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Introduction

Inoculation is one of the most critical, yet often underestimated, stages of the entire cast iron foundry process:
microstructure, metallurgical stability, mechanical properties, and the ability of cast iron to avoid defects such
as cementite, carbides, or shrinkage all depend on it. Nevertheless, it is still too often performed as a routine
operation, without adequate metallurgical control.

This document opens a series of publications dedicated to inoculation, with the aim of clarifying a topic that is
both fundamental and complex. In this first paper, we outline the basic principles, the metallurgical mechanisms
involved, the available technologies, and the main families of inoculants, evaluating their effectiveness and
resistance to fading to support informed technical decisions.

The upcoming chapters in the series will further explore the most common issues related to inoculation and the

practical solutions for preventing and managing them effectively.

Why do we need to inoculate castiron?

Inoculation refers to the addition, shortly before or during pouring, of small amounts (typically 0.05-0.50%) of FeSi
alloys enriched with active elements such as Al, Ca, Ba, Sr, Zr, rare earths, or Bi. These elements promote the
formation of effective nuclei for heterogeneous graphite nucleation, thereby reducing undercooling and widening
the solidification window associated with the stable system (Fe-C - graphite) rather than the metastable one (Fe-
C > cementite).

Although silicon is the primary promoter of graphitization, it is not sufficient on its own. Effective nucleation
requires elements with high affinity for oxygen and sulphur, capable of forminginclusions suitable for the initiation
and growth of graphite.

The purpose of inoculation is to increase eutectic cell count in grey iron and nodule count in ductile iron, reduce
white solidification, and improve the mechanical properties and metallurgical quality of the casting. In ductile
iron, itis also closely linked to the nodularization treatment, of which it represents an indispensable metallurgical

complement.
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What is the optimal amount of inoculant?

There is no universally valid inoculant dosage: a fixed amount, while easy to apply, does not guarantee the best
metallurgical quality, because the composition of charge materials and corrective additions varies significantly
and unpredictably. The required amount depends mainly on the time between inoculation and pouring, the
nucleation potential of the base iron, the liquid metal temperature, the materials and technologies used, the type
and size of the castings being produced.

To truly optimize additions, advanced process control based on thermal analysis is essential, supported by
dedicated software such as ITACAX. Using measured eutectic temperature values and the HEH parameter (a
proprietary indicator describing the cast iron’s solidification behaviour), it becomes possible to adjust inoculant

additions dynamically, improving both base-iron and final-iron quality while avoiding under- and over-inoculation.

What is the fading phenomenon, and how can it be minimized?

Inoculant effectiveness is highest immediately after addition to the liquid metal and decreases over time due to
the reabsorption and coarsening of nuclei. Since no inoculant is immune to fading, inoculation becomes more
effective the closer itis performed to the pouring stage.

However, relying exclusively on late-stage inoculation (in-stream or in-mould) is risky: it does not ensure optimal
metallurgical quality, and any process malfunction may cause metal to enter the mould with insufficient
metallurgical characteristics.

For this reason, the best approach is to distribute inoculation throughout the entire process, from melting to
pouring. Progressive additions help accompany the metal through each stage, minimizing fading, enhancing

metallurgical quality, and reducing risks associated with potential equipment failures.

What is the over-inoculation phenomenon?

A low nucleation potential, caused by insufficient or ineffective inoculation, leads to undercooling defects such
as cementite, carbides, and various shrinkage forms.

Excessive inoculation, however, can also be detrimental: beyond a certain threshold, the number of effective
graphite nucleation sites increases excessively, causing graphite growth to be distributed over too many sites and
resulting in smaller graphite nodules or flakes, thereby altering the normal solidification process. Under these
conditions, the balance between solidification shrinkage and graphite expansion may also be affected and, once
the feeders are no longer able to supply liquid metal to the casting, compensation for secondary shrinkage may

become less effective, promoting the formation of shrinkage porosity. For this reason, inoculation should be
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applied in multiple stages and dynamically controlled, particularly through preconditioning and pre-inoculation,

supported by careful thermal analysis (e.g., ITACAX).

In this sense, inoculant behaves like a medicine: too little is ineffective, too much becomes harmful.

What are the current inoculation practices?

Today, many inoculation methods and a wide variety of products and materials are available to meet different

process needs. The most common practices can be summarised as follows:

preconditioning

stabilize the metallurgical quality of the base
iron and compensate for charge-material
variability.

mm); dosage up
to 0.50%.

across different
furnaces.

Technology Purpose Materials used Advantages Disadvantages
Adding the inoculant directly into the melting . .
. . . . Requires high
or holding furnace, manually or automatically | FeSialloys, 2-12 Uniform addition rates:
Furnace (e.g., ITACA OptiDose, ITACA Stream XL), to | mm (up to 2-20 metallurgical quality ’

significant fading
due to long time
before pouring.

Ladle
pre-inoculation

Adding the inoculant into the ladle before
tapping or during metal transfer, distributing
inoculation into multiple steps to compensate
for fading.

Same materials
as furnace
preconditioning;
lower dosages
(0.20-0.30%).

Reduces fading;
inoculation does
not rely solely on
the final step.

Requires dedicated
plant setup and
additional material
handling.

In-stream
post-inoculation

Maximizing inoculation efficiency by adding
inoculant directly into the metal stream during
pouring.

Very fine
granulometry
(0.2-0.7 mm);
dosages <0.20%.

Maximum
effectiveness and
minimal fading.

Requires advanced
dosing systems
(e.g., ITACA Stream)
and strict process
control (e.g., ITACA
Vision).

In-mould
inoculation

Using pressed inserts or tablets placed in the
gating system to provide a final “insurance”
against fading.

Inoculant tablets
or briquettes.

Effective for
slow-solidifying
castings; supports
the final inoculation
step.

Manual placement
required during
mould/core
preparation.

Wire inoculation

Introducing inoculant through cored wire after
nodularization or in ladle/pouring channels.

Cored wire
containing fine
inoculant
enclosedina
folded metal
sheath.

Simple for foundries
already using wire
nodularization;
reduces slag
formation in the
ladle system.

Only possible with
dedicated
equipment; no
manual additions
allowed.

Which classes of inoculants offer the highest effectiveness
ductile iron?

in grey and

The main classes of inoculants are FeSi-based alloys containing active elements (Al, Ca, Ba, Sr, Zr, rare earths,

Bi), which play a fundamental role in increasing the nucleation potential of cast iron and reducing fading. Most of
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them can be used in both grey and ductile iron, although some formulations perform better in one than in the
other. In ductile iron, the required additions are generally higher because magnesium, being strongly
carbide-forming, reduces the metal’s ability to nucleate graphite and must therefore be compensated.

Below is an overview of the main inoculants, using standard FeSi, characterized by low nucleation potency and

low fading resistance, as a reference baseline.

Inoculant Family / Type Inoculating Effect Fading Resistance Key Characteristics / Application Notes
Suitable for awide variety of applications without
FeSi Al-Ca . . introducing specific alloying elements. In grey
Med Med . . )
(ITACA Inoc 1320) edium edium iron, excessive Al should be avoided to prevent
pinhole defects.

. Excellent for furnace preconditioning due to its
FeSiBa R . . X B .

(ITACA Inoc 56XX) Medium Maximum very high fading resistance. In grey iron, Ba
content in the inoculant should not exceed ~1%.

. Very effective in grey iron. In ductile iron,
FeSi Sr Maximum Medium strontium may be neutralized by the presence of
(ITACA Inoc 38XX) v yihep

rare earths.
FeSi Zr . . Particularly useful in the manganese-containing
(ITACA Inoc 40XX) Medium Medium variant (e.g., ITACA Inoc 4025).

A Specific for ductile iron: increases nodule count
FeSiBi High Medium and may help counteract the formation of
(ITACA Inoc 83XX) g vy he'p

chunky graphite.

Designed for ductile iron: enhances the

nodularization process and neutralizes the
FeSi Rare Earths High Hich effects of interfering elements. Suitable for grey
(ITACA Inoc 57XX) g g iron only when sulphur content is low. The

presence of lanthanum reduces shrinkage

tendency and related defects.

Conclusions

This work has examined the fundamental principles of inoculation and the main factors that determine its
effectiveness, from nucleation potential to the fading phenomenon. Practical guidelines have been provided on
how to correctly plan inoculation by distributing it across multiple stages of the process to minimize fading and
avoid both under- and over-inoculation.

A comprehensive overview of the technologies currently available has also been presented, from furnace
preconditioning to pre- and post-inoculation methods, and wire inoculation, together with a review of the main
inoculant families and their application characteristics.

Since inoculation is a highly sensitive and strategically important step, the choice of method, material, and

dosage must be carefully tailored to the metallurgical and production requirements of the foundry. For companies
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wishing to optimize their practices or explore specific aspects in greater depth, ProService provides expert

metallurgical support, offering qualified technical consultancy and operational assistance to ensure maximum

process control and the highest cast-iron quality.
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