ARCHIVES
of
FOUNDRY ENGINEERING
DOI: 10.1515/afe-2016-0084

ISSN (2299-2944)
Volume 16
Issue 4/2016

Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences

61 – 64

The Althoff-Radtke Test Adapted for
High Chromium Cast Iron
D. Kopyciński a, D. Siekaniec a, *, A. Szczęsny a, M. Sokolnicki b, A. Nowak b
a

AGH University of Science and Technology, Department of Foundry Engineering,
Al. Mickiewicza 30, 30-059 Kraków, Poland
b
Odlewnie Polskie S.A. based in Starachowice, al. Wyzwolenia 70, 27-200 Starachowice, Poland
*Corresponding author. E-mail address: dsiek@agh.edu.pl
Received 07.06.2016; accepted in revised form 14.07.2016

Abstract
The paper presents results of the possibility of adapting the Althoff-Radtke test for High Chromium Cast Iron. The Althoff-Radtke test is a
clump attempt used for steel. The Althoff-Radtke test has four different lengths of clamp which qualifies it as a test to quantitatively take
into account different kinds of shrinkage ΔL. The length of the slot of the cracked corner and the length of each staple (50 - 350 mm) are
the parameters tendency to cast cracks. Castings of white cast iron have a high tendency to hot cracking due to the large range of
solidification temperatures, unfavorable kinetics parameters of shrinkage, and especially a lack of expansion before shrinkage. Shrinkage
of high chromium white cast iron is similar to the shrinkage of cast steel, and is approximately 2%. Therefore it is important to test
susceptibility to hot cracks. Research was carried out under industrial conditions. Four melts were performed, one of the initial chemical
composition and the other three modified by different amounts of Fe-Ti, respectively, 0.25%, 0.5% and 0.75% Fe-Ti. The propensity for
hot cracking was based on the observation of the dark surface in the corner of the sample. The study shows that the Althoff-Radtke test can
be adapted to determine the tendency for hot cracking of high chromium cast iron. It should however be noted that the test results cannot be
compared with those for other alloys.
Keywords: Mechanical properties, Castings defects, Hot crack, High chromium cast iron, Modification.

1. Introduction
Cracks are frequent casting defects, especially hot cracks.
Cold cracks occur in the cooling temperature (when the casting
material already shows distinct elastic features), hot cracks occur
in a liquid-solid state, especially when the temperature of the
solidifying casting is close to the equilibrium solidus temperature,
or below that temperature. This is due to the fact that near the
solidus temperature, the solidifying metal has a very small
capacity and a small deformation resistance [1].
Hot cracks can be identified on the basis of a dark surface, as
the consequences of strong oxidation when passing through a high

temperature range. There are three main causes for these cracks
occur [2,3]:

Alloy characterized by a wide range solidification
temperature;

The shape of casting makes defined areas of the casting
solidify at a lower rate than the others, and at the same are
not sufficiently fed;

In those areas stresses are formed.
As a numerical criterion for the tendency to hot cracking, it is
assumed, among other things, the so-called "degree of strain
localization (irregularity distribution)", defined as the difference
between the relative values of deformation walls: thicker ε1 and
thinner ε2, or in general, the relative deformation: the maximum

ARCHIVES of FOUNDRY ENGINEERING Vol ume 16, Issue 4/2016, 61-64

61

and the minimum in two places of the cast. This value describes
the formula:
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where:
m, a – factors dependent on the type of alloy;
l1, l2 – length of the wall: thicker and thinner;
τ1, τ2 – solidification time of the wall: thicker and thinner;
μ – coefficient dependence on the resistance of the mold.
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where:
ε – the actual relative deformation (shrinkage) in the critical part
of the casting (the slowest cooled part) occurs;
εfree – free deformation of the same part of the casting.
An analysis of these issues shows that hot cracks are formed
when, for various reasons, the value of L1 exceeds the critical
level. It has also been demonstrated that the critical value of L1 is
equal to the so-called. technological supply strength at a given
temperature, described by ratio [4]:

(2)

nt 

where:
εreal i εfree – represents actual shrinkage (inhibited) and the free
shrink of the casting at the time of achieving a thicker
wall in the lower limit of the temperature range and
the formation of hot cracks.
In the case of rigid molds εreal = 0 i μ = 1.
The degree of localization strain caused by the temperature
difference of various parts of the sample solidifying during the
braking contraction, which determines the ratio of:

R'm

(4)



where:
R’m – tensile strength in the solidification range, MPa;
σ – stresses in the sample, assuming a uniform distribution of
strain, MPa.

Table 1.
The relative tendency to hot cracking for selected white cast iron [2].
Content, %
(1)

Type of cast iron

White unalloyed
White martensitic
(Ni-Hard)
High Chromium
High Chromium
Medium Chromium
ChromiumMolybdenum
ChromiumMolybdenum (15-3)
(1)

Structure
C

Si

Mn

2,542,75
2,453,35
2,613,07
2,642,80
2,132,18
2,753,05
2,703,00

0,741,00
0,441,11
0,791,17
0,560,97
0,350,43
0,441,00
0,520,75

0,580,61
0,701,00
0,731,00
2,042,80
0,500,66
0,680,85
0,721,16

Cr

Ni

Mo

0,14

0,14

-

P+C

-

1,22,3
27,730,2
15,6018,75
12,3012,80
12,3012,80
12,3012,80

3,84,9
2,102,30
1,512,50

-

A + M + (Fe,Cr)3C

1

-

F + A + (Fe,Cr)7C3

3

-

A + (Fe,Cr)7C3 +
(Fe,Cr)23C6

3

-

M + (Fe,Cr)7C3

-

1,451,57
3,623,83

M+B+A+
(Fe,Cr)7C3
M+B+A+
(Fe,Cr)7C3

-

2
-

P – Perlite; C – Cementite; A – Austenite; M – Martensite; B – Bainite.

Castings of white cast iron have a high tendency to hot
cracking due to the large range of solidification temperatures,
unfavorable kinetic parameters of shrinkage, and especially a lack
of expansion before shrinkage.
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The relative
tendency to hot
cracking (degrees
contractual)

Shrinkage of chromium white cast iron is similar to the
shrinkage of cast steel, and is approximately 2%. Therefore it is
important to test susceptibility to hot cracks [5-8]. The relative
tendency to hot cracking for selected white cast iron is shown in
Table 1.
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In performed studies for high chromium cast iron, adapted to
the Althoff-Radtke test used for steel castings, the Althoff-Radtke
test consists in pouring a standardized mold (Fig. 1.) of liquid
metal.

Fig. 2. Mold for Althoff-Radtke test

3. Results and discussion
The propensity to hot cracking was based on the observation
of a dark surface in the corner of samples. Figures below show the
obtained results. Figure 3 shows the references sample, Figure 4,
5, 6 respectively showing samples modified by 0.25%, 0.5% and
0.75% Fe-Ti.

Fig. 1. Standardized form for Althoff-Radtke test [9]
It is a clump attempt. The clamp arms stretched a rod with the
same cross section as the sample clamp. The thermal centre of this
attempt is formed in the corners of the clamp. This test has an
unequivocally localized crack. The clamp after pouring, shrinks
the "ΔL", causing the bending of the arms. Strut "A" does not
allow them to move parallel to the arms.
If cast iron has a high tendency to crack, a dark surface will
be visible in the corner. If there would not be any visible changes
it will indicate that the alloy has a high resistance to hot cracking.
This type of comparative test is only valid for the same shrinkage
ΔL, as for the same clamp length. The Althoff-Radtke test has
four different lengths of clamp which qualifies it as a test to
quantitatively take into account the different shrinkage of ΔL. The
length of the slot of cracked corner and the length of each staple
(50 - 350 mm) are parameters for a tendency to cast cracks [7, 9].

2. Methodology
The aim of this work was to verify the ability of adapting the
Althoff-Radtke test for high chromium cast iron.
The mold was made by loose self-hardening moulding sands
(Fig.2). Melts were carried out in industrial conditions. Performed
series of melts for high chromium cast iron with a content of
C ≈ 2% and Cr ≈ 21% were carried out. First with the initial
chemical composition and the other three modified by different
amounts of Fe-Ti, respectively, 0.25%, 0.5% and 0.75% Fe-Ti.
The pouring temperature was 1530°C. The castings were knocked
out and then the arm of the samples were broken.

Fig. 3. Result of Althoff-Radtke test for reference sample;
respectively, from the left arm length 50, 150, 250, 350 mm

Fig. 4. Result of Althoff-Radtke test for sample modified
0.25% Fe-Ti; respectively, from the left arm length 50, 150, 250,
350 mm

Fig. 5. Result of Althoff-Radtke test for sample modified
0.5% Fe-Ti; respectively, from the left arm length 10, 150, 250,
350 mm

Fig. 6. Result of Althoff-Radtke test for sample modified
0.75% Fe-Ti; respectively, from the left arm length 50, 150, 250,
350 mm
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The experimental results indicate that a modification of
titanium reduces the tendency to hot cracking. Most preferably,
the smallest addition of titanium (0.25% Fe-Ti) is affected.
Modification 0.5% Fe-Ti minimized stresses in the shorter arms
(50 and 150 mm), while on the longer arms (250 and 350 mm)
there are visible dark areas. Modification of 0.75% Fe-Ti reduced
tendency to hot cracking in the shortest arm (50mm).

Therefore, it can be noticed that a modification of titanium
affects not only the improvement of hardness and abrasion
resistance [5, 6], but the appropriate choice of amount of modifier
may also reduce the tendency to hot cracking.
An analysis of the chemical composition of each sample are
presented in Table 2.

Table 2.
The chemical composition of samples.
Sample

C

Si

Mn

P

S

Cr

Ni

Ti

As cast

1,99

0,538

0,454

0,020

0,013

21,8

0,160

0,0096

Modified 0.25% Fe-Ti

1,96

0,535

0,362

0,019

0,012

21,6

0,161

0,1290

Modified 0.5% Fe-Ti

1,87

0,483

0,386

0,018

0,011

21,6

0,165

0,2024

modified 0.75% Fe-Ti

1,86

0,602

0,442

0,017

0,012

22,4

0,234

0,4115

4. Conclusions
The present work, aimed at adapting the Althoff-Radtke test
for High Chromium Cast Iron, led to interesting results.
Most profitably to reduce the susceptibility to hot cracking of
high chromium cast iron influenced by the addition of 0.25% Fe-Ti.
In breakthroughs dark surfaces were invisible.
The addition of Fe-0.5% Ti improves the hot crack resistance in
parts less exposed to defects, ie. the shorter arms. Modification of
0.75% Fe-Ti least favorably influenced the reduction of the
tendency to the formation of hot cracks. According to the literature
[10-14] titanium improves the strength properties of chromium cast
iron, presented studies have demonstrated positive effects of
titanium also on tendency to hot cracking.
The research shows that the Althoff-Radtke test can be adapted
to determine the tendency for hot cracking for high chromium cast
iron. However, it should be noted that the test results can not be
compared with results for other alloys.
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