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Abstract Three different white cast irons alloyed with Cr and Si were prepared in order to study their distributicn be-
havior in matrices and carbides. The specimens were produced using a 15kg-capacity high frequency induction fur-
nace. Melts.were super-heated to 1600°C, and poured at 1550C into a pepset mold. Three combinations of the alloys
were selected so as to observe the distribution behavior of Cr and Si: 0.5%C-25.0%Cr- 1.0%Si{alloy No. 1), 0.5%C-5.0%
Cr-1.0%Si(alloy No. 2) and 2.0%C-5.0%Cr- 1.0%Si(alloy Ne. 3). Cellular M:C; carbides- 8ferrite eutectic wére developed
at éferrite liquid interfaces in the alioy Ne. 1 while only traces of M;C, carbides-8ferrite eutectic were precipitated in
the alloy No. 2, With the addition of 2.0% C and 5.0% Cr, ledeburitic MiC carbides instead of cellular M-C: carbides were
precipitated in the alloy No. 3. Cr was distributed preferentially to the M:C; carbides rather than to the matrix structure
while more St were partitioned in the matrix structure rather than the M:C; carbides. K™ for Cr was ranged from 0.56
to 0.68 while that for Si was from 1.12 to 1.28. K™ for Cr had a lower value with increased carbon contents. The mass
percent of Cr was higher in the M:C; carbides with increased Cr contents.
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1. Introduction

Chromium white cast irons have been used for
abrasion wear resistant applications in steel making
plant, cement industry, mining industry and thermal
power plant.'”'? Particularly, chromium white cast
irons containing chromium from 5 to 30 mass®% have
high performance not only in abrasive and erosive wear
resistance but also in corrosion and oxidation resistance
owing to M+«C; and MC carbides, and matrix structures
alloyed with chromium.

Properties such as abrasive and erosive wear

resistance, corrosion and oxidation resistance, surface
roughening resistance and seizing or sticking resistance
are essentially important to apply these chromium
white cast irons for the rolls and other wear resistant
parts of steel rolling and mineral pulverizing mills.
These properties are reported to be dependent upon not
only type, morphology, amount and distribution pattern
of the precipitated carbides, but also the matrix struc-
ture, all of which are controlled by distribution behavior
of alloying elements such as Cr, 8i and Fe. Neverthe-
less, the distribution behavior of alloying elements in
the matrices and carbides of these irons was little

— 489 —



490 g3 AaGHA] ALoW A7z (2000)

researched systematically.

In this work, chromium white cast irons with three
different chemical compositions were selected for the in-
vestigation of distribution behavior of Cr and Si in ma-
trices and carbides in as-cast condition.

2. Experimental Procedure

Specimens were produced using a 15kg-capacity sili-
ca lined high frequency Initial
charge materials were clean pig irons and steel scraps.
Ferro-alloys such as Fe-80%Cr and Fe-75%51 were
added to a slag-free molten iron so as to minimize the

induction furnace.

oxidation loss and the slag formation. The melt was
subsequently super-heated to 1600°C and transferred
into a preheated teapot ladle. After removal of any
dross and slag, the melt was poured at 1550°C into a
pepset mold containing a cylindrical bar of 30mm dia. x
200m length. For the investigation of distribution be-
havior of alloying elements, three different composi-
tions were selected so as to obtain the different type of
matrices and carbides : 0.5%C-25.0%Cr-1.0%8i, 0.5
%C-60%Cr-10%Si and 2.0%C-50%Cr-1.0%8i
The specitmens were polished, etched and examined me-
tallographically. The etching
Murakami’s etchant (10g of potassium ferricyanide, 10g

solution used was

of potassium hydroxides and 100ml of distilled water}.
The alloy concentrations in each phase were also ana-
lyzed by EPMA. Using a X-ray diffractometer, the a-
mounts of retained austenite (Vr) in the matrix was
measured from diffracting angle of 24 to 44 degree by
employing Mo target, and simultaneously rotating and
swinging sample stage in order to reduce the effect of
texture structure. The relative intensity of peaks were
monitored from (200) and (220) planes of ferrite and
martensite, and (220) and (311) planes of austenite.
The area under each peak was calculated by using
image analyzer from which Vr was measured. The
chemical analysis of the alloys are shown in Table 1.

3. Results and Discussion

A summary of the chemical analysis of the three
alloys employed in this research is presented in Table 1.

The microstructures of the three alloys No. 1, No. 2
and No. 3, and their EPMA analysis of the matrice
structure are shown in Fig. 1.

At the carbon level of 0.56%, cellular MCj carbides-&
ferrite eutectic are developed at &ferrite liquid interfac-
es in the alloy No. 1 while only traces of M Ci carbides-
Sferrite eutectic are precipitated in the alloy No. 2. Due
to lower addition of carbon to melts, the carbide forma-

Table 1. Chemical composition of the three alloys em-
ploved in this research.

Element{mass%)
Alloy No.
C Cr St
1 048 2494 1.06
2 053 53 1.07
3 198 52 097

tion has been limited to small amounts, especially in the
alloy No. 2 with 5.0% Cr. According to the Fe-Cr~C di-
agram'®, the alloy No. 1 solidifies with precipitation of
dferrite followed by (M:C: carbides + dferrite) eutectic
reaction. On the other hand, most of the melts in the
alloy No. 2 are solidified as dferrite with the remainder
being transformed to M/, carbides-dferrite eutectic.
The matrix structures of the alloys No. 1 and No. 2
were also identified with X-ray diffractometer, which
revealed the existence of ferrite only as shown in Fig. 2.

With the addition of 2.0% C and 5.0% Cr, ledeburitic
M.C carbides instead of cellular MC; carbides are pre-
cipitated as shown in Fig. 1. From the Fe-Cr-C dia-
gram of the alloy No. 3, it can be known that austenite
crystallizes from the melts as primary phase and fol-
lowed by eutectic reaction of (MiC carbides + austen-
ite). As shown in Fig. 2, the X-ray diffraction pattern
of the alloy No. 3 is quite different when compared with
that of the alloys No. 1 and No. 2 because it contains
about 20% of austenite in the matrix structures.

In each alloy, three spots were taken and EPMA ana-
lyzed from the carbides and matrix structures to ob-
serve the distribution of Cr and Si, and the results are
listed in Table 2.

In the alloy No. 1, it can be known that Cr is distrib-
uted preferentially to the MC; carbides rather than to
the matrix structure while more Si are partitioned in
the matrix structure rather than the MC; carbides. The
distribution coefficient of primary matrix(K™ is de-
fined as Cm/Cl, where Cm is an alloy concentration in
the primary phase and Cl in the melts. As calculated
from Table 2, K™ for Cr is 0.56(13.89/24.94), while
that for Siis 1.12(1.22/1.09). In the alloy No. 2, K™ for
Cr is 0.68(3.61/5.30), while that for Si is 1.14(1.22/
1.07}. On the other hand, K™ for Cr is 0.62{(3.22/5.20),
while that for Siis 1.28(1.24/0.97). When compared
the alloy No. 2 with the alloy No. 3, K™ for Cr has a
lower value with increased carbon contents. This result
is consistent with the fact that K™ for carbide stabilizers
such as Cr, Mo and V becomes smaller with increase of
carbon in the melts, while K™ for graphite stabilizers
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Fig. 1. Microstructures and EPMA analysis of matrix structures in the alleys No. 1, No. 2 and No. 3.

such as 51 and Ni becomes larger with the addition of
carbon to the melts.'” It is also noted from Table 2 that

the Cr content is increased.

491

the mass percent of Cr is higher in the M.C, carbides as
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Fig. 2. X~-ray diffraction patterns of the alloys No. 1, No. 2 and
No. 3 in as-cast state.

Table 2. Averaged alloy concentrations in each carbide
and matrix structures.

Alloy No. | Phase Element{mass %)
Si Cr Fe

| M:Cs 0.87 54.58 4455
Matrix 1.22 13.86 84.89

MCs 0.85 16.54 82.61

2 Matrix 122 3.61 95.17
M.C 0.87 18.30 80.83

3 Matrix 1.24 322 95.54

4, Conclusion

Distribution behavior of alloying elements in matrices
and carhides of chromium white cast iron has been stud-
ied. The results are summarized as follows:

1) At the carbon level of 0.5%, cellular MC, car-
bides-8ferrite eutectic are developed at 8ferrite liquid
interfaces in the ailoy No. 1 while only traces of M+Cs
carbides- Sferrite eutectic are precipitated in the alloy
No. 2.

2) With the addition of 20% C and 5.0% Cr,
ledeburitic M sC carbides are precipitated instead of cel-
lular MC carbides. '

3} Cr is distributed preferentially to the MCi car-
bides rather than to the matrix structure while more Si
are partitioned in the matrix structure rather than the
MC; carbides.

4) K™ for Cr is ranged from 0.56 to 0.68 while that
for Siis ranged from 1.12 to 1.28.

5) K™ for Cr has a lower value with increased car-
bon contents.

6) The mass percent of Cr is higher in the M;C; car-
bides with increased Cr contents.
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