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THE IRYING AND PIRING OF BAKED CLAY PRODUOTS.
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INTROVCTION

This study deals primarily with operating oonditions in tropioal and sub-
tropical ocountries, which are significantly different froa the corresponding conditions
in temperate odountiiee where the ceramics industry has received most of its dmlop-
ment and to Mch mowt scientific and technical muu oonnqucnt]; refer.

Baked olay pﬂMtl are used primsrily in tuilding. These products are usually
made from rather impure plastio clay rew materials which mst go through four memu~
fuoturing stages: preparation of the olay, moulding, drying and firing. The first
two stages have been studied in amother paper. This peper will therefore be confined
teoomdeﬁienofﬂummm ummnqummuw
by the type of rev material used, however, we oconsider it necessary %o maks a quiock
review of the fundamental factors involved,

It should e noted firet of all that the definition of olay differs censideredly
'mmwaqummmm;em#uu«mm
or fros the point of vier of the QIEaNiS IMNEErY. In the fisst case, oley is oom-
m»mwmdmmmn«wmmumum
whatover the compesition aey do. Tor W0 srenice ayert i the:

minevalogist, uﬁq@nlﬂ. ehhaM*yMﬁlMﬂ
mmmmmmmamqr




Ksolinite is made up of two molecular latticess the 8104 tetrahedral silioon
lattice and the u(m)6 ootahedral aluminium lattice which may condense in the propor-
tion 151 to form & contimous impenetrable lattice with the formla uz(m) 431205 or,
in the fora of oxides, 23102.u203.m20. It may be found in a hydrated form as
M vith nnzo. The moleculaxr ratio 81021u203 -2, _md the loss on firing is
13.95 per oent for kaolinite and more for halloysite. The orystalline structure is a
fairly large, very flat hexagonal prism. This kalinitic group is found above all in
" the ohina oleys, the ball clays and the fireolays. It is aleo somotimes found in the
briok olegs. It is quite common in temperste aress. '

The W belong to the ﬁoup of pyrophyllites of voloamio 'mgu.‘
T™he m‘ lsttice encloses an aluminium octshedra lattice, giving a lattice formula
of 211, | | |

T™he formula of pyrophyllite ist

n..‘k,(ﬂ)‘..ﬂizt)5 or, expressed as oxides, nzoJ.atoz.ugo B

The place of the gibbsite n(m)_,‘ group sey be teken Wy Bruoite Ng(OR), or
forrous oxide Pe(QN),, which are of similar structure. If the cemiral 1ahtice is
mede uwp entirely of brucite, then this will give falgy

g, (), . 201,0, or JGO.4810,.H,0, 10ss on firing 4.7 par oeat.

Pyrophyliite amd talc mey be considered as meking up the group of momtmorillonites
with the formala 241,0,.1g0.12810,.3H,0, 'loss on firing 5.3 per cent sd molecular
retio m,/n,o’ e 4. The lattice of Shislatter saterial is mot s0 0lose as thet of
Reslinite, and allows liquids, iioluding water, 1o pemetrate it snd tius considersdly
wpect 118 velums. ‘As they bave & froe charge, ihesé mutmorillonites o ebeord
Bvaliic cottens mueh a8 0ud, Na,0, etc., vhich give verious jropertios %0 0
cssptunds thms ‘forued;, especially a considewreble imorease inm plastieily. o

Zlileg awe vesy similar %o She group of mics, Where part of 12 K0 has Dem
vglaed iy RO, Thatr loss of firing is sbout 7 per cent. Thay wre ofSen ‘fount ia

. . »




In sddition to these plastic argillaceous compounds, clays oontain other minerals,
some of which, such as organic matter, carbouates (calocite in marls), sulphides
(pyrites) and sulphates (gypsum), bring about substantial losses on caloination,

In hot, bumid tropical ciimates, the clay molecules disintegrate, especially if the
clay deposit is under the water table. 8102 is M.u: eliminated by this laterise~
tion, and the residual product will be a laterite, a bauxite, a gibbsite or a geothite.
It may be noted that the loss on firing of gibbsite amounts to over 34 per oent.

These various non-plastic compounds develop very conridersdle porosity when fired at
1,000°C and are thus subject to progressive and heavy shrinkage at high tempereture.
In tropical countries, therefore, this should be borne in mind when selectiag suiteble
dryers and kilns,

Let us take as sn example thm types of olays, the first a micaoecus oley (an
altered form of trechyte) from Nadagascar and the other two (altered forms of besalt)
from Mamritius,

Ihopa oley Vacoss oley - Moolilwe ol
Nedogasoar South Mmritiue North Nmritiue
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The diying process snables the mixing water of the prepared clay to be removed
and provides a firu, moro or loss dry product ready for firing. ' Mechanically speaking,
it involves evaporation of the non-combined water, together with a reduction of the
volume of the produot. The reémrvel of the water takes placc in two stages: to begin
with, it is scnompanied by shrinkazs propertionnl to the loss of water, but when |
the leather-hard ptate is reached the lhrinxwe stOps while the remval of water oon-
tinues until dryresa. Th- critionl | 0din st peVel by LAgIu'E Gufves Phia point i
important, as once it has tesn pnsscd ilhe drying ccndj.tlons can be radically changed,
since there is no longer any feer ¢f the cracking or durcting of the piece as long
as the tarpersture is kept below 105°C.

The water ocontained inside the blooks of clay rises by capillary action to the
surface and brings with it soluble ~alts whioh orystallisze’ out at the surface and give
rise to efflorescencc. The exteat to which the temperaiure can be inoreased in order
1) wd up «apouﬂon of tho water is limited by the danger of the formation of
steam, whioh mld caise ths piece tc bur-t, eid. the practioal limit is about 70 c.

The rcdnotien in volume ﬂvas‘r‘ise t0 internmal ctresees in the pieds, as drying
is ot equal at every point. 7These internal sirecses nanifest themselves in the form
of distortion, craoking, trd even bursting of “he piece if drying is too repid.
" Snrinkage varier according to tha tyje of olay ooncermed, the.amount of sdjuncis
such a3 sand, and the fineness ni grinding. If tls sirinksge is too maried, and there-
fore dengerone for the piece wien 1% is being dried, it oan be reduced hy addirg & |
_lesmer cley (vateh wi1] hewe o laver degrao of shrinkage), eand, or chamotte, Such
afdisions are limited, hovever, becsuse of t$he reduciion of plestioity whioh they
omee, Forually, the lirear shrinkege on drying mwet not excsed 5~7 per oent. The
abfition 6f adfuncins suuh a8 sond t0 meko the elaw loaner also facilitates the m
of water by giving iho olwy & lewe oompact -tmuu and thus ensbliang more mid
. %he ol whess structure nakes it easiest %o dry is kmolimite. 7% is aleo the
mmun&mmmmumuuum“&m
anpetale.. Infertunstely, it.is.quise rere %0 Sl sudetential  upealdte of Naslintte
ﬁﬁlm N ummnmumm. Mm“m»&th,




or montmorillonites contaminated to a greater or lesser degree by iron and aluminium
hydroxides. Both thege argillaceous minerals are rather trioky to dry, but marls,
on the other hand, do not present any difficulties, becsuse the limestone contained
in them has the offoot of making them leaner.

Knowledge of these¢ facts is very useful when choosing she type of industrial-
soale dryer to be used. Ignorance of $hea explains to some extent the heavy wastage
encountered in the mamufacture of artisan-produced air-dried bdrioks. '

The total number of calories required is consumed not only in evaporating the
non-oombined mixing water, but almo in heating the products, tho l‘tmm supporting
them, the surrounding masonry and the air whioh is being oiroulated for the drying
process. ' |
Quite a substantisl loss is also %o be expected through redistion from the
nasonry. JNech of these elements can be caloulated theoretiocally if the weight of the
.olay material, the weight of the water $0 be eveporated, the weight of the desrer
structures and the surrounding mesunry, ‘he surfece area of the heated walls, and the
amount of circulating air are kmown, Jor this purpose, it is aleso necessssy %0 know
the specific heat of each component, as well as the increase in tempereture. Mgyt
for redistion losses, the following formula is used:

Q=P x (T - %) x specific heat. e e e ot e
'hn.ﬁ’tm, is umwummmumm.;muw

I‘ihﬁmam“iﬁch“ﬁdeﬂ*Wﬂ
,ﬁnﬂm mmmmmmusm uib%hm

E “ m e . - = : . t '”7 vl g
' mwm




Here, 100, ‘the nature of thé clay and the typs of product to be manufactured are
deteraining feactors when deciding oh the type of kiln to be used. The toqma'hu-c
required for the firing of baked clay produsts is be‘ween 950 and 1, 150 C.

The firing can be divided into four stagess

Yea

‘Water -oking

Pre-hesting

Pull firing e Lkl

Oooling. |

mw is carried out clwlg, u@ io 1300. in order %o remove the
remsinder of Ahe mixing water. : K .

mmmmmmcna’o’c. There are various crucial points ia
1% where the temperature mst be increased only slewly. &t 150°C dhere is'the
reloval df the mechenical water from mmaam towairds 200°C, i11ite begine
% 1ose i%s combined water. Betweem 250° md 300°C, the sechanical wster is removed
from halloysite, vhile gibbsite and goethite are dried out towards 300 °c. Keolinite
and halloysite mmanmwnasooc, and at 573°C the sbrupt passege

~ from alphe quarts to beta quarts, acoompenied by marked swelling; takes phoo.
num, the carbonic end mlphurous geses are 11berated between 650°md 900°c. fhis

tm. ‘he mmuu roud will rubnzb um, thu lepding Vo uw
Wnorthum. . T |

mwummmwmummap’w-mm
Veglaniag of vitrefantion dus to elemsnts vhich give fusible glesses: l1ims, magnesise,
alialte, ‘forvous onide end silioen. mmu.um«muu
donguveus % umesd 1,150°C, s dieupt meliiag of the silisate of Lime Sahes plece.
e prosenss 6f & bigh propantid. of oxides of iron and alunins seils for firing
‘abowe 1,000%, mid ummnwu.mm-ﬂﬁm
*amammmm«na. L e

,ﬁ*&mmg*m ;', ” o - b -
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It may de.noted in passing that firing ocurves have been greatly modified in the
last fow yearse:..50 years ago tiles oould not be fired in less than three weeks,
whereas nowadays they are fired in three hours.

The firing atmosphere snd temperature will have a considerable influence on the
quality of the products. Ferruginous earth will give a red-brown brick, a marl will
give a yellowish product, while a high content of alumins in & ferruginous cley will
lighten the shade t0 red or fawn, -

In a high-output plamt, it will be valusble to determine by means of verious
1aborstory tests (differential curves, X-rays, cheaioal analysis, polarising miore-
800pS Muﬁen, lmmion. ¢%0.) the various components present in the olay which
{8 40 be used. These tests will greatly facilitate the choice of the plamt, snd firme
whioch specialise in $he supply of brickworks plant will wvillingly oarry out such
Sonts., B , .

When selecting the kiln, such oonsiderstions as the cutpus required, the quality
of the reaw materials, the local labour comditions, the fuel and the power sources
wvailedle and the olimatic comditions will grestly imfluemce thc ‘.01“-."

, mu-\noronounmmummumtmummm-m
type of olay ¥0 amother, but also from ome typc of kila to amother, Porﬁru‘h
1,000°%, 1% viil be necessary %o assume a conswmption of sbewt-1,000-celories per e
ﬂrdham:umnh.ﬂemmwmunwhlmtbw
" oalories w h i.n ‘high-effiolency oontinuous kilas, Conpersdls figures cammot Ve

Semporias nh-,amt*muummumam'c. o

e

(n) mumnmmmmﬁawum«m
bhardoned aaterial. The léagth éf the ‘Srying process, which my “e frem thres o vight
voskit, wi1l very oonsidersbly deptndiig ok the Semperatube, he vemtileties, Vil dugres
ocmyormm.mmmctmem. ™ ares séguired 19 aying o
ohout 2,000 5 pir 100,000 brfofis. The miterial mst be protected Truk Ain wind, the
sn ed %he rein ly weans of msveble soreens, and dxying should be cwrried @b’ if
yosaible, in ¢ shel. With o fat clay, wastage mey @ioust %o 30 per cemt. In & shed,

r

-
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the bricks.are either stacked on pallets about 1m x 1.20m in § or 6 layers, or else
they are arranged on movable shelves. The brioks are transported from the press or

40 the kiln on wheelbarrows or by means of pallet trucks. A covered area of 1,500 32

will accommodate 600 pallets giving a daily output of 20 tonnes. The drying time is
mioh lower for hollow bricks, smunting to only 6 deys at Salonikas.

(v) Arsifioial drvings An old system is o0 lay the bricks on a floer made of
oonorete or cast iron slabs covering a system of chammels through which hot air is
circulated. Abour 70 briocks can be laid out on esch square metre; the tm
mast not mood 50-60°c.  The drying prooess by such a method lasts & weoek for solid
bricks and 2 m for hollow blocks. In the same category as this precess is the
method of drying the brioks on top of the kilm, with or without shelves wvhich may be
inolined %0 serve as slides for tiles.

‘Ta On fized installstions (drying om shelves) e

II. On movable equipsent (wagons; m belte, liohu) Com

&mmmmwuﬁaﬁwmm&m:

L -t sorridar few mamofa‘,m.hn'-ﬂhi
mmmiauﬁmmnm-mmmuuaﬁp

MMmhl&mﬂbnmﬁMMMwMﬂmm

&xying. h*“nm“’dwm*mmﬁﬁ
commniosting doore. Thay cen work iwndepentently or in growps of 2, 3 e@ 4 chasbere
nmmmumm«mmmmmdﬁ
ssherial, um;aaﬂmam“mmq_”

1 gmsh

J
l
|
|
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(2) WM: In this type of dryer, the material to be

dried is loaded on mlti-deck metal shelves which are then placed inside the ohambers,
where the movement of the air is regulated in acoordance with a precise ocurve. The
fans mey be fixzed %0 the wall, or they may be mobile and move around between the
shelves (Rotomixair). The normal drying ¥ime is 24-48 hours, and the same rules
regarding the oiroulation of hot air apply a- in the case of the Keller—type dryers.
The amount of heat needed is caloulated in this case aleo on the basis of 1,000~
1,200 calories per litre of water.

L Meviscwere dryus
This covers 3 .types of dryerss ' e n
(2) Comveyer belt dryers | - N
(3) Gledge-type dryers. = _

hdltm-em,th-mmdﬂs&.uhmwum
auﬂmmnmmnmamutamm,uehumv-n
PESes over the product, and emerges alaost satureted vith Jumidity. Optisms tampere~
,mmmveu‘camu:mmneuumm. The distridution of the
urumn,uumhmmu-«mmnu. Recyoling is
mumsdutwmmmm-thutmuuﬁiﬁomw
half-wiy down its length. ' Afr ocirculstion fams or, better, ventilaters which suek in
air overy five netrés frem thie crewn of the dryer and Mlow it in agein ot $he Wttha
of the Gryer (%o s0le), regulate the movement of the air.. Thes'e are malti-1ine
teanels with roverse aress ofroulation 15 aséerdanse with o-pertioular sohine or oloe
WAk Rrtoaisntir wnite opirating Ditween tho 1ines of shelf tiushs loadid wEth 06 vare.
ﬁmnﬁmm‘uptum«ﬁ-m)ﬁnuwwm
dmhmumm“nuamg_m
dﬁﬁﬁﬁﬁw&m nnin oy inlng Selptes
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The various types of artificial dryers can only function effectively and eoconomi-
cally if there is a regular and quite large output of products which do mot greatly -
vary in volume or weight. The minimum feasible output for such dryers is 20 tonnes
per day. In the case of roofing tiles or flooring or walling tiles, drying is a more
complicated matter and requires a period of 48 to 72 hours, with evem closer mpuh
vision throughout the process. -

Hring

A5 we have already seen, the mormal firing temperature is m”e‘wu
1,150°C. The optisum tempersture depends on the produ 3 Aagi red
$o obtain (compressive strength and resistance to wmmm and rz-«nu). ihe row
materigl used (marls, ferruginous clays, laterites, eto.), the moulding system (the
soft mud process, the stiff-plastic process or the semi-dry process, the last two of

which call for higher temperstures), and $he firing speed as well as the full firing
$ige, repid full firing slso calling for higher temperatures. There are $wo fypes of
kilns: (a) - non-contimous or intermittent kilns, and (b) - oontimuous kilns.

(a) Be
These are of two tnn: Mﬂw_ﬂm.

(1) w ST

Tenporary kilns are mainly used Wy ertisens, but thay are alse siill woed in -
Great Britain, the United States, Greece, otc., where. thay form part of quite o
Mghly doveloped smmufacturing system. mﬁ:mmmsaanmm,
we shall deal only with the M T sise of
ummmuumww«mmmmm;m
(mﬁ-se.eaam).m-m-q ' f g

ﬁbmﬁ-u smdwsﬁv weleg %

muﬁsmaﬁi!&ﬁmi




-13 -

in such a wvay a8 %0 leave flues for the dramght, and every two or three layers the
bricks are spreed with a layer of pulverised fuel (lignite, peat, rice husks, etc.).
The total beight of the kiln is between 2.50 and 3.50m. The top of the kiln is covered
vith uaderfired brioks and the outside walls are costed with olay, the whole kiln
being covered with & thin layer of earth.

The kiln is 1it by first of all lighting faggots in the fire flues, then adding
billets of wooll or dlooks of peat. When the fire has taken & good hold, the flues
are blocked up and cosbustion then spresds through the whole stack.

. 4 firing lasts about 10 days on everage. Suoh kilns give very irregular results,
-mnguumomu,mmmummmwmauumm”
wnbaloed bricks. The Sempersture rerely reaches 900°C, and the products are thus of |
mdvqutumdiv: at Tansmarive, the compressive strength ¢. such
Mlbhhhnn’dlzh/a ‘and they hiwve an spperent density of 1.20 %o 1.25.
mmmmmwnm,ummmahmmm
mwmcrmculmmm Nevertheless, such kilns are
anmmmmeummmm.r.mm
th.

() Dummetiilae
Theve are 4w mada growps of peramnent kilnes )

(a) Sem-ctutimmcus kilss, end
(V) Oenttumous kilns which work without imderrupticn.

(o) Bcessbiansme Sl
ﬁu«mmnhmuuamummu
20 wenee. mw&umumau(mmmnmaww)
4 Wiaks ool comimpttes ﬂﬁ,ﬁhﬁmhmmd‘ﬁ
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(1) Direct—fleme updraugit kilns

These kilns are provided with permanent walls with hearths at the sides. The
combustion gases pese tluvugh the charge and are removed at the orown. These kilns
mey be round ov restanmmlss (Suffelk kilns)., Their capacity varies from 50 to 150 -3,
i.e. 15,000-50,C00 orisks. The inveatment ocosts are modest, but the firing is rather
irregaiar, being excessive at “hu ivot of the stacks but insufficiemt in the middle.

(2) Downdraugn® :ilns '

Tnese may oe Tound or rectanzular, with the hearth located in the latter type
on the long sides. Tacs: kilas can resch high temperstures (firing of refrectories),
and their yeild is beiier than that of the preceding kilms (800 calories per kg of
fired product).

The hot gascs rises frou the hearths along the walls up to the orown ssd then
plunge down through ihe mosc of bricks and sre evacuated through the grille whioch
forms the eole of the kilu to the chimmey. The most thoroughly fired products are om
top, anc thus not cubject to omshing The nmngo capacity of such kilns is from
30,000 to 50,000 bricks, and the Tiring time is about one week, including oharging
and discharging. iaase kilns are adventageous for smell mechanised plamts beosuse of
their flexitility., Rcctangular kilns can be connected in series $o reqover the heat
from one kiln to ihc nexi, thus rzaking possible progress. m semi-contimous and
continvous kilns. Iu a sami-contimcus aystem, the fuel mﬁa ranges 'from
1,000 valories per kz in the first kiln to 600 calories per kg in the fifth kiln.

(b) Cortimove kilme

These kilns offer by far the most soomomical method of firing and alse give pro-
duots cf the most oomsistent qu~lity, but they call for m.tto high output, exvesding

20 tonneu per dgy Jor ioffmsmn ¥Xilms and 80 tonmes per dsy for a tummel kiln. Ibresves,

their cperziion is mtoh less flaxible then that of wou-0ontimous or soni-eentimmous
kilns, a8 the productior razge must be kept within the prepertien 112, simce & redus-
tion of ouiput mtomatically drings about aa imoreese in the consumption of fuel. T
sain types of continuous kilus are availeble:

(a) Wving-fire, fized-were xilme
(v) Pized-fire, moving-+ers kilns
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(a) Meving-Qire kilng (Hoffmean kilns, sig-seg kilns)

The introduotion of this kiln by Hoffmenn in the middle of the last oentury
revolutionised the activities of artisam bdriokmakers by bringing thea wp o the
industrial stage. The two main advantagos are the oonsiderable reduction iw fuel
consumption and the improvement of the average quality of the product. ‘Mreover, this
type of kiln ensbles the hot gases to be recovered for use in the dryers.

The kiln oonsists of a oontimmous vaulted gallery mede of refrestory briginmrk
nﬂlohthcnmdbmstmlciatcuhtepcuhtbomuum
of material. 1mmmmmm1m1ummwummn
wmmtwmmmuuwum The fuel is fed in through
ﬁmmnmauxnmm-umm.nuumtmurum
wmmdmIMthﬁMmhot. !hmolo.duhwm
the sole (ges kilms), or partly through the side (Delgian kilar). Nest is recovered
W passing air over the fired products. hopnmnulr-qboem(uu'
the older kilms), made wp of two parallel galleries joined ai the ends (mdern Wype), |
or else of sig-sag form, this latter more compact form providiag fasilities for ?
M‘lm Mﬂlﬂafmﬂhwh.OtﬁtdlefWﬂm
ﬂhsdmotz.}-hua-ﬂ_mwef&h T™he oress-esctional ares
mnmsuxs- nm.mwors.s-xomorummnum
metre or 2-6 temnes of hollow bricks. The firing time is 206 deys. Proviswsly,
Mnmww'wm.ntmmu;mhmﬁvu-—
mmmuuwm-ﬁummmhmthmwm
W Boems of forkiift trucks. The feel weed 15 vely varied: long weodm lags, ligntts,
osal, heawy fuel eil, natursl gas or produser gas. The fuel consumption myg Vo the
sguivalent of as 1i%t1e as 400 onleries por g for o fizing Sempsvatums o 1,008'c.
mm.mmamuaaemmmum
nuuno’ehhmmamuwmmuQM‘

memuwﬁwbmmwﬁﬁmﬁ
mMﬂ“ﬂWﬂﬁ“&m
ﬁiﬁb‘”’ ks Wil
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i An economioal variant of the gallery kiln is Bull'e tremch kils, where the top
of the orown ie at ground level. The side walls of this type of kiln are of permanent
: construction and it has a gaa removal flus communicating with the chimney. When

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

i i

i rnicamrnsyar a1

(v) Pized-fire kilns (tunnel kilas)

There was much hesitation before theee kilns were introduced for the firing of
bricks and tiles. Tney are now used in highly mechanised brickworks.

R Thrm s s T AL U

This kiln has a criraight gullery with a fixed firing position located a little
before the oeatre of the gellery. The ware is loaded on wagons whioh have refractory
woles and which slide in a bad of eand 50 as to protect their underoarriages. Charging
is generally oarried out by loading two batches of brioks on each 2-metre-long. oar,
with a space between them corresponding to the stoke holes. Tho fuel is introduced
through the orown by the same kinde of stokers used in Hoffmann kilns. The cars are
pushed into the gallery at regular intervals, and their speed ;:f sdvence varies froa
1.5 to 3m per hour. The firing tize is 2-3 days. As in the case of. Boffasam kilzs,
heat 1: rooomod for the (= exs from the ocoling area.

4 The dimensions of the kiln dspend on the cutput required. m length of the

kiln mey be from 60 to 120m, and its width may be 3-4m. The height of the kiln ey
vary comsiderably from 30om to im, dopending om the design selected. The fuel oonswsp-
tion is approxinataly the same ss for a Ho'fmemn kiln, snd mey evea be a8 1ittle ae

the eguivalens of 3UD calories per kg fired. |

- mmme:mlnmutmﬁqmsupmw”t

? whiok is of oonsistent oolour snd sise. The minims preduction which is mxy
Sateresting is two-thirds of saxicos yroduction oer wity. Decamse of their Mgh |
mmmmowumumumwm
where thare is a lerge demend for standardised prodwote.

)

-
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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 m-uum facilities for
using it.

In the case of the aryers, the first source of heat is hot air recovered from
the kiln. Such hot air forus the major part of the heat required when tamnel kilme
are used, and it represents a vov- rnucdorable pat of the required heat whem
Hoffmann kilns are uced. By using suoh recupsrated heat, up %0 50 per cent of the
calories needed for drying can be saved. Im order $o provide the remaining calories
needed, hot air genorators or stocm must be used. In view of the relatively low
temperatures whioh need to be achieved, fuels can best be seleoted from among residual
products such as sawdust, bagasse, oil press ruiduu, r:lco hnlkl, etoc., with mh

a low calorific value (1,500-3,000 cnorin) It is almo pou:m. %0 use suoh Tuels
&8 wood (3,000-4,000 calories), peat (1,500 oalories), lignite (2,000-3,000 muu)
or fuels of higher calorifio value such as ooal (7,000 cnoriu), hoevy fuel oil
(10,000 calories) or netural ges (8,000 calories per l3). It mey be moted purely for
purposes of comparison that eleciricity provides 830 calories por M.

The most usual fuel for Semporary kilns is wood (mnym). post, u'ua or
rice husks, while lunito, coal or, more rarely, nood, fuel oil or lltprd o0 are

udfbrw Makilm. mmmummnnumuﬁ-wu
fuel selected.

mmmuwnm,mmumbuhmﬂm

ooal, hemny ‘fuel o1, O poseibly gus should be used. mmmmm
ld, in ) fw cms, oloetualv.

(u) Local posstdilivies for supply and m o i
(v) T orut pC 008 1001 am e plies
(e) The calewt:
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‘ III. LABOUR

R TGAT: s 1= shospane

This question is of paramount importance in the developing countries. The need

‘o mvido work for the population of the country often very considerably influences
the ohoice of the installation to be made. Often, however, tnis labour ioroe is
unst¥eble, mubject to religious taboos, and frequently inadequate from the point of
view of physical capabilities. Another diffioulty is that of the training of skilled
§  workers. Wvery briokworks needs supervisory staff and skilled workers with experience
of their trads. At present it is fairly easy to find capable mechanics, electricians
§  or carpenters, but thoy may be sttracted away later by higher wages offered by richer
" industries. :

AT T o ATl TR 17 DM s A1 e S S

This qumién of technioal 'lymowlodp is of vital importance in connexion 'vith the
cersmios industry. Sending selected pof.oml to Burope for teohnical training more
offen than not leads o grest disappointments, as these employees come back with
remarkable pretensions unrding their knowledge of their subject, but no-one in
theee oountries hes any dmbh sboiit the long practical experience modcd’ to give a
oeresios Qoauult ('Y Ml lmowlodgt of hil subject.

mu. legal provisions rocminc wages, female labour, trade unions,
unesployment, social welfare costs, eto., mst be borne in mind, If such legal pro—
visions hawve M yot been fomlatul, thu it must be upootod, fﬂM.ly, that
they s00n will be imtroduced in the oountry.

A technician responsidble for establishing a oordon fnctoq will often come
7008 projudices, hedits and preconceived idess m-mu the value of thé products
unw, 1fwmtlmummutmmtq. Intm
here of resistance in Nedagescar o hollow cley producis, %0 the failure %o appreciste
Ao @ualities of baked olay proeducts in Mmtitiue, aad o mm«umu
h““““ml‘ﬂy D : i,

nuummmunavﬁummnma
"ﬁmmmgmmwmmm«uxmm.
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IV. DETNRINING CRITERIA FOR THE ESTABLISHMENT OF A BRICKNORKS

1. e of te market

The market will be determined by the amount of construction which goes on in the
area. Rouh;y speaking, it has been established that the potential market for brioks
represents about 5 per cent of the total expenditure forecast for building. This :
coefficient may, however, be doubled in the case of the oconstruction of small economic
units, as in Meuritius or Nadagasoar. In Mtton, tba oonsumption of bricka depends
on per capita income and it increases in proportion to this income and the financial
possibilities of the country. Briock consumption will smount to about 2 bricks per
head if inoome is less than $80, 5 brioks if income is around $130, and 8 bricke if -
h\oo.o is $200. We have here two distinot cases:

- In this oase, builders will be used to-selid bricks derived from dlocks of
laterite or unbaked bricks, and it will require & great deal of conversion work
%o induce builders to acoept hollow products (brioks and hollow blocks). Altheugh
industrially-produced bricks cost more, the fact that they involve a lower
consusption of mortar and roughcsst and enable walls to be built more quickly,
$0 say nothing of the iwronunt in technical quality, heat amd sound insulation,
oto., which they permit, allows them 1o compete with. artisen~gooluced. berioks.

(»)

In this oasse, natural stone or conorete blooks will nmmm
'W&mhmm ummmnuemmnm ,
mmxmuummmmmmmum-ﬂm
uuﬁumumuummumum '

nmm.mmnm«uwam-musm
mmuuu&umma,uumuuumm“uu
potential market of ot loast 40 tomnes per day. A smeller maphet Wil
ﬁ-muhwwumm(ﬁmmmmm&u‘
W*Mm,ﬂ“m' 1
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The most important competing product is parpaing (concrete blocks), which are
eany to make on the spot with a vibratcr. The possibilities of these blocks should
be studied in the light of their production costs (crushing of materials, prioce of
oement, ei0.), bearing in mind that these blooks are oonsidersbly heavier and of &
mch less plessing appearance than dricks, while baked oley m&ctl nl-o h-n
Mqu from the point of view of sound and heat insulation.

Mth uhould be such that they nn provide resources for at least 20 yeoars,
They should be checked from the point of view of oonsistenoy of composition, ease of
oper-cast exploitation, and production cost of materials delivered to the fasctery.

. Thip point is very important for the proper maintenmmce of the plant, altheugh
sWhmpaﬂtoa of thonpduwul uwommuummh -
mm '

4.

5.

These possidilities, together with the logal m utm e ales of pare~
mount importamce. It will oﬁmbo necessary to resort o mm ﬂaqohl
mmwhﬁu, mmumm»mm;mwmmmum
nﬁnmm. w.wmmt. mmm. ‘

3munmmmammmmm m“nnuu
dmmﬁmnmmaubmm*hm&
W&«mmhm.mmxumyi&m T
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Prices are considerably influenced by the following iteast

-  Wages

- Cost of fuel

-  Cost of electric power
- Interest rates.

While the item of yoges (6 Trancs per hour for a labourer in Switserlmd as
against 4 francs per dey in Hadegascar) plays a paramount role in highly-industrialised
oouniries snd forces them to adopt a degree of mechanisstion bordering on sutomation,
it is muoh less important in developing countries. Nevertheless, it must be expected
that wages will play an inoreasingly important role as the ocountry progresses, and
edvantage should be taken of the present state of affairs in order to train super-
visory staff and skilled workers, who will be increasingly sought after as mechanise~
tion develops.

1. Artisscasde brioks

i In Nedegasoar, 4% takes one moulder one working day %o meuld 400 bricks (em cubput
of about one tomne per day). The assooiated work (preparstion of the olay, Arying,
and oonstruction of the kiln) Yake up an equal amsunt of time, so that the output per
worier comes o 0,5 tonnes per day. No aooount has been teken here of the hely pro-
vided by the artisan's family in the oomstruction of the kiln. The 0e#% of $he Pe
material hes been oulouhtd, after oonsultation with artisem briek nalkcor, st one-
£if4h of the cost of the prethot, snd the consumption of fusl (woed, pest dug on the
mt)hubna“.dh amount to ljporomtofthomm This
Mﬁ m th folm ﬁm pu- tonnet

Pasls 250 mw fremos |




T At e e

This planned works will produce 60 tonnes of baked olay products of stendardised
; type per day. There is provision for mechanical preparation after westhering,
mtomatic loading into the Keller corricor 4ryer, and charging by forklift truck of
the Hoffaemn heavy-oil-fired kiln.

Details of the following two drickworks are given for purposes of comperisoms

Wt 145 tomnes m“, mmmmm. Keller drpers, oil-fired
! tunpel kiln.

" % , ;
Output 120 tonnes per day, mechenised and eymshronised meulding, ceuveyer Bolt ..
drying, extre~low tummel kilm.

- mmuuamummcrmnnmam

!  This tuble spesks for iteelfs umﬁnMnmmmm
in oountries vhere wages &re high, end the need o medunise o1d mschenjoal brish-

% muﬂ-u.m,pmmmnammmummuw“
% phovide enploywent. mu,u”mwum\iv“mu

Mbtdnmmmmm&ﬁm -

mmmumuuan«- (-mmumum
mummmm«mummmh
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VI. NOBILE BRICKWORKS

The term "mobile brickworks" means a brick-samufacturing installstion whioh com-
bines  mobile unit with several fized installations comprising the dryers sad kilne.
In practice, the -:ibilo unit consists of a truok on whioh a grinder ud extruder, &
well as the nocuniy driving motor set, are mounted. ‘l'hil unit tmll frpa one
dryer kiln installation to another as needed, thus Mlm the ooﬂ of the moulding
plant to be spread over several brickworks. ’

This idea of nobilo brickworks originated in Africa and has beem under study
since 1965 in Ghana and Chad. Alhngnriuunit is said 40 have Doen supplied to
Ghana in 1966, while at the seme time a French company was m the estedlichmme
of such a unit in Chad. !

As it was my responsibility, during my tour of duty as em expert in 196!/1:59.
study the possibilities of producing bricks in Nadeagascer, I w it useful %o
€0 more deeply into the question of mobile brickworks on the islegd, as it 1o parii-
cularly rich in oley deposits and the cemtres of pepulastion, exvept ia the c!uo of
Twmmmarive, cammot absorb the output of a fixed brickworks, several ill-feted attanpts
already having been made. I was also lucky encugh %o meet there the technicien wie
has studied the problem in Chad and who allowed me %0 commmlt u-mnm

sabjeot,

"A mobile brickworks® cam be envisaged for use in e ares where the oentves of
’-pm&umtu-dlduat“thni%whm
mmmmmae-mma-mamsmﬂaﬂ
be difficult for ertisen brickmekers %o provide ia the reguived eunte and gualities,

mm-tonmmmmhmxmummhmw

viciaity of the pepulation centres of sufficlently l‘.iﬁ

A sesend condidtien uﬁmm““l“mnﬁ

» mumummmx&;mamwém&ﬁm

mm“;ﬁnmmdﬁh




(1) Amebile metorised ypit which can transport from one place to another, in
aocordance with local needs, a set of plant for the preparstion and moulding of stiff
plastio pieces. This set of plant will coxcist of the following items:

- One eleotric genersting set of adout 100 horsepower
- One grinding unit, possidly with stone remeval oquipment
- One nizing end extrusion umit.

The necessery feed conveyors will form a single unit msunted on & trecter truck
“allmmuwmmmaﬁudmu
o alee b weed for the trumsport of fuel, clay and fired products. The mamfasturing
(yreparetton afd moulding) unit is mounted om & trailer.

The msulding uait should be supplemented With s wire brick cutter, s veter pump
wnit, hand trwoks and extrusion dies.

(2) 4

nmumudmuﬁ-mmnmxm»mmpm*
o chod.

ZAZAAg vould be carried out ia kilas of sizple construction whioh oould be medified
%o mit e sagpitude of the sutput, such as the Scotch type without a fized orewm,
e Bull Agpe (4 Doffummn kils in o trench, witheut s fizmed crewm), or & direst horisse~
u”um‘unwum with & fized cvown.

ﬁmwnmmsﬁnuumumwg

PR



The moulded products would be stacked up for storage in sheds after suffioient
drying, so that firing oould extend over several monmths if necessary. It would m—
Sherefore be necessary to heve an entrepreneur on the spot to_supervise the dryiu,

firing and storage of the finished productc.
Gost of ibe installation ‘ |
(1) The cost of the mebils umit would be as followss |
=  Currently available preparation and moulding sschines;. ”0,@0
=  DBerliet OLR 160 trailer truock: , $20,000
- Miscellmmecus: o 45,000
B Totals . 875,000 .
(z)mmummamuumm
- Shed 750 . : f #1000
-  Kila, %0 o’ \ | 810,000
e ligoellanoonss .. . S e L 85,000
) I .
; ' - L coumimepgy,: .

If vo assume that there will Do 6 working sites, the tetal cost will bes '
e  Mobile whits
T = 6 Jimed installations:

SN

a-mummmmmmnmmnm*?

wuam-maw
| 6 pwgs)
'ﬂhdhﬁnmmwﬁsﬁ“ ;
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1,800
1,000
» -~  Deprecigtion of machinery over 10 years 1,400
=  Deprecjstion of sesonry over 20 years o

Bisoellsmeons coets 1,000

16,000

This represents a price of 5,300 CFA frencs (UR520) ner temme.

This price is equivalemt %o shout 32.50 per a¥ of milding, wheress paspaing
(oomorete blocks) would cest 34 per n® and wuld sles Laweive considevedle soote oa
the import of cement.

These figures are, of course, ouly given for guidance. Boverthelens, thay show
$he importance of this matter for the cosncny of deoveleping eountvien which have e
right rescurces for this Yype of aamufastuse.
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