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ABSTRACT

Most thermal equipment like industrial boilers, ceramic kilns, incinerators, thermal plants for
electricity generation, have specially designed circular areas through which heat passes or gen-
erates. Since these areas are circular in design, fabrication and lining with refractory materials
present technical problems that must be understood. Moreover, angular shapes that are required
to construct circular areas are not readily available for procurement. These segmented angular
shapes are not standardized, so depending on the make of the thermal equipment, suitable seg-
ments must be fabricated to fit. Moulds have to be fabricated and shapes cast out, using high
temperature castables. These intricate procedures for the design and construction of circular
segmented angular shapes have been, exhaustively, treated in this paper.
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INTRODUCTION (10C°C) (Vincenzini,1991), for the generation
It is not easy to get ready-made shapes that aoé hot water, steam and super steam for indus-
needed for the construction of refractory areassial processes like drying of lumber, pressing
of round necks of boilers, round furnacesof plywood, generation of electricity, food
round ceramic kilns, electric generation plantsprocessing.

and burner areas of gas or oil boilers. This ig; g 5 equipment used for the firing of ce-

more so when Par'ucular shapes may not b mic products. Furnaces are specially con-
s_u_ltable for one’s own designs. Making aNCeirycted chambers built with refractory bricks

fixing of such shapes present some technic nd other heat resistant materials, in which fuel
problems. is combusted to provide heat energy for indus-
These circular areas of thermal equipment ariial processes. Of the equipment described, the
very critical because they are heat generationecks of boiler furnaces require frequent re-
areas; they also serve as passage for generafdcement. The necks, which are made of re-
heat. Boilers, for example, are pressure vesselsactory materials, are replaced every one to
in which water at room temperature {23 is three years of operation, depending upon fac-
heated, up to and beyond its boiling pointors like quality of the refractory castable and
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more importantly the action of heat on refracimportant that the concept is fully understood.
tory material used (Anthony and Harry, 1991)Once the concept is understood, two issues are
Any company that has only one boiler has tat stake.

stop operation during the period of moulde Either ready-moulded bricks are cut to
maintenance, casting, drying and fixing. This  shape and size using diamond blade brick
takes up to one week, causing financial losses. cutting machine or

For those companies that have more boileré That the precise or required shapes are cast
working at the same time, a breakdown of one  from moulds, using high density or light-
of them would mean a reduction in production  weight castables.

levels. However, other companies (very few
have standby boilers and can easily switch o
to another during period of replacement.

owever, cutting of ready-moulded bricks has
some limiting factors such as availability of a
cutting machine and obtaining the needed pre-
The damaged ceramic material, which needsision of the angular shapes. Thus, angular
replacement, is caused by the following: shapes are best obtained using moulds.

 The corrosive action .Of _the combustlonA castable is a specially formulated refractory
products like sulphur dioxide on the mate-material (Dinsdale, 1986), which has varying
rial at the neck area particle size distributions that crystallize into a

+ Damage suffered from the continuous im-hard mass, as hard as a brick, with strength of
pingement of heat on the refractory materiabout 35MPa (Ceramic Research Centre,
als and the all-year-round use of the equip2000), when mixed with the correct amount of
ment water (at room temperature). Like heat resistant

« The frequent shuttingdown of the equip_bricks or other refractory materials, these casta-

ment (once or twice a week for two to sixbles protect the metal parts of equipment or

hours) for cleaning. This results in sudderiMachines from burning or deforming, and to
expansion and contraction of materialsPrevent heat losses. Imported castables often

resulting in formation of cracks and even-have labels describing the materials and the
tually of the failure of the material. water-mixing ratio per 25 kg standard bag. The
high temperature castables (high density types)

* 'Fl'he type c:f fuelf U‘T’el_?( by.tt)he eql'gp.meﬂt'range from 1300C - 1820°C. The lightweight
-or example, a fuel like ciber used in t €castable, is normally fired below 1160. For
timber industry is a low fluxing material

. ) this reason, it is used mainly for insulation, and
and therefore has a low melting point. It y

. . . for areas where temperatures are not high, e.g.
easily melts, and when mixed with ashes P g g

. . boiler doors, etc.
forms a glassy layer, which sticks onto the '

refractory material when the equipment isAnother component of the cast segment is the
shut down for cleaning. Removing thisceramic fibre. This is an inorganic heat insulat-

glassy layer, during cleaning, results ining material used to prevent heat loss in thermal
loss of refractory material. Over a longequipment. Ceramic fibre comes in three forms.
period, the neck material, which would These are Alumina-silica fibre, Alumina fibre

wear off, should be replaced. and Silica fibre. The type referred to in this

In th t industrial boil ks. f paper is the Alumina-silica fibre. Alumina-
n Ih€ case of Industrial DOTEr NECKSs, 10T EXaMg)i fibre is a glassy fibre made from @k

ple, heat passes through the neck from the fu§i02 series of materials. In the past, kaolin,

Eflce |nt;) the r_nzlaun sheIII, Wh'tcrl; has an ?sseml%/anite and other similar materials were melted
age ot special seamiess tubes or PIPES Q) 4n electric arc furnace or reverberatory fur-
varying sizes. nace to make them fibrous. However, because
Round shapes are very effective heat generatiaf the impurities such as Ba, FeOs, which
and transmission equipment and it is thereforbave low melting compositions, highly pure
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chemically refined materials are applied. TheDne of the nails is fixed at the centre, O, and
main functions of any ceramic fibre are to prethe other nail is rotated through one revolution,
vent heat loss from the equipment, to absorht a constant distance of R, to mark the circle
heat, and to absorb thermal expansion of then a 0.3 cm thick plywood as shown in Fig. 2.

refractory materials.

PROCEDURE

Steps for forming segments for circular
shapes

The actual dimension of the circular shape i$
taken and the radius, R, is copied on plywood
or drawn to scale on a drawing paper. In the
case of the former, which is the common prac*
tice, two nails are fixed on a wood plank with
the distance between them being the radius, R

The circle is segmented into four equal parts
(Fig. 3) as follows:

Draw line AB = diameter

Mark the center O

Mark equal points C and D; CO=DO

With a compass draw two arcs to bisect at
X-1, X-5

Draw E, F through the central points of; X-
X-5; the circle is divided into four equal
parts

of the circular shape (Fig. 1).

Nail Nail
X =3 "
P ] '§
R A
\ ,' Wood plank
]
LN !
\ J
\ .
\ /
N N

~ -
T - —

Fig. 1: Drawing a circle with a wood plank

Fig. 2: Circle marked after one revolution
of the wood plank

Fig. 3
1=2

Draw the thickness of the segment or brick as
shown by the dotted circle. Label parts 1, 2, 3,
4. The size of the segment depends upon one’s
design or the existing shape being copied. The
number of segment will depend on the overall
size and weight of the part to be fabricated. In
this case, the original drawings, if they are
available, are necessary guidelines. Depending
on the what size is to be produced, the circle
could be divided into eight equal parts by divid-
ing the 90 angles into two equal parts, or®45
angle each, with a protractor or twelve equal
parts is obtained by dividing the @hgles into
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A
X
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5
1 =2=3=4=5=6=7= 1 =2=3=4=5=6=7=8=9=10=11=12
Fig. 4: Circle divided into eight segments Fig. 5: Circle divided into twelve segments

three equal parts i.e. 38ach. These additional FABRICATION OF MOULDS FOR CAST-
segmentations are illustrated by figures 4 and NG OF CIRCULAR PARTS
respectively. Making wooden moulds is a bit of a task.

These are the required and precise angulgrOmetlmes metallic moulds may be used.

shapes for the two circles. Once the sizes havdsing the 12-segmented parts, as an example,
been known, a brick-cutting machine, fittedfirst mark out the segments on the flat solid
with a diamond cutter, can be used to cut ouboard, of reasonable thickness e.g. 5.0cm, as
the shapes or the shapes can be cast out oflaown in figure 6. The wooden flat board is
mould that can be made. Different moulds areplit into two parts G & H (Figure 7), using an
needed for different circular areas, dependingrdinary saw or a bandsaw. The middle por-
on their sizes — usually these moulds are cusions | and J, are sawn out.

tom made.

Fig. 6: 12 Segmented angular parts mark

wooden platform Fig. 7: Splitted wooden platform
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tion of a frame for the whole segment. These

The d ted " d th iral frames would be necessary when it comes to
€ demarcated segments an e centra p%’(ing the shaped bricks or cast segmented an-

tions, | and J, are sawn out of the plywood. Th : :
' R . ular shapes in the equipment.
segmented section is then sawn into 12 seg- P auip

ments as shown in figure 8 and used as a temhe moulds are fabricated using the two pieces
plate. Figure 9 is | and J of the central portionof each segment reinforced by pieces of wood
Two pieces of each segment is cut out from &erving as the sides of the mould depending on
2.5 cm wawa board. the length of the segment, and a 0.3cm plywood

. as the base. In this case, there are 12 moulds, of
The two inner halves, | & J, are used as tem:

- TV equal measurement, to be made. The pieces for
plate for obtaining similar halves from a 2.5 ¢ d P

he segments and the transitional pieces are cut
Wawa board. They are used for the construge " "5 5cm wawa board. It is important to

E

Transitional pieces
2.5cm
wawa
boards 0.3cm plywood
for base

Fig. 10: Pieces required to assemble into mould —1ltwo samples of segment 1; T-T the tran-
sitional pieces; B represents the base plywood
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The essembled mould is shown in Fig. 11and Fig. 12

0.3 cm plywood

2.5 cm Wawa
board

2.5 cm Wawa
board

Fig. 12: Assembled mould turned upside down

note that the inner dimensions of the mould$ixed, either lightweight or high density casta-
are the actual size of the segments. Figure lle can be used.

shows the pieces required to assemble ﬂ‘gefore casting, all the moulds must be num-

mould. bered. High temperature ceramic fibre is used
either at the sides of some segments or at the
gf'?STINE THtEhSHAPIIEdS th bl gase of the segments or at both the base and
er oaxing the moulds, th€y are assembledq ot some segments to reduce the effect of

atnd che;:ked ??ﬁ corre_chgnsh made. Ih?t;‘e ermal expansion during service. Figure 13
Stage 1S 1o cast the required shapes out o ey, 105 4 mould filled with castable, without
Depending upon the temperature requwemenfﬁ

d th that th " ina t ceramic fibre. Figures 14, depicts how ce-
and the areas that the segments are going to ic fibre is used to compensate for expansion

Section B-B

Fig. 14: Mould filled with castable and ceramic filse at one side
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(a) Cast with ceramic fibre at base (b) Cast with ceramic fibre at side (c) Cast with ceramic fibre at side and
base

Fig. 15: Dried cast segments removed from moulds

Figures 15 depicts dried cast segments removéthe procedure for making the frame is as fol-
from their moulds. For easy and precise fixingJows:

the removed segments should be numberetbin the two semi-circular shapes | and J, with a
according to the numbers on the moulds. 2.5cm x 2.5cm ‘wawa’ battens. The top is then
afovered with 0.3cm plywood. The fabricated

Figure 15a,b&c are casts with ceramic fibre rame takes the form of figure 17,

different sides.

FABRICATION OF THE FRAME AERA”':'G]!NbQ T?E CAfS&T SfEGMEtNhTS t
The frame, Fig 164, is fabricated using the twéo‘ er the Tabrication ot the frame, the cast Seg-
ments are arranged vertically, in numerical or-

2.5 cm inner portions (figure 9) , i.e. portions lder, on a clean floor or on a plywood and

& J. For easy removal of the frame from thechecked whether the dimensions are correct,

fixed segments after fixing, it is better to reduce A

the lower part of the semi-circular wawa boardf”‘nd that the_ segments toggther will T't in the

by 5 cm (two inches), as shown in figure 16b. plrcular section of the equipment. Figure 19
' illustrates this arrangement.

It is important to try the frame inside the ar-

ranged segments to check the fitness.

35cm

5cm3q

35cm

(b) Sample of semi-circular piece

(a) Two semi-circular pieces used for frame reduced by 5 cm

construction

Fig. 16: The central portion of the segmented boarébr frame construction

Journal of Science and Technology, Val. 29, No. 2, Aug., 2009 69



Segemented angular shapesfor circular areas... Nsiah

25 cm wawa boafd 2.5 cm x 5 cm wawa battens

Fig. 17: Semi-circular pieces joined by battens

Figure 18 shows the frame covered with a 0.3 crwpbd.

0.3 cm plywood cover

Fig. 18: Finished frame, with plywood cover

Segmented angular shape

Ceramic Fibre for expansion gap in-
between the lower segments and the
base (1-6), and only at the base of
segments 7-12

Fig. 19: Arrangement of cast segments on a floor grlywood
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It should be noted that when fixing the castrangements of shapes, it is easy and there is no
segments, there must not be any ceramic fibneeed of a frame. For vertical ones, however, it

in-between the segments in the top zone, i.és unnerving.

segments 7-12. This is because the action

draft will gradually blow it off resulting in the

segment(s) dropping. Moreover, the effect o
some combustion products on the top zone The lower (segments) section is first ar-
could destroy the fibre, and eventually cause ranged. The step-to-step procedure is illus-
sine some egmebt to some segment(s) to fall trated by the figures below.

off.

qjhe procedure for fixing the cast pieces of the
%atter is, as follows:

As can be seen from the drawings below, No. 3
is fixed first (fig. 20a). Then followed by No. 4,
FIXING THE SEGMENTS 4 :

When the segments are found to fit cor-then No. 2, No. 5, (fig. 20b). Finally, No. 1 and

rectly, they are then fixed starting with the seg!\lo' 6 are fixed, to complete the lower seg-

ment numbered 3 from the left, i.e. 2&0om g;ﬁgttéggs'ez?ncg'mthifrz(t:;%rry mortar is used to
the North-South line. For horizontal fixing ar- 9 g ’

p
2

(b) Segments No. 3,4,2,5 fixed

Circular section
of the equipment

(&) Segment No. 3 fixed

c. The lower segments com-
pleted

Fig. 20: Fixing the lower cast segments
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Placing the frame for the fixing of the upper ber or veneer. Because of weight problems, it is
segments better to support the frame with lightweight
It is important that the frame is properly andbricks instead of high density ones. After first
accurately put in place (it always need adjuster second attempts, it is easy to place and adjust
ment). The frame must have wooden supporthe frame to facilitate precise fixing of the seg-
as shown in fig 21. It is also easy to support thenents. This is very crucial for obtaining a per-
frame with lightweight or high-density refrac- fect result, i.e. a precise circular arrangement.
tory bricks and adjusting it with pieces of lum-

Circular section of equipment

Upper segment<

yet to be fixed
The frame

Pieces of lumber or veneer adjusters

Support for the frame
Lower segment
fixed <

Ceramic Fibre to check or reduce expan-
sion

Fig. 21: Frame with wooden supports

Fig. 22 shows a case in which lightweight/high dignbricks are used as the support for the
frame.

Frame

Pieces of veneer or lumber adjusters

Lightweight bricks/high-density bricks used for
support

Fig. 22: Frame with bricks support
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The upper segment is then fixed in the follow-ShOUId be.employed to protect the metal parts
ing sequence: first, Nos. 12 and 7, then Nos. ﬁf the equipment and to prevent heat loss. Ob-
and 8 then No. 10 and No. 9. i.e. the last one. \dously, the thicker they are the better, because
fixed after the required adjustments and checkdl Wear and tear due to the corrosive action of
have been done (fig. 23a, 23b). After all thefombustion prOdUCtS’ (Kingrey, 1960), reacting

segments have been fixed, and checks hatd! the material at the neck. It may be necessary
been made, the supports of the frame are genﬂg repeat the cast for the required number of
removed. The frame, which will then be loose!!lS Of ségment to cover a required length.

is taken out (fig. 23c). The completely cast segments fixed, take the

The difference between th@®2and ¥ circles orm as shown in figure 24, which shows an
is the thickness of the segment. This depend'ﬁfr"’lmg(Ed cast segments made up of three rolls.

upon the design. Thus, optimum thickness

(a) Segments No. 7 and 12 fixed (b) Segments No. 8 and 11 fixed

"10 - 9 Circular area of the equipment — circle 1

11 8

Ceramic fibre to check expansion

; Circle 3
E

Ceramic fibre to check expansion

(c) Completed Upper and lower segments after dmadrhas been removed

Fig. 23: Fixing the upper segments
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Fig. 24: Three rolls of fixed segments
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