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Abstract

Knowledge of corrosion processes on the melt — solid boundary is very important for life time of
refractories and for refractory using design. The aim of this study was to realize and evaluate
laboratory corrosion tests of three types basic refractories used in copper refining. Influence of
the melts of CuO-Na,0.2SiO, on the magnesia, magnesia-chromite and magnesia-carbon
refractories was studied by crucible corrosion tests. The samples for the crucible corrosion test
were made up from commercially manufactured refractories. The static crucible corrosion tests
were carried out in laboratory electric resistive furnace at 1350 °C during 10 hours in air
atmosphere. The results of tests were evaluated by macroscopic, microscopic and chemical
analysis.
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1 Introduction

Knowledge of corrosion processes on the melt — solid boundary is very important for life time of
refractories and for refractory using design. This paper is aimed to experimental testing of three
types basic refractories used in copper refining. Influence of the melts of CuO-Na,0.2SiO, on
the magnesia, magnesia-chromite and magnesia-carbon refractories was studied by crucible
corrosion tests. Penetration of the melts into body of the refractories was observed. Results were
evaluated by macroscopic, micrographic and chemical analyses [1 - 9].

The effort of these experiments was to describe interactions ongoing during the contact of basic
refractories with the slag melt from the copper refining process. Perhaps the effort was also to
demonstrate the potential uses of other types of basic refractories for usage in copper metallurgy.
The substitutions for chromite-magnesia and magnesia-chromite refractories are being sought,
which would have appropriate properties for copper pyrometallurgy as well as the worn-out
lining which would not constitute a burden for environment [5 - 13]. Interactions of refractories
containing Cr,O3 with the metallurgical melts may produce compounds containing hexavalent
chromium, which, according to some literary sources, belongs to carcinogens [13 - 15], or is
harmful to health [16-18].

2 Experimental part and methods
Experimental corrosion test programme was focused on the wear modeling of the lining in the
process of pyrometallurgical copper refining in the flame furnace. Corrosion tests were
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performed as crucible corrosion tests of the three types of commercially manufactured
refractories [19]. Static corrosion test were performed by synthetic melt whose composition
characterises the slag produced with pyrometallurgical refining and corresponds to the
compound Na,0.2SiO, from the steady-state phase diagram of the system Na,0-2SiO, at the
fusion point 874 °C [20].

The chemical analysis and the selected features of investigated refractories are presented in
Table 1. Type A represents magnesia refractory, B — magnesia-chromite refractory and the
sample C presents magnesia-carbon refractory. The crucibles for corrosion test were cut out of
the refractories: sample A (74 x 76 x 76 mm), sample B (88 x 88 x 64 mm), sample C (82 x 82 x
84 mm). Subsequently, the hole was drilled in the samples, with dimensions@ 30 mm in
diameter and 30 mm in height, and then these samples were put into the laboratory dryer for 24
hours/ 110 °C.

Table1 Chemical composition and selected features of tested refractories
Chemical analysis [wt. %0]
Components Sample A Sample B Sample C
producer | verification | producer | verification | producer | verification

MgO 95 95,67 58 56,294 97 91,711
Fe,O3 1 1,34 11,5 10,15 0,6 14
Cr,04 - - 20 25,57 - -
SiO, - 0,49 2,2 1,55 - 1,28
Al,O3 - 0,28 5 3,91 - 3,67
CaO 1,4 2,18 2 2,48 - 1,92
residual C - - - - 9,5 9,85
Physical Sample A Sample B Sample C
properties producer | verification | producer | verification | producer | verification
Porosity
. [%] 20 15,3 17 16,7 5 3,3

. 2885 3035
Bulk density | L 2890 3200 3152 (min. 3071
polkg.m”] 2800) 2980)

Synthetic slag system was made up from compounds SiO, (96,5 %) and Na,CO3 proportionately
(Na,0-2Si0,) and CuO p.a.. The corrosive medium had the following composition: 25 g CuO, 4
g SiO, and 3.53 g Na,COs, which represents saturated system of CuO in the melt Na,0.2SiO,.
Corrosive medium was added to the prepared samples — “’crucible’’, first CuO and subsequently
the mixtures of chemicals SiO, and Na,COs. The samples were put into the electric resistance
furnace; they were heated to reach the temperature of the corrosion test 1350 °C with 10 hour
maintenance in the open air. After the termination of the maintenance period, the samples were
being freely cooled in the furnace.

3 Results
Crucible corrosion tests have been evaluated by the chemical and macroscopic analysis. The
samples from the corrosion test were cut to width and the cut surface served for observation of
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the infiltration depth of the corrosive medium to the body of the refractories and the chemical
composition of the body was observed in the selected layers.

3.1 Macroscopic evaluation

Macrostructures after the corrosion test are documented in Figs. 1 - 3. The infiltration depth is
statistically processed in Table 2.

Two to three infiltration zones were macroscopically observed at the cross-sections of the
samples. The first zone, so-called reaction zone, occurs in the surface layer of refractory during
the contact with the corrosive medium. The second zone represents the impregnated layer which
is penetrated by the melt CuO-Na,0.2SiO, and on macrostructure it is characterised by
discoloration of the body. Then there is the third layer and this one represents the original body
in case of magnesium and magnesia-chromite refractories and it is the external oxidised body in
case of magnesia carbon refractories.

Table 2 The average infiltration depth of the corrosive medium to the samples [mm]
Sample Zone 1 Zone 2 Zone 3
P bottom wall bottom wall bottom wall

A 2,1 0,8 8,2 17,0 16,6 -

B 3,8 4,1 15,9 11,4 6,8 4.6

C 3,2 2,1 35,7 9,4 14 8,9
Fig. 1  Macrostructure of the magnesia refractory (A) after the corrosion test with the melt

of the system CuO-Na,0.2SiO,

Fig. 2 Macrostructure of magnesia-chromite refractory (B) after the corrosion test with the

melt of the system CuO-Na,0.2SiO,
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Fig. 3 Macrostructure of magnesia-carbon refractory (C) after the corrosion test with the
melt of the system CuO-Na,0.2SiO,

From the presented figures it is obvious that during the corrosion test the penetration of the melt
CuO-Na,0.2Si0, is complete, however the residual layer of the products from the mutual
reaction of the slag and the body has been observed.

In the surface layer of the body, so-called reaction layer (zone 1), there is an increased
concentration of oxides of copper and of reaction products between the body of the refractories
and the corrosion melt. According to the visual assessment, the density of this layer is higher
than the following body zone, its thickness is from 0,8 mm (sample A) to 4,1 mm (sample B) in
the crucible walls, or at interval from 2,1 mm (sample A) to 3,8 mm (sample B) at the bottom of
the crucible.

After macroscopic evaluation of the external surface of the samples (the crucible sides) after the
crucible corrosion test it was found that during the corrosion test the corrosion melt penetrated
into the external surface of the samples.

3.2 Chemical analysis

The infiltration depth of corrosive medium components was studied by the chemical analysis of
the body at a distance of 5 mm (e.g. A-1), 20 mm (e.g. A-2) and 40 mm (e.g. A-3) from the
crucible bottom (sample). For the element analysis, within an adequate distance the samples
were drilled by the method AAS on the equipment PerkinElmer 3100. The infiltration of
elements Cu, Na and Si was observed; the obtained results are presented in Table 3.

Table 3 The element analysis of the penetrated body after the corrosion test depending on the
distance from the crucible bottom (5, 20 and 40 mm).

sample Content of elerpents [wt. %]
Cu Si Na
A-l 5,53 0,80 0.41
A2 4,03 0,41 0,12
A3 0,063 0,32 0,18
= 453 0,64 0,26
B2 1,33 0,99 012
B-3 0,33 1,26 031
C-1 0,39 0,78 0,01
C-2 0,26 0,85 0,09
= 0,32 1,10 0,095
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4 Discussion

On the samples of the basic refractories (magnesia, magnesia-chromite and magnesia-carbon
refractories) observations were made on the corrosion melt of the system CuO-Na,0.2SiO, at
1350 °C/ 10 hours by the crucible corrosion test. The obtained results demonstrate the complete
infiltration of the corrosion melts to the body of the basic refractories. In case of MgO-C
refractory, during the contact with the oxidic slag a thin layer was formed at the crucible bottom
and on the sides of crucible. During the corrosion application the new zone structure is being
created in the body of the refractories. In the surface layer (thickness about 1 to 2 mm) there is
the intensive penetration of the corrosive medium and also there are the chemical reactions with
the refractory components (MgO, or MgO-Cr,03) resulting in the formation of the relevant
compounds. The next one is the infiltrated zone impregnated by the corrosion melt and the
process of the chemical reactions is assumed to be the same as the one in the reaction zone. The
last zone presents the least corrosive body where no significant visual changes of the body has
been observed during the macroscopic evaluation of the samples.

The results of the chemical analysis of the corrosive samples proved the knowledge from the
macroscopic observation. In the magnesia sample (sample A) and the magnesia-chromite sample
(sample B) it was established that the surface layer (under the reaction zone) contains a
maximum content of copper (5.53 wt.% or 4.53 wt.%) decreasing towards the sample surface to
0.063 wt.% or 0.33 wt.%. The concentration of silicon and sodium differs in the process. In
magnesia refractory (sample A) there is a gradual decrease in the content of Si and Na in the
body of the sample. In case of the magnesia-chromite refractory a contrary process in the content
of Si and Na is possible to observe; their concentration decreases from the reaction surface
towards the external surface. This difference in composition of the penetrated body is connected
with the presence of the chromic ore in the sample B. The corrosion of magnesia-carbon
refractory (sample C) occurred in a completely different way. The content of copper in the
corrosive body has been considerably lower than in the samples A and B, while the change in
the content of silicon demonstrated the similar process as the sample of the magnesia-carbon
refractory (sample C). The biggest difference was found in the penetration of sodium into
MgO-C refractory. The measured concentrations were approximately an order-rate lower than in
MgO, or MgO-Cr,05 refractories.

On the basis of the presented results of the corrosion tests it is obvious that the corrosion
mechanism of the studied types of basic refractories by the melt of the system CuO-Na,0.2SiO,
takes place as various chemical reactions. The provided results confirm the presumptions about
the mutual reactions between the components of the basic refractories (MgO and Cr,053) as well
as the presumptions about the change of the redox conditions during the corrosion of magnesia-
carbon refractories.

5 Conclusion

In the presented contribution there is an assessment of the process of the corrosion wear of the
basic refractories by the melt of the system CuO-Na,0.2SiO2. Corrosion tests were performed
as crucible corrosion tests at 1350 °C during the period of 10 hours. The corrosion process has
been evaluated by macroscopic and chemical analyses. The obtained results indicate the
significant difference in the corrosion wear of the magnesia, magnesia-chromite and magnesia-
carbon refractories. To know the wear process of the studied systems it is inevitable to perform
further evaluations of the corrosive body as well as to know the structure of the corrosion melt
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depending on redox conditions. The given evaluation presents the primary results for
comparison of the corrosion process and they may provide the basic knowledge for substitution
of the chomite and magnesia-chromite refractories in copper metallurgy.

References

[1] V. Petkov, P.T. Jones, E. Boydens, B. Blanpain, P. Wollants: Journal of the European
Ceramic Society, Vol. 27, 2007, p. 2433-2444, DOI:10.1016/j.jeurceramsoc.2006.08.020

[2] A. Malfliet, S. Lotfian, L. Scheunis, V. Petkov, L. Pandelaers, P.T. Jones, B. Blanpain:
Journal ofthe European Ceramic Society, Vol. 34, 2014, p. 849-876.
http://dx.doi.org/10.1016/j.jeurceramsoc. 2013.10.005

[3] P. Coursol, B. Davis, A. Roy, M. Lebel: Journal of the Minerals, Metals and Materials
Society, Vol. 57, 2005, No. 7, p. 64-67, DOI: 10.1007/s11837-005-0255-2

[4] P. Vadasz, K. Tomasek, L. Rabatin: Metallurgy and Foundry engineering ,Vol. 26, 2000,
No. 1, p. 21-29

[5] M.H. Hon, Ch.Ch. Hsu, M.Ch. Wang: Materials Transactions, Vol. 49, 2008, No.1, p. 107-
113. DOI:10.2320/matertrans. MRA2007079

[6] E. Prestes, A.S.A. Chinelatto, W.S. Resende: Ceramica, Vol. 55, 2009, p. 61-66. DOI:
10.1590/S0366-69132009000100008

[71 Y.K. Kalpakli, S. Gékmen, S. Ozgen: Journal of the European Ceramic Society, Vol. 22,
2002, p. 755-759, DOI: 10.1016/S0955-2219(01)00369-7

[8] A.L.B. Silva, C.M. Queiroz, S. Agathopoulos, R.N. Correia, M.H.VV. Fernandes, J.M.
Oliveira:  Journal of Molecular  Structure, Vol. 986, 2011, p. 16-21.
DOI:10.1016/j.molstruc.2010.11.023

[9] K. Tomasek, P. Vadasz, G. Sucik, D. Medved’: Corrosion of refractories by coppers melting
slags, In.: European Metallurgical Conference, Weimar, Clausthal-Zellerfeld: GDMB, p.
139-148., 2013

[10] M. Paranthaman, K.A. David, T.B. Lindemer: Materials Research Bulletin, Vol. 32, 1997,
No. 2, p. 165-173. DOI:10.1016/S0025-5408(96)00184-5

[11]N.G Von Schmahl, J. Barthel, G.F. Eikerling: Zeitschrift fiir Anorganische und Allgemeine
Chemie, Vol. 332, 1964, p.230-267, DOI: 10.1002/zaac.19643320503

[12] A.M.M. Gadalla, J. White: Transactions of the British Ceramic Society, Vol. 63, 1964, p.
119

[13]D. Medved’, P. Vadasz, B. Plesingerova, E. Grambalova: In. V. seminar Melting Interaction
with progressive in organic materials, Borinka-Slovakia, 2014, p. 81-88, ISBN 978-80-
971648-2-9

[14]1ARC Monographs — 100C, chap. Chromium (vi) compounds, 2012, p. 147- 164, [accessed
09.08.2013](see also http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C.pdf )

[15] L. Frohlich, M. Frohlichova: Acta Metallurgica Slovaca, Vol. 10, 2004, p. 111-124

[16] Chromium CAS #7440-47-3, ATSDR, 2012, p. 1-9. [accessed 19.11.2013] (see also
http://www.atsdr.cdc.gov/ToxProfiles/tp7-c1-b.pdf)

[17]Z.z.No. 45/2002, NV SR (16.1.2002)

[18]Z.z.No. 46/2002 NV SR (16.1.2002)

[19] Catalogue Refrako, 2014 [accessed 20.9.2014] (see also
http://www.rmskosice.sk/public/media/0014/katalog.pdf

[20]F.C. Kracek: The System Sodium Oxide-Silica, Journal of Physical Chemistry, Vol. 34,
1930, p. 1583-1598, DOI: 10.1021/j150313a018

DOl 10.12776/ams.v21i1.557 p-ISSN 1335-1532
e-ISSN 1338-1156


http://dx.doi.org/10.1016/j.jeurceramsoc.%202013.10.005
http://dx.doi.org/10.1016/S0025-5408%2896%2900184-5
http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C.pdf
http://www.atsdr.cdc.gov/ToxProfiles/tp7-c1-b.pdf
http://www.rmskosice.sk/public/media/0014/katalog.pdf

Acta Metallurgica Slovaca, Vol. 21, 2015, No. 1, p. 61-67 67

Acknowledgements

This paper was supported by the Science Granting Agency of the Slovak Ministry of Education
and Slovak Academy of Sciences (grant 1/0643/11), as well as Agency of the Slovak Ministry of
Education for the EU Structural Funds (code of project ITMS 26220120038 and ITMS
26220220053.

DOl 10.12776/ams.v21i1.557 p-ISSN 1335-1532
e-ISSN 1338-1156



