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The paper describes the post–mortem characterisation of spent class AC 70/5 refractory linings from steel ladles, focuses on 
the environmental impact of their dumping, and points to possibilities of reusing material that is less degraded by corrosion. 
The degradability of the spent refractories in water is an indicator of their degree of corrosion. Therefore the crushed 
refractory bricks were leached in water and a weakly acid medium (pH = 5.95 and 4.21, respectively). The pH value, 
conductivity, redox potential and concentration of ions were measured in the leachates. New AC 70/5 material generates 
a pH value of leachates of around 8.5, while the alkalinity of leachates from spent brick material increases with the increasing 
content of lime-corroding compounds (pH = 10 - 12). Alkaline environments inhibit the release of heavy metal ions. Under 
the thin strongly corroded surface the refractory material deteriorates only slightly. When bricks are crushed, a redistribution 
of components into grainy fractions occurs. C and MgO are concentrated in the fine fraction (under 1 mm) and Al2O3 in 
the coarse fractions (1 - 2.5 mm). In view of raw material prices it is desirable to proceed further with the recovery of grainy 
Al2O3.

INTRODUCTION

	 The cost of the refractory materials for linings 
of high-temperature aggregates is growing. The main 
reasons are the increasing prices of high-quality raw ma-
terials and their import from long distances. Bricks with 
greater corrosion resistance and long-term durability 
have reduced the number of repairs of furnace linings. 
Since the requirements on refractory quality are growing 
together with an increased demand for raw materials 
continuing attention is devoted to the raw materials and 
the production technologies of refractories. Corrosion 
processes, interactions of refractories with slags, molten 
metals, glass and corrosive gases are studied intensively 
[1-7].
	 The consumption of heat-resistant ceramic mate-
rials in the steel industry is high. For example, 1.2 - 1.5 kg 
of refractory linings applied in the convertor and pouring 
ladle are needed to produce 1 ton of steel, and 5 - 15 kg 
refractories for the electric arc furnaces are needed per 
1 ton of steel [8,9]. During the production cycle about 
35 % of the refractory materials are dissolved by the mol-
ten metal and slags and the rest is landfilled or recycled 
[10]. 

	 Of course, any approach that raises the durability 
of the refractory materials saves raw material resources. 
Another possibility is the secondary utilisation of worn 
linings or their recovery, an approach that is rarely 
used in factories today, but indispensable for saving 
the raw materials in the future. In recent years a more 
comprehensive monitoring of the impact of different 
wastes on the environment and groundwater quality 
under landfills, and the escalated costs for landfilling, 
put urge metal producers to minimize the output of 
refractory wastes [11-13]. Therefore manufacturing 
companies begin to realize the potential of spent 
refractories to be recycled. Of course, if this option is 
to be used, it requires the companies to perform the 
general overhaul of the lining in close cooperation with 
the producers of refractory materials. Apart from free 
landfills, depending on the degree of degradation of the 
spent lining refractories, there are more options of their 
recycling and further use [1, 13-21]:
●	reuse for manufacturing of the new refractory bricks 

and masses;
●	use as additives to other ceramic masses and building 

materials;
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●	use as slag conditioners or fuel source (because of the 
carbon content);

●	use as back fill, landscape materials or for soil stabi-
lisation and other purposes.

	 The success of refractory materials recovery de-
pends on the technological possibilities of separating 
and cleaning the components. The mechanical proper-
ties of spent bricks, their ability to release particles and 
the degree of chemical contamination are important 
parameters, but the key factors for the realization of the 
recycling technologies are the simplicity and efficiency 
of the whole technological process and low cost.
	 The present paper deals with the spent bricks on the 
base of Al2O3–MgO–C refractory materials, which were 
applied as working linings of steel ladles. These bauxite-
based bricks with organic binder are characterized by an 
excellent resistance to molten metals, high temperature 
mechanical strength and resistance to thermal spalling 
and slag corrosion. The refractory bricks contain more 
than 5 wt. % C and smaller amounts of the fine magnesia 
and antioxidant additive. The high cost of bauxite deter-
mines the cost of refractory bricks [4, 8].
	 The aim of this study was to characterize the spent 
bauxite refractories from the ladle lining and point to the 
possibility of separating the components into different 
particle size classes and extracting alkaline impurities by 
aqueous media. 

EXPERIMENTAL

Materials

	 The bricks studied here are AC 70/5 class bricks 
which resist service temperatures of up to 1700°C. Their 
bulk density is at least 2960 kg∙m-3 and the cold crushing 
strength is 50 MPa (STN EN 12475-4 [21]). Refractory 
bricks of the class AC 70/5 containing ≥ 78 wt.% Al2O3, 
≥ 6.5 % MgO, 2.3 % SiO2, 1.2 % Fe2O3 and ≥ 5 % C is 
produced from a mix of bauxite (size fractions 0-6 mm), 

brown corundum (particle size < 0.09 mm) and MgO-
clinker (size fractions 0 - 3.15 mm).
	 The spent bricks were obtained from the lining of 
circuit “SOLP” steel ladles (after 198 casting runs), see 
Figure 1. One group of samples was prepared by crushing 
materials from the core of the spent bricks (labelled BB), 
the second from the surface (labelled BS), the removed 
corroded layer was approx. 20 mm thick. Reference 
grainy samples were prepared from new bricks (labelled 
BN). These materials were crushed to a grain size smaller 
than 2.5 mm. Part of the samples was divided into two 
size fractions (0-1 mm and 1 - 2.5 mm).
	 The measured specific surface (Quantachrome 
NOVA-1000; nitrogen gas, evaluation via the BET me-
thod), magnetic ratio (i.e. the weight faction of magnetic 
constituents, mainly metallic iron) and loss on ignition 
(1000°C/1 h) of grainy samples are shown in Table 1.
	 The chemical composition of the fractions 
0 - 1 mm, 1 - 2.5 mm and 0 - 2.5 mm, determined by the 
classical analysis methods, is shown in Table 2. Coarse-
grained samples (1 - 2.5 mm) were investigated by X-ray 
diffraction/XRD analysis (Rigaku MiniFlex 600) and the 

Figure 1.  Steel ladle with localization of AC 70/5 bricks [9] 
and spent brick.

	 a)	 b)

Table 2.  Chemical analysis of particle size fraction of spent AC 70/5 brick material after comminution. 

Samples
						     Chemical analysis (wt. %)

	 Al2O3	 SiO2	 MgO	 CaO	 Fe2O3	 Na2O	 K2O	 S	 MnO	 Cr2O3	 L.I.	 Insoluble part

BB 0-2.5 mm	 58	 3.0	 7.1	 1.3	 1.80	 0.15	 0.51	 0	 0.23	 0.05	 8.93	 16.5
BB 0-1 mm	 57	 3.0	 13.3	 1.3	 1.47	 –	 –	 –	 –	 –	 12.6	 9.00
BB 1-2.5 mm	 60	 3.7	 5.8	 1.1	 1.74	 –	 –	 –	 –	 –	 4.75	 17.4
BS 0-2.5 mm	 52	 3.3	 6.4	 10.5	 3.74	 0.30	 1.23	 0	 0.21	 0.20	 6..43	 13.2
BB – from the core; BS – from the surface layer; L.I. – Loss on ignition

Table 1.  Basic characteristic of samples obtained by crushing spent AC 70/5 bricks. 

Sample from
	  Label	 Magnetic ratio	 Loss on ignition L.I.	 Colour change	 Specific surface area (Sa)

		  (wt. %)	 (wt. %)	 after ignition	 (m2∙g-1)

core 0-2.5 mm	 BB	 0-2	 8.79	 black → light grey 	 2.10
surface 0-2.5 mm	 BS	 6-22	 5.35	 black → grey	 2.05
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XRD records shown in Figure 2 were evaluated using 
the qualitative analysis software PDXL 2 and the ICCD 
mineral and ceramics database (Table 3). The grains in 
the brick fractions were investigated by EDS (Jeol JSM 
7000F with analytic systems EDX and EBSD) after 
coating with carbon (Table 4). 

Leaching test

	 The samples were leached in deionized water 
(pH = 5.95 ± 0.05 (conductivity σ = 2 - 3 μS∙cm-1; oxi-
dation/reduction potential – ORP = 100 mV) and/or 
in weak acid solution (pH = 4.21 ± 0.05; conductivity 
18 - 20 μS∙cm–1; ORP = 245 mV at 20°C). The acid 
solution was prepared from dilute solution of sulphuric 
acid/nitric acid mix (weight ratio 6:4). The conditions 
of the leaching batch test are based on internationally 
recommended methods [22, 23]. The batch tests were 
carried out with liquid-to-solid ratios (L : S) = 10 at room 

temperature. The liquid medium (50 ml) was added to 
5 g of the dry samples with defined size fractions into 
PE-bottles. The PE-bottles were stirred on a rotator 
(Multi RS-60 Biosan) at 15 rpm during the tests. During 
leaching the pH value,  conductivity (s) and ORP were 
measured (Digital pH/ORP/D.O.Multi-9310, Cond 311 
SET2). After filtration of the leachates the concentra-
tions of ions were measured by inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES/iCAP 
6000 Series). The tests were repeated 3 - 5 times and 
average values are shown in Tables 5 and 7 and Figures 
3 and 4.

RESULTS

Characterisation of
spent refractory AC 70/5

	 The AC 70/5 bricks are applied without bonding 
mortar in the steel ladle. The infiltration of the slag into 
the corroded layer is several millimetres in depth. Cracks 
between the corroded surface layer and the less damaged 
brick core made the separation of layer from core bricks 
easier (see Figure 1). The sample from the surface (BS), 
strongly corroded by the molten metal and slag, contains 
magnetic components and shows a lower loss on igni-
tion (Table 1). The colour and weight changes point to 
a content of carbon in the samples. 
	 It should be mentioned that ductile particles (iron) 
larger than 2.5 mm have been excluded from the samples 
for the chemical analysis and subsequent leaching tests. 
	 The results of the chemical analysis of BB and BS 
samples are shown in Table 2, which lists the values of the 
insoluble residues. It can be assumed that these residues 
mainly consist mainly of the thermally and chemically 
resistant Al2O3. The differences in contents of CaO and 
K2O between BS and BB samples confirm the strong 
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Figure 2.  XRD pattern of coarse-grained sample from the AC 
70/5 bricks.

Table 3.  Phase proportion of corundum, graphite and MA-spinel in AC 70/5 brick material.

Phase name
		                                           Content (%)

	 BN 1-2.5 mm	 BB 1-2.5 mm	 BB 0-2.5 mm	 BS 1-2.5 mm

Alpha Al2O3 /	 65/74	 62-73	 50-55	 (55-63)
Graphite, C 	 10-13	 8-10	 15-17	 8-9
Periclase, MgO	 (9)	 (13)	 (13-16)	 (8-10)
Spinel, MgAl2O4	 4-6	 9-11	 16-18	 18-20
Al antioxidant and TiO, TiO2	 (>2)	 (2)	 (2)	 (>1)

Table 4.  Approximate content of elements in corundum grains from fraction of 1-2.5 mm (EDS – analysis/average values from 
at least 4 grains).  

Samples
					          Content of elements (wt. %)

	 Al	 (Si)	 Mg	 Ca	 Fe	 Na	 K	 S	 Ti	 O

BN 	 47,2	 (2.0)	 <0.05	 0,2	 0,6	 <0.1	 0.4	 0	 3,4	 44,5
BB 	 47.0	 (2.5)	   0.8	 0.8	 0.8	   0.2	 0.7	 0	 2.3	 44.8
BS 	 48.0	 (2.5)	   0.5	 1.28	 0.7	   0.3	 0.7	 0	 1.4	 43.4
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corrosion of the surface layer (BS). The brick cores 
(BB) have a much smaller content of CaO and higher 
contents of Al2O3 and combustible constituents (carbon). 
Comparing the content of the elements (oxides) in the 
fractions of the BB samples, a redistribution of Al2O3, 
MgO and combustible constituents (carbon) can be seen. 
The carbon and MgO are very fine and therefore they 
accumulated in the size class 0 - 1 mm. The weight ratio 
of fractions 0 - 1 mm and 1 - 2.5 mm was approximately 
50:50. 
	 The XRD pattern and phase analyses of coarse-
grained (1-2.5 mm) BN, BB and BS samples confirm the 
dominant content of corundum and graphite (Figure 2). 
Beside the phases of corundum and graphite, also peri-
clase and MA-spinel and traces of TiO/TiO2 and Al 
were detected (Table 3). The contents of MA-spinel in 
the sample increase in the order BN (1 - 2.5 mm) < BB 
(1 - 2.5 mm) < BB (0 - 2.5 mm) < BS (1 - 2.5 mm).
	 Results of elemental analysis (via EDS) of several 
particles from the 1 - 2.5 mm fractions of BN, BB and 
BS samples, respectively, confirmed that Al2O3 grains of 
high purity are dominating. The average composition of 
the Al2O3 grains is listed in Table 4. Grains with a higher 
content of MgO were identified only exceptionally, and 
their composition was more variable than that of the 
Al2O3 grains. For comparison, also the analysis of MgO 
grains from the BS sample is given: 16 % Al: (1 % Si): 
36 % Mg: 6% Ca: 0.5 Fe: 40 wt. % O, and traces of 
Na, K and Ti.  Since the samples for EDS analyses were 
polished with SiC powder without water and then coated 
with carbon, carbon is not included in the evaluations. 

Stability of spent AC 70/5 refractories
in aqueous media

	 The extraction of elements from the grainy samples 
(Table 1) has been carried out in a setup of batch 
leaching tests with deionized water (pH = 5.95) and 
weak acid solution (pH = 4.21) in the ratio L:S = 10. 
The extractability of components is one indicator of the 
degree of corrosion of the spent refractories. 

One-stage batch leaching test in de-ionized
water and weak acid water

	 The changes of conductivity and pH value in the 
leachates during continuous leaching are given Figure 3. 
The conductivity of the extracts from of the unused brick 

(BN) and the core of the worn brick (BB) are comparable 
and increase with the leaching time only slightly. Unlike 
that, the conductivity and also pH in the leachates from 
the brick surface (BS) increase very significantly at the 
beginning, but after 2 h the values approach a limit value 
asymptotically. The conductivity correlates well with the 
concentration of ions in the solution (Table 5, Figure 3). 
The differences between the leachates obtained from 
samples BB and BS are large, as a consequence of the 
aggressive effect on the refractory bricks by the corrosive 
metal melt at the service temperature (about 1500°C). 
	 In Table 5 the average values of ion concentrations 
in the leachates of the de–ionized water (initial 
pH = 5.95) and weak acid solution (initial pH = 4.21) 
after 24 h are compared. Since the leached components 
eliminate the difference of the initial pH of de–ionized 
water and weak acid solution quickly, the difference in 
the concentrations is relatively small. It seems that the 
sodium and potassium ions are released into the weak 
acid slightly more efficiently. The presence of sulphur 
ions in the extract confirms the content sulphates in the 
spent bricks.
	 The high concentrations of Al3+ and Ca2+ ions in the 
leachates from BS samples point to the deterioration of 
the surface by Ca-containing slag. It is likely that the 
strong alkaline leachates (pH ~12) are already saturated 
with the ions. For this reason, further tests with the 
alternative media were made.
	 The Pb, Cu, and Cr ions have neither been detec- 
ted in the de-ionized water nor in the weak acid solution, 
Zn ions were only observed in concentration less than 
0.05 mg∙l-1. 
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Figure 3.  Changes of conductivity and pH in leachates with 
leaching time; samples of AC 70/5 refractory: BN – unused 
bricks, BB – core of spent brick, BS – surface of spent brick 
(leaching condition: de-ionised water with initial pH = 5.95).

Table 5.  Concentration ions in leachates after 24 h of leaching.

Samples
				   Concentration of elements in leachates (mg∙l-1)				  

pH
	 Al3+	 Si4+	 Mg2+	 Ca2+	 Fe+2/+3	 Na+	 K+	 S-ion	 Zn2+

BB – W	 10.9	 0.47	 1.96	 15.6	 0.07	 0.56	 2.16	 1.08	 0.04	 10.08
BB – A	 11.3	 0.43	 1.17	 19.6	 0.37	 1.98	 3.28	 1.19	 0.04	 9.42
BS – W	 436	 1.00	 0.40	 246	 0.02	 0.91	 2.97	 1.01	 0.04	 11.85
BS – A 	 419	 0.24	 0.23	 232	 0.09	 3.82	 4.35	 1.39	 0.05	 11.50
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	 In order to confirm whether Pb, Cu, Zn and Cr ions 
can be extracted from the spent AC 70/5 bricks, leaching 
tests with strong acid solution (H2SO4 and HNO3 in the 
ratio 6:4) with initial pH = 1 were carried out. The results 
listed in Table 6 indicate that the elements released from 
the bricks are able to push the pH to 3.77 and 4.55 for 
samples BB and BS, respectively, during 1 hour of 
leaching. Under these conditions elevated contents of Fe, 
Zn and Cu ions in the leachates were indeed measured, 
but the Pb and Cr contents are still negligible.

Differences in the composition of coarse
and fine particle size of samples

from the spent brick core

	 The small degree of penetration of the slag elements 
into the brick core (BB-sample in Table 2 and Figure 2) 
initiated a study of the redistribution of the elements 
into classes. The particle size fractions below and above 
1 mm were analysed in greater detail. The observed 
differences in the leachate of the fine and coarse grain 
classes are listed in Figure 4 and Table 7. The samples 
were repeatedly leached in the weak acid medium 
(pH = 4.21). 
	 After replacing the medium by a fresh one, the 
alkalinity of the leachates increases repeatedly and the 
pH converges to the value obtained in the 1st cycle. In 
the case of the fine BB samples, the pH is about 1 degree 
higher than in the coarse samples and the conductivity 
is more than 3 times higher (Figure 4a). In the case of 
BS samples from the corroded surface, the pH values of 
leachates are comparable (11.5 - 12). 

	 The conductivity reflects the concentration of all 
ions in the leachate (Table 7). Preferentially, the Na+, 
K+ and Sx ions are extracted from both the fine and the 
coarse samples. Their concentration in the leachates 
decreases with the number of leaching cycles. The Al3+, 
Si4+ and  Ca2+ content in the leachates depends on the 
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and coarse grainy samples a) BB and b) BS; medium: weak 
acid solution (initial pH = 4.21), replaced by a fresh solution 
after each leaching.
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Table 6.  Concentration ions in leachates after 1 h of leaching 
(acid medium with initial pH = 1).

Samples
	      Concentration of ions in leachate (mg∙l-1)	

pH
	 Cu	 Zn	 Cr	 Pb	 Fe

BB	 0.35	 11.3	 0.00	 0.00	 98.2	 3.70
BS	 0.68	 3.30	 0.05	 0.00	 108	 4.55

Table 7.  Concentration ions in leachates from fine and coarse fractions of BB a BS at the end of leaching cycles; replacement of 
medium – weak acid solution (pH = 4.21; content of S in initial solution = 0.5 mg∙l-1). 

Samples
				   Concentration of elements in leachate (mg∙l-1)			 

pH
	 Al3+	 Si4+	 Mg2+	 Ca2+	 Fex+	 Na+	 K+	 Sx±	 Zn2+

BB 0-1 mm/1h	 13.3	 1.85	 2.77	 31.7	 0.07	 2.48	 2.16	 3.62	 0.15	 9.90
BB 0-1 mm/1-24h	 34.8	 2.77	 1.48	 47.2	 0.15	 0.51	 1.51	 1.61	 0.25	 10.76
BB 1-2.5 mm/1 h	 5.35	 0.84	 2.63	 51.8	 0.13	 1.32	 0.96	 1.62	 0.07	 8.80
BB 1-2.5 mm/1-24h	 6.89	 0.72	 2.10	 7.39	 0.10	 0.32	 0.82	 1.05	 0.08	 9.83
BS 0-1 mm/1 h	 88	 1.75	 0.39	 163	 0.02	 7.10	 4.42	 2.66	 0.24	 11.66
BS 0-1 mm/1-2 h	 100	 1.71	 0.69	 139	 0.05	 2.22	 0.6	 2.11	 0.39	 11.55
BS 0-1 mm/2-24 h	 106	 3.56	 0.09	 329	 0.01	 3.20	 1.11	 3.15	 0.03	 12.00
BS 1-2.5 mm/1 h	 17.5	 0.79	 1.00	 24.5	 0.10	 2.11	 1.08	 1.51	 0.13	 10.38
BS 1-2.5 mm/1-2 h	 20.4	 0.55	 0.92	 24.1	 0.05	 1.01	 0.22	 0.98	 0.33	 11.39
BS 1-2.5 mm/2-24h	 113	 1.71	 0.67	 145	 0.10	 1.86	 0.89	 2.55	 0.12	 11.45
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degree of the material deterioration by corrosion, the 
composition of grainy class, on the leaching time and on 
the pH of the solution established during the leaching. 

DISCUSSION

Behaviour of spent corundum-carbon 
refractories as landfilled

	 The specific surface of the tested grainy samples 
(0 - 2.5 mm) is not determined in this case of leaching, 
because the fine carbon particles are responsible for 
higher value of the surface area (Table 1). 
	 The chemical analysis of the leachates from the 
AC 70/5 bricks confirmed that the primary materials 
have a tendency to move permanently the neutral and 
weak acidic water into the alkaline region (pH approxi-
mately 8.5). 
	 Corrosion products in the thin surface layer of re-
fractory bricks promote the high concentrations of Ca2+ 
and Al3+ ions in the extracts from BS samples (Tables 5 
and 7). The shift of pH to the alkaline region (11 - 12) 
is due to the high concentration of Ca 2+ ions, which is 
incomparably higher than that of Na+ and K+ ions. It 
should be noted that a saturated solution of Ca(OH)2 
generates a pH of 12.7 [24]. The corrosive sodium 
and potassium compounds are soluble in water and are 
preferentially washed out.
	 Elevated concentrations of the monitored heavy 
metals (Pb, Cu, Cr) were not detected in the alkaline 
leachates. The concentrations of Fe and heavy metal ions 
were low both in the neutral and alkaline leachates [24]. 
However, if the samples are leached in the extremely 
acidic medium (pH = 1), the pH moved to only 3.5 - 4.5 
during the first hour of leaching and higher concentra-
tions of Cu2+

, Zn2+ and Fe2/3+ were measured (Table 6). 
	 Strongly alkaline solutions are corrosive to sili-
cates and aluminosilicates and the slag compounds 
(Al–Si–O) and Al2O3 – refractory materials will be attac-
ked under such conditions. There is mutual influence 
in the multi-component solution and a possibility of co-
precipitation. A precipitation process depends on several 
conditions, mainly the concentration of admixtures, the 
pH established and the temperature. During leaching, 
when the medium (Table 7) was replaced, the redox 
reduction potential of the leachates fluctuated from –60 
to 30 mV (t = 20°C). For the measured concentration of 
Al3+ = 100 mg∙l-1; Ca2+ = 148 mg∙l-1, Si4+ = 1.4 mg∙l-1, 
Sx = 1.6 mg∙l-1 and Mg2+ = 2.4 mg∙l-1, pH values in the 
range 10 - 12 and E = (–60 to 30) mV the precipitation 
of calcium-alumina-silicate hydrates precipitation has 
been predicted (calculated by HSC software [25]). 
The precipitation processes are highly complicated. In 
particular, the presence of CO3

2– in water will promote 
the precipitation of hydrogen–carbonates. Slightly alka-
line pH prevents the release of the heavy metals into the 
solution.

Recovery of spent
AC 70/5 refractory

	 To recover the corundum material from the AC 70/5 
refractory after the use requires crushing the spent bricks 
to particles size corresponding to the input granularity 
of the Al2O3 material. An advantage is that the most 
severely damaged parts (at the brick surface) have 
different mechanical and magnetic properties and are 
therefore easy to separate from the rest. 
	 The fractions obtained by crushing showed that 
carbon and MgO accumulate in the small size fraction 
(< 0.1 mm) and the Al2O3 accumulate in the large size 
fraction (1 - 2.5 mm), Table 1. 
	 The corroded surface has a composition close to 
the slag conditioners and a higher content of Fe. The 
presence of Fe-compounds is advantageous from the 
viewpoint of magnetic properties, while the carbon 
contained can act as heat source (Table 2). 
	 X-ray diffraction analysis showed the differences 
in the phase composition of the 1 - 2.5 mm fractions 
of BN, BB and BS samples, respectively (Figure 2). 
The comparison of the phase contents listed in Table 3 
indicates a higher amount of spinel (MgAl2O4) in the spent 
bricks, as a result of the high-temperature of the bauxite 
components with fine MgO in the refractory mix. The 
detected phases are in accordance with results of other 
authors [4] work, who studied the high–temperature 
processes in Al2O3–MgO–C refractory, including the 
changes in the chemical and phase composition. 
	 The EDX pilot analyses of grains > 1 mm point to 
the purity of the dominant corundum grains (Table 4). 
The chemical analyses and the leaching tests with grainy 
samples from the spent bricks in the aqueous medium 
have shown a low degree of degradation in the brick core 
material. The Na- and K- content can be eliminated by 
washing (Tables 7 and 8) and the carbon can be removed 
by combustion of the grainy sample.
	 Utilization of the Al2O3-rich fraction depends on 
the phase and chemical composition, the impurities, 
the thermal stability of the contaminations, the density, 
shape and size of the particles. 

CONCLUSIONS

	 The spent AC 70/5 bricks from steel ladle linings 
are strongly corroded on the working surface. The Ca2+ 
content is high in the thin surface layer. A low amount 
of Na-, K- and S-compounds is present in the core and 
surface of the spent bricks. 
	 AC 70/5 refractory material from new, unused brick 
keeps the pH value in the leachate at approximately 8.7. 
The spent refractories that have undergone corrosion 
have a higher capacity to shift the pH into the alkaline 
region (11.5-12). The pH shifts into the alkaline region 
mainly because of the high concentration of Ca2+ ions 



Post-mortem characterisation of alumina-C refractory bricks with organic bond from steel production: potentiality of Al2O3

Ceramics – Silikáty  61 (3) 223-230 (2017)	 229

in the Ca–Al–Si–O corrosion products, from where they 
are released, along with the Al3+, during the leaching. The 
pH controls the solubility of the solids, the dissolution 
of heavy metals being strongly inhibited in the alkaline 
region. The leaching tests confirm that landfilling 
AC  70/5 spent refractory materials will not have any 
negative impact on the pollution of groundwater with 
toxic metals and also that the material under the thin 
corroded surface layer is not damaged too much.
	 In case of the recovery of the parts of the spent 
brick, firstly, the most corroded parts of the bricks 
must be mechanically separated during the demolition 
process. The advantage is that the bricks are not bonded 
with binder any more. The components redistribute into 
coarse and fine fractions during the disintegration. The 
Al2O3 are concentrated in the coarse fraction (1 - 2.5 mm). 
The sodium and potassium contained in this fraction 
can be reduced partially by washing with water. On the 
other hand, the fine fraction contains more combustible 
carbon. 
	 The simplicity and efficiency of the treatment pro-
cesses which lead to the recovery of the specific property 
fraction and the low costs are determining factors for the 
possible realization of this kind of material recycling. 
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