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Features of an electrothermal unit periclase-chromite lining operation during treatment of lead- and zinc-con-
taining products are studied. It is established that during operation a refractory lining is subjected to erosive
and corrosive wear. The nature and degree of refractory breakdown depends on its location within elements of
an electrothermal unit. Greatest wear occurs for a refractory lining in a smelting furnace roof and slag belt.
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INTRODUCTION

The main methods for processing lead raw material in
Kazakhstan nonferrous metallurgy are pyrometallurgical:
shaft reduction melting of agglomerate, reaction melting on
hearths, and reduction reaction melting in an electric fur-
naces. Processing lead raw material concerns reduction-reac-
tion melting in electrothermal units. This method is used to
process lead concentrate, copper dross, metallurgical dust,
and including silver foam [1 —4].

The aim of this work is to study features of service and
corrosion of periclase-chromite refractories in an electro-
thermal unit for processing silver foam in the OA Kaztsink
Lead Plant.

EXPERIMENTAL PART

An electrothermal unit, processing silver foam, consists
of individual elements: melting furnace, zinc vapor con-
denser, and a dust catching unit (Fig. 1). The main elements
of the electrothermal system for processing silver foam is a
three-clectrode furnace of round construction. The internal
elements of the electric furnaces (roof, walls, and hearth) and
condenser lining are of periclase-chromite refractory compo-
sition. Condenser dust and gases enter an inertia dust catcher,
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fitted with an explosion-proof valve, and then into bag fil-
ters. The furnace and condenser operate under pressure, con-
trolled automatically.

The silver foam melting process is carried out in an elec-
tric furnace in a reducing atmosphere at 1000 — 1200°C. The
temperature of the vapor and gas mixture beneath the roof is
1000 — 1250°C, in the short gas conduit it is 950°C, and in
the condenser it is 650 — 700°C.

Processing of silver foam includes zinc distillation with
condensation as liquid metal, and preparation of silver-con-
taining lead. At the end of melting silvery lead enters through
a siphon into a mold and is sent for cupellation.

Fig. 1. Electrothermal unit processing silver foam: /) melting fur-
nace; 2 ) condenser; 3 ) dust catching unit.
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Slag thickens as impurities accumulate, and it is replaced
by new slag. Together with furnace heating the condenser is
heated with cooling gases at a temperature of 700°C. As lig-
uid zinc of the zinc bath melts a stirrer in installed in the con-
denser for sprinkling metal. The stirrer rotation frequency is
500 — 900 rpm. The temperature of zinc in the siphon dish is
550 — 600°C. Zinc is poured out into blocks and sent for zinc
refining in the smelting workshop.
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Thus, the inner surface of a refractory lining is in contact
with corrosive molten metal and slag under action of high
temperature and a reducing atmosphere. Service conditions
for individual lining elements differ significantly from each
other and depend on refractory location. The greatest refrac-
tory breakdown is observed in the slag belt and the roof of an
electric furnace close to electrodes, whose lining replace-
ment is carried out after each 1.5 —2 months, and this
destabilizes installation operation as a whole.

TABLE 1. Refractory Chemical Composition after Service in Electrothermal Unit, wt.%

Collection area Zone SiO, Fe,04 Al,O4 Cr,04 CaO MgO Na,O Pb Zn
Refractory before service 6.50 8.10 11.90 26.90 1.80 44.80 — — —
Furnace arch Working 8.32 7.24 10.45 23.40 4.86 36.41 2.87 0.40 5.45

Transition 7.56 8.96 11.63 23.84 3.42 37.98 2.75 0.32 3.74
Little changed 8.58 7.42 12.00 25.22 1.45 40.82 0.68 0.22 3.41
Furnace slag belt Working crust 10.38 3.37 8.04 23.84 16.71 21.34 7.55 4.32 4.45
Working 13.36 6.85 8.48 19.37 15.74 20.42 7.37 4.25 4.16
Transition 8.22 5.90 10.70 20.64 8.55 34.25 5.37 1.52 4.90
Little changed 7.15 7.69 11.20 24.70 6.27 34.33 3.50 1.10 4.13
Condenser Working 5.16 5.25 9.12 16.62 2.28 38.82 1.12 0.72 2391
Transition 5.50 2.47 9.08 14.67 1.71 42.50 1.75 1.27 21.05
Little changed 5.81 7.53 10.34 25.70 1.53 43.81 0.35 0.52 7.45

TABLE 2. Periclase-Chromite Refractory Sample Structure and Phase Composition after Service in Electrothermal Unit

Zone

Refractory sample macrostructure for zone

Sample phase composition from microscope
and x-ray phase analysis data

Refractory before service Dark brown color specimen, different grain size structurePericlase, chrome spinelid, secondary spinels, forsterite,

Working Thickness — 15 mm, brown color, cracked, different
grain size, coarsely-crystalline structure

Transition Thickness — 30 mm, brown color, different grain size
structure

Little changed Externally no different from refractory before service,

merwinite

Electric furnace arch

brown color, different grain size structure

Working with crust
structure, icicle formation observed

Transition Dark brown color, semicrystalline structure

Little changed Dark brown color, semicrystalline structure

Working Zone comprises 10 mm, with surface at 2 — 3 mm zone
has yellow shading

Transition

size structure

Thickness 5 — 15 mm, brown color, different grain size

Chrome spinelid, periclase, secondary spinels,
CaMgSiO,, Na,0-2MgO-6Si0,, glass, and zinc metal

Chrome spinelid, periclase with secondary spinel precip-
itates, Fe;0,, Na,0-2Mg0-6Si0,

Periclase, chrome spinelid, secondary spinels, forsterite,
brownmillerite

Slag belt

Chrome spinelid, (Mg,Zn)O, ZnO, -Ca,SiO,4, Zn and Pb
metals, slag minerals — Na,0-Ca0O-SiO,

Chrome spinelid, periclase, secondary spinels, ZnAl,O,,
CaMgSiO,, ZnO, Zn and Pb metals

Chrome spinelid, periclase, secondary spinels, ZnAl,O,,
CaMgSiO,, ZnO, Zn metal

Condenser

Chrome spinelid, periclase, secondary spinels, Mg,SiO,,
CaMgSiO,, ZnO (much), Fe;0,, Zn metal

Zone comprises 15 — 20 mm, brown color different grain Chrome spinelid, periclase, secondary spinels (a little)
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Fig. 2. Periclase-chromite refractory microstructure before service:
1) periclase; 2) chrome spinelid; 3) silicates; pores are dark. Re-
flected light. x150.

Fig. 3. Refractory working zone microstructure after operation in
electric furnace arch: 1) periclase; 2) changed chrome spinelid;
3) secondary spinels; pores are dark. Reflected light. x210.

At the time of selecting a refractory lining sample from
an electrothermal unit, processing silver foam, it was made
from periclase-chromite refractory with the following prop-
erty indices: ultimate strength in compression 21 — 23 MPa,
open porosity 22 —25%, temperature for the start of defor-
mation under load 1530°C, thermal shock resistance 2 —3
thermal cycles, containing 25.8% Cr,03, 44.7% MgO, and
6.6% SiO,.

Chemical and mineral compositions of periclase-chro-
mite refractory from an electrothermal unit lining were stud-
ied using chemical, microscopic, and x-ray structural analy-
ses methods (Tables 1, 2).

The main refractory minerals before service are periclase
and chrome spinelid with a typical collection of lines for
them in a diffraction pattern (periclase — (2.43, 2.11,
1.49) x 10-! nm; chrome spinelid — (4.84, 2.61, 2.51,
2.08) x 10! nm), and usual optical properties. Within the re-
fractory structure before service there are also secondary spi-
nels of complex composition and silicates (merwinite, for-
sterite). Aggregates formed from grains of the main periclase
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and chrome spinelid phases are cemented with a fine-grained
mix of complex composition. Refractory structure has a vari-
able grain size and is quite porous (Fig. 2).

In order to study wear features of periclase-chromite re-
fractory samples were collected from different elements of
the electrothermal unit: melting furnace (roof and slag belt),
and condenser. Samples of periclase-chromite refractory af-
ter service were also studied by means of chemical, micro-
scopic, and

X-ray structural methods of analysis. The chemical com-
position and structure-phase changes occurring within
periclase-chromite refractory after service are provided in
Tables 1 and 2.

Research results showed that during service refractory
experiences significant chemical and mineralogical changes.
A considerable amount of nonferrous metals and slag com-
ponents are introduced into the composition, reacting selec-
tively with refractory minerals with new phase formation,
which leads to lining corrosion-erosion breakdown.

DISCUSSION OF RESULTS

Features of Structure and Phases Changes
of Periclase-Chromite Refractory After Service
in an Electric Furnace

Electric Furnace Roof

A sample was collected in the area roof directly in con-
tact with electrodes. Crack formation was noted as a result of
action of high temperature and development of significant
thermal stresses within a refractory lining of the brick se-
lected after service. Zone formation is clearly observed.
Three zones are separated visually within refractory after
service in the furnace roof: working, transition, and little
changed.

Working zone. Thickness ~15 mm, color dark brown,
dense structure, and 8% open porosity. Compaction of the re-
fractory structure after service occurs as a result of action of
high heater temperature and additional sintering of the re-
fractory mix.

There are significant phase changes within the zone,
caused by action of high temperature and gaseous CO. As a
result of migration of 3-valent cations from the chrome
spinelid composition, there is a reduction in the amount of
these elements within the working zone (see Table 1). The
main refractory mix is aggregates of periclase and broken
chrome spinelid grains, cemented with silicate binder, con-
sisting of forsterite, monticellite, and secondary spinels of
complex composition (Mg,Fe)O-Al,O5, formed by reaction
of periclase with chrome spinelid components (Fig. 3). The
refractive index established for secondary spinels is about
1.8. Single grains of Na,0-MgO-6SiO, and zinc metal are
noted.

The transition zone is represented by a specimen of
light-brown color. Structural elements are aggregates of
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Fig. 4. Refractory microstructure after service in slag belt. Zone: a) working skin; b) working; c) transition; d) little changed; /) periclase;
2 ) changed chrome spinelid; 3 ) secondary spinel; 4 ) Na,0-CaO-SiO,; 5) (Mg,Zn)O solid solution; 6 ) Zn; 7) Pb; 8 ) ZnAl,O, gahnite; pores are

dark. Reflected light. x210.

coarse cracked grains of chrome spinelid and periclase, im-
pregnated with secondary spinel precipitates of complex
composition. Within chrome spinelid grains there are inclu-
sions with a clear reflecting capacity, exhibiting magnetic
properties and related to magnetite Fe;O,4. The role of binder
is fulfilled by fine grains of periclase and silicates: Mg,SiO,4
is an anisotropic phase, optically biaxial, and negative with
N, =1670; N, =1.640 and Na,0-2Mg0O-6Si0, — colorless,
and monoclinic with N, = 1.56.

The little changed zone is macroscopically represented
by lumps of dark color with a brown shading, and 20% po-
rosity, which is somewhat lower than for refractory before
service, and this is a result of some compaction of the refrac-
tory structure as a result of sintering under action of tempera-
ture in a reducing atmosphere.

The phase composition is represented by refractory min-
erals before service. Periclase and chrome spinelid are pres-
ent in approximately equal amounts. Grains of chrome
spinelid are coarse (<1 mm), cracked, and experiencing some
changes. The binder, fastening periclase and chrome spinelid
is of complex composition. It is represented by forsterite
Mg,SiO,4, secondary spinel of green-brown color with
N=184-185, a small amount of brownmillerite

Ca,Al Fe, 0, of brownish-red color with pleochroism and
N=2.

Electric Furnace Slag Belt

A refractory sample was collected in the area of direct
contact of slag with lining. Visually the refractory is sepa-
rated into four zones: working crust, working, transition, and
little changed (Fig. 4).

The working crust is a specimen of dark color with a size
of 5— 15 mm with a different size grain dense structure, and
open porosity of this refractory zone was 4%. Areas were ob-
served with icicle-like formations. The main crust phase is a
slag component, whose presence is confirmed by a collection
of lines typical for it in a diffraction pattern Na,O-CaO-SiO,
((3.70, 2.65, 2.16, 1.88, 1.53) x 10~! nm). This is a colorless
phase with refractive index N = 1.600 — 1.615 (Fig. 4a).

Periclase is represented by a solid solution (Mg,Zn)O
((2.169, 1.49) x 10-! nm), and its content in a sample is
20 —25% (Fig. 4a). Chrome spinelid is not distributed uni-
formly within the sample structure, but concentrated in indi-
vidual areas. Grains are porous, cracked, and coarse (up to



234

A. A. Biryukova, T. A. Tikhonova, and A. V. Boronina

Fig. 5. Refractory microstructure after service in condenser: a) working; b) transition with little changed zone; /) periclase; 2) changed
chrome-spinelid; 3) ZnO; 4) Zn; 5 ) Fe;0,4; pores are dark. Reflected light. x210.

800 um). ZnO, B-Ca,Si0,, and metal phases, i.e., zinc and
lead, are present in small amounts (see Table 2).

The working zone is dark in color with grains of different
size and dense structure, and 10% open porosity. The main
mass comprises cracked grains of chrome spinelid with a
size of ~1 mm (Fig. 4b). Within a sample about 20% of
periclase is present in the form of solid solution with zinc.
These two phases are cemented by silicate binder of larnite
-Ca,Si0O, with a collection of lines for it in a diffraction pat-
tern ((3.83, 2.87, 2.78, 2.74, 2.60, 2.28) x 10! nm) and
glass. Presence of zinc oxide inclusions, secondary spinels,
and zinc metal is established.

It is apparent that significant refractory wear in contact
with molten slag may be explained by its penetration though
binder pores into the depth of refractory where there is reac-
tion of slag components (Na,O, CaO, SiO,) transformed
anew into melt composition, increasing is viscosity. More re-
fractory newly formed Ca,SiO, phase remains within the re-
fractory.

Proof of the occurrence of these processes may be a re-
duction in MgO and Cr,0O; content and levelling of the
amount of SiO, and CaO within samples (see Table 1).

The transition zone is a sample of dark color, different
grain size, with open porosity ~8%. The main structural ele-
ments are aggregates consisting of grains of cracked chrome
spinelid and periclase with increased refractive index
N = 1.835—1.840 as a result of entry of zinc into its compo-
sition (Fig. 4¢ ). The amount of this periclase within a sample
is 25 —30%. A small amount of original colorless periclase
with normal optical constants is also present. In addition,
within a sample of the transition zone there are monticellite,
spinel phase, gahnite ZnAl,0, (2.86, 2.44, 1.43) x 10! nm)
of cubic syngony, crystals of octahedral habit and isotropic
with N = 1.8, secondary spinel (N = 2), glass, and zinc and
lead metal.

The little changed zone is dark in color, more porous
than the preceding zone, and open porosity is 12%. The main
phases are cracked deformed grains of chrome spinelid and

periclase (Fig. 4d). In transmitted light presence has been es-
tablished of two forms of spinel, i.e., yellow-brown (N = 2)
and bluish color (N~ 1.8), classified as gahnite ~ ZnAl,O,
((2.86, 2.44, 1.43) x 10! nm). Presence of periclase with in-
clusions of zinc metal from spots to beads with a size up to
30 um was established. Within a sample there is up to 3.5%
monticellite and a little glass.

Features of Structure and Phase Changes
of Periclase-Chromite Refractory After Service
in a Condenser

Condenser

A sample, collected from the condenser roof lining is
represented by a specimen dark in color with a yellowish
shade at the surface. Two zones are separated within it, i.c.,
working and transition with little changed.

The working zone, being a result of refractory contact
with zinc vapor, has open porosity ~18%. From results of
chemical analysis within it there is a significant amount (up
to 25%) of zinc. In studying a microsection in microscope re-
flected light it was established that the main phases are
periclase of irregular and rarely round shape, and coarse
grains of chrome spinelid (Fig. 5a), cemented by a binder
mix consisting of ZnO ((2.82, 2.60, 2.48) x 10! nm) of hex-
agonal syngony, glass with N~ 1.510—1.515, spinel of
red-brown color, and individual forsterite grains. Also de-
tected was 5—7% zinc metal. Sometimes within chrome
spinelid grains it is possible to observe magnetite Fe;0, in-
clusions (Fig. 5b).

Transition and little changed zones. Macroscopically the
sample was represented by a solid lump of dark color with
metal inclusions. As in the previous sample, the main miner-
als are periclase, coarse grains of cracked chrome spinelid
with reduced refractive index, i.e., the result of diffusion of
some of the iron cations from chromite with formation of
Fe;0,, filling cracks within its crystals.
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Within a sample there are both colorless and brown
shade periclase with disseminated secondary spinel. Zinc
metal is associated with magnetite (Fig. 5b). A small amount
of forsterite is observed with a normal refractive index,

red-brown spinel, and glass phase (N = 1.510 — 1.515)

CONCLUSION

Periclase-chromite refractory during service in an
electrothermal unit, processing silver foam, undergoes sig-
nificant degradation. The degree and form of refractory
breakdown depends on its location within a metallurgical
unit.

In the roof of an electric furnace most refractory wear oc-
curs in the contact region with electrodes, and this is con-
nected with occurrence of high thermal stresses and chemical
reaction of refractory phase with corrosive lead-zinc and slag
distillates and gases.

Rapid refractory corrosion-erosion wear is observed in
the slag belt of an electric furnace as a result of mechanical
and chemical action of molten metal and slag on a lining.
Slag components react with refractory minerals, i.e., chrome
spinelid and periclase, with formation of readily melting
compounds washed out from the refractory composition by a

stream of melt. Zinc and lead metal penetrate through pores
of the binder deep into refractory, forming a solid solution
(Mg, Zn)O, or are present in the form of Zn and Pb metal in-
clusions. These processes weaken the overall structure of an
object, and this intensifies refractory lining breakdown.

The least refractory lining wear is established in a
electrothermal unit condenser. Wear occurs mainly as a result
of penetration of zinc vapor through binder pores into refrac-
tory with formation of (Mg, Zn)O. accumulation of zinc
within the refractory structure leads to gradual refractory lin-
ing growth
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