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ABSTRACT

The non-Newtonian behavior and its mechanism have not been clarified for the solid-bearing silicate melts, leading to difficulties and even
errors in estimating silicate melt viscosity. In this study, a basic oxygen furnace (BOF) slag was employed as a model system of solid-bearing
silicate melt. The flow behavior of the slag was measured via a rotational type rheometer at various shear rates. The results demonstrate that
as the temperature decreases from above slag liquidus, the slag undergoes the Newtonian, shear thinning, and thixotropy regimes. The shear
thinning regime was observed as crystal content exceeds the critical solid fraction @c, at which the viscosity increases abruptly.

INTRODUCTION

Slag viscosity plays a vital role in metallurgical processes as it directly affects the kinetics of chemical reactions, metal-slag separation, slag
foaming, etc. A reasonable viscosity estimation of fully liquid slags is achievable nowadays thanks to numerous viscosity modelst. However, the
flow behaviour of partially liquid slags is not understood well (e.g., shear thinning and yield stress)? and a validated viscosity model for solid-
bearing slags is still absent. In this work, the viscosity of modified basic oxygen furnace (BOF) slag was measured as a case study to understand
the rheology of solid-bearing slags. The non-Newtonian behaviour during cooling is thus measured and the underlying mechanism is discussed.

METHODS AND MATERIALS

A BOF slag was used as an example to investigate various flow characteristics. The high temperature rheometer was used and the following
experiments were conducted:

- The slag viscosity was measured continuously during cooling at a constant rotational speed, i.e., 30 rpm.

- The slag viscosity was measured isothermally with various rotational speeds.
Table 1: Sample/measurement and the corresponding number in Figure 2
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Figure 1: Three FEPRES Blistinguished by different flow pfBBEEHEEY. The round

dots indicate the temperature at which the viscosity was measured
isothermally (see Table 1 and Figure 2).

CONCLUSIONS

v As the temperature decreased from above slag liquidus, the
| | slag undergoes the Newtonian, shear thinning, and thixotropy
1,5 (@) Regime () a0 E-S”) ool ®  Regime () o éTime_((;Ielgendem regimes.
I oo ' vThe shear thinning regime was observed as crystal content
exceeds the critical solid fraction ®c, at which the viscosity
increases abruptly.
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Figure 2: The calctl®téd (a) flow index (both up ramp arfg"¥dwn ramp) and
(b) relative flow index difference (An= | nyy,,-n,, | X100%/n,)) in the three
regimes. The relation between numbers 1-25 and the measurements is
shown in Table 2.

As shown in Figure 1 and Figure 2, in regime 1, the viscosity is independent
on shear rate, exhibiting a Newtonian characteristic. In regime 2, the flow
index is <1, indicating a shear thinning phenomenon. In regime 3, the

ACKNOWLEDGEMENTS
relative flow index difference An is >6% (the measuring error), implying a

thixotropic property. This work was supported by the IWT (Belgium) [grant 140514,

S —
SN
S \\\\ : .

6t International Science, Innovation & Entrepreneurship

iINn Pursuit of a Sustainable World
1-5 April 2019

Slag Valorisation Symposium

Mechelen, Belgium




