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Abstract
Commercial cast iron is a typical multi-phase, natural metal matrix composite, including a ferrous matrix at different

alloying grade and several phases, each having varying levels of carbon and other elements present, such as carbide,

graphite and nitride. It was found that some active elements, such as S, O, Al, Ca, Ba and RE (rare earth), are important to

control carbide/graphite phase formation. A major purpose of the present paper was to investigate the solidification pattern

and structure of un-inoculated and inoculated cast irons, with intentionally critical conditions for graphite nucleation,

typical for electric melted iron, by thermal (cooling curve) analysis technique; this is especially pertinent to the production

of thin section iron castings. Increased chill (carbides formation), undercooled graphite amount, eutectic cells count and

relative density correlate well with the degree of eutectic undercooling, at the beginning of eutectic reaction and at the end

of solidification. Inoculation application led to decrease of DTm and increase of DT1 (it became positive) and DT3 (less

negative) parameters, at higher influencing power on DT1 parameter (narrow variation range). Higher inoculant addition

rate gives better cooling curve analysis parameters. DT1 appears to be the recommended cooling curve analysis parameter

to characterize the specifics of solidification pattern and structure formation on the entire solidification range.
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Introduction

Cast iron is more than 70% of the total world metal casting

production [more than 70 million tons of castings each

year], with a great development potential. This material is

especially attractive to the automotive industry, because of

its excellent properties such as castability, machinability,

heat conductivity and vibration damping capacity, at low

production cost. Thin-wall iron castings [less than 5 mm

wall thickness] are more and more attractive in this field.

Industrial cast iron is a multi-element [more than 30 ele-

ments usually present] eutectic alloy. The crystallization

conditions are significantly different from that of equilib-

rium phase diagram measured at a very slow cooling rate,

using very pure materials, under vacuum melting, etc. Non-

equilibrium solidification conditions, typically for iron

castings in foundry industry, favour stable to

metastable system crystallization transition, austenitic

dendrites formation also in eutectic-hypereutectic chemical

composition ranges (Fig. 1) [1] elements segregation, dif-

ferent eutectic solidification undercooling [up to 50 �C or

more], etc.

Commercial cast iron is a typical multi-phase, natural

metal matrix composite, including a ferrous matrix at dif-

ferent alloying grade and several phases, each having

varying levels of carbon and other elements present, such

as carbide, graphite and nitride (Figs. 2 and 3). Cementite

has the highest hardness (* 660 HB), while graphite is a

relatively soft, low-density material, which can act as a

lubricant. Hardness, machinability, strength, ductility,

toughness, thermal properties of the as-cast structure all are

therefore influenced by the relative amounts of cementite

and graphite. So, high-efficiency metallurgical methods

need to be investigated, to control solidification pattern of

iron castings, especially in critical solidification conditions.
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Graphite nucleation sites formation as size, distribution

and morphology and their growth pattern to obtain differ-

ent final graphite morphologies (lamellar/flake, vermicu-

lar/compacted or nodular/spheroidal) could be influenced

by modification and/or inoculation treatments. Higher

graphite particles compactness degree [from lamellar

through compacted up to spheroidal form] lowers their

capacity for stress concentration and as result, improves all

of the mechanical properties level, especially ductility.

Inoculation is a graphitizing treatment of the molten

iron, applied to all of cast irons, in order to obtain an as-

cast structure without carbides and with high-quality gra-

phite shape (the best-expected graphite morphology

specifically for each cast iron type). It consists in addition

of 0.05…1.0 mass% inoculant in the final molten iron as it

is transferred [1300…1500 �C]. Inoculants are FeSiAlX

alloys, where X = Ca, Ba, Sr, Zr, RE, as well-known

inoculating elements that promote and participate in the

creation of micron-sized active compounds in the iron

melt, to act as effective graphite nucleation sites [2].

The routine measurements of metallurgical treatments

effects in a foundry are in many ways empirical and have to

be calibrated as well as interpreted to have any value in

managing the process. It is well known that chemical

analysis results from a spectrometer sometimes do not

reflect the truth or match other benchmark test values. With

Fig. 1 Dendritic structure in 4.4-4.5 mass% CE grey cast irons (CuCl2-base solution etchant)

Fig. 2 Cast iron—natural metal matrix composite [a pearlite ?graphite ? carbides; b pearlite ? ferrite ? graphite ? carbides;

c pearlite ? graphite ? phosphide; d eutectic cells]

Fig. 3 Typical graphite morphologies in cast irons [a lamellar; b vermicular/compacted; c nodular/spheroidal; d coral]
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the more widespread adoption of thermal analysis testing,

thermal analysis data have become an indicator of iron

quality [3–19].

As it was found that some active elements, such as

sulphur, oxygen, aluminium, calcium, barium and rare

earth (RE), are important to control in situ carbide/graphite

phase formation in cast iron matrix composite material

[20–33], a major purpose of the present paper was to

investigate the solidification pattern and structure of un-

inoculated and inoculated cast irons, with intentionally

critical conditions for graphite nucleation, typical for

electric melted iron, by thermal (cooling curve) analysis

technique; this is especially pertinent to the production of

thin-section iron castings.

Experimental

Base cast iron with controlled and low level of sulphur

(\ 0.03 mass% S) and aluminium (\ 0.002 mass% Al) in

hypoeutectic range (3.6–3.8% carbon equivalent–CE,

0.6–0.7 mass% Mn) was prepared in coreless induction

furnace (acid lining, 1500 kg capacity, 250 Hz) from

selected steel scrap, graphitic recarburiser, low aluminium

ferrosilicon and FeMn. Lower level of sulphur and alu-

minium should provide a cast iron more prone to type-D

graphite and carbides formation [20, 24, 30, 32].

Two systems of representative commercial FeSi-based

inoculants were used, employing Ca and Ba

(1.0–2.5 mass% Ca and 1.0–2.5 mass% Ba) or rare earth

(RE) and Ca (1.5–2.0 mass% RE and 1.0–1.5 mass% Ca)

as the inoculating elements. The alloy had a 0.2–0.7 mm

particle size range. Inoculant was added at two levels of

0.15 and 0.25 mass% into the pouring ladle during tapping.

Each un-inoculated and inoculated iron batch was held for

2.0–2.5 min before pouring in furan resin moulds. Standard

30 mm bars, usually used for structure characterization of

grey iron castings, were considered.

The present experiments focused on the high cool-

ing/solidification rate W1, W2 and W3 samples–ASTM A

367 (furan resin mould), characterized by Table 1 data.

[10, 34] A large range of castings are represented by

considering these wedge-shaped samples. Thin-wall cast-

ings are represented by the highest cooling rate W1 wedge,

while the W2 and W3 samples reflect medium cooling rate

solidification.

The solidification process was investigated by Quick-

cupTM cooling curve analysis having a modulus of

approximately 0.75 cm (equivalent to 30-mm diameter

bar). The cooling curve [T = f(s)] and its first derivative

[dT/ds = f[s)] were recorded (Fig. 4) [9].

Results and discussion

The cooling curve, and its derivatives, displays patterns

that can be used to predict the characteristics of a cast iron,

according to Fig. 4. The significance of the most important

events and parameters on these curves refers to the equi-

librium temperatures in the stable (Tst) and

metastable (Tmst) systems. The thermal analysis evalua-

tion mainly considered some important temperatures on the

cooling curves of hypoeutectic grey cast irons, such as

TAL—temperature of the austenite liquidus (zero point on

the first derivative), TSEF—temperature of the start of

eutectic freezing (minimum negative on the first derivative

at the beginning of solidification), TEU—the lowest

eutectic temperature (zero point on the first derivative) and

TES—temperature of the end of solidification (minimum

on the first derivative at the end of solidification).

Melting procedure [superheating and holding, tempera-

ture and time], inoculation procedure [inoculating ele-

ments, inoculant type and amount, inoculation technique]

and solidification procedure [casting thickness and cooling

modulus, mould media and their thermo-physical proper-

ties] usually affect the solidification cooling curve and its

first derivative parameters.

The present work focuses on the influence of the inoc-

ulating elements [inoculant system] and inoculant addition

amount, for controlled pouring parameters and constant

solidification conditions [standard ceramic mould, 0.73 cm

Table 1 Dimensions of standard test wedges (ASTM A367)

Wedge no. Wedge dimensions/mm Angle/deg/A Calculated parameters

Width/B Height/H Length/L Wedge section area/mm-2 Cooling modulus/cm

W1 5.1 25.4 101.6 11.5 67.3 0.11

W2 10.2 31.8 101.6 18.0 162.2 0.21

W3 19.1 38.1 101.6 28.0 354.3 0.35

W3� 25.4 44.4 127.0 32.0 563.9 0.45

W4 31.8 50.8 152.4 34.5 807.7 0.54
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cooling modulus]. Figure 5 illustrates the effects of the

selected influencing factors [inoculant system and addition

amount] on the selected thermal analysis parameters [DTm,

DT1, DT3] (see Fig. 4) and their relationships, respectively.

When TEU (temperature of maximum eutectic under-

cooling) is reached, the combined heat generated from the

release of specific heat and latent heat (from the first

austenite dendrite solidification and latent heat from the

start of eutectic freezing) just balances the heat losses. The

eutectic reaction then occurs, and the released energy

causes the temperature to rise until TER (temperature of

eutectic recalescence) is reached. The lowest eutectic

temperature (TEU) is strongly influenced by inoculation, as

a graphitizing treatment, and, consequently, the eutectic

undercooling degrees at this beginning of eutectic reaction,

too, refer to the stable (graphitic) eutectic temperature

(DTm = Tst–TEU) or metastable (carbidic) eutectic tem-

perature (DT1 = TEU–Tmst). These temperatures were

calculated using the chemical composition, mainly silicon

[Tst = 1153 ? 6.7% Si; Tmst = 1147–12% Si] [8].

The present study describes the effect of Ca, Ba–FeSi

and RE, Ca–FeSi alloys at an addition rate of 0…0.25

mass% on thermal analysis parameters and cast iron

characteristics (structure and contraction defects sensi-

tiveness). According to low level of carbon equivalent

(CE = 3.6–3.8%), combined with low content of sulphur

(\ 0.03%) and residual aluminium (\ 0.002%), and high

superheating procedure, typically for electric melting, the

tested irons are characterized by high eutectic undercooling

in un-inoculated condition (DTm[ 38 �C, DT1\ 0). As a

result, these irons are sensitive for free carbides formation

and uncalled for undercooled graphite morphology, gen-

erating a need for inoculation.

Inoculation application led to decrease of DTm (more

than 30%) and increase of DT1 (it became positive)

parameters, favourable for better properties of cast irons,

despite low inoculant amounts addition. The difference

between un-inoculated and inoculated irons is strongly

affected by the alloy addition rate. It means a higher

inoculant amount, a higher graphitizing power, so a lower

DTm (Fig. 5a) and a higher DT1 (Fig. 5b), respectively, but

at a higher influencing power on DT1 parameter (narrow

variation range). These positive effects characterize each

inoculation alloy (inoculant). Rare earth bearing inoculant

appears to be more active than calcium and barium bearing

alloys at the lowest addition amount.

The two eutectic undercooling DTm and DT1 are in

good relationship (Fig. 5d), so the second one is recom-

mended, as it illustrates clearer the solidification specific of

cast irons: carbides occurrence for DT1\ 0, and under-

cooled graphite formation for positive, but limited level of

this parameter (usually less than 15 �C). Therefore, the

efficiency of inoculation is measured by its ability to

decrease the DTm level and to increase the DT1 levels,

respectively.

The end of the eutectic solidification is also very

important, especially because the micro-shrinkage occurs

at the latter part of solidification, usually at hot spots or

parts with a large cooling modulus. White iron solidifica-

tion as intercellular carbides and/or inverse chill formation

is also dependent on the position of the temperature at the

end of solidification (TES), compared to the

metastable (white) eutectic temperature (Tmst), expressed

by DT3 undercooling parameter (Fig. 4). TES solidus

temperature is an important parameter that is sensitive to

certain elements. This point can be found at the latest part

of the first derivative, as the lowest of the negative peak.

Higher TES (less negative) leads to a lower tendency for

intercellular carbides (inverse chill), and micro-shrinkage

defects at the end of solidification.
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Because this difference (DT3 parameter) is more than

30 �C (Fig. 5c), un-inoculated iron will be sensitive to

chill tendency and micro-shrinkage formation. A preferred

end of solidification means high solidus temperature and

low level (less negative) of the DT3 parameter (usually as

low negative value, as TES\Tmst in most cases). Fig-

ure 5c shows that the solidification pattern of inoculated

irons is more favourable compared to that of un-inocu-

lated irons. Increasing the alloy addition improves the

behaviour of irons at the end of solidification (DT3

became less negative), with a relative large dependence

on the inoculant type. It is expected that each commercial

inoculant could have different behaviour, depending on

inoculating elements presence, their ratio into alloy

chemistry and inoculant amount addition. It appears that

for the present critical production conditions (low carbon

equivalent and very low sulphur and aluminium content,

and high superheating in melting furnace), rare earth

bearing inoculants could be a solution at low addition

rate.

Undercooling degree at the end of solidification (DT3) is

in good relationship with the maximum eutectic under-

cooling at the beginning of eutectic reaction, expressed by

its reference to stable eutectic temperature (DTm, Fig. 5e)

and metastable eutectic temperature (DT1, Fig. 5f),

respectively. It is important for practical application, and

DT1 measured by controlled metastable (carbidic) solidi-

fication (Te addition ceramic cup). It was found that Tmst
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evaluation by this way is more exact compared to calculus

on the base of chemical composition of cast iron. [16]

Wedges of the type W1, W2 and W3 specified in the

ASTM A367 wedge test were used to evaluate the cast

irons sensitiveness for chill [carbides] formation, with

detrimental effects on mechanical, thermal and machining

properties. Table 1 shows the size and calculated cooling

modulus of tested wedges. The average cooling rates in the

solidification range in the wedge thermal centre also dif-

ferentiate the solidification pattern of these castings: 3.0 �C
for W1, 1.75 �C s-1 for W2 and 0.75 �C s-1 for W3 wedge,

respectively. [10]

The chilled iron at the apex of the wedge consists of

different zones. The portion nearest the apex, entirely free

of grey areas, is designated as the clear chill zone (CC).

The portion from the end of the clear chill zone to the

location where the last presence of cementite, or white iron

is visible, is designated the mottled zone (MC). The region

from the junction of grey fracture to the first appearance of

chilled iron (apex) is designated the total chill (TC). The

parameters relative clear chill (RCC) and relative total chill

(RTC) were considered [35]:

RCC ¼ 100 CC=B½ � %ð Þ ð1Þ
RTC ¼ 100 TC=B½ � %ð Þ ð2Þ

where B is the maximum width of the test wedge (Table 1).

Macro-structures of the fractured wedge samples, rep-

resenting un-inoculated iron and irons inoculated at two
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addition levels, 0.15 and 0.25 mass% alloy, were analysed,

and the characteristic zones (white, mottled and grey areas)

were measured. Relative clear chill (RCC, Eq. 1) and rel-

ative total chill (RTC, Eq. 2) were calculated. Figures 6

and 7 graphs illustrate the effect of treatment (un-inocu-

lated and inoculated irons), inoculant amount addition

(0.15 and 0.25 mass%) and inoculant system (Ca, Ba-FeSi

and RE, Ca-FeSi alloys), wedge test type (cooling modulus

and cooling rate) and chill sensitiveness evaluation criteria

(RCC and RTC). Correlation between chill (carbides)

tendency and representative thermal analysis parameters

was also considered. Figure 6b, d, f illustrates the rela-

tionship of chill and eutectic undercooling at the beginning

of eutectic reaction (DT1). Both cooling rate and inocula-

tion are important influencing factors.

Un-inoculated irons are characterized by having high

chilling tendency, for all of tested solidification conditions.

Inoculation gave, as expected, overall lower iron chill than

with no inoculation, even at lower inoculant (0.15 mass%)

in-ladle additions. A 0.15 mass% inoculant addition had a

very big influence on chill tendency compared to un-

inoculated irons, especially at the higher cooling rate (or

lower cooling modulus of wedge samples).

According to generally accepted understanding of the

effects of inoculants, despite the limited action to change to

the base iron carbon equivalent, inoculation resulted in a

strong decrease in chill tendency. This shift was more

pronounced for 0.15 mass% inoculation relative to the base

iron, than with an increased alloy addition rate from 0.15 to

0.25 mass%.

A number of trends in chill sensitivity could be identi-

fied. At low cooling modulus, or thin-wall solidification,

respectively, the inoculation efficiency is higher, referring

to un-inoculated irons, compared to lower cooling rate

solidification. In general, as can be seen in Figs. 6a,c,e and

7, chill tendency decreased with increasing cooling mod-

ulus (CM)/decreasing of cooling rate, but with some dif-

ferences, depending on whether the iron was un-inoculated

or inoculated and also depending on the chill criteria (clear

chill and total chill). The difference between un-inoculated

and inoculated irons increases, from clear chill up to total

chill, especially for higher solidification rates. The differ-

ence in total chill is larger than with clear chill. Iron melt

inoculation, especially at a higher addition rate, had an

important homogenizing effect on the solidification beha-

viour of castings in the chill evaluation.
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The efficiency of the inoculation treatment is seen to

depend on the cooling rate of the castings (CM) and

evaluation criteria, respectively. Total chill reached 100%

in un-inoculated irons for all of cooling modulus solidifi-

cation conditions. A 0.15 mass% inoculant addition led to a

relative clear chill value, at the highest cooling rate (W1

wedge), comparable to un-inoculated iron solidified at

medium cooling rate (W2 wedge). Inoculant system

appears to be important, as chill tendency of rare earth

bearing FeSi alloy-treated irons is systematically at a lower

level of all of treatment and solidification conditions.

For each cooling modulus/solidification cooling rate,

W1, W2 and W3 castings, respectively, the relationship

between chill sensitiveness and eutectic undercooling DT1

parameter evaluated by thermal analysis (Fig. 6b, d, f) is

stronger than the dependence between chill and inoculant

amount addition (Fig. 6a, c, e). Higher DT1 parameter

obtained by inoculation gives low chill tendency, inde-

pendently of inoculant consumption, inoculant type,

solidification cooling rate and chill evaluation criteria.

Generally, rare earth bearing ferrosilicon alloy led to the

best results as the decreasing of carbides formation
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sensitiveness. These results sustain the possibility to eval-

uate the chill (carbides formation) tendency of a specific

solidified casting by thermal analysis in standard Quick-

cupTM conditions.

The effects of inoculation were also analysed by com-

paring the microstructures of irons treated with different

amounts of inoculating alloys, utilizing the 30-mm diam-

eter bars, in visible connection with thermal analysis

parameters. The influence of inoculant addition rate on the

undercooled graphite (type-D graphite, ASTM, ISO,

Fig. 8a) amount and eutectic cell (see Fig. 2d) count is

shown in Fig. 9.

Un-inoculated iron is extremely sensitive to undercooled

graphite formation (100%), while inoculation led to lower

amount of this un-wanted graphite morphology, depending

on inoculant amount and type: 20–45% decreasing for 0.15

mass% inoculant and 35–55% decreasing for 0.25 mass%

inoculant, respectively. Despite its better capacity to

decrease carbides formation sensitiveness, rare earth

bearing ferrosilicon alloy appears to have only a medium

power compared to calcium and barium bearing commer-

cial inoculants. Figure 9c and

9e shows a good relationship between undercooled

graphite amount in 30-mm test bar and some thermal

analysis parameters obtained in Quick-cupTM application,

such as the eutectic undercooling at the beginning of

eutectic reaction, DTm and DT1. Higher DTm or lower DT1

gives higher sensitiveness to undercooled graphite forma-

tion. DT1\ 0, typically for un-inoculated iron, means

100% undercooled graphite. Increased DT1, but in limited

level (0\DT1\ 10 �C), favoured the decreasing of

undercooled graphite amount up to 50%. In the specific

tested conditions, higher DT1 level is necessary to limit

more the occurrence of this graphite morphology.
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Typically, solidification of graphitic cast iron is the

eutectic cell formation. As representative member of

solidification structure of cast irons, including austenite and

graphite, formed during the eutectic reaction, eutectic cell

will influence the properties of castings, mainly by their

count and size. Higher count (lower size) gives higher the

boundary area and a more favourable (less dangerous/less

concentrated) distribution of the segregated phases in inter-

cells regions. On the other hand, at lower size eutectic cells

formation, lower graphite particles size will result. Both of

these effects (lower size of eutectic cell and graphite par-

ticles] will improve the major properties of cast irons.

Inoculation is usually used to activate nucleation sites of

graphite and to promote graphite formation, respectively.

As graphite is the leader in eutectic cells formation, higher

eutectic cells count usually result. Figure 9b confirms these

beneficial effects of inoculation, which is true for all of

inoculants tested in this experiment. The present work

illustrates the possibility to evaluate the eutectic cells count

by standard thermal analysis, including the eutectic

undercooling at the beginning of eutectic reaction

(Figs. 9d, f). Eutectic cells count decreased by increasing

of the undercooling referring to stable eutectic temperature

(DTm, Fig. 9d), but increased by increasing of the under-

cooling referring to metastable eutectic temperature (DT1,

Fig. 9f), with a good relationship rule.

The two important members of primary structure of cast

irons, influenced by inoculation, undercooled graphite

amount and eutectic cells count, are in inverse variation, as

Fig. 10 shows: higher eutectic cells count means lower

undercooled graphite amount occurrence. It is visible that

the increasing of inoculant amount, which led to the

decreasing of undercooled graphite amount, as result of

decreasing of the eutectic undercooling referring to the

stable eutectic temperature (DTm), favours a higher

eutectic cells count.

The relative density of the tested cast irons, by reporting

of the samples weight to their volume was also recorded, is

a simple possibility to illustrate the sensitiveness of cast-

ings to contraction defects formation (shrinkage and micro-

shrinkage). Figure 11 shows some obtained important

results in this respect. Generally, inoculation improved this

parameter, as a result of improving important thermal

analysis parameters, such as the undercooling at the

beginning of eutectic reaction (DTm, Fig. 11b and DT1,

Fig. 11c) and at the end of solidification (DT3, Fig. 11d).

Higher inoculant amount addition gives higher relative

density, according to lower undercooling on entire solidi-

fication range. This is generally true for all of tested

commercial inoculants, with calcium and barium bearing

ferrosilicon alloys, but in a relatively scattered range.

Conclusions

Based on the results of thermal analysis of solidification

process, some conclusions can be made on the effect melt

inoculation has on structure at given grey iron casting

parameters in critical solidification conditions, namely a

relatively low carbon equivalent (CE = 3.6–3.8%), com-

bined with low content of sulphur (\ 0.03%) and residual

aluminium (\ 0.002%), typical for electric melting.

(1) Increased chill (carbides formation), undercooled

graphite amount and contraction defects sensitive-

ness correlate well with certain thermal analysis

parameters, such as the degree of solidification

eutectic undercooling, referring to the both stable (-

graphitic) and metastable (carbidic) eutectic tem-

perature, at the beginning of eutectic reaction

(DTm, DT1) and at the end of solidification (DT3).

(2) Inoculation application led to decrease of DTm
(more than 30%) and increase of DT1 (it became

positive) and DT3 (less negative) parameters, at

higher influencing power on DT1 parameter (nar-

row variation range), despite low inoculant

amounts addition. Higher inoculant addition rate

gives better cooling curve analysis parameters.

(3) The two eutectic undercooling DTm and DT1 are in

good relationship, so the second one is recom-

mended, as it illustrates clearly the solidification

specific of cast irons: carbides occurrence for

DT1\ 0, and undercooled graphite formation for

positive, but limited level of this parameter (usually

less than 15 �C). Higher DT1 gives lower under-

cooled graphite amount. In the present tested

conditions, higher DT1 level (higher inoculation

power) is necessary to limit more the occurrence of

this graphite morphology.

(4) For each tested cooling modulus/solidification

cooling rate, the relationship between chill sensi-

tiveness and eutectic undercooling DT1 parameter

evaluated by thermal analysis is stronger than the

dependence between chill and inoculant amount

addition. Higher DT1 gives lower chill tendency,

independently of inoculant consumption, inoculant

type, solidification cooling rate and chill evaluation

criteria.

(5) The present work illustrates the possibility to

evaluate the eutectic cells count by standard

thermal analysis. Eutectic cells count decreased

by increasing of the undercooling referring to

stable eutectic temperature (DTm), but increased

by increasing of the undercooling referring to

metastable eutectic temperature (DT1).
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(6) White iron solidification as intercellular carbides

and/or inverse chill and micro-shrinkage occur at

the latter part of solidification. A preferred end of

solidification means high solidus temperature and

low level (less negative) of the DT3 parameter

(usually at low negative value, as TES\Tmst in

most cases), especially obtained by inoculation.

(7) Undercooling degree at the end of solidification

(DT3) is in good relationship with the maximum

eutectic undercooling at the beginning of eutectic

reaction, expressed by its reference to stable eutec-

tic temperature (DTm) and metastable eutectic

temperature (DT1), respectively.

(8) Higher inoculant amount addition gives higher

relative density, according to lower undercooling

on entire solidification range (DTm, DT1, DT3).

(9) The mentioned positive effects (lower eutectic

undercooling, lower carbides and undercooled

graphite amount, and higher eutectic cells count

and relative density) characterize each inoculation

alloy (inoculant). Generally, rare earth bearing

ferrosilicon alloy led to the best results as a

decrease of eutectic undercooling for entire eutectic

range and carbides sensitiveness, especially at low

addition rate.

(10) The obtained results sustain the possibility to

evaluate the chill (carbides formation) tendency

and structure characteristics of a specific solidified

casting by thermal analysis recorded in standard

Quick-cupTM conditions.

(11) DT1 appears to be the most important cooling curve

analysis parameter to characterize the specific of

solidification pattern and structure formation on the

entire solidification range.
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