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INTRODUCTION

Iron oxides are important in environmental, sedimentary, 
metamorphic, and igneous settings, as well as in the deep earth, 
other planets, and meteorites. Their incorporation in silicate melts 
is commonplace in igneous processes, whereas common magmas 
contain 50 or more mol% silica, and are highly polymerized with 
iron oxides as a minor component. Melts poor in silica and rich 
in iron oxides (>50 mol% Fe2O3) occur in industrial settings 
related to iron making. Thus, the study of melts and melting over 
a range of melt compositions in iron oxide(s)�silica�other 
oxides systems provides a link between igneous petrology and 
industrial mineralogy. 

Iron-ore sintering is the process of converting iron-ore Þ nes 
together with ß uxes and coke breeze (carbon) into suitable ag-
glomerate for the blast furnace. The product, known as sinter, 
accounts for approximately 80% of the iron-bearing burden 
used to make pig iron via the blast furnace route. Before the 
raw materials are sintered, they are granulated in a large rotary 
drum, with the addition of water serving as a liquid binder. The 
resulting granules are laid out as a bed on a moving grate and 
the top ignited (Fig. 1a). During sintering, the physicochemical 
reactions that take place can be viewed as having several dis-
crete stages, which are illustrated in Figure 1b. The Þ rst stages 
of sintering (<400 °C) involve the removal of any free water or 
any chemically bound water present as goethite by hot waste 
gases. At higher temperatures (400�1200 °C), ß uxes such as 
dolomite and limestone initially undergo calcination before the 
resulting oxides, namely CaO, undergo solid-state reactions 
with Þ ne-grained hematite to yield calcium ferrites. Above 1200 
°C, the calcium ferrites undergo incongruent melting to form a 

primary melt and, as temperature continues to increase, larger 
particles (>0.5 mm) begin to dissolve (Hida et al. 1985a, 1985b, 
1992a, 1992b; Hida and Nosaka 1992; Kasai et al. 1997; Loo et 
al. 1995, 1996; Yang and Loo 1997; Yang and Matthews 1997). 
This process is referred to as assimilation and continues until 
the melt becomes saturated or the viscosity of the melt becomes 
too high for the mass-transfer process to continue. The assimila-
tion process involves the reaction between melt and unmelted 
particles (typically iron ores). The assimilation of nuclei involves 
the reaction between liquid and solids, resulting in the dissolution 
of the solid. This stage depends on the properties of both initial 
melt and nucleus. The �reactivity� of a melt is broadly deÞ ned 
as its ability to assimilate particles. Conversely, the particles 
have an �assimilation resistance� to being dissolved. The as-
similation process occurs during 3�5 minute cycles through the 
high-temperature region of a sinter bed in industrial processes 
(Loo et al. 1992). Clearly the issues of reactivity and assimila-
tion in this process are analogous to those occurring between a 
magma and wall rock.

Melting and crystallization of iron oxides in both geological 
and metallurgical processes are controlled by the thermodynamic 
properties of the crystals and liquids in equilibrium. Thermo-
dynamic data are necessary for modeling industrial processes 
involving iron oxides, such as sintering and the production of 
pig iron. This paper focuses on characterizing the melt forma-
tion and assimilation processes occurring during sintering by 
utilizing calorimetric techniques to quantify the energy required 
for both reactions, namely the heat needed to melt the ore and 
the heat of dissolution of hematite in common iron-ore melts. 
By measuring the energetics associated with this process, it is 
possible to directly measure the heat (and therefore fuel cost) 
needed to achieve satisfactory sintering. * E-mail: anavrotsky@ucdavis.edu
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ABSTRACT

Iron-oxide-rich melts are encountered in iron-ore sintering, smelting, and other industrial processes, 
whereas melts containing iron oxides but richer in silica are the mainstay of igneous processes near 
the Earth�s surface and at depths down to the core-mantle boundary. High-temperature calorimetry 
has been used to evaluate the enthalpy of solution of Fe2O3 in a series of iron-oxide-based melts at 
1353 °C. For a typical melt found in iron-ore sintering, the heat of solution of Fe2O3 is 54.4 ± 5.9 
kJ/mol, with no dependence on the Fe2O3 concentration between 59 and 69 mol%. The heat content 
of a series of samples (59 to 64 mol% Fe2O3), measured by transposed-temperature drop calorimetry, 
is also independent of composition. 
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