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Abstract
Austenitic Cast Iron (Ni-Resist) is widely used for products with wear and corrosion resistance. The wear and corrosion
resistance can be improved by heat treatment so that it has longer lifetime. The purpose of this research is to find out the
appropriate heat treatment so that wear and corrosion resistance is optimal.Heat treatment is carried out normalizing, quenching
and tempering (200°C and 400°C) on austenitic cast iron with the main alloy 17% Ni; 3,06% C; 2,77% Si and 2,13% Cr. The
formation of austenite structures can improve wear and corrosion resistance. Tests carried out include wear resistance, corrosion
resistance and micro analysis in as-cast and after heat treatment.The wear rate of the as cast is 1,34E-4 mm°/kg.m. Heat
treatment increases wear resistance by 31% (normalizing), 63% (quenching), 88% (tempering 200°C) and 75% (tempering
400°C) compared to as cast. The corrosion rate of the as cast is 9,15E-5 mpy. Heat treatment decreases corrosion rate by 38%
(normalizing), 52% (quenching), 29% (tempering 200°C) and 14% (tempering 400°C) compared to as cast. Increased wear and

corrosion resistance occur due to changes in microstructure and graphite size.
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1. INTRODUCTION

Corrosion and wear is the source of damage to some
equipment in the industry, especially equipment that works
in aggressive environments. Materials that have high
corrosion resistance and wear resistance are needed. Water
pump impeller products made from austenitic cast iron (Ni-
Resist) must have high wear resistance to increase their
service life. Ni-Resist is cast iron with the main alloy nickel
with the content of 12 until 34% [1]. Cast products with Ni
alloy > 16% have austenitic microstructure with stability
increasing with increasing nickel [2].

The impeller product produced has low wear resistance
(short service life) because the austenite structure has not
been formed evenly. The austenite structure will become
more stable and evenly distributed if it has the right nickel
content or heat treatment. During cooling during heat
treatment, partial transformation of austenite to martensite
occurs, resulting in higher wear resistance. The austenitic
structure that makes structural stability to occur during
cooling is due to a decrease in the level of carbon diffusion
in austenites [3]. Single phase alloy matrices are usually
more corrosion resistant than multi-phase matrices [2].
Microstructure consisting of a mixture of austenite and
martensite will increase the service life of components from
cast iron [4].

2. LITERATURE REVIEW

Ni-Resist is cast iron with the main alloy nickel (34% Ni)
as a form of austenite structure that has superior properties.
Ni-Resist is widely used for equipment with heat resistance,
corrosion and wear. Ni-Resist is divided into two groups:
flake and spheroidal graphite alloys. The elements of
copper and magnesia help to form spheroidal graphite in
the Ni-resist ductile. The chemical composition required is
carbon, silicon, mangaan, nickel, chromium, sulfur, and
molybdenum [5].

Ni-Resist is a high alloy material with single phase matrix
which has high corrosion resistance [1]. Very high nickel
content can be reduced by manganese and copper to obtain
austenitic Ni-Mn-Cu cast iron with corrosion resistance
similar to Ni-Resist [6].

Ni-Resist alloys with high nickel content cause partial
transformation of austenite to martensite, which
significantly increases hardness resulting in high abrasive
resistance. At higher levels of austenitic transformation,
abrasive wear resistance is increasing. Corrosion resistance
is determined by the composition of nickel [2].

Ni-resist has a stable structure [7]. The microstructure of
Ni-Mn-Cu cast iron will be in the form of austenite if the
nickel is at least 16% equivalent. The hardness of EquNi
castings products is more than 16% relatively low, ranging
from 100 to 140 HB. The hardness increases to 400 to 460
HB with the smallest minimum nickel value as shown in
Figure 1 [8].
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Fig 1: The effect of Ni equivalent to hardness in austenitic cast iron

The use of cast iron with high nickel content is expensive,
S0 austenitic cast iron with low nickel content is developed.
The nickel element is replaced by Mn and controls the
content of Cu, Cr and Si. The corrosion resistance of low
nickel austenitic cast iron in 5% HCI solution is almost the
same as high nickel austenitic cast iron [9].

Primary Austenite in cast iron is the first phase of
nucleation in molten metal and grows as a dendritic
structure, followed by the growth of eutectic phases.
Eutectic growth continues at ranges and temperature
intervals for both dendrite and eutectic growth
interchangeably. This overlapping temperature interval can
provide an opportunity for continued dendrite growth from
primary austenite along with eutectic reactions [10].
Primary austenite grains can be seen with color etching
techniques. Eutectic cell size and graphite shape are
affected when freezing. Increased nucleation of austenite
grains results in an increase in the number of eutectic cells
[11].

The heat treatment of annealing and normalizing types is
generally carried out on alloy cast iron. Normalizing
austenitic cast iron material increases ductility, while
annealing has no effect [12].

3. METHODS

Increased wear resistance is carried out with variations in
heat treatment in the form of austenisation-quenching,
tempering and normalizing. Austenisation is carried out at a
temperature of 1050°C then quenching using water media.
Tempering is carried out at temperatures of 200°C and
400°C for 2 hours in the furnace. The heat treatment is
carried out to improve the stability of the austenitic
structure so as to increase the resistance to wear resistance

of pump impeller products from austenitic cast iron
products. Test specimens made are wear, hardness and
microstructure specimens.

4. RESULTS AND DISCUSSIONS

4.1 Chemical Composition

The testing of Ni-resist chemical composition was carried
out with spectrometry with the main composition in the
form of nickel (17.56%), carbon (3.06%), silicon (2.77%)
and chroom (2.13%) in accordance with the ASTM A436
standard as austenitic cast iron (Ni-resist) (Table 1).

Table 1: Test results of Ni-resist chemical composition

No | Element g/om)ount No | Element 2/:1)0unt
1 C 3,06 9 Cu 0,04
2 Si 2,77 10 | W 0,04
3 S 0,03 11 | Ti 0,02
4 P 0,05 12 | Sn 0,01
5 Mn 1,03 13 | Al 0,01
6 Ni 17,56 14 | Mg 0,03
7 Cr 2,13 15 | Zn 0,01
8 Mo 0,01 16 | Fe 73,14

4.2 Micro Structure

The results of microstructure observation are graphite with
austenite matrix (Figure 2). There are flake-shaped graphite
with different size and spread after heat treatment. Graphite
on as cast specimens is small in size with less even
distribution so the austenite grain size is not the same.
Graphite forms become larger with even distribution after
austenisation-quenching. Temper treatment makes the size
of graphite longer with tenuous distances. The higher the
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tempering of the temperature, the longer the size and the
larger austenite grain is. Specimens with normalized
treatment showed the largest size of graphite with even
distribution.

(d). Quenching-Tempering 200°C

b \J; ~".

(e). Quenching-Tempering 400°C
Fig 2: Observation results of Ni-resist microstructure

4.3 Corrosion Testing

Austenitic cast iron heat treatment (Ni-resist) affects the
corrosion resistance (Figure 3). The corrosion rate of as
cast is 9,15E-5 mpy then decreased to 5,6E-5 mpy (an
decrease of 38%) after the normalization process. The
highest decrease (52%) occurred in quenching specimens.

Decreased corrosion rate occurs due to partial
transformation of austenite to martensite [2] (Medynski and
Janus, 2016). Tempering treatment decreases corrosion rate
by up to 29% (temper 200°C) because the structure
gradually relaxes with the size of the graphite enlarging as
the tempering temperature increases.
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Fig 3: Corrosion Testing Result
4.4 \WWear Testing treatment also increases wear resistance, but if the

tempering temperature gets higher it will reduce the wear
resistance as the violence gradually decreases. The highest
wear resistance after the specimen was quenching-
tempering at 200°C (up 88% compared to as cast).

Ni-resist heat treatment affected its wear resistance (Figure
4) with the wear rate of the as cast product of 1,34E-4
mm?®/kg.m. Normalizing heat treatment can increase wear
resistance by 31%, and 63% after quenching. Tempering
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Fig 4: Wear Rate
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6. CONCLUSION

After conducting research with various mechanical tests,
conclusions can be drawn. They are:

1.

The materials used are austenitic cast iron (Ni-resist)
with the main alloy 17% Ni; 3,06% C; 2,77% Si and
2,13% Cr.

The wear rate of the as cast is 1,34E-05 mm®/kg.m.
Heat treatment increases wear resistance by 31%
(normalising), 63% (quenching) and 41% (tempering
200°C) compared to as cast.

The corrosion rate of the as cast is 9,67E-05
mm®/kg.m. Heat treatment increases wear resistance
by 5% (normalising), 19,6% (quenching) and 41%
(tempering 200°C) compared to as cast. Increased
corrosion and wear resistance occur due to changes in
microstructure and graphite size.

The corrosion rate of the as cast is 9,15E-5 mpy. Heat
treatment decreases corrosion rate by 38%
(normalizing), 52% (quenching), 29% (tempering
200°C) and 14% (tempering 400°C) compared to as
cast.
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