Comprehensive Study of the Valorisation Potential for the Roman-era Iron Slag in Bosnia
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Bosnia and Herzegovina’s city of Prijedor and Sanski Most was a significant Roman Empire’s iron mining hub in the
ancient times (approximately 1 and 2™ century AC), although the exploitation at this location began actually before the
new era, with the migration of the Illyrians (Krckovski et al., 2016). Although the quality of the ore in this region has
consequently decreased, domestic mining and geology experts have estimated the quantities of the Roman-era slag to
around 10 million tonnes. Even the satellite images of the location of this deposit, show sparse vegetation, indicating
probable alkaline stress in plants (Figure 1).

GPS coordinates:
44.821000, 16.615412

Figure 1. Sampling location with GPS coordinated (Prijedor/Sanski Most bordering area, Bosnia and Herzegovina)

Present paper represents a first comprehensive study of the quality of given slag and preliminary estimation of its
valorisation potential. Valorisation would be in line with circular economy principles, and also it would remove the threat
of these deposits, which often leach toxic metals into the surrounding environment. After standard sampling in the
presence of historians and geologists, sample preparation and homogenisation were performed. Samples were sieved into
four size classes and their particle size distribution analysed by compound optical microscopy and Image-J software.
Finally, chemical analyses included determination of the metal contents by inductive coupled plasma, followed by x-ray
fluorescence spectroscopy (XRF) and x-ray diffractometry (XRD).

XRF data have shown the presence of 26 metals in the samples, some of them in significant concentrations (as shown in
the Table 1) and other elements were present in traces. The most exciting data are the concentration of iron in the samples,
which exceed the concentrations in the ore currently exploited at the nearby largest iron mine on Balkans (located in
Omarska village).



Table 1. XRF data for the metals present in significant amounts in the Roman-era slag studied

Element Class Class Class Class
-75 pm -150 +75 pm +150 - 250 pm +250 pm

Fe 31,06 34,56 41,03 42,16

Si 30,35 28,30 21,73 11,59

Al 14,73 13,90 10,97 5,764
Mn 0,845 0,970 1,141 1,154
K 2,304 2,155 1,694 1,052
Ca 0,944 0,963 1,061 0,921
Ti 0,746 0,684 0,493 0,264

XRD data shows that iron is in the form of wuestite and fayalite minerals selected diffractogram, (Figure 2). Not less
importantly, except proving significant presence of iron (for potential valorization), these XRD data are the first scientific
confirmation that the slag is indeed Roman-era related. Namely, wuestite and fayalite are the strong confirmation of the
use of Bloomery furnaces, confirming the historical fact, similarly to other areas in Europe where Roman slags are already
studied (Portillo et al., 2018). Quartz is also found in all samples, as an impurity in the ore, but also potentially exploitable.

Quartz - SiO» - 64.4%
A Fayalite - Fes[SiO4] - 27.0%
Wuestite - FeO - 8.6%
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Figure 2. Selected diffractogram of the slag sample (class +75 -150um)

In addition to the potential for valorisation, the mining heritage of this area has cultural and industrial importance
and requires adequate protection and presentation for educational and tourist purposes. Future processes should include
the cooperation of the chemical, mining, environmental and metallurgical professions in order to find optimal solutions
and fully apply the principles of the circular economy. Conference presentation will show the detailed analytical data
along with the proposition for promotion of this resource to future investors.
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