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Tie sze and capacity of the kiln depends on the reaguirenents. Nﬁ;h
all kilns are about 4.5 ms. high and hence their capacitiss vary with lenghh
ad breadth. For example a kiln for 100,000 bricks will be 13¢5 x 12 X 445 ms.

Bricks are stacked on edges in courses separatad by layers of {ins
coal or coke of about ne inch thichy andy at the bottom of the kiln, the
coursea ara arranged to form narrow channels in the direction of prevaile
ing wind in the tine of firinge These are to be filled with woody coarse
coaly tree branches and cotton stickss to which some kerosine is usmally
added. The kiln is surrounded by a temporary wall of green bricks or unfit
bricks from previous kilns,; and on the top is set a layer of clay 25 en.
thick. The oubtside airface is plastered with mud and left to dry.

Y
Fuel required for burning 100,000 bricks ares

Fiwe coal 6¢5 tons

Coarse coal 1.5 tons

Wood 1.5 toms
R 3 _

Fipe cinders coal(semi used) G¢0 tons

Coarsa coal 1«5 tons

Wood 1-5 tons

b = CONTIJUOUS KILuS

For the pursult for econony in firing, the continuous kilns are used
in brick industry in Bgypt immediately after the second t War. The type
greatly used is the open (archless) Hoffman kiln. This'®due to the following
advantages

1l = Low eost of construction.

< = Eass in controlling the progress of the five.

3 - Great spsed and comfort in filling and emptyings ass the
top of the kiln being opens the shambers are eoolars and
the satting can be done in a better 1i ht.

The usual form of the kiln is of two parallsl walls terminated at
each end by semleirecular ones, with a ceatral thiek wall containing the
sain flue through which draughts pass from different chambers of the kiln
to the chimneye. The chaibers ara so cennected to a system of flues that the
heat from any one of them may be conveyed to the rest or not at pleasure.

1l = METHODS F WORKING THE KILY

The method of working the kiln is briefly as followsi-

Fige Hoe shows a kiln of 14 chambera and it ray be assumed that
the kiin im in full working erder.
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Diagramatic Plan For Hoffman Kin

a = Nos 14 ig being filled with bricks,
b - A partition of paper szparsiing No. 1 from the remsinder of the kiln.

¢ - Nose 2 to 6 are being slowly heated without the direct vse of fuel ,
by passing the hot gases from !osa 7 & 3 (which sre being heated by
oil} through them. In thls wey the healt from-Nogse 7 & & 1s utilised
in the preliminaryvhesting of fowr chambers full of bricks, and as the
gases pass from one chamber tom@notvher they gradually lose their heatl,
and are taken direct in the chimmey stecks

d = No, 8 1s at such temperature.thateiteeonstitules the finishing point
of the kiln,

g - Toge 9 to 12 are containing the finmished but hol bricks.

f = In order 1o cool these chambers (9 to 12), the alr is admltted to pags
through No. 12 (the last chamber ).

g - Air drayn from No. 12 to 9, beconming gradually hotter by contact with
the brickss so that it reaches No. £y which is being fired, hot enough

to sssist greatly the combustion of the fuele In this way the heat con-

teined in the conoling bricks is used over ageain for heating of further
lots,.

h = Taking the chambers in the ordey given, it will be found that the tem-
2 perature in sach follows approximately the curve shown in fig. Voo
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i = When Ho. 8 has been heated sufficliently the connection betwesn Npe 2
and Hos 3 is removed so that the hot gases now enter Hos Z.

j = Fuel is next fad into Ho. 65 but no maore is adied to Wde 8, which there-

"~ fore begins to cool. In t:ls way the whole process of heating is moved
on ons chamber.

k - Ho. 12 will now be cool esnough to be taken out and it is refilled.

1 « In this w.y the action of the kiln is guite continuous so long as there

is sufficient supply of bricks to be burneds as the fire travels fore
wardy, usually at the rate of two chamber per daye

& = SETTIHNG (R CHARGIG

The arrangements for setting bricks in the continuous kiln are shown
in Fige HNoe in aach a wsy as to leave sufficient spacas between the
bricks to secure a good as well as even draught in the differsnt parts of
the kiln. Fire boxss or chambers are formad with openfng of 25 x <5 cms. at
the top, and at about 1.0 metre apart. Bach combustion chamber is fitted
with a east iron seat and a blind cap. When oil iIs to be fedy the blind cap
should be replaced by anvther:-having a hole to receive the drip feed regu-
1&'3.'-01‘.

In case of archless kilns, bricks are cov:red by a laysr of red
bricks laid op their faces with the joints closed with clays and by another
layar of or red brick dust of about Z0 eme thicke.

After fil1ling each chamber with bricks, the charging door is bricked
up and ecarafully plastesred with mmd, then left {o dry for mbout three days.

2 = THE DRIP FEED APPARATUSS

This was designad by Shell Cae. sud comprises as illustrated in Fige.
Hoe » 8 4 gallon steel @ ntainer to which is welded a 1/2" steel pipe.
A specially desizned 1/2® oil regulator is serewad to the other end of this
pipe. Furuace fuel leaves the regulator nozzle and falls by gravity inte the
the combustion chambsr where it burns. The rasulator 1s deslgned in such a
way as to dischar:e oil in the form of continuous stream of dropse In practice
the adjustment of oil diacharge can be easily obtained by these regulaticns.

When commeneing firing, the blind,cover is removed and replaced by
another having a 1" hole cut in its eentre. A dri: fead apparatus is then
fitted and the regulator is opersted at minizum discharge for about 4 hours
after which the discharge is gradually inereased to its maxinum in about 12
hours and is then kept constant for four hourse The bricks are now at maxi-
mu burning temperature and heat 13 only required to replace conveetbion and
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radiation losses. The regulatérs are therefore graduslly closed down untdl
thay are shut off in 12 more hours, hence the fead system is dismounted to
be usad in other combustion chambers.

In oll fired contimaous kilns, eight rows of drip fesd system are
usedy four units in sadh rowe One row is shiftsd forward every four hours
and in this way every unit is employed for 32 hours before being shifted
forwarde

4 = ScSCIFICATION OF THE FUELs

This spacification ecovars the following physicel limitss-

. Flash point, P.Mep closzed 150° F minimne
. Viscosity Sybolt Furol,
at 12.9F 300 seCe maXe
carresponding to:
Viscosity Redwood I at 100° F 6500 BeGs maxe
® Watar content 1.0 § max.
» SMHt Content 0025% BaXe

it present, Shell Furnace Fuel normally applied to the industrial
warket in Egypt has a viscosity under 2000 seconds Redwood K at 1600 F. It
is not anticipated thet this will change in the near future, but it is not
possible to gmarantse it and future oil bwrning installations should be
designsd to cops with Fuel up to 3500 seconds Redwood I at 100° F.

Typical characteriasties of the grades currently marketsd are as
followss

. Specific gravity at 15/4° ¢ 0985

. Flaskpoints Pebes clossd 1889 Fo

. Viscosity Redwood I‘at 100° F. 1400/1900 sece winter/summer
. Pour pointe 608 F,

. Sulpher contents o7 %

. Water contente 005 %

. Sediment Contante a2 &

') Grosa calorific Valuse ltSQL}O Be the Be 1be

These inspectlon figures are given simply as a guide to the quality
available now and must not be interpreted as limits of the preperties in-
dieated

5 = CHIMNEYs

Chienles are built in masonry wlth heights wary from 37 to 45 metres,
and with internal diameter 1.90 mse alt buse and 10 me at the top.



Kiln performance is messured by mmber of factors:

a = Fusl consumption on the kiln.

b = The output.

¢ - Toe quality of the fired producty including the propertion of
saleable goods produged.

d = Progerties of green bricks which influence the fire reguiremenis.

e - Certain’of the kiln and firing characteristics.

f -« Other factors which have a bearing on the thermal and sconoxie
results obtained from the kiln.

Inportant performance factors ineiuding certain projertles of the
producta for the average of the works surveyed ars given in the following
Labley-

1§ Fuel consueption kzs/1000 bricks 80 = 100 kgse
) average firing-tem ergture 800 = 1000° ¢
3 Output of fired brick per day 20,000 « <5, 000
4 Rate of firing per day &€ = 8 rous
5 Properties of fired briecks
= Average bulk density of bricks i .. ,
» = Caupressive atrength p@ kg/om
¥ - Liabhility to effloresce slight
v - Waler absarpli'or 21-2
6 v Average wéight fired brick kis. 335 kgse
7 Kiln Feature
- Type of iln Hoffan
- Murber of chambers 14 - 16 - 20

- Volume per chamber <4000
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CHAPTER III

TESTS CARRIED ON CLAY AND BRICKS.

A - CLaY

Samples of clay has been tskem from works surveyed as followss

i - Pram silt trap of one of the works before the flood period.

Ii - From ready nixed clay and sand before tempering.

iii - Prom erushing dried green brickse.

iv - From clay and sand carried to the works by boats during flood period.
The samples were the subject of the following testss

1 - MECHANICAL BANALYSIS:

The purpose of mechanical malysis is to detemine the size of the
grains of clay and the percentage of the total weight represanted Ly the
grains in verious sige ranges.

Particles greater than (.07 mm, are separated by using &%5.T.M. Standard
Sievese. Smaller particles are shbjected to wet mechanlical amalysis.

The method for performicg wet machanieal snalysds are based on
Stokes's lows which deternined the velocity at which a mboail particle of
glven dismeter setiles in a guiet liguid 50 gms of the size pas.ed sieve
Now 200 (0e07 mmxe) are mixed with one litre of watar, agitated and poured
Lim - oontal nere The density of the suspension is measured at various times
by means of a hydromeier. it Qy time, the sisze of the laryest part-
icles remaining in suspension’at ometer can be computad by msans of
Stokes 's laws whersas the weight of the particles finer than thataisze are
caupnted from the density of suspension at the same level. By this neans
clay fractions are separated down to a size of 0.002 mu.

Figure shows several grain-sise curves for clay and sand taken
from different parts of silt trap of one of the workse
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Figurs shows soue grain - size curves for ready mnixed clay and
sand for use in brick makinge
Flgure shows sowe grain - gize curves for sand to be mixed

with clay.

2 = DETERMINATION F LICUID, PLASTIC AND SHRI KAGE LINITSs

The knowled: e of these limits helps to realisa the charasecteristics 88
the claye
’ The liquid limit is defined as the waler content at which half an
- inch length of the groove in Casagrads Apparatus is closed at <5 blows.

The Plastie Limit or lower limit of the plastic state is the water
conteat at whieh the clay begins to erumble when rolled into thin threads.

The 8hrinkage Lirit-or lower limit of volwume changes is the water
eontent below which further loss of watsr by evaporation deoes not result
in & reduction of valume.

Figure shows the above mentioned limits for the clay samples

taken from the silt traps while Fige. shows the limits for ths ready
nixed clay and sande

4 - LINEAR SHRIGKAGRES

In addition to the forgoing laboratary tests carried out on clay »
other tesis were made on site on view of meesuping linear on specisens-of
drying and firing shrinkage of bricks under the actual condition of industry
The specivens were full sige hricks.

The size of the mould were measured to the nearest 010 . by a
8 iding ealiber and these megsurements wers considered the dimensions of
the green soft brickse Messurement were taken on ten hricke after s and
also bricks dried white hande The difference between the last and the first
gave the total contraction on drying.

For getting firing shrinliqges measurements were taken on fired
bricks and the difference between these and that of dried green bricks
gave the linear shrinkage as shown on tablet~




Linear , Chrinkaje of green
e ,.=_..=x====:=======— l%ﬂ-‘:-‘:i MMEMWE T

Hoe of Survey 1

nsions of a.wld/wb ‘oozadih doptls val.w T b d v 1 b d v

t of soft green I | 13 8.<5 2895 2F A3 Bed 48 27 13 8.3 2913
heick { : .

. after 24 hours <598 lZed3 7-64 467 60 126 Ta7G 256-‘.'&.1 1246 T8 =2565
Mim- i ; 3'7? 4!38 7‘39 1408 43-148 3-@6 7.26 1:,‘:02 3.33 Bom 6002 1108

-

« after drying f 25670 1230 7473 2443 25-33 1222 7-46 2354 125064 1242 760 2377
shrinkage C 4eBLl 5030 B30 15677 4e33 6600 11lel 203 5003 6415 8.43 18.2

e

%Shl’lﬂkagﬁ ‘: 6.7 quJ uofﬁ" Gden 4.55 6-33 10.1 21603 5:6& 8.&6 L1084 23

e o
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4 = CHINICAL ANALYSIS ¥ _CLAYs

The sarples taken fram the silt trap were the mbject of this snalysis.

| Sand Sanples Clagy sanyles
Wos :

ek 8 9 . = _ 5 ¢ X 3 6
Kolsture content. De74% Le2bR 0e63% 3e69E Le01lF 1e56T ZeblE Le54% 16758
Loss due to ignition 3ed3 6016 2093 11426 13.2F 8.33 838 10.19 966
S5ilica & unsolved oxides 87.5< T7% Stelld 6229 56461 71e3¢ 70.31 6972 67652
Iron & Aluminium s 7-49 13054 6680 43035 £5055 16 46 18:43 15085 19'34
Caleiun oxides Ol4 2450 | L5 | xeb5b 4014 a.m Zeds 347 <98
}’;&{{ﬂiﬁim axides sman th/&ﬁ{bf‘:’ S aen e ssse P e nw cvos
Total 99el9 9GalB 980D 9G4E FTe5L 9Cedc G937 99623 99450

NOB- ll 1

Mica is present in sund and can be seen by eye and percentaze of
Magnezium oxides is wery small and it's eastimation is neglectade.
All of these fipures are without appoximation.

Hola 23
Qunatity of megnesiuk oxide is very suall can be neglected.




The survey sauples were taken in such a way that they were as
representative as possible of the current outputs They wers sutmitted
to the following available tasts.

1 -~ Detsrmination of compressive strength.
2 - Watsr absorption ( 5 = hours immersion ).
3 = lMeasurenent of linsar drying and firing shrinkage.

Further tests shall be carried out in view of getting:

4 = Chemical analysise

5 = Caleulation of saturation eoefficlent.

6 - Analysis of soluble saltse

7 - Efflorescence test.

8 -~ Water absorption - 5 = hours in bolling water and after
24 hours in ordinary water.

O = Changes in the porosity and compressive strength at
different temperaturs of burning.

1l - COMPR:SSIVE STRENGTHS

Five full size bricks with approximataly plame and paralliel ends
are tested as followss

i - The two flatawise faces of =ach brick are coated with a thin coat
of neat paste of cewent mortar (cement + sand with the ratio 1 t 1),
that has been spread on an ciled nonabsorbsnt machined metal plate.
24 hours have bsan elapsed before testing.

ii = A1l specimens wers tested flatawisse

iii - The upper bearing of the testing machipe iz a spherically seated,
the cantre of the sphere liss at the centre of the surface of the
blogck in eontact with the specimeans.

iv = The load was applied at the rate of 140 kgs/cm? /minute, which
conforms to0 BeSe5. (2000 lb/in/minute.)

v - The average coupressive strength of all the specimens tested are
reported as the compressive strength of ths lot of ricks.

vi - The results are swmeralsed in the following tablee



4H1-9

Maximu: Strength kg/ome 57+00 2060 45450 53000
Minimum 4 " 30060 <850 29-?0 3= -50
Avera e " L 45450 35.00 3842 44020

the tests wers ap: lisd on 3 whole bricks for each of works surveysds

Procedurs for S=hours lmwersion:

i - The bricks were dried to comstant weight in an oven at 110° 6.
ii - When cool, each s;ecimen was weighed in a balanca sensitive to
witiin Ue5 EHie
1ii =~ The dry bricks were campletely imusrsed in clean water at 27° C
for 5 hours.
iv « Zach brick was remwoved, the sufface water was wiped off with a
damp eloth, and the brick was waighede.
v = The absorption results were reparted im terms of weight, and
caleulated as followss

Absorption per cent, by weight after 5 hours inmsrsion
= 100( B~ By )

B

Where Bl = weight of dry hricke
B = weight of the brick after 5 hours' immersion
in cold waters

vl = The average resulis are tabulated ai follous:

mEEmomTponN SRSEET EEISDON S-S ESTTomt =t Ry
1 2 X
Max pereent absorption <2 24 23«8
Mine per cent absorption <0e3 16455 le2
Aver. pev cant absorption 233 1070 2ee®

=

2 = MEASURBMENT F LIJEAR DRYING AND FIRING SHRINKAUES:

See tests on claye
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