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Abstract

The high silicon cast iron is a very attractive material because of its corrosion and abrasion resistance and
also the ability to work at high temperature. The additional advantage of this material is the low production
cost. Unfortunately, the material, despite the attractive properties, makes considerable inconveniences during
the manufacturing process [1, 2]. The applications, these days, are limited to corrosion resistance. It has for
example a high resistance for sulphuric acid. But also as electrode for cathodic corrosion resistance, it is still
very popular [3]. This material is back slowly for industrial applications but still missing detailed knowledge, for
example about the influence of technological parameters on the quality of the alloy, etc. In this paper the
research results of crystallization process of alloyed cast iron with high silicon content were presented. Two
alloys with a silicon content at 17 and 19% were chosen to research. The results of crystallization process
were based on thermal derivative analysis TDA [4, 5]. Using the recorded data a derivative of the temperature
variation was calculated, what allowed to determine the characteristic points of the crystallization process. The
results made possible to identify the phase transitions in the studied alloys and to describe phases that were
shown during the metallographic examination.
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1. INTRODUCTION

The main subject of the work is to use the thermal derivative analysis method to study the crystallization
process of high silicon cast iron with the variable silicon content in alloy. In the article the hard FesSi; phase
precipitates were also included. The evaluation of the effectiveness of used method and the quality
assessment of resulting alloys were the aim of the research. Huge competitiveness on foundry market forces
producers to shorten the manufacturing process while ensuring high quality castings and their affordable price.
During the casting process the casting microstructure directly affects the mechanical and technological
properties of the final products. An important factor, which leads to the improvement of the quality of the
castings, is the right application of knowledge about mechanisms of crystallization. That enables easy control
of the crystallization kinetics during the manufacture of casting for the optimization of the resulting
microstructure and properties. This knowledge can be very useful in the production of high silicon cast iron
which makes a lot of difficulties in manufacturing process. High silicon cast iron is a brittle and low thermal
shock resistant material. It requires special precautions during the manufacturing process [1, 2] and the proper
preparation of charge materials [6].

2. EXPERIMENTAL PART

During the experimental studies the test stand described in paper [5] was used. Charge materials were
prepared, melting process was performed and additions were added to the melt [6-14]. The experiment was
performed for two alloys with high silicon content 17% and 19% respectively. Samples were cast into sand
moulds with the addition of bentonite (TDA tester), which were shown in paper [4].
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2.1. TDA analysis

Temperature changes over time registered during the experiment and calculated values of first derivative were
shown on Fig. 1 and 2. To identify the characteristic temperatures of crystallization process the analysis made
in ThermoCalc and Fe - Si phase diagram were used. The L point projected onto a cooling curve determines the
start temperature of primary crystallization TL (liquidus), which is also associated with the maximum thermal effect
of eutectic crystallization. The S point projected onto the temperature curve determines the end of the primary
crystallization temperature TS (solidus).
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Fig. 1 TDA curves with the characteristic points,silicon content 17 %

Based on the recorded data the significant thermal effects in the solid state which may be comparable with the
Fe - Si phase diagram were not detected. The maximum temperature recorded on the graph is 1233 °C.
During the analysis made for cast iron with 19% silicon content it was possible to obtain more informations
about solid state transitions wich can be observed on Fig. 2.
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Fig. 2 TDA curves with the characteristic points, silicon content 19 % [15]

The TA temperature at point A defines the start of Fe,Si phase transition to FesSi; phase. The temperature of
the maximum thermal effect of this transition TA1 was determined by projecting the A1 point on the cooling
curve. Based on the A2 point the finish temperature of Fe,Si to FesSi; phase transition was estimated.
Characteristic temperatures obtained from the graphs analysis (Fig. 1 and 2) were summarized in Table 1.

Table 1 Characteristic temperatures of TDA analysis

TL, °C TS,°C TA,°C TA1,°C TA2,°C
17%Si 1190 1150 e e e
19%Si 1205 1150 1040 1025 985

2.2. Metallographic analysis

Samples for metallographic examination were taken from castings made in moulds to TDA analysis. They were
cut from the place where thermocouple was located. Pictures of microstructure were presented on
Figs. 3 - 5.

On the microstructure presented on Fig. 3 the precipitates of nodular graphite can be seen. Despite the high
silicon content in the alloy, the amount of silicide phase is small, which is in accordance with the results
obtained from the TDA analysis and the numerical calculations by ThermoCalc.

On pictures of microstructure (Fig. 4) the precipitates of FesSis in silicon-ferrite matrix can be seen. It can be
also noticed the needle longitudinal elements of the structure which were classified as primary Fe,Si phase
(Fig. 5).
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Fig. 3 Microstructures of silicon cast iron, silicon content 17 %

Fig. 4 Microstructures of silicon cast iron, silicon content 19 %

Fig. 5 Primary precipitates of Fe,Si phase, silicon content 19 % [15]
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3. CONCLUSIONS

Based on the conducted studies the thermal effect in solid state (Fe.Si phase transition to FesSis phase) was
not observed on the TDA graph (Fig. 1) for the casting with silicon content at 17 %. On pictures of
microstructure (Fig. 3) the silicide phase is clearly seen but the amount of it is quite small, which is in
accordance with the results obtained from the TDA analysis and the numerical calculations by ThermoCalc.
Accordingly, it is presumed that the thermal effect generated from the silicide phase crystallization was to small
and the testing equipment could not register it.

In matrix of alloy with 19 % silicon content two kinds of intermetallics appeared - Fe,Si phase in the form of
needle longitudinal precipitates (Fig. 5), wich was classifided based on the calculation in ThermoCalc and the
analysis of the Fe-Si phase diagram as a primary precipitate crystallizing directly from the liquid and the FesSis
phase. The thermal effect from the crystallization of Fe,Si phase was not identified on the registered curves
(Fig. 2). The thermal effect from the transition of Fe,Si to FesSiz phase is clearly visible on the TDA diagram.
Some of the conducted analyzes should be confirmed by the other research. However, significant results were
achieved and they can be used in the realization of further considerations on the analysis of high silicon cast
iron quality. Despite the increasing silicon content in the alloy, which has a significant effect on the corrosion
resistance of this alloy, there was not observed any large decrease of durability of castings poduced from this
material while the hardness was incrased (relatively to the cast iron with 15% Si content [4]).

ACKNOWLEDGEMENTS

The publication was funded by a statutory grant Faculty of Mechanical Engineering
of the Silesian University of Technology in 2015.

REFERENCES

[1] STAWARZ M. Aspekty wytwarzania zeliwa wysokokrzemowego w warunkach przemystowych. Archives of Foundry
Engineering, 2011 Vol. 11, Special Issue 3/2011, p. 205-208

[2] STAWARZ M. Zeliwo wysokokrzemowe, zapomniany materiat odporny na korozje - problemy podstawowe.
Ochrona przed korozjg, 2012, vol. 55, nr 5, p 234-236.

[3] HENDERIECKX, G.D. Silicon Cast Iron. Gietech BV, 2009

[4] STAWARZ M. Influence of technological parameters on the microstructure of the silicon cast iron, 22nd
International Conference on Metallurgy and Materials, Metal 2013, May 15-17.2013, Brno, Czech Republic, p. 92-
96.

[5] STAWARZ M., JANERKA K., JEZIERSKI J., SZAJNAR J. Thermal effect of phase transformations in high silicon
castiron, 23" International Conference on Metallurgy and Materials, Metal 2014, May 215t - 23 2014, Brno, Czech
Republic, EU, p. 123-128.

[6] JANERKA K., KONDRACKI M; JEZIERSKI J, SZAIJNAR J., STAWARZ M. Carburizer Effect on Cast Iron
Solidification. Journal Of Materials Engineering And Performance . JUN 2014, Volume: 23, Issue: 6, p. 2174-2181

[7] JEZIERSKI J.; BULINSKI Z.; JANERKA K., STAWARZ M. KACZMAREK K. Numerical modelling and experimental
validation of the pneumatic powder injection into liquid alloys. Indian Journal Of Engineering And Maternials
Sciences. JUN 2014, Volume: 21 Issue: 3, p. 322-328.

[8] JEZIERSKI J., JANERKA K., STAWARZ M. Theoretical and practical aspects of pneumatic powder injection into
liquid alloys with a non-submerged lance. Archives Of Metallurgy And Materials. 2014, Volume: 59, Issue: 2, p. 731-
734

[9] SZAJINAR J., STAWARZ M., WROBEL T., SEBZDA W. Influence of selected parameters of continuous casting in
the electromagnetic field on the distribution of graphite and properties of grey cast iron. Archives Of Metallurgy And
Maternals. 2014, Volume: 59, Issue: 2, p. 747-751

[10] JEZIERSKI J., JANERKA K., STAWARZ M. Verification of the theoretical considerations and numerical modeling
of the powder injection process in conditions of pneumatic injection of ferroalloys into liquid cast iron. , 23

46



JE. w -
ME IAL

2015 Jun 3™- 5t 2015, Brno, Czech Republic, EU

[11]

[12]

[13]

[14]

[15]

International Conference on Metallurgy and Materials, Metal 2014, May 21st- 232014, Brno, Czech Republic, EU,
p.81-86.

SZAJNAR J., DULSKA A., WROBEL T., SUCHON J. Diffusion of C and Cr during creation of surface layer on cast
steel casting. Archives Of Metallurgy And Matenals. 2014, VVolume: 59, Issue: 3, p. 1085-1087

SZAJINAR J., WALASEK A., BARON C. The description of the mechanism for the alloy layer forming process based
on the experimental examination. 22" International Conference on Metallurgy and Materials, Metal 2013, May 15-
17.2013, Brno, Czech Republic, p. 134-139.

CHOLEWA M., KOZAKIEWICZ L. Strength properties of moulding sand for thin-walled casting production. 23
International Conference on Metallurgy and Materials, Metal 2014, May 21st-23 2014, Brno, Czech Republic, EU,
p. 1294-1300.

CHOLEWA M., KOZAKIEWICZ t.. Heat flow in the cast-mould system for moulding with gypsum and cement binder.
Archives of Foundry Engineering. Vol. 15, No. 2, 2015, p. 5-8.

STAWARZ M., GROMCZYK M., KONDRACKI M., SZAJNAR J. Analiza wptywu warunkéw odprowadzania ciepta
z formy na przebieg krystalizacji zeliwa o podwyzszonej zawartosci Si. Archives of Foundry Engineering, 2014 Vol.

14, Special Issue 4/2014, p. 119-122.

47



