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Abstract Exothermic riser sleeves are important tools to increase solidification
duration, particularly for iron-steel casting. Increasing the time to solidus improved
casting product quality by minimizing cavities. Therefore, process costs were sig-
nificantly reduced. In comparison with the use of unsleeved risers, exothermic riser
sleeves retain up to 30–35% of the heat and increase the duration to solidus by
nearly 50%. Exothermic riser sleeves are a mixture of metallothermic-based
exothermic and insulating materials that are manufactured in different sizes and
shapes. Various suppliers produce these sleeves in different compositions.
However, the designers must clearly understand the thermochemical and thermo-
physical properties. The purpose of the present study was to experimentally
determine the effects of varying experimental parameters such as reaction duration,
flammability and temperature change etc. on selected exothermic sleeves. The
results were compared with thermodynamical simulations which were performed
using the contents and the corresponding thermophysical properties of exothermic
sleeves.
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Introduction

A riser is the final part of a casting to solidify. It thereby causes to feed the other
parts of a casting product to remove porosities and related defects. It is sometimes
necessary to place an insulating or exothermic sleeve, around the riser to extend
solidification time, particularly when casting steel or ductile iron casting.
Exothermic riser sleeves that consist of thermit powder mixtures have heat-sealing
properties superior to those of insulating sleeves and unsleeved risers. Thus, they
significantly reduce process costs to produce sound, high quality castings [1–4].
The exothermic riser sleeves are depicted in Fig. 1.

Accounts in the literature state that exothermic riser sleeves can increase
solidification time by nearly 50%. Moreover, these riser sleeves retain up to 30–
35% of the heat from casting. Exothermic riser sleeves are composed of a mixture
of metallothermic-based exothermic materials (e.g. Al) and insulating materials
such as Al2O3, Fe2O3 and SiO2. Exothermic sleeves are produced in different sizes
and shapes (cylindrical, oval cylindrical, conic etc.) [1–4]. Various suppliers pro-
duce exothermic sleeves in different compositions that are marketed under their
commercial names; the basic properties are shared with customers only when it is
necessary for the designers to understand their themochemical and thermophysical
properties.

In this study, selected commercial exothermic sleeves were evaluated to deter-
mine the effect of experimental parameters reaction duration, flash point, and
temperature change as a function of the weight of the sleeves. The experimental
results were compared to thermodynamical simulations.

Fig. 1 Selected photographs and schematic drawing of exothermic riser sleeves; a the use of
exothermic riser sleeves in a foundry [1], b riser sleeve during reaction, c (left) riser cross-section
without any sleeve and c (right) riser cross-section with an exothermic sleeve [1]
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Theoretical Background

The main reaction in exothermic sleeves is based on the “Goldschmidt Reaction,”
which is given as Eq. 1. The composition of products change with the change in the
aluminium ratio; aluminium is used to reduce iron to the stoichiometric ratio. If
there is excess aluminum, silicon may be reduced under the prevailing conditions
[1]. The data in Table 1 compare exothermic riser sleeve compositions (A and B,
suggested by Wlodawer) with their respective thermodynamic properties. They
change in terms of Al content and, their corresponding thermochemical properties
were calculated by using HSC Chemistry 6.12 database.

Fe2O3 + SiO2 + Al2O3 + Al ! Fe + Fe2O3 + SiO2 + Al2O3 ð1Þ

For the reactant compositions A and B, the predicted products were thermo-
dynamically modelled and their equilibrium compositions are plotted as a function
of temperature in Fig. 2. It is evident that the metallic silicon and aluminum content
of the products increased due to the increase in aluminium in the reactants. A slight
amount of SiO2 appeared in reaction products after nearly 1700 °C for the com-
position B.

Table 1 Suggested exothermic riser sleeve contents in the literature [1] and their calculated
thermodynamical properties

No Content, wt% DG0, kJ DH0, kJ Specific Heat, J/g

Fe2O3 SiO2 Al2O3 Al

A 70 10 5 15 −235.544 −238.753 −2387.5

B 45 20 5 30 −301.018 −306.823 −3068.2

HSC Chemistry 6.12, Reaction Equations Module

Fig. 2 The change of reaction products for the compositions a and b with the increase in reaction
temperature (HSC Chemistry 6.12, Equilibrium Compositions Module)
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Experimental

Five commercial exothermic riser sleeves manufactured by Smart Engineering
(Ukraine) were selected for experimental studies. The sleeves had different sizes
and weights. Four of sleeves were cylindrical and the other had an oval
cross-section. Detailed information about the sleeves is presented in Table 2.

Sleeves were put in a muffle furnace which was maintained at 1000 °C and
atmospheric pressure. The change of sleeve temperature versus (increasing) time
was recorded to document the flash point, reaction duration and the highest tem-
perature. Following the conclusion of each experiment, the sleeves were removed
from the furnace after they had cooled to 1000 °C. Photographs taken prior to and
during the experiments appear in Fig. 3.

Results and Discussion

The sleeves started to burn once they were put in the muffle furnace, providing
evidence that the furnace temperature exceeded the flash point of the sleeves.
Maximum reaction temperature ranged from 1352 to 1670 °C; for cylindrical
sleeves in particular, it was determined that the higher reaction temperatures were
attained as the sleeve weight increased. The reaction duration and the cooling
period were also with increasing sleeve weight. An exception was the cooling
duration of the sleeve coded (IV). Although sleeve (IV) exhibited the highest
reaction temperature of the cylindrical sleeves, it cooled more rapidly than two
lighter sleeves, which were coded (II) and (III). It is believed that the rapid cooling
was due to structural degradation caused by the very high reaction temperature
(Fig. 4 and Table 3).

The sleeve coded (V) had the greatest mass (800 g). This sleeve retained more
heat than the other specimens; its peak temperature of 1505 °C was lower than
those of the lighter sleeves, and it cooled to below 1000 °C in 15 min. The

Table 2 Shapes, dimensions and weights of exothermic riser sleeves which are used in
experimental studies

No Shape Outer
diameter
(mm)

Inner
diameter
(mm)

Outer
diameter2

(mm)

Inner
diameter2

(mm)

Height
(mm)

Weight
(g)

I Cylindrical 94.0 69.5 – – 99.0 230.0

II Cylindrical 102.0 79.0 – – 108.0 310.0

III Cylindrical 115.0 89.0 – – 120.0 400.0

IV Cylindrical 127.0 97.0 – – 133.0 620.0

V Oval
Cylindrical

200.0 160.0 120.0 80.0 150.0 800.0
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Fig. 4 The relationship between size-weight of the sleeves and reaction time

Fig. 3 Photographs of exothermic riser sleeves before performance tests and some pictures from
the tests; a riser sleeve in the chamber furnace, b riser sleeve during cooling period
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experimental results provide evidence that increasing sleeve weight increases the
peak temperature and extends the cooling period due to surface effect. Because the
solids lose heat from their surfaces, increased mass decreases the specific surface
area for heat loss, thereby accounting for the greater degree of heat retention.

Conclusion

Exothermic riser sleeves are important to production of sand castings that do not
have cavity-like defects. These sleeves consist of an exothermic reactant powder
mixture to retain heat in the riser part of castings by providing an exothermic
reaction during casting operation. In the present study, five different commercial
sleeves, in terms of size and shape, were evaluated to determine their thermal
properties.

Thermochemical modelling was done prior to the experimental studies. It was
determined that increasing the percentage of aluminium in the sleeve composition
elevated the Gibbs free energy, enthalpy and specific heat values. Moreover,
metallic silicon and aluminium were predicted to be present in the reaction products
as a result of the excess aluminium. During the experimental studies, it was
observed that increasing sleeve weight caused an increase in the peak reaction
temperature and extended the cooling duration. It was thought that the heat
retention was explained by the reduction in specific surface area of the sleeve,
which in turn reduced radiative heat loss.

Table 3 Thermal and chemical properties of the sleeves measured during the experiments

No Flash
point
(min)

Reaction
beginning time
(min)

Cooling time below
1000 °C
(min)

Highest
temperature
during reaction
(°C)

I At the
start

5 min 55 s 9 min 30 s 1352

II At the
start

6 min 17 s 11 min 35 s 1513

III At the
start

6 min 27 s 13 min 0 s 1517

IV At the
start

6 min 50 s 10 min 2 s 1670

V At the
start

11 min 5 s 15 min 0 s 1505
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