ISSN (1897-3310)
Volume 14
Issue 3/2014

ARCHIVES
of
FOUNDRY ENGINEERING

77 —82

AFE

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

Melting of Grey Cast Iron Based on Steel
Scrap Using Silicon Carbide

A. Stojczew ?, K. Janerka ®*, J. Jezierski 2, J. Szajnar 2 M. Pawlyta®
#Department of Foundry Engineering, Silesian Uniitgisf Technology, 7 Towarowa, 44-100 Gliwice, Puda
®|nstitute of Engineering Materials and Biomateri@#esian University of Technology,
18a Konarskiego, 44-100 Gliwice, Poland
*Corresponding author. E-mail address: krzysztoéjga@polsl.pl

Received 30.04.2014; accepted in revised form 18005}

Abstract

The paper presents the issue of synthetic castpiroduction in the electric induction furnace esihely on the steel scrap base. Silicon
carbide and synthetic graphite were used as cadysriThe carburizers were introduced with solidrgh or added on the liquid metal
surface. The chemical analysis of the produced ioaist the carburization efficiency and microstuuret features were presented in the
paper. It was stated that ferrosilicon can be ey silicon carbide during the synthetic camh imelting process. However, due to its
chemical composition (30% C and 70% Si) which cawsgsificant silicon content in iron increase, tberbon deficit can be partly

compensated by the carburizer introduction. Moredwsas shown that the best carbon and silicomalsgion rate is obtained where the
silicon carbide is being introduced together witticscharge. When it is thrown onto liquid alloyrface the efficiency of the process is
almost two times less and the melting process @sten minutes long. The microstructure of the aast produced with the silicon

carbide shows more bulky graphite flakes than m#ig microstructure of cast iron produced on tgerpn base.
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1. Introduction

Synthetic cast iron melting on the steel scrap baslky
(without the pig iron in solid charge) was presdnte many
previously published papers [1-3]. Pig iron elintioa from the
solid charge requires liquid alloy carburizing prss. Therefore a
good selection of the carburization method and dheburizer
must be done. So far the anthracite, synthetic him@apand
petroleum coke were used as carburizers [4-6]. eXperimental
results shown that the carburizer has a signifidapiact on the
produced cast iron properties. It concerns the wadtion
efficiency and as a consequence the carburizeruogpison, the
mechanical properties and the cast iron microsirectoo [7,8].

The research proved the possibility of synthet&ygrast iron
production exclusively on the steel scrap and a@brs base.
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This iron possess less impurities content as salfidrphosphorus
in comparison to cast iron melted on the pig irasé) The
experiments shown that the phenomenon of the ntiacisre
heredity appears — some features are transferoed @harging
materials into produced cast iron. In this caseniredity is based
on the features of the carburizers transferred ¢asi iron. It was
stated that it is possible to produce the cast iobnsimilar
chemical composition and even better quality indexéhen
cheaper charging materials are being used.

The experiments led to the conclusions that the desrging
materials from the carburization efficiency poirt vew are:
synthetic graphites, petroleum coke, natural gtephand the
anthracite [4-6]. When the anthracite is addedhenmiolten alloy
surface the high efficiency can be obtained, tad, ibrequires
higher liquid bath overheating and longer processime for the
carburizer proper dissolution. The efficiency ok toharburizer
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addition together with the solid charge in industfornace is in
range from 70 to 96%. Normally it is not difficuti achieve over
80% carburization efficiency for every carburizethwery good
repeatability, but it requires keeping the procpasameters in
strictly adjusted range. When the carburizer iseddoh the liquid
alloy surface melted in the induction furnace tlebarization
efficiency is less and is situated between 63 dr?d.8

The synthetic cast iron melting requires the silicficit in
alloy chemical composition compensation. So far was
conducted by ferrosilicon addition into liquid mlethuring the
final melting process stage. This paper presersetperiments
where FeSi was replaced by silicon carbide.

After the literature data analysis it can be codetl the
silicon carbide dissolves much slower than FeSt $®a source
of many crystallization nuclei. These nuclei lifemuch longer so
the silicon carbide usage can significantly exté¢ne cast iron
inoculation process duration. The mechanism of phécess has
not been completely understood yet, but it was gadabhat during
the SiC dissolution inside the cast iron its pagschre surrounded
by the graphite clusters. This is the result of theal alloy
oversaturation with Si and C. The graphite cluster®e
thermodynamically metastable over some time pesimthe play
very important role in nucleation process and digegraphite
creation. The ferrosilicon dissolution can also rpote the
graphite clusters appearing but due to its highsesallution rate
these cluster remain stable over a short time geoioly. The
silicon carbide addition causes that graphite ehssare present
much longer that these obtained when the ferrasilids
introduced. The creation of graphite clusters adoahmany SiC
particles decreases carbon content in the resiayf eolume so
the nucleation starts in higher temperature. Thathy the silicon
carbide usage results in liquidus temperature asgeand in more
eutectic cells number when compared to the allmcessing by
the ferrosilicon addition [9,10].

2. Silicon carbide

Silicon carbide SiC (popularly known as carborundiinig a
chemical compound consisted of 70% wt. of silicod 80% wt.
of carbon. It is a product of high temperature Bgsis of silicon
dioxide with carbon. The process is carried outrésistance
furnace (invented by Acheson) which works similartg
carbonaceous materials graphitization furnace. réllaematerials
for silicon carbide production are: silica sandha8iO, content
over 98%, petroleum coke with ash content not hidgihan 1.0%,
rock-salt and sawdust. These materials have a gizénfrom 0.5
to 2 mm and after thorough drying process theypéaeed inside
the furnace. The furnace is through in shape amgthefrom 10 to
20 m and width from 2 to 3 m. The electrodes supibly
electrical current and are situated inside thetédofurnace walls.
Under low temperature such mixture has a small tritet
conductivity. Therefore in the electrodes axis gldhe furnace
the conductive core appears made of crushed etiecyoaphite.
During the heating the sawdust is carbonized.ldtad removing
the volatile parts created inside the furnace du¢he sodium
chloride reaction with the Fe and Al reduction pro$, which
lowers the properties of the produced SiC. Theihggtrocess
lasts typically one twenty-four hours period andmaximum
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temperature equals 2000°C. Produced in the furnaderexd

block of several products possess the layeredtamipresented
in the Fig. 1 [10-12]. The coarse silicon carbidi¢he best quality
creates the layer directly surrounding the grapbitee. The next
layer is fine silicon carbide (less valuable) whistsurrounded by

the SpC,O so-called ‘siloksykon’ of transient chemical
composition [11].
graphite
SiC coarse
SiC fine

Si,C,0
Fig. 1. Crossection of block of sintered productslena
in resistance furnace used for carborundum prooiu¢ti2]

Then coarse silicon carbide fraction is enrichednduthe process
of graphite, silicon, FeSi and AISi elimination kituse of
hydrosulfuric acid and electromagnets [12,13]. Thiéicon
carbide color depends on the amount and type ofiiitigs being
present in it. The general properties of the siliaarbide are
listed in Table 1 [12,13].

Table 1.

Silicon carbide properties

. . SiC
Property SiC greenSiC black metallurgical

Minimum SiC 97 96 88
content, %

Maximum FeOz;content, 1.0 1.0 1.0
%

Maximum C content, % 0.2 0.3 0.3
Maximum magnetic 0.4 0.4 0.5
fraction, %

Transparent mineral 15 2.0 2.0
admixture, %

Opaque mineral 15 2.0 2.0
admixture, %

Density, g/cm 3.1-32 3.1-32 3.1-3.2

Totally pure silicon carbide is colorless. Its haeds is similar to
diamond’s hardness (SiC hardness according to Mshale
equals 9-10 while diamond hardness equals 10). iShahy it is
commonly used as abrasive material. It is espgcigtiod for
plastics machining which have high hardness and temsile
strength. Thanks to its high thermal and chemieaistance it is
used for crucibles and refractory pipes manufacturihe ability
for electric current conductivity resulting from i
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semiconducting properties, makes possible to pmdiam this
material the heating elements for use in eleceiting furnaces.

3. Experimental procedure

During the experiments the grey cast iron meltshen steel
scrap base of various chemical compositions werdedaout.
They were prepared exclusively on the steel scage land the
graphite carburizer addition. In all melts thecgih content was
compensated by the silicon carbide addition intadstharge or
ferrosilicon addition on the liquid metal surfacenediately after
the charge was melted down. The grey cast iron wesdt carried
out on the foundry pig iron base for comparisone Bteel scrap
in solid charge amount was 10 kg. The iron was edeih high
frequency electric induction furnace of 20kg capaciThe
chemical composition of the steel scrap used durthg
experiments was presented in Table 2.

Table 4.
Solid charging materials selection
M et FeSi SiC GS
Melt label kg kg kg kg
WOm1 9.18 0.00 0.38 0.17
W1iml 10.18 0.19 0.48 0.06
W2cz1 11.70 0.00 0.35 0.31
W4m?2 9.24 0.00 0.29 0.27
W5m2sf 9.30 0.00 0.32 0.30
W6synth 11.59 0.30 0.00 0.44
W7pig 10.52 0.12 0.00 0.00

During each melt the samples were taken to madeiche
analysis and the solidification and crystallizationrves were
recorded. The chemical composition of the prodwzed iron was
presented in Table 5.

Table 5.
Table 2. Chemical composition of the produced cast iron

Chemical composition of the steel scrap Melt label C Si Mn P S Cu

No C Si Mn P S Cu 0] [%] [%] [%] (%] [%]
) [%6] [%] [%6] [%] [%0] [%] WOm1 325 2.00 064 0.019 0.0140 0.058
Z1 0.20 0.27 1.28 0.015 0.027 0.19 Wiml 3.05 221 0.69 0.022 0.016 0.052
z2 0.07 0.00 0.63 0.016 0.001 0.00 W2cz1 336 188 057 0.017 0.012 0.034
W4m2 324 204 068 0.016 0.013 0.029
The synthetic graphite labeled GS was used as ucaer W5m2sf 337 095 056 0.019 0.014 0.073
during the iron melting and its chemical compositiovas We6synth. 330 196 0.46 0.033 0.024 0.028
presented in Table 3. W7pig 332 195 0.57 0.044 0.020 0.200

Table 3.
Chemical composition of the graphite carburizer
Chemical composition

Carburizer C S Volatiles Ash N H
[%] [%] [%] %] [%] [%]
GS 99.35 0.040 0.25 0.57 0.01 0.01

For carburization and silicon deficit compensatiba silicon
carbide of metallurgical grade and ‘black’ silicaarbide of
chemical composition presented
Additionally for silicon deficit compensation therfosilicon was
used and its chemical composition was: 75% Si, 145%,2% C.
The complete charging material selection was pteseim Table
4.

In the melt labeled W5m2sf the silicon carbide wdded on
the liquid metal surface. The melt labeled W6syistthat carried
out on the steel scrap base only. The melt lab@l@gig means
the cast iron produced on the pig iron base. Thetlmo melts
were carried out to compare the microstructurehef ebtained
cast iron grades. In the table the labgl.Mneans the metallic
solid charge weight. In the melts WO-W6 it is weigl the steel
scrap and in the melt W7pig it is total weight téed scrap and
foundry pig iron. FeSi, SiC and carburizer (GS) aten
consequently weight of ferrosilicon, silicon cambicand the
carburizer added into solid charge.
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in Table 1 were .used

The eutectic saturation ratiq- $see Table 6) was calculated
from the equation (1):

=X %e )
%C,, 426- 0318 - 033[P

The important parameter characterizing various tamidi
introduction from the technological point of viessthe efficiency
(effectiveness, chemical element assimilation guitl alloy). In
the case of these experiments the efficiency isutated for the
carbon and silicon assimilation rate. The estimatéfitiency
decides how much silicon carbide must be added Htairo
planned increase of these elements in the molty.alhe
carburization efficiency (effectiveness). Br silicon by molten
metal assimilation rategcan be described by the relationship:

C -C
TP 100 (2

sc

E=M

m

where: G — initial carbon or silicon content in solid charip %,
C¢ — final carbon or silicon content in the cast iram %,
M- molten alloy mass in kg, M — amount of silicon carbide
added in kg.

The calculations of carbon and silicon assimilatiate by the
liquid metal are imprecise in some extent becatsesuperior
goal was to obtain the hypoeutectic cast iron c@st200 or
GSL 250. This is the reason to ensure the spectiemical
composition. When only SiC is added in solid chattge final
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carbon content is to small. Therefore into solicarge some
amount of the synthetic graphite was added, tooth@nbase of
wide experience in the carburization the procefsiaficy was
estimated on the level ofcE90%. The results of carburization
efficiency and eutectic saturation ratio were pnése in Table 6.

Table 6.
Charging materials used during the experiments
S Ec Esic  Ect Esic
Melt label _ %] (%] (%]
WOom1 0.894 28.59 49.53 78.12
Wiml 0.855 - -
W2cz1 0.915 27.85 59.47 87.32
W4m2 0.894 14.91 66.75 81.67
W5m2sf 0.851 9.43 25.69 35.12 100 ym
W6synth 0.906 - - ; . (2 :
W7pig 0.912 - - Fig. 2. Cast iron WOm1 (SiCmetl1) microstructure

The analysis of the eutectic saturation ratio shtived it is
inside the range of 0.85-0.91. All cast iron gragesiuced in the
experiments are the hypoeutectic ones.

The calculations of carbon or silicon assimilatiere carried
out for the total mass of added silicon carbideasng 90% SiC
in metallurgical grade and 97% SiC for the blackdg)a The
same calculations can be carried out for the cadmntent of
30% C and Si content of 70% Si.

The experimental results show that more efficieethad of
silicon carbide is its dosing into solid chargenthadding onto
liquid metal surface. This shows the carbon andcasil
assimilation rate in the first addition method asllvas liquid
metal observation where after solid charge is rdeftewn there
were no unreacted SiC on the liquid surface. Whe #as
added onto liquid metal besides the additional hizdth mixing 100 ym |
even after 10 minutes the significant amount ofeanted silicon
carbide remained what proved twice less efficieottgarbon and
silicon utilization in the molten alloy.

During the analysis of the total efficiency of igdtion of
both elements (carbon and silicon) with SiC it candbserved
that there are some small differences betweencpéati melts.
While individual analysis of the carbon and silicatilization is
conducted much bigger differences can be obsefeedxample
Ec in melts WOm1 and W4mz2). In both cases the metital
silicon carbide grade was used but from two diffiérsuppliers.
So it should be further checked if this is somedkaf regularity
of only single case.

Fig. 3. Cast iron W2cz1 (SiCcz1) microstructure

4. Cast iron microstructure

In the case of cast iron melting on the base ofsteel scrap
the cast iron microstructure is often questiondteréfore during ' 100 pm |
these experiments the metallographic samples wegaped for
all the melts. The microstructure of the producedtdron was
presented in Fig. 2-6. For the purpose of cast imatrix
observation the samples were then etched in 3%ra#dgent. The
photographs of the etched microstructures for #ehenelt were
presented in Fig. 7-11.

Fig. 4. Cast iron W4m2 (SiCm2) microstructure
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Fig. 5. Cast iron W6synth (FeSi75) microstruc

Fig. 6. Cast iron W7pig (FeSi75) microstruct
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Fig. 7. ast irn WOom1 (SCmetl) ma

ARCHIVES of FOUNDRY ENGINEERING Volume 14,

Issue 3/2014, 77-82

81



7g (FeSi5 mat o

X 4 S '.q ol
Fig. 11.Cast iron W

After the photographs analysis it was stated thatbth the
cast iron melted on the pig iron base and that ywed on the
steel scrap base where the silicon deficit was emsgted with
silicon carbide addition, some differences betwegmaphite
precipitation shape and its amount and size caaro@te largest
group was the fields with uniform flake graphitee@pitations.
Some areas of orderly oriented interdendritic gitepllakes
appear and the fields of ‘whirled’ precipitatiofsape, too. In the
obtained synthetic cast iron microstructures predueith use of
silicon carbide more bulky graphite flakes in commgan to that
iron melted on the base of pig iron can be observed

On the base of matrix analysis inside the prodwsyedhetic
cast iron (Fig. 7-11) it can be stated that in mjoof the
samples the pearlitic matrix appears or pearlitie with the only
small amount of ferrite inside it.

5. Conclusions

The carried out experiments shown that synthestican can
be produced exclusively on the base of steel seitipthe part of
carburizer replacement by the silicon carbide.naldes in the
same time to compensate small silicon deficit ogegr The
produced cast iron has a larger graphite precipitatamount.
Additionally these precipitations are slightly tkéc.

The best method of silicon carbide addition frora tarbon
and silicon assimilation ratio point of view is i&ldition into
solid charge. When SiC is added onto liquid metafase the
efficiency can decrease twice and the melting timest be
enhanced of dozen minutes.

The efficiency of the carbon utilization when the&C Svas
added into solid charge wasc#4.9-28.6%, whereas silicon
assimilation ratio was 4= 49.5-66.7%, besides similar silicon
carbide chemical composition. The total efficieno§ both
elements utilization changed in very tight rangel 78L.6%.
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On the solidification and crystallization curvesaeded so far
the significant differences between liquidus terapge for the
particular melts were not observed. The literatenggests in
some places that silicon carbide should increaisetémperature
point [9].
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