fig. 6)

Varying small amounts of microporosity observed in all microstructures, is likely to have
had some deleterious effect on erosion test performance.
The carbide volume fractions (CVF) of the hypo and hypereutectic alloys ranged from a
low of 18–22% for W05 and W07 irons, to a maximum of 44% for the W217 material
2.2. Chill cast hypereutectic chrome white irons
Microstructural features are described in Table 2. Acidic ferric chloride and Glyceregia
were again used selectively as etchants.

TABLE 2
Metallographic observations on Chill Cast Hypereutectic Chrome White Iron Alloys
Alloy

Surface

Main details

W61

Chill
Top

Very fine hypereutectic structure with a high CVF. Some variability (Fig. 7) with zones of atypical primary carbides
Coarser hypereutectic form with microcracked and spalled carbides. Transformed matrix

W218

Chill
Top

Variable hypereutectic structure with slightly coarser atypical carbide form and higher CVF than the W61 sample (Fig. 8)
High CVF. Comparable coarse primary carbide size to the W61 iron. Some microcracking and spalling in carbides (Fig. 9)
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3.1 standard Alloys
The Coriolis erosion performance of the
diverse cast pump alloys generally followed
the anticipated ranking with one notable
exception. An hypoeutectic 27% Cr W05 (2)
alloy, performed far better than expected. It
was even superior to W61 a heat-treated
hypereutectic alloy with a higher CVF and
hardness. However, results for the W05 (1)
sample of the same alloy grade and
hardness, that had been cut from a worn
impeller casting (and also for a section of an
ASTM A532 111A cyclone casting from
another source) were more in line with
expectations and service experience. One
favored explanation for this behavior was
revealed by metal-lographic comparison
(Fig. 3) which showed that the highly wear
resistant W05 (2) alloy had an extremely fine
trans-formed hypoeutectic structure with
very small eutectic and secondary carbides

compared to the W05 (1) impeller alloy. Its
structure was also much finer than the other
chrome white irons in the evaluation. Results for
the latest generation W217 hypereutectic alloy
confirme the expected benefit on scouring
erosion resis-tance, of a high (44%) CVF and a
fine primary carbide form (Fig. 1).
Metallographic evidence has also provided
plausible ex-planations for other somewhat
anomalous erosion behavior that had been
observed. Particularly deleterious influence on
Coriolis test performance, typified by the results
for the W12 (Fig. 4) iron and to a much lower
extent in W61 al-loy (Fig. 5), appeared to be a
microstructure containing primary carbides
that were characterized by microcracking. This
would promote spalling in erosion testing and
also in service. This problem was very
pronounced in the W12 struc-ture containing a
large fraction of coarse primary carbides.
The benefit o f heat treatment for converting
austenite to secondary carbides and
martensite were masked in the as-cast W12
and heat-treated W61 materials (Fig. 5), by the
influence of carbide refinement and cracking
and spalling of primary carbides that would
have significantly reduced the erosion
resistance of W12 (Fig.4).

W05

W05

FIGURE 3 (LEFT ) Heat-treated,
hypoeutectic structures of W05 chrome
white irons. The less resistant W05 (1)
impeller alloy is much coarser (200×)

FIGURE 4 (MIDDLE)
As-cast W12 alloy. Coarse primary
carbides are cracked and spalled
(240×).
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FIGURE 5 (RIGHT ) Heat-treated W61 alloy
with much finer primary carbides than
those in the as-cast W12 iron of the same
composition (240
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3.2 Chill Cas Hypereutectic Chrome White Irons
Fast cooling and solidification had a very pronounced effect on carbide structure and
erosion resistance. Hardness was unaffected.
The extensive distributions of very fine carbides nucleated at the chill surface, increased the
RER factor by as much as 4.5 times compared to material located only 5 mm away.
This fast solidification rate had also resulted in the for-mation of more rounded primary
carbides that were dissimilar to the blocky and elongated hexagonal form normally observed.
This characteristic structure reappeared within a short distance from the chill surface as shown
in Figure 7.
The benefits accruing from a nominally higher carbon content (for W218; Figure 8 and 9) and
from heat-treatment and a finer carbide form (for W61) appeared to have cancelled each
other out, with both alloys behaving similarly.
3.3. Service experience
The development of proprietary casting techniques has enabled significan advantage to be
taken of the increased wear resistance of hypereutectic chrome white irons. It has resulted in
considerable gains in service life of erosive slurry pump parts, as shown in Table 4, and has
already realized appreciable savings in maintenance costs and reduced production losses.
These data were obtained in various trials with different process conditions and pump designs
and sizes.
With the exception of the anomalous behavior of one W05 alloy and to a lesser extent, the
W12 material that had been influenced by carbide spalling, Coriolis erosion test perfor-mance
generally correlated with service trial experience.

FIGURE 6 (LEFT ) Fine primary carbides
and high CVF in W217 alloy (240×).

FIGURE 7 (MIDDLE) Variable very fine
hypereutectic structure of W61 alloy
with a high density of atypical primary
carbides at chill surface (bottom) (225×).
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FIGURE 8 (RIGHT ) High density of coarser
atypical primary carbides at chill surface
of as-cast W218 alloy (225×).
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TABLE 4
Service Experience with Chrome White Irons (CWI)
Duty

Part

CWI 1, life-hours

Mill discharge
Gold
Bauxite
Gold
Gold
Bauxite

Impeller
Throat-bush
Impeller/liners
Impeller/liners
Impeller

W12
W12
W05
W05
W05

Oil sands bitumen
extraction

Impeller
Impeller
Throat-bush
Throat-bush
Impeller

Tailings
Magnetite
Nickel
Copper

720
1350
1400
1150
405

CWI 2, life-hours

Rel. wear

W217 2160
W217 3600
W217 2390
W61 1940
W61 630

3.0
2.7
1.7
1.7
1.6

W05 2160
W12 2500

W12 3600
W61 5500

1.7
2.2

W05 2800
W05 4400
W05 1500

W61 5580
W217 8000
W217 2500

2.2
1.8
1.7

The study showed clearly how the scouring erosion
performance of chrome white iron is related to the
fineness of mary carbides. These displayed
exceptionally high Coriolis erosion resistance.
The test is considered to be a suitable method for
evaluating the scouring erosion resistance of metallic,
ceramic and cermet materials for various slurry
transport compo-nents.
It is suggested that any differences ob-served
between the relative performances of the alloys in
Coriolis testing and in service, could probably be
ascribed to this effect and also to variations in
operating conditions across the wide range of
applications reported.

PUMP MATERIALS

ALLOY
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FIGURE 9 Coarse hypereutectic structure of
W218 iron at 5 mm distance from the chill
surface (225×).

DESCRIPTION
High Cr white iron to ASTM A532 111A (27% Cr, 3% C), heat-treated
CrMo white iron to ASTM A532 11B (15% Cr, 3% Mo, 3% C), heat-treated
Proprietary firs generation hypereutectic Cr white iron (30% Cr, 4.5% C), as-cast
Lower C, improved toughness hypoeutectic Cr white iron (27% Cr, 2% C)
NiCrMo steel with high toughness
White iron (30% Cr, 1.5% C) with high corr. and moderate wear resistance, as-cast
White iron (40% Cr, 1.5% C) with increased corrosion resistance, as-cast
Hypereutectic, similar composition to A12, carbides refine by inoculation, heat-treated
Higher chrome (35%) and carbon (5%) hypereutectic white iron, refine primary carbides, heat-treated
Duplex stainless steel (CD-4MCu)
Super duplex stainless steel (Ferralium 255)
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4. Conclusions
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• Data from Coriolis erosion testing using AFS 50-70 silica
sand, on a range of cast slurry pump materials generally
displayed expected behavior. With one exception,
erosion resistance increased with hardness, with higher
nominal carbon content and CVF and with decreasing
carbide size.
• Hypereutectic chrome white irons exhibited high Coriolis
erosion resistance. This has been reflecte in increased lives
in service trials, particularly for alloys with refine carbide
structures.
• Coarse primary carbides in some hypereutectic chrome
white irons, had a spalling propensity. This is believed to
have impaired their erosion test performances.
• Unexpectedly high erosion resistance in an
hypoeutectic A05 material was related to a very fine
transformed hy-pereutectic structure.
• Chill casting of hypereutectic chrome white irons produced structures with a high concentration of very fin
primary carbides. These displayed exceptionally high Coriolis erosion resistance.
• The test is considered to be a suitable method for
evalu-ating the scouring erosion resistance of metallic,
ceramic and cermet materials for various slurry transport
compo-nents.
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