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INTRODUCTION

This study deals primarily with operating conditions in tropical and sub-
tropioal countries, which are significantly different from the corresponding conditions
in temperate countiies where thu ceramics industry has received most of its develop-
ment and to which most scientific and technical studies consequently refer.

Baked clay produote are used primarily in building. These produots are usually
made from rather impure plastic clay raw materials which must go through four mamu-
facturing stages: preparation of the olay, moulding, drying and firing. The first
two stages have been studied in another paper. This paper will therefore be confined
to oonsideration of the drying and firing. As these two stages are greatly influenoced
by the type of raw material used, howaver, we consider it necessary to make a quick
review of the fundamental factors involved.

I. THEORBETICAL DATA ON DRYING AND FIRING

Composition of olays

It should be noted firat of all that the definition of clay differs considerably
depending on whether clay is oonsidered from the point of view of the study of soils
or from the point of view of the ceramics industry. In the first case, clay is con-
sidered to be that part of the ground made up of elements less than 10 miorons in size,
whatever the mineralogioal ocomposition may be. For the oeramics expert and the
mineralogist, on tle other hand, :lay is . material made up primarily of a mixture of
various argillaceous minerals oontaining, in addition, impurities suoh as remnants of
the matrix and of the mineralogical oconstituents of the matrix (quartz, mioca, feld-
spar, olivine, hematite, eto.) as well as altered forms of these rooks and minerals.
Argillaceous minerals can be grouped in the following oategories:

- kaolinite
- montmorillonite
- i11ite.
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Kaolinite is made up of two molecular lattices: the 3104 tetrahedral silioon
lattice and the AI(O!{)6 octahedral aluminium lattice which may condense in the propor-
tion 1:1 to form a continuous impenetrable lattice irith the formla AIZ(GI)431205 or,
in the form of: oxides, ?8102.A1903.2H20. It may be found in a hydrated form as
halloysite with n}iao. The molecular ratio 8102:A1203 = 2, and the loss on firing is
13.95 per cent for kaolinive and more for halloysite., The crystalline structure is a
fairly large, very flat hexagonal prism. This kaolinitic group ic found above all in
the china clays, the ball clay3s ~1d the fir~ol-y3. 7Tt ir also sometimes found in *h-~

brick clays. It is ciuito common in temperete areas.

Tne montmorillonites belong to the group of pyrophyllites of volcanic origin.
The 8104 lattioe enclosss on aluminium octahedra lattice, giving a lattice formula
of 2:1.

The formula of pyrophyllite is:
273 2° 2

The place of the gibbsite m(on)3 group may be taken by brucite ,ug(oa)z or
ferrous oxide Fo(OH)2, which ars of similar structure. If the central lattice ir

u,‘,(on)4.231205 or, expressed a3 oxidcs, Al.0..45i0..H.0

made up entirely of biucite, then this will give telo:

Mg3(m)3.281205 or 3Mgo,43102.1120, loss on firing 4.7 per cent.

Pyropl\viiifa and talc may be considered us making up the group of montmorillcniics
with the formila 241,0,.Mg0.12510,.3K,0, ‘loss on firing 5.3 per cent and molecular
ratio 81.02/A1203 = 4. 'The lattice of thislatter material is not so olose as that of
keolinite, sand el'rwe Viemids, fwnlrding water, to penetrate it and thus considerabiy
expand its volume. As they have a free charge, these montmorillonites can absorbd
metalllic cations cuch as Ca0, Naao, eiCey which give various properties to the
comprunds. thus formed, especially a considerable increase in plasticity.

Jilites are very aimiler to the group of nicas, where part of the K20 has boen -
replaced by nzo. Theiv loss of [iring is about 7 per cent. They are often found in
mioaceous briok clays and in fireclays,
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In addition to these plastic argillaceous compounds, Clays contain other miiru)s,
some of which, such as organic matter, carbonates (calcite in marls), sulphides
(pyrites) and sulphates (gypsum), bring about substantial losses on calcination.

In hot, humid tropioal climates, the clay molecules disintegrate, especially if tae
clay deposit is under the water table. 8102 is gradually eliminated by this latcrize.-
tion, and the residual product will be a laterite, a bauxiie, & gibbsite or a geothite,
It may be noted that the loss on firing of gibbsite amounts to over 34 per cent.

These various non-plastic compounds develop very consider-bla porosity when fir~1 ot
1,000°C and are thus subject to progressive and heavy shrinkage at high temperature,
In tropioal countries, therefore, this should be borne in mind when selecting suitable
dryers and kilns,

Let us take as an example three types of clays, the fiist a micaceous clay (an
altered form of trachyte) from Madagascar and the othor two (altered forms of bacall)
from Mauritius,

— -

Ikopa clay Vacoas oley Micolidre clay
Madagasnar Jouth Mauritiua North Mauritiv:

3102 36.7 20.1 18.3
A1203 38.6 39.6 29.3
F'ZOB 2.6 5.2 28.6
TiOz 0.9 8.5 3.3
Ca0 - ( 0.4
Mg0 - (traces 1.1
Alkalis 3.2 ( trace
Loss on firing 18,2 28.3 17.8
Halloysite 48,2 52¢7 34.9
Gibbsite 24.9 ( (
Goethite _ (35.3 (55.4

Other minerals 26.9 12.0 9.7
(feldspar and ilmenite) .




DRYING

The drying process enables the mixing water of the prepared clay to be removed
and provides a firm, more or less dry proauct ready for firing, Mechanically speaking,
it involves evaporation cf the non-combined water, together with a reduction of the
volume of the product. The removal of the water takes place in two stages: +to begin
with, it is accompanied by shrinkage proportionar to the loss of water, but when
the leather-hard state is reached the shrinkage siops while the removal of water con-
tinues until dryness. Th. critilcal PUANL 1o gliven oy Lageo's curve, Thie podut 1o
important, as once it has been passed the drying conditions can be radically changed,

since there is no longer ary fear of the crac..ing or bursting of the piece as long
as the temperature is kept below 100°¢C.

The water contained inside the blocks of clay rises by capillary sction to the
surface and brings with it soluble salts which crystallize out &t the surface and give
rise to efflorescence. The extent to which the temperature can be increased in order
to speed up evaporation of the water is limited by the danger of the formation of .
steam, which would cause the piece to burst, and the practical linit is about 700"

The roduotion in volume gives rise to internal stiesses in the plece, as drying
is not oqua.l at every point. These intornal stresse- manifest themselves in the form
of distortion, cracking, and even burrsting of the piece if diying is too rapid,
Shrinkage varies according to the type of clay concerned, the amount of adjuncts

suoh as sand, and the fineness cf grinding. If the sluinkage is too marked, and there-

fore dangerous for the piece when it is being dried, it can be reduced by adding e

leaner olgy (which wil) have = ‘ever degre. of shriuknge), sand, or chamotte. Suoh

additions are limited, however, because of the reduction of plasticity which they
cause. Norually, the linear shiinkagc on drying must not exceed 5~7 per cent. The
addition of adjuncts such as sani to maka the cley leaner alsc facilitates the removal

of water by giving the clay a less compact structure and thus enabling more rapid
drying.

The clay whose structure makes it easiest to dry is kaolinite. It is also the
least plastic of olays, this property depending on the size of the argillaceous
crystals. Unfortunately, it is quite rare to find Substantial deposits 6f kaolinite
in the tropics. I%¢ 1s more usual to find halloysites, wnich are much more Plastic,




or montmorillonites contaminated to & greater or lesser degree by iron snd aluminiua
hydroxades. Both these argillaceous ainerals are rather trioky to dry, ut marls,
on the other hand, do not present any difficulties, becauss the limestone ocontained
in them has the effect of making them leaner,

Knowledge of these facts is very useful when ohoosing the type of industrial-
scale dryer to be used, Ignorance of them oxplains to some extent the heavy was’age
enocountered in the mamufacture of artisan-produced air-dried bricks.

$ of heat required fo ificd

The total number of oalories required is consumed not only in evaporating the
non-oombined mixing water, but also in heating the products, the structures supporting
thea, the surrounding mesonry and the air which is being circulated for the drying
prooess,

Quite a substantial loss is aleo t0 be expected through rediation from the
Basonry. Each of these elements can be ocaloulated theoretically if the weight of the
olay material, the weight of the water to be vaporated, the weight of the bearer
struoctures and the surrounding masonry, the surface area of the heated valls, and the
amount of oirculating air are known., JFor this purpose, it is also necessary to know
the specific heat of each component, as well as the inorease in temperature. Except
for radiation losses, the following formulas is useds

Q=P x (T - t) x speoific heat. . e
In addition, it is necessary to add the latent heat of wvaporation, whioh is very

important. In preactioce, for & _good giqciﬂ dryer, the figire of h%hm
oslo;io! per kg of svaporsted water By be taken.

It is alvays o very good idea to check the temperature and moisture oontent of
the air removed, The heat required for drying varies, as s percentage, as followss

Kipimys Naximp
Heat absorbded 16 .9
losses through redistion 10 25
Residual heat in air removed 28 39
Heat of evaporation of water 46 {4
Tl00 100

Calories per k¢ 1,110 2,140
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Bere, too, the nature of the clay and the type of produot to be memifactured are
deternining factors when deciding on the type of kiln to bde used. The tesperature
required for the firing of baked c)y products is between 950 and 1,150°C.

The firing oan be divided into four stages:

Water smoking
Pre-heating
M1l firing
Cooling.

The water moking is carried out slowly, up to 150°c, in order to remove the
remainder of the mixing water.

The precheating extends from 150°C to 850°C. There are various orucial poimts ia
it vhere the temperature mist be increased only slowly. At 150°C there is the
removal of the mechanioal water from montmorillonite; towards 200°C, illite degine
Vo lose its combined water. Between 250° and 300°C, the mechanical water is resoved |
from halloysite, while gitbsite and goethite are dried out towards 300°C. Kaolinmite |
e Malloysite are dehydrated between 400°and 600°C, and at 573°C the abrupt passage
from alpha quarts to bdeta quartz, accompanied by marked swelling, takes place.
Finally, the carbonic and sulphurous gases are liberated between (50°and 900°C. This
) ) at of °C ia the minimum for obtaining a stable reduct. Below this
temperature, the meta~kaolin formed will reabsorb water, thus leading to disintegra-
tion of the piece.

The full firing stage causes the sggregaiion of the particles, together with the
beginning of vitrefaotion due to elements which give fusible glasses: 1lime, sagnesia,
alkalis, ferrous oxide and silicon. Where there is a high proportion of lime, it is
dangerous to exceed 1,150°C, as abrupt melting of the silicate of lime takes place.
The presence of a high proportion.of oxides of iron and alumina calls for firing
above 1,000°C, and the fire must be consistently of a highly oxidising mature in order
to avoid the melting effect of FeO. -

Cooling oan be carried out rapidly down to 700°C, but care must be taken at tho
stage of the transformation of the quartz around 600°C, if any free si_icon is present.
Below this temperature, the cooling curve will flatien out itself.




It may be noted in passing that firing curves have bdeen greatly modified in the
last fow years: 50 yoars ago tiles could not be fired in less than three weeks,
whereas novedeys they are fired in three hours,

The firing atmosphere and tenperature will have a consid:rable influence on the
quality of the products. Perruginous earth will &ive a red-browm bricit, s marl will
give a yellowish product, while a high content of alumina in a ferruginous clay will
lighten the shade to red or fesm,

In a high-output Plant, it will be valuable to deternine by means of various
laberatory tests (d1fferential curves, X-rays, cheamical analysis, polarizing miore-
S00pe examination, levigation, 3tc.) the varioue components present ir the clay which
is to de used. These teste will gTeatly facilitate the choice of the plant, and firms
which epecialise in the supply of brickworks plant will willingly car:y out such
teste,

When selecting the kiln, such coneideratione as the output required, the quality
of tho rew Rateriale, the local laboupr oonditions, the fuel and the power sourcee
available and the climetic conditions wil} greatly influence the decision.

The nusber of calories needed for firing varies considerably not only from one
type of clay to another, but aleo from one type of kiln to another. Jor firing to
1.000°C, it will be Receseary to aswune , conmumption of ‘@wut 1,000 calories per kg
fired in a non~continuous kiln, whereas the heat consumption may be less than 400
calories per kg in high~efficiency continuoue kilne. Comparable figures cannot be
given for temporary kilns, as the temperature achieved rarely exceede 800°C,

Buipacet uoed
Ding

(r) Natyrel drying is carried out in the open wi*h ruccessive stacking of the
hardened material. The longth of the drying process, which say be from three to eight

weeks, ﬂll vary comsidersdly depending on the temperature, tne ventilation, the degree
of munidity of the aiy, -ulvtho nature of the olay. The area r_quind for drying 1s
sbout 2,000 aZ per 100,000 bricks. The Baterial mist be protected from the wind, the

urn and the rain by means of movable screems, and drying should be carried out, if
Poesidle, in a shed. With o fat clyy, wastage mey amount to 30 per cent. 1In a shed,.
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the bricks are sither stacked on pallets about lm x 1.20m 1n 5 or 6 layers, or slss
they are arranged on movable shelves. The bricks are transported from the press or
to the kiln on wheelbarrows or by means of pallet trucks. A covered area of 1,%00 l2
will accommodats 600 pallets giving a daily output of 20 tonnes. The drying time is

much lowsr for hollow bricks, amounting to only 6 days at Salonika.

(b) Artificial dryings An old system is to lay the bricks on a floor made of
concrete or cast iron slabs covering a system of channels through which hot air is
circulated. Abour 70 bricks can be laid out on each square metrs; ths temperaturs
must not exceed 50-60°C. The drying process by such a method lasts a week for solid
bricks and 2 days for hollow blocks. In the same category as this process is the
method of drying the bricks on top of the kiln, with or without shelves which mey de
inclined to servs as slides for tilss.

(c) Drying in specially ventilgted buildings

I. On fixed installations (drying on shelves) %
II. On movabls equipment (wagons, conveyor bslts, sledges)

I.  Pized-ware dryers

There are two main types of fixed-ware equipment:

(1) The Keller-type corridor dryer consisting of high, narrow, deep parallsl

chambers provided inside with horizontal supports at regular intervals on which the
loaded shslves delivsred by a multi-fork transporter truck are placed and removed after
drying. Ths chambers havs an average capacity of 10 tonnss and are provided with
communicating doors. They can work independently or in groups of 2, 3 opr 4 chamders

in series, depending on ths system of drying selected for the requirements of the
material. The principle is to pass hot air saturated with humidity over the greoen
clay product to begin with, and then to reduce the huaidity saturation as soon as the
ciook in the Bigot curve is reached. The final temperature is about 70°C. The
drying tise varies from 24 to 72 hours, depending on the semsitivity of the product,
The air inlets and ocutlets and the placing of the fams vary according to the design.
These dryers are contimally checked by means of psychrometers amd recording
thermometers.




(2) Italigp-type ohgmber dryers: 1In this type of dryer, the material to be

dried is loaded on milti-deck metal shelves which are then pPlaced inside the chanbers,
vhere the movement of the air is rejulated in accordance with g precise curve. The
fans sey be fixed 10 the vall, or they may be mobile and move around between the
shelves (Rotomixzair). The norsal drying time is 24-48 hours, and the same rules
regarding the circulation of hot air &PPLly as in the case of the Xeller-type dryers.
The amount of heat needed is osloulated in this case also on the basis of 1,000~
1,200 calories per litre of water.

1. Mevingwere dryers

This eovers J'Qmi of dryers:

(1) Tunnel dryers T
(2) Conveyer Solt dryers
(3)  Sieage-type aryers.

In all three oases, the ware passes along a channel in counter current to hot
oir which enters in the dry state at the exit of the dryer, picks up husidity as it
Passes over the product, and Rerges almost saturated with humidity. Optimum tempera-
tures are about 70°C at the air input and 32°C at the outlet. The distribution of the
alr i progressive, and is norwally along the axis of the dryer sole. Recycling is
often carried out Yy cmusing saturated air from the outlet to enter the dryer again
half-way dowm its longth. Air oirculation fans or, better, ventilators whioh suck in
air every five metres from the crown of the dryer and bdblow it in again at the bottom
of the dryer (the sole), regulate the movement of the air. There are multi-line
tunnels with reverse orees circulation in acoordance with a particular scheme or else
vith Rotemixair units operating between the lines of shelf trucks loaded with the ware,
The operation of the dryer (the input and removal of the wagons) must be very regular,
and both the tempersture and the moisture ocontemt of the air must be oonstantly
ohecked, A dryer whioh is operatiag under proper conditions gives slight ocondensation
of vater on the mtiry door. Under no oiroumstances should air oontaining sulphurous
€8308 be used, a8 these fases seriously atteck metal structures and csuse effloresemce
of the preducts. fonveyor dryers are usually directly commected with the moulding
Bachines and with the kila, which is 00 dosigned as 10 heve the same extre-low section.




- 12 =

The various types of artificial dryers can only function effectively and economi-
cally if there is a regular and quite large output of products which do not greatly
vary in volume or weight. The minimum feasible cutput for such dryers is 20 tonnes
per day. 1In the case of roofing tiles or flooring or walling tiles, drying is a more
oomplicated matier and requires a period of 48 to 72 hours, with even closer super-
vision throughout the process.

F'irig

As we have already seen, the normal firing temperature is between 950°C and

1,150°C. The optimum temperature depends on the product quality which it is desired

to obtain (compressive strength and resistance 1o weathering and freezing), the raw
material used (marls, ferruginous clays, laterites, etc.), the moulding system (the
soft mud process, the stiff-plastic process or the semi-dry process, the last two of
which call for higher temperatures), and the firing speed as well as the full firing
time, rapid full firing also calling for higher temperatures. There are two types of
kilns: (a) - non-continuous or intermittent kilns, and (b) - continuous kilns.

(a) Non-continuous kilns
These are of two types: temporary and permanent kilns.

(1) Temporary kilns

Temporary kilns are mainly used by artisans, but they are also still used in 1
Great Britain, the United States, Greece, etc., where they form part of quite a
highly developed mamufacturing system. For the areas being dealt with by us, however,
we shall deal only with the type of kiln typically used by artisans. The sigze of
such kilns depends frequently on the vanity of the artisan, but too large & kiln
(more than 50,000 bricks) gives too meuy wnder-firad op burnt bricks.

zmrgn kilns

These are the classical kilns for starting up the manufacture of brioks. Their
oaspacity can vary widely, ranging from 5,000 to 100,000 pieces or more. These kilns
are built each season out of dried bricks in the form of a truncated pyramid with a
rectangular base. In the base of the kiln, between the long sides, transverse trenches
are dug at a distance of about 1.50m to serve as fire flues. The bricks are stacked
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in such a way as to leave flues for the draught, and every two or three layers the
bricks are spread with a layer of pulverized fuel (lignite, peat, rice hdsku, etc.).
The total height of the kiln is between 2,50 and 3.50m. The top of the kiln is covered
with underfired bricks and the outside walls are coated with clay, the whole kiln
being oovered with a thin layer of earth.

The kiln is 1it by first of ali lighting faggots in the fire flues, then adding
billets of wood or blocks of peat. When the fire has taken a good hold, the flues
are blocked up and ccibusiion then spreads through the whole stack,

A firing lasts about 10 days on average. Such kilns give very irregular results,
with up to 15 per cent of burnt bricks and sometimes 40 per cent of under-fired or
unbaked bricks. The temperature rarely reaches 900°C, and the products are thus of
irregular and very inferior Quality: at Tananarive, the compressive strength of such
bricks is between 5 and 12 kg/cm2 and they have an apparent density of 1,20 to 1,25,
Their water ;blorption exceeds 50 per cent, and the highly variable dimensions involve
heavy consumption of mortar when laying the bricks. Nevertheless, such kilns are
indispensable for supplying the brioks needed for the construction of a more highly
developed kiln,

(2) Permanent kilns

There are two main groups of permanent kilns:

(a) Non-contimous kilns, and
(b) Continuous kilns which work withdut interruption.

(a) Nou-conii:mouc kilas
R S LA T L L

The use of these kilns Ray be envisaged when daily output is not more than
20 tonnes. The cost of these kilns is quite high (250 dollars per tonne of ocapacity)
and their fuel consumption is high, while heat recovery is difficult because of the
non-continuous operation. A fuel consumption equivalent tc about 1,000 calories
Per kg of fired product is to be expected,

There are three main types of these kilns:
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(1) Direct~flame updraught kilns

These kilns are provided with permanent walls with hearths at the sides. The
combustion gases pass through the charge and are removed at the crown. These kilns
may be round or rectangular (Suffolk kilns). Their capacity varies from 50 to 150 m3
i.e. 15,000-50,000 bricks. The investment costs are modest, but the firing is rather

irregular, being excessive at the foot of the stacks but insufficient in the middle.

(2) Downdreught kilns

These may be round or rectangular, with the hearth located in the latter type
on the long sides. These kilns can reach high temperatures (firing of refractories),
and their yeild is better than that of the preceding kilns (800 calories per kg of
fired productj.

The hot gases rise from the hearths along the walls up to the crown and then
plunge down through the mass of bricks and are evacuated through the grille which
forme the sole of the kiln to the chimney. The most thoroughly fired products are on
top, and thus not subject to crushing. The average capacity of such kilns is from
30,000 to 50,000 bricks, and the firing time is about one week, including charging
and discharging. These kilns are advantageous for small mechanized plants because of
their flexibility. Rectangular kilns can be connected in series to recover the heat
from one kiln to the next, thus making possible progress towards semi-contimuous and
continuous kilna, 1In a semi-continuous system, the fuel consumption ranges from
1,000 calories per kg in the first kiln to 600 calories per kg in the fifth kiln,

(b) Continuous kilns

These kilns offer by far the most economical method of firing and also give pro-
ducts of the most consistent quality, but they call for quite high output, exceeding

20 tonnes per day for Hoffmann kilns and 80 tonnes per day for a tunnel kiln., Noreover,

their operation is much less flexible than that of non—-continuous or semi-continuous

kilns, as the production range must be kept within the proportion 1:2, since a reduo-
tion of output sutomatically brings about an increase in the oonsumption of fuel. Two
main types of oontinuous kilns are available:

(a) Moving-fire, fixed-ware kilne

(b) Fixed-fire, moving-ware kilns
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(a) Moving-fire kilns (Hoffmann kilns, zig-zag kilns)

The introduction of this kiin by Hoffmann in the middle of the
revolutionized the activities of artisan brickmakers by
industrial stage.

last century

bringing them up to the

The two main advantagos are the conesiderable reduction in fuel

consumption and the improvement of the average quality of the product,

Moreover, this
type ol kiln enables the hot gases to be recove

red for use in the dryers,

in which thore are doors at regular intervals to permit the charging and discharging

enables the gases to be removed after
they have passed through the raw products and heated then,

of material, 4 longitudinal internal ohannel

The fuel is fed in through
firing doors placed at regular intervals in the crown, and the combustion air is heated

by passing over and cooling the fired product. The fuel can also be introduced through
the sole (gas kilns), or partly through the side (Belgian kilns),
by passing air over the fired products. The gallery itself may be circular (as in
the older kilne), made up of two parallel galleries joined at the ends (mdorn type),
or else of zig-zag form, this latter more compact form providing facilities for
meohanical charging. The gallery of the kiln may have a total length of 70 to 120m,
with a width of 2,5-4m and a maximum crown height of 2-3m,
varies from 5 to 15m2, €iving a capacity of 3.5-
metre or 2-6 tonnes of hollow bricks.

Heat is recovered

The cross-sectional ares
10 tonnes of solid bricks per linear

The firing time is 246 days. Previously,
these kilns were oharged by hand, but now thsre is a tendency to remodel them by con-

struoting doors only at the ends of the gallcries to permit the transport of materials
by means of forklift trucks. The fuel used is very varied: long wooden logs, lignite,
coal, heavy fuel oil, natural gas or producer gas. The fuel consumption may be the
equivalent of as little ag 400 calories per kg for a firing temperature of l,OOOOC.

Wood, however, has the digadvantage that it is of low calorific value and scarcely
0
permits 900 C to be reac

hed even av very high fuel consumption figures (750 calories/kg).

Fuel was originally fed ir by hand through the stoke holes, but solid fuel is

now pulverised and pulsed or injeoted into the kiln by meohanical stokers.

The rate of advance of the fire, whioh was originally

10-15m per day, is now as
muoh as 50m for certain hollow products (in Italy).
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An economical variant of the gallery kiln is Bull's trench kiln, where the top
of the crown is at ground level. The side walls of this itype of kiln are of permanent

construction and it has a gas removal flue communicating with the chimney. When

stacking of the ware has been completed, the crown is constructed, leaving stoke
holes for hand stoking of fine fuel. This semi-artisan type of kiln is successfully
used in Greece for the rapid firing of hollow blocks.

(b) Fixed-fire kilns (tunnel kilns)

There was much hesitation before these kilns were introduced for the firing of

bricks and tiles. They are now used in highly mechanized brickworks.

This kiln has a straight gallery with a fixed firing position located a little
before the centre of the gallery. The ware is loaded on wagons which have refractory
soles and which slide in a bed of sand so as to protect their undercarriages. Charging
is generally carried out by loading two batches of bricks on each 2-metre-~long car,
with a space between them corresponding tc the stoke holes. The fuel is introduced
through the crown by the same kinds of stokers used in Hoffmann kilns. The cars are
pushed into the gallery at regular intervals, and their speed of advance varies from
1.5m to 3m per hour. The firing time is 2-3 days. As in the case of Hoffmann kilns,
heat is recovered for the dryers from the cooling area.

The dimensions of the kiln depend on the output required. The length of the
kiln may be from 60 to 120m, and its width may be 3-4m. The height of the kiln nay
vary considerably from 30cm to 3m, depending on the design selected. The fuel consump-~
tion is approximately the same as for a Hoffmann kiln, and may even be as little as
the equivalent of 300 calories per kg fired.

The main advantage of tunnel kilns is that they provide a top quality product
which is of consistent colour and size. The minimum production which is economically
interesting ims two-thirds of meximum production capacity. Because of their high
production, these kilns can only be envisaged in quite highly developed countries
where there is a large demand for standardized products.
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II. CHOICE OF FUEL

The choice of fuel will obviously depend on the facilities for its supply and,
likewise, its cost delivered to the plant and the cost of installing facilities for

using it.

In the case of the dryers, the first source of heat is not air recovered from
the kiln. Such hot air forms the major part of the heat required when tunnel kilns
are used, and it represents a very considerable part of the required heat when
Hoffmann kilns are usged. By using such recuperated heat, up to 50 per cent of the
calories needed for drying can be saved. In order to provide the remaining calories
needed, hot air generators or steam must be used. In view of the relatively low
temperatures which need to be achieved, fuels can best be selected from among residual
products such as sawdust, bagasse, oil press residues, rice husks, etc., with quite
a low calorific value (1,500-3,000 calories). It is also possible to use such fuels
as wood (3,000-4,000 calories), peat (1,500 calories), lignite (2,000-3,000 calories)
or fuels of higher calorific value such as coal (7,000 calories), heavy fuel oil
(10,000 calories) or natural gas (8,000 calories per m3). It may be noted purely for
purposes of comparison that electricity provides 830 calories per kW,

The most usual fuel for temporary kilns is wood (eucalyptus), peat, lignite or
rice husks, while lignite, coal or, more rarely, wood, fuel oil or natural gas are
used for non-continuous kilns. The hearths must naturally be adapted to the type of
fuel selected.

For Hoffmann and sitzg kilns, wood should if possible be avoided and lignite,

coal, heavy fuel 0il, or poesibly gas should be used. Tunpel kilns use the same fuels
and, in a few ceves, electricity,

The detomigig factors in the selection of the fuel ares

(a) Looal possibilities for supply and transport of the fuel

(b) The cost of the fuel deljveres to the plant

(o) -The calorific value of the fuel

(d) local reserves (bearing in mind the danger of deforestation)
(e) Installation and storage costes.
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III. LABOUR

This question is of paramount importance in the developing countries. The need
to provide work fcr the population cf the ~ountry often very considerably influences
the chuice oi the instailiation tu be maae. Often, ncwever, itanis labour force is
unstable, subject to rsligious tabcos, and frequently inadequate from the point of
view of physical capabilities. Another difficulty is that of the training of skilled
workers., Every brickworks needs supervisory staff and skilled workers with experience
of thoir irade. At present it is fairly easy to find capable mechanics, electricians

or carpenters, but they may be aitracied away later by higher wages offered by richer
industries.

This question of technical knowledge is of vital importance in connexion with the
ceramics industry. Sending sclcctsd personnel to Rurope for technical training more
often than not leads to great disappointments, as these employees come back with
remarkable pretensions regarding thair knowledge of their subject, but no-one in

these countries has cny doubte ahout the long practical experience needed to give a

ceramics specialist a full knowledge of his subject.

Finally, the legal provisions regarding wages, female labour, trade unions,
unemployment, social welfare costs, eic., must be borne in mind., If such legal pro-
vieions have not yet been formulated, then it must be expected, fortunately, that
they soon will be intrcduced in the country. -

A technician responcibl. for ¢csieblishing a ceramics factory will often come
across prejudices, habits and preconceived ideas regarding the value of the products
to be manvufactured, if these products are as yet unknowr. in the country. I am thinking |
here ~f resistance in Madagasca- to hollow clay products, to the failure to appreciate

the qualities of baked clay products in Mauritius, and to ancesiral building habits
in Iran or even in Southern Ituly.

It is high time for consideration to be given to the establishment in Afrioa of
an international institute of ceramics teohnology for the training of skilled workers,
masons and supervisory staff for the ceramics industry.
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IV. DETERMINING CRITERIA FOR THE ESTABLISHMENT OF 4 BRICKWORKS

1. Existence of an adm;t- market

The market will be determined by the amount of construction which 80es on in the
area. Roughly speaking, it has been established that the potential market for bricks
represents about 5 per cent of the total expenditure foreoast for building. This
coeffioient may, however, be doubled in the case of the construction of small economic
units, a8 in Mauritius or Madagascar. In addition, the consumption of brioks depends
on per oapita income and it inoreases in proportion to this inoome and the finanoia)
possibilities of the country. Brick oonsumption will amount to about 2 brioks per
head if income is less than $80, 5 brioks if income is around $130, and 8 brioks if
income is $200, We have here two distinct cases: '

(a) Where s 8 bricks are al in use in the grea

In this case, builders will be used to solid bricks derived from blocks of
laterite or unbaked brioks, and it wil}l require a great deal of oonversion work
to induce builders to accept hollow produots (brioks and hollow blooks). Although
indnltri;lly-produood bricks oost more, the fact that they involve a lower
consumption of mortar and roughoast and enable walls to be built more quiokly,
to say nothing of the improvement in technioal quality, heat and sound insulation,
etc., whioh they perait, allows them to compete with artisan~produced brioks.

(b) ¥here baked oley is not Yot in use in the area

In this &8, natural stone or c.ncrete blocks will be used for permanent
oonstrotions in the area. An economic study should be oarried out when the
necessary nrgillicioul ravw materials have been detected in sufficient quantities
and suffioiently oclose to the ocentre of oonsumption,

In both oases, the establishment of an industrial-scale briokworks in a develop-
ing country will only be Justified, if the works is to be viable, when there is a
potential market of at least 40 tonnes per day. A smaller market will mwore often
han not leed to the bankruptoy of the factory (there have been several oases of this
N Nadagascar). This lower linit will, of courss, vary depending on the state of
svelopment of the oountry, and it will inorease to about 100 tonnes per day in
®veloped ocountries, Furthermore, transport costs, whiol, norsally limit the radius
f operations of a factory to less than 100km, must be borne in mind,
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The most important competing product is parpaing (concrete blocks), which are
easy to make on the spot with a vibrator. The possibilities of these blocks should
be studied in the light of their production costs (crushing of materials, price of
oement, etc.), bearing in mind that these olocke are coneiderably heavier and of a
mioh less pleasing appearance than bricks, while baked clasy products also have
advantages from the point of view of sound and heat insulation.

2,

Wherse there for brick
, deposits of clay improvement agents

(and also,

The deposits should be such that they will provide resourcee for at least 20 years.
They should be checked from the point of view of consistency of composition, esse of
open~cast exploitation, and production coet of materials delivered to the factory.

3, Availabilit local facilitiee for Or repairs

This point is very important for the proper maintenance of the plant, although
a considerable proportion of the repairs will in any case have toc be entrusted to an
attached workshop.

4. loocal resourcee of skilled labour

We will not return to this point, which has already been dealt with above.

5. - Financial possibilities of ths country

These possibilities, together with the local intereet rates, are also of paras-
mount importance. It will often be necessary to resort to external financial
sssistance provided by banks, institutionc set up for this purpose by the United Nations
or the government concerned, or, to some extent, foreign suppliers.

If the conditions summarized above are not fulfilled, then there will de no
alternative but to restrict operations to artisan-type drickworks or to study the
possibility of using mobile brickworke, which will be dealt with later.

V. COMPARISON OF PRODUCTION COSTS

We will limit outselves here to five oiuplu: three examples taken from our
recent studies in Madagascar and Mauritius, and two examples taken for purposes of
comparison from Switserland.




Prices are oomgideradbly influenced by the following items:

- Vages

- Cost of fuel

- Cost of electric power
- Interest rates.

While the item of wages (6 francs per hour for a labourer in Svitserlend o
againet 4 francs per day in Madagascar) plays a paramount role in highly-industrialised
countries and forces them to adopt a degree of mechanisation bordering on sutemation,
it is much less important in developing countries. Nevertheless, it must de expected
that wages will play an increasingly important role as the countiry progresses, and
advantage should be taken of the present state of affairs in order to train super-
visory staff and skilled workers, who will be increesingly sought after as mechamise~
tion develops.

1. Aptissp-sede bricks

In Nadagascar, it takes one moulder one working day %o mould 400 bricks (am cutput
of about one tonne per day). The associated work (preparation of the cluy, drying,
and construction of the kiln) take up an equal amsunt of time, 20 that the cutput per
worker oomes to 0.5 tonnes per day. No account has been taken here of the holp pro-
vided by the artisan's family in the construction of the kiln. The cost of the raw
naterial has been calculated, after consultation with artisan brick maker, at ome-
fifth of the cost of the product, and the consumption of fuel (wood, peat dug on the
spot) has been assumed to amount to 15 per cent of the tonnage produced. This
therefore gives the following figures per tonne:

--Labours - - - 400 Malagasy francs
Puels 250 Malageay framcs
Rew materiales 200 Malagasy framcs

850 Malagasy framcs

2. lndystrial-ecsle wood-fired byickworks
This works was built ISyunuoto‘in-oututotzO“-uml.. ™he

bricks are prepared msechanically, dried in a tummel dryer and fired in a Moffaenn
kiln using eucalyptus wood fuel.
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1. : brickworks with f wit

This planned works will produce 60 tonnes of baked clay preducts of standerdised
type per day. There is provision for mechanical preparation after weathering,
satomatic loading into the Kel. , corrido- dryer, and charging by forklift truck ef
the Hoffmenn heavy-oil-fired kiln.

Details of the following two brickworks are givem for purposes of ocomparisemt

4. Swiss brickworks

Output 145 tonnes per day, sechaniszed preparstion, Keller dryers, oil-fired
sunnel kiln.

5 gggatod Duropesn br;okwg-

Output 120 tonnes per dwy, mechanised and synchronised moulding, cowveyer bolt
drying, extre~low tunnel kiln,

The snnexed table gives a comparison of these five types of plamis.

This table speaks for itself: it shows the extonsive nechanisation carried out
in countries where wages are high, and the need to sodernise olu mechanical driek-
works without, however, going too far with mechanisation and losing sight of the meed
%0 provide employment. Finally, it shows the improvement in quality which cam de
obtained by taking care over the preparation and firing.

The proportion of wistage is as follows (wastage due to durnt and under-fired
bricks is shown sevarately from wastage oc-uring in the drying procees):

Plant Plant Plant Plant Plant
\ype 1 type 2 type ) Aype d type 3

Percentage vastage in firing 40 10 2 1 1
Peroentage westage in drying 20 20 ) 1 0

AR

Total westage for whole plant 60 X b) 2 1
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V. MOBILE BRICKWORKS

The term "mobile brickworks" means a brick-manufacturing installation which com—
bines a mobile unit with geveral fixed installations comprising the dryers and kilns.
In practice, the mobile unit consists of a truck on which a grinder and extruder, as
well as the necessary driving motor set, are mounted. This unit travels from one
dryer kiln installation to another as needed, thus enabliﬁg the cost of the moulding

plant to be spread over geveral brickworks.

This idea of mobile brickworks originated in Africa and has been under study
since 1965 in Chana and Chad. A Hungarian unit is said to have been supplied to
Ghana in 1966, while at the same time a French company was studying the establishment
of such a unit in Chad.

As it was my responsibility, during my tour of duty as an expert in 1968/1969, to
study the possibilities of producing bricks in Madagascar, I considered it useful to
%o more deeply into the question of mobile brickworks on the island, as it is parti-
oularly rich in clay deposits and the centres of population, except in the case of
Tananarive, cannot absordb the output of a fixed brickworks, several ill—f;ﬁd attempts
alresdy having been made. I was also lucky enough to meet there the technician who
has studied the problem in Chad and who allowed me to consult his documentation on the
subject.

Eomlic and technical considerations

»A motile brickworks" can be envisage’ for use in an area vwhere the centres of
population are too small and scattered to provide a suitable market for industrial-
scale drickworks but which can nevertheless consume an output of bricks which it would
be diffioult for artisan brickmakers to provide in the required amounts and qualities.

The first condition which must be fulfilled is the presence in the immediate
vieinity of the population centres of sufficiently large clay deposits. i

A second condition is that several centres vhich are a certain distance from each
other and have the required other qualities must be connected by a road or sea trans-
port route which permits the transport of the heavy machinery unit.
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Plant required

(1) A mobile motorized unit which can transport from one place to another, in
accordanoe with local needs, a set of plant for the preparation and moulding of stiff
plastic pieces. This set of plant will corcsist of the following items:

- One electric generating set of about 100 horsepower
- One grinding unit, possibly with stone removal equipment
- One mixing and extrusion unit.

The necessary feed conveyors will form a single unit mounted on a tractor truck
which will also serve tc transport the necessary machinery and skilled workers and
can also be used for the tramnsport of fuel, clay and fired products. The manufacturing
(preparation and moulding) unit is mounted on a trailer. '

The moulding unit should be supplemented with a wire brick cutter, a water pump
unit, hand trucks and extrusion dies.

installations located at the places

Drying would be oarried out in the open air on pallets or shelves placed under
a shed.

Firing would be carried out in kilns of simple comstruction which could be modified
to suit the magnitude of the output, such as the Scotch type without a fixed orown,
the Bull type (a Hoffmann kiln in a trench, withcut a fixed crown), or a direct horison-
tal drsught kiln (Newcastle or Kassel kiln) with a fixed crown.

The brick needed for the conmstruotion of the kilns would be provided by a
temporary kiln.

In developing countries, an average consumption of 5-10 bricks per person per
year can be expected. This oonsumption might temporarily be subject to great increases,
however, in the event of rapid development of an area (industrialisation oentre,
agricultural centres, etc.). For an installation to be profitable it is necessary to
be able to rely on a oonsumption of at least 200,000 units per oentre per year.

As the mobile unit can produce 10-20 tonnes per working day, a stay of at least
six weeks would be needed for the moulding. Scotoh or Newcastle kilns oould produce
about 30 tonnes per week, while a Bull kiln could produce up to 100 tonnes.
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The moulded products would be stacked up for storage in sheds after sufficient .
drying, so that firing could extend over several montha if necessary. It would
therefore be necessary io have -n entrepreneur on the sﬁot to supe.x;vimse‘the drying,
firing and storage of the finished product. .

Cost of the installation
(1) The cost of the mobile unit would be as follows:

- Currently available preparation and moulding machines: $80,000

- Berliet GLR 160 trailer truck: $20,000
- Miscellaneous: % 5,000
! Total: 75,000

f (2) The cost of the fixed installations at each site would be:

- Shed 750 m°: %10, 000

i' - Kiln, 50 s $10,000
- ”ﬁiﬁcellaneous: . . e $ 5,000 i

Total: $25,000

If we assume that there will be & working sites, the total cost will be:

{ -  Mobile unit: % 75,000
: - 6 fixed installations: $150, 000
; Total: $225,000

Operating costs

The oosts given below have been worked out on the basis of Madagascan conditions,
in thousands of Malagasy francs per year:

; -~  Mobile unit staff (4 skilled workers and foreman) 480
‘ - Local personnel working for three months :

, m 6 groups) 2,400
; - Muel 400kg of wood per tonne fired, output 3,000 tonnes 2,000
{ - Puel for truck and driving motors 4,000
l ~  Machinery maintenarnce, 5% 1,000

~ Kiln and dryer maintenance, 2% 300

L g
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- Administrative and management staff

- Depreciation of truck over 5 years
- Depreciation of machinery over 10 vears

- Depreciation of masonry over 20 years

Total
Miscellaneous costs

1,800
1,000
1,400

340

|

14,720
1,280

16,000

This represents a price of 5,300 CFA francs (US%20) per tonne.

This price is equivalent to about %2.50 per m2 of building, whereas parpaing

(concrete blocks) would cost %4 per m2 and would also involve considerable costs on

the import of cement.

These figures are, of course, only given for guidance.

Nevertheless, they show

the importance of this matter for the economy of developing countries which have the

right resources for this type of manufacture.









