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(54) STAVE PROTECTION SYSTEM

(57) A stave protection system for a metallurgical fur-
nace comprises: a stave (100) comprising a plurality of
recesses (110) arranged on a front face (102) of the stave
(100); and a plurality of inserts (200) each being received
by a respective one of the recesses (110), the inserts
(200) so received projecting from the front face (102) of
the stave (100) such that, in use, furnace burden material
is trapped by the inserts (200) so as to provide a protec-

tive layer of the burden material on the front face (102)
of the stave (100). Each insert (200) comprises a set of
segments (202a-f) and a retainer which forces the seg-
ments (202a-f) against a surface (110b) of the respective
recess (110), such that the segments (202a-f) are se-
cured in the recess (110) by frictional contact with the
surface (110b) of the recess (110).
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a stave protec-
tion system for a metallurgical furnace, for example a
blast furnace.
[0002] A conventional blast furnace comprises several
sections and components including a stack, belly, bosh,
tuyere, hearth and taphole. The internal shell of the blast
furnace may be protected with water-cooled cooling
plates, called staves, which protect the shell from over-
heating during the reduction process taking place within
the furnace. Modern staves are typically constructed from
copper or copper alloy although other materials may be
used, for example steel or cast iron.
[0003] The staves can be susceptible to abrasive wear
from the solid raw materials charged into the furnace as
they make their descent through the furnace. Coke in
particular is very abrasive. In some circumstances the
severity of the wear has resulted in the requirement to
replace the staves before their planned service life has
completed. This is costly due to furnace downtime. It is
therefore important to design staves to resist wear so as
to prolong service life.
[0004] It is known that wear of the staves is reduced
by forming a frozen slag accretion on the front face of
the stave during operation. To this end the stave has a
machined front face, or hot face, comprising ribs and
grooves which hold the accretion onto the stave. A portion
of an exemplary copper stave of this type is shown in
Figure 1.
[0005] A refinement of this concept has been the ad-
dition of a front-face protective material or cladding,
which is harder than the copper base material but which
still allows a protective accretion layer to form by freezing
on the face. This has been achieved using a combination
of silicon carbide and graphite bricks, as illustrated in
Figure 2 which shows a copper stave and a cross-section
thereof.
[0006] WO2009/147192 describes a stave having a
front face comprising ribs and grooves which form an-
chorage means for anchoring a refractory brick lining, a
refractory guniting or a process generated accretion layer
to the face. Metal inserts are provided in the grooves, as
is illustrated schematically in Figure 3. The metal inserts
cover the sidewalls of the ribs to protect the ribs from
erosion. Possible problems with this solution however
are that the metal inserts may be prone to distortion
and/or buckling, and by using a less conductive material
than that of the stave body (when copper) there is a re-
duced thermal performance of the stave which can im-
pact the freezing of a protective accretion layer.
[0007] Thus the existing solutions for reducing the rate
of stave wear include:

i) installing a refractory/ceramic wear lining in or in
front of the stave;

ii) installing ledges at the front face of the stave to
promote thicker accretion build-up; and
iii) installing cladding within the machined shapes at
the front face.

[0008] While these solutions have resulted in some im-
provements, there remains a need for new technologies
which can offer a reduction in the rate of stave wear in
order to extend service life and reduce furnace downtime.

SUMMARY OF THE INVENTION

[0009] According to an aspect of the invention, there
is provided a stave protection system for a metallurgical
furnace, comprising: a stave comprising a plurality of re-
cesses arranged on a front face of the stave; and a plu-
rality of inserts each being received by a respective one
of the recesses, the inserts so received projecting from
the front face of the stave such that, in use, furnace bur-
den material is trapped by the inserts so as to provide a
protective layer of the burden material on the front face
of the stave, wherein each insert comprises a set of seg-
ments and a retainer which forces the segments against
a surface of the respective recess, such that the seg-
ments are secured in the recess by frictional contact with
the surface of the recess.
[0010] As will be described in more detail later herein,
the inserts provide a cladding for the front face (or hot
face) of the stave which encourages a protective layer
of furnace burden material to form on the front face. The
inserts are attached to the recesses by means of friction
only, thereby avoiding any need to modify the surface of
the front face in order to attach the inserts.
[0011] As used herein, "burden material" refers to one
or both of (i) iron-bearing materials in the blast furnace,
for example iron-ore or iron-ore pellets, and (ii) blast fur-
nace slag, i.e. slag which is formed when iron-ore or iron
pellets, coke and a flux (e.g. limestone or dolomite) are
melted together in the blast furnace and then solidified.
[0012] The retainer may comprise an inner part and an
outer part; at least one of the segments, defining a first
subset of the set of segments, is secured in the recess
by the inner part; at least one of the segments, defining
a second subset of the set of segments, is secured in the
recess by only the outer part, so that in use: removal of
the outer part of the retainer, by an erosive effect of the
burden material thereon, releases the second subset
such that burden material may occupy that portion of the
recess which is vacated by the second subset; and re-
moval of the inner part of the retainer, by an erosive effect
of the burden material thereon, releases the first subset
such that burden material may occupy that portion of the
recess which is vacated by the first subset.
[0013] The stave protection system may comprise a
locator element which is configured to locate the first sub-
set of the set of segments in the recess. The locator el-
ement may be configured to support the inner and outer
parts of the retainer.
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[0014] Each one of the recesses may have a hexago-
nal shape and the set of segments may comprise six
segments which are arranged in a hexagon to comple-
ment the respective recess. The first subset of the set of
segments may comprise four segments and the second
subset of the set of segments may comprise two seg-
ments.
[0015] The segments and/or the retainer of each insert
may comprise an abrasion resistant refractory material.
The abrasion resistant refractory material may comprise
silicon carbide or alumina.
[0016] The segments and/or the retainer of each insert
may comprise a metallic material. The metallic material
may comprise copper, copper alloy, steel, or cast iron.
[0017] Each one of the segments may be separated
from an adjacent segment by a gap.
[0018] According to another aspect of the invention,
there is provided a metallurgical furnace stave body,
comprising: a front face, a rear face, and edges which
connect the front and rear faces; at least one cooling
passage which extends through the body; and a plurality
of discrete recesses arranged on the front face, at least
one of the recesses being surrounded by a portion of the
front face, so that in use furnace burden material is re-
ceived and retained by the recesses to provide a protec-
tive layer of the burden material on the front face,
wherein each recess comprises a floor and a wall and
an opening of the recess at the front face, wherein the
wall of each recess has a taper such as to be convergent
between the floor and the opening of the recess at the
front face.
[0019] The recesses may be formed by machining the
front face. The stave body may be a casting.
[0020] The stave body may be constructed from cop-
per, copper alloy, steel, or cast iron.
[0021] The recesses may have a hexagonal shape.
[0022] One or more of the recesses may be configured
to receive a protruding insert for trapping furnace burden
material.
[0023] The recesses may be arranged in a uniform pat-
tern. The uniform pattern may comprise an array having
rows and columns. The stave body may have the same
bending stiffness in a first direction and a second direction
which is perpendicular to the first direction.
[0024] Preferably the recesses have a hexagonal
shape and are arranged in an array having rows and
columns, thereby providing a honeycomb pattern of the
recesses. The honeycomb pattern endows the stave
body with an inherent stiffness and the stave body will
tend to have more uniform stiffness than a conventional
grooved stave of the kind shown in Figure 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Embodiments will now be described, by way of
example, with reference to the accompanying figures in
which:

Figure 1 shows a portion of a conventional copper
stave for a furnace;
Figure 2 shows a conventional copper stave com-
prising silicon carbide and graphite bricks;
Figure 3 shows a portion of a conventional copper
stave comprising metal inserts;
Figure 4 shows a stave according to an embodiment
of the invention;
Figure 5a shows a set of inserts installed in the stave
of Figure 4 and Figure 5b shows a cutaway view of
one of the installed inserts;
Figures 6a-d show parts of the inserts;
Figures 7a-e show the installation of the inserts in
the stave;
Figures 8a-d relate to use of the stave with the inserts
installed; and
Figures 9a-10b show staves and sets of inserts ac-
cording to other embodiments of the invention.

DETAILED DISCUSSION

[0026] Referring to Figure 4, a rectangular cooling
plate or stave 100 comprises a front face (or hot face)
102, a rear face 104, and edges 106a-d. The stave 100
is intended to be one of a plurality of similar staves for
use in a blast furnace.
[0027] In this exemplary embodiment the stave 100 is
constructed from copper alloy. Alternative materials in-
clude, but are not limited to, copper, steel, and cast iron.
[0028] In this embodiment the stave has a length of
about 1.5 m, a width of about 1.0 m, and a thickness of
about 120 mm.
[0029] The interior of the stave 100 comprises water-
cooling passages (not shown). The stave 100 body is
otherwise generally solid.
[0030] A plurality of recesses 110 is formed in the front
face 102 of the stave 100. The recesses 110 are formed
by machining. Alternatively the recesses 110 may be
formed by casting.
[0031] Each one of the recesses 110 comprises a base
or floor 110a and a wall 110b. The floor 110a is flat such
as to be parallel with the front face 102 of the stave 100.
In this embodiment each of the recesses 110 has a width
of about 165 mm at the opening and a depth (from the
opening to the floor 110a) of about 45 mm. In other em-
bodiments the depth may be about 35 to 55 mm.
[0032] The wall 110b of each recess 110 has a taper
such as to be convergent between the floor 110a and the
opening of the recess 110 at the front face 102. Accord-
ingly the cross-sectional area of the recess 110 is greater
at the floor 110a than at the opening.
[0033] The recesses 110 are discrete recesses. That
is, each one of the recesses 110 is separated from all of
the other recesses 110 by the material of the body of the
stave 100. Thus the recesses 110 may be regarded as
pockets in the stave 100, each of the pockets being iso-
lated from the rest of the pockets.
[0034] Also a majority of the recesses 110 are entirely
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surrounded at their openings by a portion of the front face
102 (the few exceptions being those recesses 110 which
are located at the edges of the stave 100). In other words,
the majority of the recesses 110 are each bounded and
defined by an endless perimeter.
[0035] Furthermore each of the recesses 110 extends
across only a small portion or fraction of the front face
102 of the stave 100; none of the recesses 110 extends
across the entirety of the length or width of the front face
102.
[0036] In this embodiment the recesses 110 are ar-
ranged in a pattern, more particularly a uniform pattern,
more particularly still an array. As a result of the uniform
spacing of the recesses 110 the rectangular stave has
the same bending stiffness in the longitudinal (lengthwise
Y) direction as the transverse (widthwise X) direction.
[0037] The array of recesses 110 comprises 15 (hori-
zontal) rows and four (vertical) columns. Alternatively the
array may comprise a different number of rows and col-
umns, for example as many as 20 rows and 5 columns.
[0038] In this embodiment the recesses are hexagonal
(in frontal view) such as to form a honeycomb pattern.
As will be understood from the following description, one
or more of the recesses 110 may take other shapes, in-
cluding but not limited to a circle, a triangle, a rectangle
including a square, a pentagon, a heptagon, or an octa-
gon.
[0039] Turning now to Figures 5a and 5b, inserts 200
are installed in the recesses 110 of the stave 100. In
combination the stave 100 and the inserts 200 comprise
a stave protection system.
[0040] Each of the inserts 200 comprises a plurality of
component pieces or segments, there being six seg-
ments 202a-f per insert 200 in this embodiment. The seg-
ments 202a-f are arranged around a central axis Z of the
respective recess 110, the central axis Z being perpen-
dicular to the front face 102 of the stave 100. In this em-
bodiment each of the segments 202a-f comprises silicon
carbide. Alternatively the segments 202a-f may comprise
cast iron or steel.
[0041] Each insert 200 further comprises a retainer
which in this embodiment includes an inner part 204 and
an outer part 206. In this embodiment each of the inner
part 204 and the outer part 206 of the retainer comprises
steel. Alternatively the inner part 204 and the outer part
206 may comprise silicon carbide.
[0042] In this embodiment the insert 200 also compris-
es a locator piece 208. The locator piece 208 comprises
steel. Alternatively the locator piece 208 may comprise
silicon carbide.
[0043] Thus each of the inserts comprises a number
of component parts and may be regarded as an assembly
of those parts. The parts of the insert 200 will now be
described in more detail with particular reference to Fig-
ures 6a-d.
[0044] Referring firstly to Figure 6a, the locator piece
208 comprises generally flat upper and lower surfaces
208a, 208b which are parallel with each other and are

connected by a peripheral wall 208c. At end parts 208d
of the locator piece 208 the wall 208c is convex and fur-
thermore is divergently tapered from the upper surface
208a to the lower surface 208b. At side parts 208e of the
locator piece 208 the wall 208c is perpendicular to the
upper and lower surfaces 208a, 208b such that the side
parts 208e are flat. The locator piece 208 also comprises
an upstanding stem 208f.
[0045] Referring now to Figure 6b, the outer part 206
of the retainer comprises a circular body having generally
flat upper and lower surfaces 206a, 206b, which are par-
allel with each other and are connected by a peripheral
wall 206c which is convergently tapered from the upper
surface 206a to the lower surface 206b. In other words,
the outer part 206 of the retainer is a (shallow) frustrum
of a cone. The outer part 206 also comprises a central
through-hole 206d which is sized to snugly receive the
upstanding stem 208f of the locator piece 208.
[0046] Referring now to Figure 6c, the inner part 204
of the retainer comprises a body which is shaped similarly
to a portion of the outer part 206, such that the inner part
204 comprises generally flat upper and lower surfaces
204a, 204b which are parallel with each other and are
connected by a peripheral wall 204c which is convergent-
ly tapered from the upper surface 204a to the lower sur-
face 204b. The inner part 204 differs from the outer part
206 however in that a segment of the circle (i.e. of the
outer part 206) is absent such that the inner part 204
forms a D shape. Accordingly the inner part 204 includes
a flat edge 204d which is perpendicular to the upper and
lower surfaces 204a, 204b. The inner part 204 also com-
prises a central through-hole 204e which is sized to snug-
ly receive the upstanding 208f stem of the locator piece
208.
[0047] Referring now to Figure 6d, an exemplary seg-
ment 202a comprises generally flat upper and lower sur-
faces 202a1, 202a2 which are connected by a peripheral
wall. The peripheral wall comprises inner and outer faces
202a3, 202a4 which are connected by two side faces
202a5. The outer face 202a4 is shaped to complement
the tapered wall 110b of the recess 110 of the stave 100.
The side faces 202a5 are generally flat and are config-
ured to abut similar side faces of adjacent segments. The
inner face 202a3 comprises a radius which corresponds
to the radii of the peripheral walls 204c, 206c of each of
the inner and outer parts 204, 206 of the retainer.
[0048] A lower portion of the inner face 202a3 is pro-
vided with a shallow undercut 202a6 which extends to
the lower surface 202a2. The undercut 202a6 is con-
cavely shaped to complement the convex wall 208c of
one of the end parts 208d of the locator piece 208. An-
other portion of the inner face 202a3, which extends be-
tween the undercut 202a6 and the upper surface 202a1,
is shaped to complement the sloping peripheral walls
204c, 206c of each of the inner and outer parts 204, 206
of the retainer. An apex 202a7 separates the lower por-
tion of the inner face 202a3 (which is provided with a
shallow undercut 202a6 which extends to the lower sur-
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face 202a2) from the other portion of the inner face 202a3
(which extends between the undercut 202a6 and the up-
per surface 202a1).
[0049] The installation of the sets of inserts 200 in the
respective recesses 110 will now be explained with par-
ticular reference to Figures 7a-e. For brevity, the opera-
tion will be presented in terms of only one of the inserts
200 in one of the recesses 110; however it will be under-
stood that the principle of installation will be the same for
all of the inserts 200.
[0050] The stave 100 is most conveniently first ar-
ranged in a horizontal position for the purpose of instal-
lation of the insert 200. That is, the front face 102 will lie
in the horizontal plane. It will be understood that in this
position the central axis Z of the recess 110 will extend
vertically from the front face 102.
[0051] Referring firstly to Figure 7a, in a first stage of
the installation procedure four segments 202c-f of the set
of six segments 202a-f of the insert 200 are placed upright
in the recess 110 of the stave 100, such that the lower
surface 202c2-202f2) of each of the segments 202c-f
rests on the floor 110a of the recess 110. The segments
202c-f are brought together such that their side faces
202c5-202f5 are adjacent to one another. The outer face
202c4-202f4 of the peripheral wall of each of the four
segments 202c-f is in abutment with the wall 110b of the
recess 110. The four segments 202c-f partially surround
the central axis Z of the recess 110.
[0052] Referring now to Figure 7b, in a second stage
of the installation procedure the locator piece 208 is
placed upright in the recess 110, such that the lower sur-
face 208b of the locator piece 208 rests on the floor 110a
of the recess 110. Initially the locator piece 208 is laterally
offset from the four segments 202c-f. The locator piece
208 is then slid over the floor 110a of the recess 110,
through an opening between the exposed side faces of
the endmost segments 202c, 202f, and is rotated into
position between the two endmost segments 202c, 202f
such that the convex peripheral wall 208c of each one of
the end parts 208d of the locator piece 208 is brought
into contact with a respective one of the complementary
concave undercuts 202c6, 202f6 of the two endmost seg-
ments 202c, 202f. In this position the stem 208f of the
locator piece 208 is coincident with the central axis Z of
the recess 110.
[0053] Once rotated into position, the locator piece 208
exerts an outward radial force on the two endmost seg-
ments 202c, 202f to hold those segments 202c, 202f -
and thereby also the two innermost segments 202d, 202e
- snugly in place against the wall 110b of the recess 110.
[0054] At this stage the four segments 202c-f are suf-
ficiently secured that they are prevented from moving
laterally within the recess 110.
[0055] Referring now to Figure 7c, in a third stage of
the installation procedure the inner part 204 of the retain-
er is briefly positioned over a central (partial) hole which
is formed by the four segments 202c-f. In this initial po-
sition the inner part 204 is oriented with its upper surface

204a uppermost, the through-hole 204e being coincident
with the axis Z of the recess 110. The curved, sloping
peripheral wall 204c of the inner part 204 overlies the
inner faces 202c3-202f3 of the four segments 202c-f and
the flat edge 204d of the D-shaped inner part 204 overlies
one of the flat side parts 208e of the locator piece 208.
The inner part 204 of the retainer is then lowered so that
the through-hole 204e is passed over the upstanding
stem 208f of the locator piece 208. The stem 208f serves
as a guide for the inner part 204 during its descent be-
tween the segments 202c-f.
[0056] The inner part 204 is pressed downwardly (e.g.
by hand or with the use of a suitable pressing tool) until
the lower surface 204b of the inner part 204 comes into
contact with the upper surface 208a of the locator piece
208. In this position a radial force is transmitted from the
curved, sloping peripheral wall 204c of the inner part 204
to the curved, sloping inner face 202c3-202f3 of each
one of the four segments 202c-f. This causes the four
segments 202c-f to be displaced outwardly of the central
axis Z so that the outer faces 202c4-202f4 of the four
segments 202c-f are pressed against the wall 110b of
the recess 110. That is, the four segments 202c-f are
driven against the wall 110b of the recess 110 and are
effectively squeezed between the inner part 204 of the
retainer and the wall 110b. In this way the four segments
202c-f are fully secured in the recess 110 by the inner
part 204 of the retainer.
[0057] The four segments 202c-f, which are secured
in the recess 110 by the inner part 204 of the retainer,
form a first subset S1 of the set of six segments 202a-f
of the insert 200, as will be further explained later herein.
[0058] Referring now to Figure 7d, in a fourth stage of
the installation procedure the remaining two segments
202a, 202b of the set of six segments 202a-f are placed
upright in the recess 110, such that the lower surface
202a2, 202b2 of each of the segments 202a, 202b rests
on the floor 110a of the recess 110. The two segments
202a, 202b are positioned such that one side face 202a5,
202b5 of each of the two segments 202a, 202b is adja-
cent to a side face 202a5, 202b5 of the other of the two
segments 202a, 202b, while the other side face 202a5,
202b5 is adjacent to a side face 202c5, 202f5 of one of
the adjacent segments 202c, 202f. The outer face 202a4,
202b4 of the peripheral wall of each of the two segments
202a, 202b is in abutment with the wall 110b of the recess
110. The six segments 202a-f fully surround the central
axis Z of the recess 110 so as to form a hexagon.
[0059] Referring now to Figure 7e, in a fifth stage of
the installation procedure the outer part 206 of the retain-
er is briefly positioned over the central hole which is
formed by the six segments 202a-f. In this initial position
the outer part 206 is oriented with its upper surface 206a
uppermost, the through-hole 206d being coincident with
the axis Z of the recess 110. The curved, sloping periph-
eral wall 206c of the outer part 206 overlies the inner
faces 202a3-202f3 of the six segments 202a-f. The outer
part 206 of the retainer is then lowered so that the
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through-hole 206d is passed over the upstanding stem
208f of the locator piece 208. The stem 208f serves as
a guide for the outer part 206 during its descent between
the segments 202a-f.
[0060] The outer part 206 is pressed downwardly (e.g.
by hand or with the use of a suitable pressing tool) such
that the curved, sloping peripheral wall 206c of the outer
part 206 is brought into contact with the curved, sloping
inner face 202a3-202f3 of each one of the six segments
202a-f. In this position there exists a small gap (not visible
in Figure 7e) between the lower surface 206b of the outer
part 206 and the upper surface 204a of the inner part 204
of the retainer.
[0061] Also in this position a radial force is transmitted
from the curved, sloping peripheral wall 206c of the outer
part 206 to the curved, sloping inner face 202a3-202f3
of each one of the six segments 202a-f. This causes the
two segments 202a, 202b (which, unlike the four seg-
ments 202c-f of the first subset S1 of segments, are not
secured in the recess 110 by the inner part 204) to be
displaced outwardly of the central axis Z so that the outer
faces 202a4, 202b4 of the two segments 202a, 202b are
pressed against the wall 110b of the recess 110. That is,
the two segments 202a, 202b are driven against the wall
110b of the recess 110 and are effectively squeezed be-
tween the outer part 206 of the retainer and the wall 110b.
It will be understood that the four segments 202c-f of the
first subset S1 of segments are also secured in the recess
110 by the outer part 204 in the same manner. In this
way the six segments 202a-f are fully secured in the re-
cess 110 by the outer part 206 of the retainer.
[0062] The two segments 202a, 202b, which are se-
cured in the recess 110 by only the outer part 206 of the
retainer (i.e. not also by the inner part 204) form a second
subset S2 of the set of six segments 202a-f of the insert
200, as will be further explained later herein.
[0063] As will be further explained later herein, in this
embodiment there exists a small gap between each pair
of the adjacent side faces 202a5-202f5 of the secured
segments 202a-f.
[0064] It will be recalled that the wall 110b is conver-
gently tapered between the floor 110a of the recess 110
and the opening of the recess 110 at the front face 102.
The taper has a wedging effect on the six segments 202a-
f which enhances the tightness of the fit of the segments
202a-f in the recess 110. Also the taper, in combination
with the complementary shaped outer face 202a4-202f4
of each one of the segments 202a-f, provides a strong
"dovetail" joint which resists displacement of the seg-
ments 202a-f out of the recess 110 in a direction away
from the front face 102.
[0065] The radial forces, which are applied by the inner
and outer parts 204, 206 of the retainer as explained
herein above, will each be countered by a reaction force
which is transmitted to the segments 202a-f from the wall
110b of the recess 110. It is important that the reaction
forces do not cause the sloping peripheral walls 204c,
206c of the inner and outer parts 204, 206 to slip (up-

wardly) over the curved, sloping inner faces 202a3-202f3
of the segments 202a-f, since this would tend to relax
the outer faces 202a4-202f4 of the segments 202a-f
away from the wall 110b and thereby compromise the
security of the segments 202a-f in the recess 110.
[0066] For this reason the mating surfaces, that is the
respective peripheral walls 204c, 206c of the inner and
outer parts 204, 206 of the retainer and the inner faces
202a3-202f3 of the segments 202a-f, are arranged to
provide a sufficient degree of friction to prevent slippage
between them. The required amount of friction may be
achieved, for example, by the careful selection of mate-
rials and/or treatment of the mating surfaces. Alternative-
ly one or both of the inner and outer parts 204, 206 of
the retainer may be secured in position by a suitable fix-
ing, such as a wedge lock washer, for example a Nord-
Lock (RTM) washer.
[0067] Thus at the completion of the installation pro-
cedure the insert 200 is fully secured in the recess 110
of the stave 100. More particularly, each one of the six
segments 202a-f of the set of inserts is fully secured in
the recess 110. More particularly still:

i) all six segments 202a-f of the set of segments are
secured by the outer part 206 of the retainer;
ii) four segments 202c-f, which form a first subset S1
of the set of segments, are additionally secured by
the inner part 204 of the retainer; and
iii) two segments 202a, 202b, which form a second
subset S2 of the set of segments, are secured by
only the outer part 206 of the retainer.

[0068] The segments 202a-f are secured in the recess
110 by friction between the outer surfaces 202a4-202f4
of the segments 202a-f and the surface of the wall 110b
of the recess 110. This friction arises because the inner
and outer parts, 204, 206 of the retainer apply outward
radial forces which push the segments 202a-f firmly
against the wall 110b. Thus the insert 200 may be re-
garded as a reverse clamp or spreader. In view of the
manner in which the inner part 204 and the outer part
206 of the retainer are pushed into the central hole which
is formed by the six segments 202a-f, each of the inner
part 204 and the outer part 206 may be regarded as a
fixing plug.
[0069] The connection between the installed insert 200
and the recess 110 is essentially an interference fit (also
known as a press fit or a friction fit). That is, the insert
200 is attached to the wall 110b of the recess 110 by
friction rather than by any other means of fastening. Ac-
cordingly the insert does not rely upon conventional fas-
teners such as screws, bolts or rivets, which would re-
quire threads or holes to be provided in the material of
the stave 100. This is highly advantageous, since it is
undesirable to provide threads or holes because this can
leave a weak section of the stave material in the vicinity
of the water-cooling passage which could lead to struc-
tural failure and thereby a catastrophic water leak in serv-
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ice.
[0070] Neither does installation of the insert 200 in-
volve welding or brazing. Thus it will be understood that
the insert 200 is attached to the recess 110 in such a way
that there is no need for the surface material of the stave
100 to be modified in any way in order to accept the insert
200.
[0071] Each of the inner and outer parts 204, 206 of
the retainer can be separated and removed from the inner
faces 202a3-202f3 of the segments 202a-f, preferably
without destruction of the inner and outer parts 204, 206,
so that the insert 200 can be removed in an uninstallation
procedure which is essentially the reverse of the instal-
lation procedure described herein above. It will therefore
be understood that, once installed, the insert 200 is re-
movably attached in the recess 110.
[0072] The installed inserts 200 project or protrude
from the front face 102 of the stave 100 and together the
inserts 200 form a protective cladding for the front face
102. The use of the cladding with a stave 100 installed
in a blast furnace will now be described with particular
reference to Figures 8a-d.
[0073] Referring firstly to Figure 8a, the panel-like
stave 100 is installed at an interior wall of the furnace in
an upright fashion. It will be understood that only a portion
of the stave 100 is shown in the figure. The front face
102 faces into the interior of the furnace such that the
inserts 200 project from the front face 102 in a substan-
tially horizontal direction.
[0074] While the furnace is being used, burden mate-
rial will pass downwardly through the interior of the fur-
nace under gravity. The burden material may include, for
example, condensed vapours, solidified slag, and metal.
The mass flow rate of the bulk burden material through
the furnace is typically around 240 to 1,100 tonnes per
hour.
[0075] An outer portion of the burden material will flow
over the front face 102 of the stave 100 and between the
inserts 200. Some of this burden material will become
trapped by the inserts 200. The trapped burden material
will be held in contact with the cooled surface of the front
face 102 of the stave 100 (as well as with the surfaces
of the insert 200) and will adhere to the surface so as to
form a protective layer when the burden material is in a
reduced, liquid or semi-liquid state.
[0076] In the described embodiment, the capability of
the inserts 200 to trap the burden material is optimised
by the specific form of the inserts 200 and their arrange-
ment on the front face 102 of the stave 100, as follows.
[0077] Referring again to Figure 8a, the hexagonal in-
serts 200 are arranged so as to define channels C be-
tween the inserts 200. That is, the exposed portions of
the outer faces 202a4-202f4 of the protruding segments
202a-f define walls of the channels C while the front face
102 of the stave 100 forms the bases of the channels C.
[0078] Referring also now to Figure 8b, exemplary first
and second channels C1, C2 are defined between a first
hexagonal insert 200 and two adjacent hexagonal inserts

200, each of these inserts 200 belonging to a first (and
uppermost) row of inserts 200 on the stave 100. Further-
more exemplary third and fourth channels C3, C4 are
defined between the first hexagonal insert 200 and two
other adjacent hexagonal inserts 200, each of these other
inserts 200 belonging to a second row of inserts 200
which is below the first row of inserts 200. Each one of
the first and second channels C1, C2 is bifurcated, one
of the branches of the first channel C1 leading into the
third channel C3 and one of the branches of the second
channel C2 leading into the fourth channel C4. Further-
more the third and fourth channels C3, C4 converge.
[0079] As is indicated by the arrows in Figure 8b, a flow
stream F of burden material (not itself shown) will flow
through each one of the first and second channels C1,
C2 and will emerge at the bifurcation point of each of the
channels C1, C2. Around half of the burden material from
the first channel C1 will flow into the third channel C3 and
around half of the burden material from the second chan-
nel C1 will flow into the fourth channel C4. The two
streams of the burden material will meet at the point
where the third and fourth channels C3, C4 converge.
[0080] It will be seen that at this point of convergence
there is defined a zone T of the front face 102 of the stave
100 which is bounded by three proximate points P of the
hexagonal inserts 200. It will be understood that the
points P are two-dimensional representations of vertices
of the hexagonal inserts 200. The zone T is effectively a
"bottleneck" for the flow of burden material, which tends
to be trapped in the zone T between the three points P
of the hexagonal inserts 200. Thus the arrangement of
the hexagonal inserts 200 provides a highly effective
"three-point anchor" for retaining the burden material
which is directed into the zone T by the channels C1-C4.
[0081] In this exemplary embodiment, the distance be-
tween any two of the three points P is about 55 mm, since
that is the size of a typical particle contained in the burden
material. It will be understood that this spacing can be
made to suit any size of burden material specification.
[0082] The use of the cladding will now be further de-
scribed with particular reference to Figures 8c and 8d.
[0083] Referring firstly to Figure 8c, a set of six seg-
ments 202a-f of an insert 200 is newly fitted in a recess
110 of the stave 100 in accordance with the installation
procedure described herein above. (While only one re-
cess 110 and one insert 200 is shown, it will be under-
stood that the stave 100 comprises a plurality of similar
recesses 110 and inserts 200, as shown in Figure 8a for
example). Thus the insert 200 shown in Figure 8c repre-
sents a new insert 200 at the commencement of the serv-
ice of the stave 100 in the furnace.
[0084] It will be recalled that, in the described embod-
iment, each one of the segments 202a-f of the inserts
200 comprises silicon carbide. Although this is a very
hard-wearing material, the harsh conditions in the fur-
nace are such that the segments 202a-f can be expected
to be gradually eroded by the abrasive burden material
which passes over and around them. Thus over time the
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segments 202a-f will be worn down by the burden mate-
rial. Furthermore it is likely that the uppermost segments
202a, 202b will be eroded at a faster rate than the other
segments 202c-f, since it is the uppermost segments
202a, 202b which will take the brunt of the force of the
burden material as it descends through the furnace and
down over the stave 100.
[0085] Eventually the segments 202a-f - especially the
uppermost segments 202a, 202b, for the reason just stat-
ed - will be worn down to the level of the outer part 206
of the retainer. At this stage the outer part 206 will also
be exposed to the abrasive effect of the flowing burden
material. Over time, the outer part 206 will inevitably also
be worn away.
[0086] It will be recalled that the two uppermost seg-
ments 202a, 202b form a second subset S2 of the set of
six segments 202a-f which is secured in the recess 110
by only the outer part 206 of the retainer. Once the outer
part 206 has been destroyed by the erosive effect of the
burden material, there is nothing to hold (what remains
of) the two uppermost segments 202a, 202b in the recess
110 and they will therefore be released from the recess
110. The two segments 202a, 202b will become en-
trained in the flowing burden material and will thus be
carried away from the recess 110. In time they will be
carried some considerable distance from the front face
102 of the stave 100.
[0087] Figure 8d shows the insert 200 in the partly worn
condition, at the stage that the outer part 206 has been
destroyed and the two uppermost segments 202a, 202b
have been released and carried away from the recess
110. As can be seen, a portion of the recess 110 is left
empty by the vacated segments 202a, 202b. Burden ma-
terial will tend to flow into the empty portion of the recess
110 and adhere to the floor 110a and wall 110b thereof.
In this way the burden material provides a protective layer
for the stave 100, even after a portion of the insert 200
has been lost.
[0088] Still referring to Figure 8d, the remaining four
segments 202c-f will continue to be exposed to the ero-
sive effect of the burden material and will eventually be
worn down to the level of the inner part 204 of the retainer.
At this stage the inner part 204 will also be exposed to
the abrasive effect of the flowing burden material. Over
time, the inner part 204 will inevitably also be worn away.
[0089] It will be recalled that the four segments 202c-
f form a first subset S1 of the set of six segments 202a-
f which is secured in the recess by the inner part 204 of
the retainer (as well as by the outer part 206 at the point
of installation of the insert 200). Once the inner part 204
has been destroyed by the erosive effect of the burden
material (the outer part 206 of the retainer already having
been destroyed), there is nothing to hold (what remains
of) the four segments 202c-f in the recess 110 and they
will therefore be released from the recess 110 along with
the locator piece 208. The four segments 202c-f and the
locator piece 208 will become entrained in the flowing
burden material and will thus be carried away from the

recess 110. In time they will be carried some considerable
distance from the front face 102 of the stave 100.
[0090] A portion of the recess 110 will be left empty by
the vacated segments 202c-f. Burden material will tend
to flow into the empty portion of the recess 110 and ad-
here to the floor 110a and wall 110b thereof. In this way
the burden material provides a protective layer for the
stave 100, even after the entire insert 200 has been lost.
[0091] Thus the invention according to the described
embodiment provides inserts which trap burden material
so that the burden material will adhere to the front face
of the stave so as to form a protective layer thereon. The
uppermost segments of each insert, which are most
prone to wear by the erosive action of the flowing bulk of
the burden material, are configured to be released from
the recess at a certain stage of wear, so that burden
material may take their place in the recess to become
adhered to the front face. The remaining segments of the
insert are also configured to be released from the recess,
at a later time, once they too have reached a certain stage
of wear. The part of the recess that was occupied by
those remaining segments then becomes occupied by
the burden material which adheres to the front face. The
recess, when occupied by the burden material, is a
"stonebox" which protects the stave even after all of the
segments of the insert have been worn down and lost.
[0092] The insert provides for a staged release of the
segments. The stages of wear, at which the segments
are released, are predetermined by the relative position
(i.e. the distance from the front face of the stave) of the
parts of the retainer and the end faces of the segments.
In other words, the degree to which the parts of the re-
tainer are recessed between the segments from the end
faces of the segments. As the segments are worn down
the depth of the recess is reduced, until the parts of the
retainer are exposed to the flow of the abrasive burden
and are thereby eroded away.
[0093] Each of the inserts can accept thermal cycling
without releasing from the recess prematurely. This is
because the insert is made up of a plurality of segments
that can flex independently under thermal stress yet be
fixed as a whole for ease of assembly. It will be recalled
that there exists a small gap between each pair of the
adjacent side faces of the secured segments. It is these
gaps which enable the segments to flex independently.
Furthermore the gaps encourage material ingress in the
form of dust to act as an elastic dividing membrane, thus
adding resilience to the effects of thermal cycling. In an-
other embodiment, which is less preferred, the gaps are
omitted such that the segments abut one another.
[0094] In the described embodiment, the inner part 204
of the retainer secures four segments 202c-f (the first
subset S1) and the outer part 206 secures six segments
202a-f, such that two segments 202a, 202b (the second
subset S2) are secured by only the outer part 206. Ac-
cordingly the two segments 202a, 202b are released
when the outer part 206 is destroyed, followed by the
four segments 202c-f when the inner part 204 is de-
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stroyed. However it will be understood that the subsets
S1, S2 of the set of segments 202 of the insert 200 may
be differently comprised, provided that at least one of the
segments 202 which defines the first subset S1 is se-
cured in the recess 110 by the inner part 204 and at least
one of the segments 202 which defines the second sub-
set S2 is secured in the recess 110 by only the outer part
206.
[0095] On the other hand, while the described embod-
iment comprises both an inner part and an outer part of
the retainer, it will be understood that the insert may al-
ternatively be secured using only one retainer part. The
sole retainer part will then secure all of the segments of
the insert. Of course an embodiment comprising only one
retainer part is not configured to provide a staged release
of segments in the manner described herein above. Rath-
er, once the sole retainer part has been destroyed all of
the segments will be released from the recess at sub-
stantially the same time.
[0096] Alternatively an insert may comprise more than
two retainer parts. In such an embodiment, segments
may be released in multiple stages over time according
to the number of retainer parts.
[0097] While the described embodiment relates to in-
serts each comprising six segments which are arranged
in a hexagon, it will be understood that each insert may
comprise any number of segments and these may be
arranged in any shape. For example, an insert may com-
prise two segments, which may be arranged in a circle.
Alternatively the insert may comprise three segments,
which may be arranged in a triangle. Alternatively the
insert may comprise four segments, which may be ar-
ranged in a rectangle, for example a square. Alternatively
the insert may comprise five segments, which may be
arranged in a pentagon. Alternatively the insert may com-
prise seven segments, which may be arranged in a hep-
tagon. Alternatively the insert may comprise eight seg-
ments, which may be arranged in an octagon. And so
on. It will be apparent to the skilled person that the number
of segments may be varied and the segments may be
arranged in a polygon of any form. All of these shapes
and arrangements are within the scope of the claimed
invention. Of course the recesses in the front face of the
stave may be shaped to correspond to the shape of the
inserts.
[0098] The plurality of inserts may include inserts of
dissimilar shape and/or size. Furthermore a set of seg-
ments of an insert may include segments of dissimilar
shape and/or size.
[0099] In an embodiment, the locator piece 208 is omit-
ted. It will be understood that the locator piece 208 is not
essential for securing the insert 200 in the recess 110
since it does not serve to fully secure the segments 200a-
f to the wall 110b of the recess 110; rather that is the
function of the inner and outer parts 204, 206 of the re-
tainer. In this embodiment the undercut (at the lower por-
tion of the inner face of the segment) is also omitted,
since the undercut serves only to interface with the loca-

tor piece 208.
[0100] In an embodiment, the inner and/or outer parts
of the retainer are additionally secured by means other
than frictional contact with the inner faces of the seg-
ments, for example by a screw, bolt or other kind of fas-
tener, or by a weld. In one such embodiment, the up-
standing stem of the locator piece includes a thread and
one or both of the inner and/or outer parts of the retainer
is secured by a nut which engages the thread.
[0101] In an embodiment, the wall 110b of the recess
110 is parallel with the central axis Z of the recess 110
and so does not include a taper. This can make machin-
ing the recess more straightforward. On the other hand,
this embodiment is less preferred because, while the out-
er faces of the segments 202a-f will be secured against
the wall of the recess 110 by the radial forces applied to
them, the advantageous wedge effect and strong dovetail
joint will be absent.
[0102] Referring to Figures 9a-10b, in an embodiment
one or more of the segments of each insert is enlarged
(compared to the other segments of the insert), and com-
prises an outer surface for contact with a similar outer
surface of a similarly enlarged segment of another insert
when the inserts are installed in a stave. This enables
the inserts of two adjacent rows in the stave to contact
each other to form a continuous ledge which can prevent
the passage of burden material between the inserts. This
may be particularly useful at the bottom of the stave, as
shown in Figure 10b, since it is desirable to try to retain
as much burden material as possible on the stave before
the burden material descends through the furnace below
the stave.

Claims

1. A stave protection system for a metallurgical furnace,
comprising:

a stave (100) comprising a plurality of recesses
(110) arranged on a front face (102) of the stave
(100); and
a plurality of inserts (200) each being received
by a respective one of the recesses (110), the
inserts (200) so received projecting from the
front face (102) of the stave (100) such that, in
use, furnace burden material is trapped by the
inserts (200) so as to provide a protective layer
of the burden material on the front face (102) of
the stave (100),
wherein each insert (200) comprises a set of
segments and a retainer which forces the seg-
ments against a surface of the respective recess
(110), such that the segments are secured in
the recess (110) by frictional contact with the
surface of the recess (110).

2. A stave protection system according to claim 1,
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wherein:

the retainer comprises an inner part (204) and
an outer part (206);
at least one of the segments, defining a first sub-
set (S1) of the set of segments, is secured in the
recess (110) by the inner part (204);
at least one of the segments, defining a second
subset (S2) of the set of segments, is secured
in the recess (110) by only the outer part (206),
so that in use:

removal of the outer part (206) of the retain-
er, by an erosive effect of the burden mate-
rial thereon, releases the second subset
(S2) such that burden material may occupy
that portion of the recess which is vacated
by the second subset (S2); and
removal of the inner part (204) of the retain-
er, by an erosive effect of the burden mate-
rial thereon, releases the first subset (S1)
such that burden material may occupy that
portion of the recess (110) which is vacated
by the first subset (S1).

3. A stave protection system according to claim 2, com-
prising a locator element (208) which is configured
to locate the first subset (S1) of the set of segments
in the recess (110).

4. A stave protection system according to claim 3,
wherein the locator element (208) is configured to
support the inner and outer parts (204,206) of the
retainer.

5. A stave protection system according to any preced-
ing claim, wherein each one of the recesses (110)
has a hexagonal shape and the set of segments com-
prises six segments (202a-f) which are arranged in
a hexagon to complement the respective recess
(110).

6. A stave protection system according to claim 5,
wherein the first subset (S1) of the set of segments
comprises four segments (202c-f) and the second
subset (S2) of the set of segments comprises two
segments (202a-b).

7. A stave protection system according to any preced-
ing claim, wherein the segments and/or the retainer
of each insert (200) comprise an abrasion resistant
refractory material.

8. A stave protection system according to claim 7,
wherein the abrasion resistant refractory material
comprises silicon carbide or alumina.

9. A stave protection system according to any one of

claims 1 to 6, wherein the segments and/or the re-
tainer of each insert (200) comprises a metallic ma-
terial.

10. A stave protection system according to claim 9,
wherein the metallic material comprises copper, cop-
per alloy, steel, or cast iron.

11. A stave protection system according to any preced-
ing claim, wherein each one of the segments is sep-
arated from an adjacent segment by a gap.

12. A metallurgical furnace stave body (100), compris-
ing:

a front face (102), a rear face (104), and edges
(106a-d) which connect the front and rear faces
(102, 104);
at least one cooling passage which extends
through the body (100); and
a plurality of discrete recesses (110) arranged
on the front face (102), at least one of the re-
cesses (110) being surrounded by a portion of
the front face (102), so that in use furnace bur-
den material is received and retained by the re-
cesses (110) to provide a protective layer of the
burden material on the front face (102),

each recess (110) comprising a floor (110a) and a
wall (110b) and an opening of the recess (110) at
the front face (102), wherein the wall (110b) of each
recess (110) has a taper such as to be convergent
between the floor (110a) and the opening of the re-
cess (110) at the front face (102).

13. A metallurgical furnace stave body according to
claim 12, wherein the stave body (100) is constructed
from copper, copper alloy, steel, or cast iron.

14. A metallurgical furnace stave body according to
claim 12 or 13, wherein the recesses (110) have a
hexagonal shape.

15. A metallurgical furnace stave body (100) according
to any one of claims 12 to 14, wherein the recesses
(110) are arranged in a uniform pattern such that the
stave body (100) has the same bending stiffness in
a first direction and a second direction which is per-
pendicular to the first direction.
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