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Abstract 
 
The research programme was divided into two main objectives: 

a) investigation on the origin of heavy metals in the blast furnace – BOF metallurgical cycle 

b) effects of using iron and steel slags as fertilisers (liming agents) in agriculture. 

Part a) of the research project was laid out to calculate the influence of the different input materials 
into the metallurgical cycle on the behaviour and the whereabouts of these elements during the 
making of iron and the refining into steel. Therefore all materials included in the blast furnace 
burden has been investigated on the their chemical composition, e.g. iron ore, coke, slag formers 
etc. For the calculation the composition of coke and slag formers have been taken as constant to 
get an better overview of the different iron ore influences, mainly on the input of chrome and 
vanadium, which are most important. The resulting hot metal, scrap and slag formers have been 
taken as input for balancing the BOF-converter mainly to determine the amount and composition 
of the BOF slag and especially, the chrome and vanadium contents in the slag. The BOF slag is a 
source for the production of fertilisers from steel slag.  

As a result of this investigation it can be stated, that the main input into the metallurgical cycle of 
the blast furnace-BOF-route are the used raw materials especially the iron ores. It has been 
shown that the origin of the iron ores is decisive for the contents of chrome and vanadium in the 
final BOF slag. There are ore resources which contain more chrome, but less vanadium and on 
the contrary. The purest iron ores are those of Brazil with low chrome and vanadium content. Ores 
from the northern hemisphere of the earth for example from Sweden contain considerable more 
vanadium than iron ore resources from Brazil, iron ore from Australia and Canada are higher in 
Chrome. In steel works a mix of all the different sources is normal practice. To get more 
information on the influence of the different ore resources, the blast furnace burden has been 
changed to both chrome rich and vanadium rich burden. At the same time the scrap composition 
has been changed, systematically. 

Result: 

– Chrome in the metallurgical cycle is mainly originated from ore. But there is a distinct influence 
of the scrap used, too. 

– Vanadium is only influenced by the iron ore input in the blast furnace, scrap influence is 
negligible. 

– Other heavy metals are far below the limiting values and must not further be regarded. 

The second part deals with the use of slag as fertiliser and the effects on harvested yield of crops 
and hay, the influence of chrome and vanadium on the soil, the plants and crops. To get 
informations on the long term effects of chrome and vanadium brought into agriculture by 
fertilisers from iron and steel slags, long lasting tests (partly over 50 years) have been regarded, 
too. 

 



Liming and fertilising with liming materials and fertilisers produced from blast furnace slags, BOF-
slags or ladle slags from iron and steelmaking improved the yields of experimental crops in long-
term field experiments, significantly. These yields were almost higher than those obtained after 
liming with burnt lime or carbonate limestone.  

The pH-value was increased by all used liming materials to the same extent. There is no 
difference by using milled or disintegrated BOF-slag. 

In the fifty year old trial in St. Peter phosphate fertilisation and liming had a tremendous effect on 
yields and phosphate or pH status of the soil. Continuously the highest yields were attained with 
basic slag fertilisation. Its effect on P content and pH in the soil was higher than that of rock 
phosphate.  

Analyses of chromium and vanadium contents after long-term liming showed significant increases 
in the top layer after application of converter lime. The total as well as the aqua regia extractable 
chromium and vanadium contents were enriched from the beginning of the experiment. During the 
further course of the trials the Cr and V contents mostly remained on a higher but steady level. 
Only on grassland trials there was a steady increase probably caused by sampling of undissolved 
converter lime on the soil surface.  

The highest chromium and vanadium increase was measured on the phosphate fertilising trial in 
St. Peter on grassland after 50 years of phosphate fertilisation with basic slag. In the top soil to 5 
cm depth an increase of 40-50 mg Cr/kg aqua regia soluble and total chromium was detected. The 
vanadium increase was higher with 60-70 mg V/kg of aqua regia soluble and 63-80 mg V/kg of 
total chromium.  

On most of the investigated sites the mobile chromium and vanadium fractions (NH4NO3-
extractable) were lower than 10 µg/kg Cr and V. In St. Peter the move of chromium and vanadium 
into the subsoil of grassland went not further than 25 cm depth after 47 years of annual basic slag 
application.  

In Sommerland analyses of chromium and vanadium contents after 21 years of liming showed 
significant increases in the plough layer after application of converter lime but no enrichments in 
the subsoil. 

Plant analyses of plants showed no significant differences between the chromium and vanadium 
uptake and their concentration in the soil in pot experiments. In the field tests concentration of 
chromium and vanadium in crops showed a wide deviation. Significant differences between the 
different liming treatments were detected only in two cases of chromium Microbiological activity in 
the soil was improved by liming. There were little differences between the different liming 
materials.  

All Cr VI values were below 0.30 mg kg-1 soil and although Cr VI could be detected in 
considerable amounts in basic slag fertilisers, it does not seem to be stable in the soil (apparently 
not in deeper soil layers either). 

The investigations of soil microbial biomass and selected enzyme activities (xylanase, protease, 
arylsulfatase and alkaline phosphatase) in the soil gave different results depending above all on 
the different site conditions. In the majority of cases fertilisation with basic slag and 
superphosphate did not have significant effects on these soil properties. Significantly higher 
protease activities with basic slag fertilisation occurred in Zwettl, on the other hand reduction of the 
xylanase activity in 0-20 cm was measured in this variant. 

The trace metals of main concern of this study Cr, V and Cd are investigated in different crops 
(rye, rape, spring barley, potatoes and winter wheat). Cr is near or below detection limit 

 



(< 0.035 mg kg1) in rye, rape and winter wheat. Cr in the grain of spring barley and in potatoes did 
not exhibit statistically significant differences between the investigated variants. 

V could not be measured in rye, rape, spring barley and winter wheat. In potatoes V showed the 
highest contents in the basic slag variants: especially in the highly fertilised basic slag plots 
significant higher V contents in the potato tubers occurred (2.5-3-fold) compared with the control. 
Chromium, which is to a large extent immobile, is not taken up either at high Cr contents in the 
soil. 

Finally it can be summarised, that chrome and vanadium are stable and immobile in soil. There is 
an enrichment of these elements in the top soil, e.g. the ploughed area of the soil. Both elements 
show nearly no tendency to be shifted into deeper soil, even after long lasting tests (50 years and 
more). 

The use of iron and steel slags as fertilisers has distinct effects in increasing the yield of the crops 
compared to other liming agents. There are additional hints, that the plant health will be supported 
by the use of the silicate liming materials from slags. This will be an objective in further research. 

 

 


