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EFFECT OF HEAT TREATMENT ON THE IMPACT TOUGHNESS
OF ‘HIGH-CHROMIUM CAST IRON - LOW ALLOY STEEL’

BIMETAL COMPONENTS

Z.. Ozdemir!

Translated from Metallovedenie i Termicheskaya Obrabotka Metallov, No. 12, pp. 42 — 45, December, 2016.

A bimetallic ‘low-alloy steel — high-chromium cast iron’ composite obtained by successive sand casting is
studied and shown to have good cohesion on the interface and no casting defects. The hardness and the impact
toughness of the bimetal increase simultaneously. The microstructure is more homogeneous after diffusion an-
nealing at 1040°C, rapid cooling, and 3-h tempering at 270°C.
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INTRODUCTION

The demand for castings with high abrasive wear resis-
tance, impact toughness at room and elevated temperatures,
and stability of properties is growing progressively, espe-
cially in the crushing and mine engineering [1]. In many
cases, high operating properties are required only on the
working surface of the cast article. Casting of bimetals is of-
ten applied for depositing metallic coatings with special per-
formance characteristics [2]. In this casting technique, both
metals are in liquid state and are joined under the conditions
of active mass transfer.

The working part of a bimetal has high wear resistance
and hardness. The second backing-up part should be tougher
and softer to absorb the impact energy. The interface of the
two components is an important feature of the bimetal. This
surface may contact liquid and solid metal, or both metals
may contact each other in liquid state. In the latter case, the
diffusion cohesion in the bimetallic casting may be strong [3].

A mold cavity method has been studied in [4]. The work-
ing plate was produced from steel X8Cr13 and the bearing
part was high-chromium gray cast iron. The region of joining
of the two materials was investigated by metallography [4].
A process of production of a bimetallic layered casting (alloy
steel — gray iron) is described in [5]. The steel part was
placed into a casting mold right before pouring the gray cast
iron forming the bearing part. This process of enrichment of
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the surface of the casting with ferrous and nonferrous metals
directly during casting is very economical [5]. The possibi-
lity of production of bimetals by continuous casting with di-
rect contact of liquid metals has been studied in [6] for bi-
nary eutectic-type Al—Zn, Al—Sn, and Al —Pb mixtures.
The diffusion zone of the contact of two metals had a thick-
ness of 0.1 — 0.5 mm. The mechanical properties of a bimetal
with stainless steel 316 as one of the components has been
studied in [7]. Composite-cast hammers have been tested in
several crushing applications in German limestone and dolo-
mite quarries for the cement and lime industries, and their
service life turned out to be 200% longer than that of mono-
lithic hammers [8]. In [9], the service life of hammers pro-
duced from bimetallic composites is shown to be 140% lon-
ger than that of monolithic ones. The resistance to abrasive
wear increased when the surface layer was made of a chro-
mium-nickel steel or a sintered nickel-base alloy [10]. The
use of bimetallic cast iron rolls with elevated hardness in
rolling mills has raised their hardness in [11]. The properties
of various bimetals have also been studied in [12 — 14].

The aim of the present work was to study a bimetal from a
high-chromium cast iron and a low-alloy steel fabricated with-
out stirring the melts in the casting process and to perform a
comparative analysis of the microstructure, impact toughness
and hardness of the components after heat treatment.

METHODS OF STUDY

The bimetal was produced from high-chromium white
cast iron of grade G-X300CrMo27-2 (DIN EN 12513:2001)
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TABLE 1. Chemical Compositions of the Steel St 235JR and Cast Iron G-X 300 CrMo27 Components of the Bimetal

Content of elements, wt.%

Material
C Si Mn Cu Cr Ni Mo S P
Steel 0.17 0.20 1.40 0.15 0.13 0.06 0.01 0.042 0.045
Cast iron 3.10 0.40 0.82 0.135 21.8 0.47 1.60 0.059 0.002

Note. In addition to the listed elements the steel contained 0.05% V, 0.001% W, 0.005% Sn and 0.005% Al.
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Fig. 1. Scheme of casting of bimetal from low-alloy steel and high-
chromium cast iron: /) steel hopper; 2 ) cast iron hopper; 3 ') digital
indicator; 4 ) thermocouples; 5 ) compensation conductors; 6 ) inter-
face; 7) steel melt; §) iron melt; 9) PID controller.

and low-alloy steel of grade S235JR (DIN EN 10025) using
the method of casting into a horizontal sand mold (Fig. 1).
The steel melt was poured into receiving hopper / at 1580°C.
When the required temperature was attained, an activator (a
solution of Na,B,A; + B,0;) was immersed into the liquid
metal in hopper / to prevent oxidation and provide good
joining of the metals. Then the iron melt was poured into re-
ceiving hopper 2 at 1420°C. The temperature of the interface
was measured using a platinum-platinum-rhodium thermo-
couple.

The Rockwell hardness of the bimetal was measured
with the help of a SHIMADZU device in at least 20 points of
the steel and of the iron and on their interface; the measured
values were averaged. The chemical compositions of the iron
and of the steel determined with the help of a BAIRD DVG
spectrometer is presented in Table 1. The cast iron contained
molybdenum carbides in addition to chromium carbides [15].

The structure of the bimetal was studied with the help of
a ZEISS Smart SEM scanning electron microscope; the x-ray
diffraction analysis was performed with the help of a
QUANTAX diffractometer. The impact toughness before and
after the heat treatment was determined in accordance with
ASTM E23-02 [16] after testing five Charpy specimens per
point.

Fig. 2. Structure of cast iron) steel bimetal after annealing and tem-
pering (scanning electron microscopy).

The specimens of the bimetallic composite were sub-
jected to annealing at 1040°C for 5 h [17, 18]. After the an-
nealing, the specimens were cooled in a jet of compressed air
to about 100°C in order to prevent degradation of the hard-
ness and to raise the toughness. To raise the yield strength of
the bimetal, it was subjected to 1-h tempering at 270°C after
the annealing [19].

RESULTS AND DISCUSSION

The studied bimetal was intended for the production of
tools for crushing hard materials and had to possess high
strength in combination with enough resistance to impact
loads.

Table 2 presents the values of the Rockwell hardness of
the components of the bimetal before and after the heat treat-
ment.

The structure of the compound was the most homoge-
neous after annealing and tempering (Fig. 2).

TABLE 2. Hardness of the Bimetal Components in Different Con-
ditions

HRC hardness
State
Steel Interface Cast iron
Initial 12-14 37 42 — 44
After HT 14 -17 42 59-62
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Fig. 3. Specimens of the bimetal for Charpy impact tests: a) notch
on the side of the steel; b ) notch on the side of the cast iron.

Fig. 4. Fracture surfaces of bimetal specimens after Charpy impact
tests before (a, b ) and after (¢, d) heat treatment: a, c¢) notch on the
side of the steel; b, d ) notch on the side of the cast iron; DF) ductile
fracture; BF) brittle fracture.

Figure 3 presents the appearance of impact specimens of
the bimetal with notches on the side of the steel and on the
side of the cast iron. The results of the determination of the
impact energy are presented in Table 3.

The data of Fig. 4 show that the fracture is brittle on the
side of the high-chromium cast iron and ductile on the side of
the low-alloy steel.
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Fig. 5. Fracture surface of the bimetal after heat treatment and im-
pact testing according to the data of x-ray diffraction spectrum ana-
lysis (@) and scanning electron microscopy (b ).

The distribution of chromium and molybdenum carbides
by the data of the x-ray diffraction analysis is presented in
Fig. 5a. It can be seen that the formation of the bimetal is ac-
companied by diffusion transfer of carbon from the cast iron
to the steel. Due to the use of the activator during pouring of
the bimetal, the interface is free of oxides (Fig. 50 ). After the
heat treatment the hardness and the impact toughness of the
bimetal grow simultaneously. This seems to be explainable
by the uniform distribution of the carbides and absence of
casting flaws near the interface of the components of the
bimetal.

In all the cases the bimetal started to fracture on the side
of the notch, and the impact energy was higher if the notch

TABLE 3. Results of Impact Tests of Bimetal Specimens before and after Heat Treatment

Impact energy, J, of specimens

State of bimetal Notch (Fig. 3) Start of fracture Kind of fracture (Fig. 4)
1 2 3 4 5
Initial On the side of the On the side of the Brittle 2.8 3.0 2.9 2.8 2.7
steel steel
On the side of the On the side of the Ductile (on the side of the 7.0 6.9 7.2 73 7.1
cast iron cast iron steel), brittle (on the side
of the cast iron)
After heat treatment  On the side of the On the side of the Ductile 5.0 55 6.0 5.7 6.2
steel steel
On the side of the On the side of the Ductile (on the side of the  10.0 9.5 9.7 9.8 9.7
cast iron cast iron steel), brittle (on the side

of the cast iron)

Note. Five specimens have been tested for each state.
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was on the side of the high-chromium component (cast iron).
Therefore, when the bimetal is used for making a tool, the
harder cast iron component should serve its working part and
the steel component should be the bearing part.

CONCLUSIONS

1. Successive pouring of low-alloy steel and high-chro-
mium cast iron into a sand mold has given a flawless bimetal
with good cohesion on the interface and homogeneous
structure.

2. After diffusion annealing and low tempering the
microstructure of the ‘steel — cast iron’ bimetal becomes
more homogeneous, and the hardness and the impact tough-
ness of its components grow simultaneously.
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