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Abstract

This study is mainly concentrated on how to produce burnt clay bricks
with a minimum firing cost and friendly Environmental Impact, through a
new implemented energy — efficient technology, ie the Vertical Shaft
Brick Kiln (VSBK) in the Sudan.

The study aims to manufacture modeled building green bricks with
different cheap solid additives having a high heating values [industrial
and agricultural], petro-coke, animal dung, and saw-dust as an internal
fuel. Model samples were manufactured, dried according to a
predetermined dry process, and then fired through a suitable
predetermined firing technique at range of temperature, 750, 800, 850,
900 and 1000C°. The experimental measurements were performed on
these samples at Brick and Road Research Institute (BRRI) University of
Khartoum, Sudan in order to evaluate internal and external fuel
consumption in red brick production and mitigation measures of
environmental contamination.

The main bricks properties used for assessment are loss-on-ignition,
density and crushing strength that related to the lowest specific fuel
consumption and cost. Numerous measurements on samples have been
conducted relative to internal and external energy and fuel consumption.
The petro-coke sample was found to be the best, with the lowest fuel
consumption, higher crushing strength and very good density of clay
bricks as well as with the minimum firing cost. Usage of Petrocoke for
firing bricks is more economical than Usage of furnace oil, for the same

amount of green bricks. The cost reduction is extended to 40%.



Table of Content

Number | Topic Page
Dedication |
Acknowledgement 1
saliing 11
Abstract vV
Table of contents \
List of Tables VIl
List of Figures IX
List of Plates X
List of Graphs XI

Chapter |
Introduction

1 | Introduction 1

1.1 | Problem statement 1

1.2 | Objectives 1

1.3 | Background 2

1.4 | Thesis layout 7

Chapter Il
Literature Review

2.1 | Types of Kilns 8
2.1.1 | Intermittent Kiln 8
2.1.2 | Semi- Continuous Kiln 8
2.1.3 | Continuous Kilns 9

2.2 | Vertical Shaft Brick Kiln (VSBK) History 10
2.2.1 | (VSBK) Construction 10
2.2.2 | Firing 14
2.2.3 | Brick Quality 14

2.3 | Vertical Shaft Brick Kiln (VSBK)- Sudan 15

2.4 | Composition of clay and the effect of heat upon it 15
2.4.1 | Mechanical water 16
2.4.2 | Combined water 16
2.4.3 | Loss-on- ignition 16
2.4.4 | Carbonates 16
2.4.5 | Carbonaceous matter 17

2.5 | Stage in firing 17
2.5.1 | Water smoking 18
2.5.2 | Preheating 18
2.5.3 | Full firing and vertification 18
2.5.4 | Cooling 19




2.5.5 | Soaking 19
2.6 | Fuels Oils 20
2.7 | Types of Fuel Oils 20

2.7.1 | Diesel Fuel 20

2.7.2 | Light M Medium & Heavy Fuel Oils 21
2.8 | Fuel Oil Characteristics 21

2.8.1 | Specific Gravity 21

2.8.2 | Viscosity 21

2.8.3 | Pour Point 22

2.8.4 | Calorific Value 22

2.8.5 | Flash Point 23
2.9 | Petroleum Coke 23

2.9.1 | Petrocoke Production and availability 24

2.10 | Vertical Shaft Brick Kiln (VSBK) 25

2.10.1 | Previous Study 25

2.10.2 | Previous Studies for Liquid Fuel 26

2.11 | Sudanese Standard for Common Burnt Building Brick | 27

2.12 | Environmental Impact Assessment 27

2.12.1 | Chimney [ Stack gas Path] 29

2.12.2 | Influence of emitted Carbon Price on Brick Sector 29
Chapter 111

Influence of Industrial and Agricultural Additives to Clay Mitigates
Fuel Consumption on Red Bricks Manufacturing

3.1 | Introduction 30
3.2 | Brick manufacturing process 31
3.2.1 | Clay mixing 31
3.2.2 | Modeled brick Manufacturing 33
3.2.3 | Brick drying process 33
3.2.4 | Brick firing process 34
3.3 | Firing of bricks and test results 37
3.3.1 | Loss-on — ignitions 37
3.3.2 | Crushing Strength 39
3.3.3 | Density 41
3.3.4 | Visual Test 41
3.4 | Firing of Bricks and test Results 45
3.4.1 | Analysis and Discussion: 45
3.4.2 | Density 46
3.4.3 | Crushing strength 46
3.4.4 | Visual Test 46
3.4.5 | Specific Fuel Consumption and Fuel Consumed 46
3.5 | Result 48
3.6 | Conclusion 50

Vi




Chapter IV
Discussion & Analysis of The Result

4.1 | Introduction 51

4.2 | Raw material, alternative additives mixing and green | 51

brick manufacturing:

4.3 | Samples of bricks and drying process: 51

4.4 | Samples of dried green brick and firing process 52

4.5 | Effect of additives on red brick properties 52

4.6 | sample of bricks and fuel consumption 53

4.7 | Conclusion 53

Chapter V
Vertical Shaft Brick Kiln (VSBK)- Design, Construction &
Operation

5.1 | Introduction 55

5.2 | Vertical Shaft Brick Kiln (VSBK) — Design Soba 55
5.2.1 | What is needed to complete under constructed | 56

VSBK -Soba:

5.3 | Ways of Brick Stacking & Effect of Heat Transfer 59
5.3.1 | Conduction 59
5.3.2 | Convention 59
5.3.3 | Combined Conduction Convention 59
5.3.4 | Heat Transfer by Radiation 59

5.4 | Vertical Shaft Brick Kiln (VSBK) Stacking of Brick | 59
5.4.1| Type (1) 59
5.4.2 | Type (2) 62
5.4.3 | Firing Box 63

5.5 | Vertical Shaft Brick Kiln (VSBK) Operation 63
5.5.1 | Steps of Firing Process 63

5.5.1.1 | Shaft drying 63
5.5.1.2 | Firing box 63
5.5.1.3 | Initial Loading 67
5.5.1.4 | Initial Firing 67
5.5.1.5 | VSBK - Fire Stabilization: 67
5.6 | Segercones 67
5.7 | Result and Discussion 69
Chapter VI

Conclusion & Recommendation
6.1 | Conclusion 73
6.2 | Recommendation: 75
REFERENCES 76
Appendixes 82

VIl




List of Tables

No. of Table | Name of Table Page
2.1 Analysis of the Sudanese Petrocoke 24
3.1 Additives sample types 32
3.2 Manufactured and dried bricks 33
3.3 Brick firing results 35
3.4 Loss on ignition 38
3.5 Crushing strength Tests Result (5 Brick average) |41
3.6 Density test Results 43
3.7 Fired brick and Visual test Results 44
3.8 Different alternative fuels 47
3.9 Equivalent fuel consumption 48
5.1 Segercones Test Result 69

VIl




List of Figures

No. of Fig Name of Figure Page
Fig.(2.1) | Continuous Kiln 9
Fig. (2.2) | Vertical Shaft Brick Kiln (VSBK) 11
Fig. (2.3) | Vertical Shaft Brick Kiln (VSBK) (Two-shaft) 12
Fig. (2.4) | Vertical Shaft Brick Kiln (VSBK) — Soba- Sudan 15
Fig. (3.1) | Specific Energy consumption of different kiln 48

techniques
Fig. (5.1) | Kiln Insulation 57
Fig. (5.2) | Lid Cover 57
Fig. (5.3) | a completed constructed of VSBK — Soba 58
Fig. (5.4) | the details VSBK — Soba x- Section view 58
Fig. (5.5) | Stack Type 1 60
Fig. (5.6) | Stack Type 2 62
Fig. (5.7) | Firing Box 63
Fig. (5.8) | VSBK Cross Section A-A 65
Fig. (5.9) | VSBK Operation Flow Chart 66

Fig. (5.10) | Segercones Group Setting 71

Fig. (5.11) | Segercones Group Before Firing 71

Fig. (5.12) | Effect of Heat & Deformation 72




List of Plates

No. of Plate Name of Plate Page
Plate (3.1) | Saw-dust 31
Plate (3.2) | Zibala 32
Plate (3.3) | Petrocoke 32
Plate (3.4) | Modeling Brick Making M/c 33
Plate (3.5) | Furnace 34
Plate (3.6) | Samples of different Additives 36
Plate (3.7) | Beding and Curing of samples 40
Plate (3.8) | Crushing Machine 40
Plate (3.9) | Stack Type 1 61




List of Graphs

No. of Graph Name of Graph Page
Graph. (3.1) | Loss on Ignition 39
Graph. (3.2) | Crushing Strength 42
Graph. (3.3) | Density 45

Xl




Chapter |

Introduction

1.1 PROBLEM STATEMENT

Now there is a scarcity and a great shortage of furnace oil that used for
firing the bricks. It's price had been highly increased from 400 SDG per
Ton up to 4000 SDG. Due to that the production cost of the product is
increased too much.

1.2 Objectives:

The objective of this research is to study about different alternative fuels,
agricultural or industrial, as a cheap source of energy to produce bricks,
through a new implemented energy — efficient technology i.e. the Vertical
Shaft Brick Kiln according to steps below:

1.2.1To select suitable alternative fuels as an internal and external fuel
according to the availability, calorific values, suitability, ...etc.

1.2.2 To Conduct research experimental work at Brick and Road
Research Institute (BRRI) University of Khartoum (U of K).

1.2.3 To manufacture four modeled of green bricks samples having 10%
of different additives, saw-dust, petrocoke, zibala and clay using a
modeling Brick making machine.

1.2.4 To dry and fire these samples through a predetermined program that
usually has been applied and used for bricks.

1.2.5 Test and result for brick properties such as, crushing strength, loss -
on- ignition, and density.

1.2.6 Recording of these samples specific fuel consumption and fuel

consumed.



1.2.7 To make comparison between these samples in order to select the
best sample that having the good properties and with low fuel
consumption.

1.2.8 To complete Design and shortages of the vertical shaft Brick kiln
(VSBK) items.

1.3 Background:

Energy is a back bone of industries and development in all countries.
During the energy crisis, in the early 70's. the world began to reconsider
its dependence on traditional fuels as a major source of energy.

Both the limited resources of fossil fuel and their un even distribution
among all nations together with their rapidly increasing price made most
countries try to discover and utilize their local resources of energy.
Transportation, also is becoming expensive as it cost a lot to bring the
fuel to the consumers.

Sudan like many other developing countries, has been suffering from
acute energy shortage which in many instances threatened its crop,
irrigation, harvesting and the everyday needs.

Sudan is rich in most of forms of renewable energy such as wind, Solar,
biomass, ... etc. the attention is directed now to use the hydraulic energy
in the everlasting supplies of water from Blue, and white river Niles.

The clear sky, shining sun and favorable temperatures invite using solar
energy. Biomass is now feeding the country with high percent of its needs
of energy in the form of wood and charcoal. Conservationists used to
object because of the wide ranging deforestation that resulted from the
uncontrolled and indiscriminative use of wood for fuel. [5] [43].

Till now there are heaps ofagricultural, animal and industrial residues
having a high heating values can be used to reduce energy expenditure.

It is well known that fuel is a great important source of energy being used

in the field of Brick Factories. It's almost represented the main production
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factor that should have to be seriously considered in Brick Factories
firing system.

Soba brick factory belonged to the University of Khartoum. The factory
machines were manufactured in Yugoslavia by IVOLOLA - RIBAR
(ILR). [27]

The factory design capacity is ten million brick per year.

Soba brick pilot plant involved two types of kilns. Both types are related
to the branch of a continuous type of kilns, which are represented the
most developed ones with a high energy efficient. The first one is an
atomized liquid fuel denoted by Hoff-Mann kiln, with a moving — fire
and stationary ware system. The second one is denoted by the Vertical
Shaft Brick kiln (VSBK), with Stationary fire and a moving ware system.
It is worth to mention that VSBK is under construction and it is the first
type to be introduced in the Sudan.

Soba Brick Pilot Plant will be the best field to study this research titled
An Experimental Study on different types of alternative fuels for
Production of Bricks on Vertical Shaft Kilns, since there are the two
types of kilns. The atomized liquid Hoff — Mann kiln and the under
constructed VSBK for using agricultural, domestic, and industrial
residues as a cheapest major source fuel for firing the bricks.

A deeped scientific experimental efforts should have to be attracted to
study this research, considering the best facilities of the laboratory center
at Brick and Road Research Institute (BRRI) U.of.K. It would be more
useful and a good opportunity to deal with the term Firing of Bricks and
Heat Energy Management throughout this research process.

Red bricks the most strategic building materials are a widespread use in
all building construction such as: the apartments, offices, shops ... etc.
The clay substance is represented by the formula, AL2O3, SiO2, 2H.0

when heated at 650 C° then splits up into separate constituents as silica,
3



alumina and water [6]. This water is known as combined water and
considered as a constituent or part of the clay, which is driven off the
green bricks as steam. The dry green brick losses the weight when heated
to the maximum firing temperature 900C°. This loss is termed as loss-on-
ignition of clay that varies in quantities for different types of clay content
[7]. The carbonate is a compound often found in clays impurities and in
certain cases regarded iron, magnesium, and calcium are also present.
These are decomposed by heating into metal oxides and carbon dioxide at
high temperature the gas evaporated as black cloud. The iron oxide and
magnesium oxide are separated by the temperature in the range of 400-
700 C°, while calcium oxide is formed in the temperature from 700 to
900C° 7, [8].

Calcium carbonate, CaCOs is the common impurity in building brick clay
being present as pieces of limestone. This can cause trouble if carbonate
is present in large pieces (1/8 inch) of limestone and at that stage carbon
dioxide expands through the burning of bricks causing imperfection. The
carbonaceous matter is different in nature of different types of clay
present normally of about 7% to 8% that a start burning out varies in
temperature from 20 C° to 35 C° and then up to 450 C° [ 9].

Mechanical water is a technique of adding water to the clay mechanically
during the manufacturing process, which is driven off in the dryer from
the wet brick over the temperature range from 10 to 150 C° [7]. It is
usually determined by weighing green bricks before and after drying,
which differed for all brick types due to the process of manufacturing.
Bricks process depends on the duration of firing and the rate of firing that
control relative to the mechanical water, combined water and
carbonaceous matter present in the brick [10]. Therefore, the firing is
governed by the size of the product and the density in the setting of the

bricks. The firing of bricks have to be control during the water smoking
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period. Mechanical water must be slowly driven off from the bricks set in
the Kiln. Usually a brick set contains about 5% of mechanical water. Still,
the water is moved due to pressure increase and exhausted as vapor
through the stack (chimney) during the process. The high percent of
moisture in the brick is required slowly firing process to avoid a sudden
increase of temperature that can cause cracking of the product [11].

The preheating temperature can be increased at a greater rate once water
smoking has been discharged and the temperature is raised to about 650
C°. Therefore, the most important reaction takes place at the 650 C°
while the chemically combined water is driven off from the bricks at this
stage of the carbonaceous matter oxidized from the bricks [12].

However, there are certain drawbacks associated with the use of rapid
temperature range; vapor steam may persist for around the bricks. This
excludes air or oxygen that is needed to complete the oxidizing action,
which leads to black cored bricks [13]. The good quality of brick
production is requires slow heating for a suitable satisfactory time that
allows excess air for the oxidation to take place. A soon as all the
carbonaceous matter has been burnt the a- temperature can be raised
rapidly from 650 C° to the verification temperature. Verification is
usually taken to commence at about 900 C° that extended to the highest
temperature the brick can withstand without serious distortion [14].

The amount of liquid formed depends on the temperature reached, the
duration of heat and the amount of fluxes, soda, potash, magnesia, lime
and ferrous oxide present in clay. The highest rates of burning of the fuel
are used in the soaking period to reach the maximum temperature, but
once this is obtained at the top part of the kiln a slightly lower rate may
be employed [15]. Consequently, in order to hold the maximum
temperature not to over-fire the bricks at the top of kiln whilst is

increasing the temperature at the bottom of the setting [16]. The kiln is
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allowed to cool gradually after the fires have been burnt down. Crown
cooling holes are gradually opened and then the wicked side doors are
also gradually broken down. Slowly and gradually cooling is almost well
preferred since it will minimize brick cracking [17].

The additive upon fermentation, improve the plasticity of the basic
material and act as reinforcing fibbers, thus reducing the cracks. These
fibbers ignite thus assisting in even firing of the brick and minimizing the
development of high temperature gradients within the brick unit. These
fibbers are burnt out and they leave cavities within the brick. The result
being a reduction of the unit weight, and improving the thermal
characteristics. Cavities on the top and bottom surfaces of the brick
increase the bond when brick is built [17].

Sudan standard for common burnt building brick are deemed necessary so
that the water absorption not exceeded 35% and crushing strength in the
range of 25 kg/cm? and dimension (25x12x7 cm, or 23x11x6 cm) is
highly required for quality control. The brick kilns in Sudan dependent on
traditional fuel as a major source of energy, [18]. This study is aimed to
minimize cost of firing as much as possible and improved the quality by
using the available agricultural and industrial wastes in the Khartoum
province.

These alternative fuel materials are very cheap and having a high heating
value, which can be utilized as an internal fuel that to be mixed with the
green brick unit by a certain percentage [19].

The source of fuel energy for heating new stack of green bricks in a kiln
mainly need huge quantities such as; wood staves and animal dung
(Zibala) and industrial petro-coke without estimation of consuming
energy request [20]. In order to overcome the bricks production fuel
consumption problem an appropriate brick and kiln design were used in

this work. Soil, clay and river sand is available at a reasonable cost on the
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Blue Nile bank and inexpensive material used as fuels in addition to

reduce environmental pollution in site residential area [21].

1.4 Thesis layout

The thesis consists of 6 chapters.

Chapter I:

Presents the problem statement, the objectives and the
background, which gives a basic understanding about
sources of energy, traditional, renewable and the waste fuels.
It also gives a brief overview about brick kilns firing and
source of energy.

Chapter Il: Presents literature review and the previous studies. This
chapter provides a basic understanding of types of kilns as
generally and the Vertical Shaft Brick Kiln (VSBK), history,
construction, operation and firing. It also gives a brief
overview about clay composition, firing of bricks, the effect
of heat upon it, and the firing stages, Water Smoking,
preheating, full firing& vertification, Soaking & then
cooling.

The chapter also provides a brief overview about the
previous studies and environmental impact assessments.

Chapter Ill: This chapter presents the experimental work for the
different samples and results.

Chapter 1V: This chapter presents the analysis of results.

Chapter V: This chapter presents the design and constructions of the
Vertical Shaft Brick Kiln (VSBK)- Soba, the shortages, and
design improvement.

Chapter VI: This chapter presents the conclusion of the study and
recommendation for future work.



Chapter 11
Literature Review
2.1Types of KILNS

A kiln is a thermally insulated oven, in which a controlled temperature
regime is produced in order to fire the bricks to a requisite hardness. [31]
[51].

Kilns used for firing building bricks may be summarized as follows:

2.1.1 Intermittent Kiln

Intermittent kilns or periodic kilns may be defined as those old primitive
Kilns in which green bricks, fired according to a definite time -
temperature schedule to the required finishing temperature, cooled and

then taken out of the kiln. The process is then repeated with another
charge of green bricks.

2.1.2 Semi- Continuous Kilns

Semi continuous kilns may be visualized as five or more intermittent
kilns or chambers built together within a common structure and so
arranged that gases may pass from one to the other. The kiln is lit off at
one end, in the first chamber which is fired in the same way as an
intermittent kiln, but the kiln gases instead of passing to the chimney,
pass through the second chamber before doing so. The bricks in the
second chamber are thus preheated to a fairly high temperature before the
firing of the first chamber has been completed and it is time to feed fuel
to the second: by then gases are passing forward into the third chamber.
This process is repeated until the last chamber is fired and from which the
flue gases are exhausted direct to the chimney when the firing of the kiln
is completed. With kilns of only about five chambers, the fired bricks are

then withdrawn from the chambers, green bricks set in them and firing
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started again at one end of the kiln. As the firing of each chamber is
completed air may be allowed to pull through it from the first chamber to
assist combustion in the firing chamber. Longer kilns operate like
continuous kilns except that periodically the fires have to be restarted at
one end of the kiln. [ 31].

2.1.3 Continuous Kilns

Continuous kilns may be defined as those in which bricks are always
being fired [31]. Green bricks being put into one part of the kiln and fired
bricks withdrawn continuously from anther. Fuel is fed regularly at more

or less constant rate.

Continuous Kiln J

A 4

T oo vor )

\ 4 A\ 4

Hoff-Mann | Traverse | Tunnel Vertical
Kiln Arch Kiln lkiln Chaft hrirk
\ 4
(Soba Type) Arniinh ‘

Fig. 2.1. Continuous Kiln[7]




2.2 Vertical Shaft Brick Kiln (VSBK) History

The vertical shaft brick kiln (VSBK) technology evolved in rural china
and originated between 1960 to 1973. In 1975 the kiln became popular in
several provinces. In 1985, the Chinese government commissioned the
Energy Research Institute of the Henoan Academy of Science at
Zhengzhou University to study the kiln to improve its energy efficiency.
About 50.000 to 60.000 VSBK units were estimated to be operating in
China. [38] [5s0]

Usually the kiln productivity vary from 2500 to 20.000 bricks per day.
Simple mechanization is used for material handling, transportation and

extrusion of green bricks. The time interval between loading of a green
bricks and unloading of fired bricks is 20— 24 hours.

2.2.1 (VSBK) Construction:

The vertical shaft brick kiln consist of one or more shafts located inside
rectangular brick structure. The inner side of the shaft surface is often
lined with refractory bricks. The gap between the shaft wall and the outer
kiln wall is filled with insulating materials (clay, rice husk, ashes
....... etc.). Thermocouples are provided along the shaft high to monitor

the position of the fire as well as the temperature profile of the kiln.
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Fig. (2.3) Vertical Shaft Brick Kiln (VSBK) (Two-shaft)
The shafts are open at top and bottom. At the base of each shaft is an
arched unloading tunnel, which runs through the centre of the kiln. It
allows access to both sides of the base of the firing shaft and contains
unloading equipment. At the top of the shaft there is a roofed plate form
used for storing and stacking of the dried green bricks being lifted up

from the drying area by either of the following means:

12



a. Use of a ramp structure and bricks are carried manually or by
using animals.

b. Use of winch and hoist system.
At the bottom of the kiln unloading trolley which runs in rails along the
length of the unloading tunnel been provided. Lifting and lowering of the
trolley is done by a single screw unloading mechanism.
The shaft is loaded from the top with a total of 12 batches of green bricks
set in a predetermined pattern. The stacks of bricks rest on I-bar (which
can be removed or inserted) supported by a pair of horizontal I-beam
across the arches in the un loading tunnel.
During continuous operation, one batch, at a time and a sized and
weighed quantity of coal is spread uniformly. At the bottom of the shaft,
batches of fired bricks are continuously removed using an unloading
trolley, which moves on rails along the length of the unloading tunnel.
Lifting and lowering of the trolley is done by using a single screw
unloading mechanism. For unloading, the trolley is lifted so that the hole
stack of the bricks in the shaft rest on it. The I-bars are taken out, when
released, the hole stack is then lowered till the gab in the layer appears
through which the I-bar are then reinserted. On further lowering the
trolley the load of the stack is then taken by the I-bar except for the batch
being in loading, which comes down along with the trolley, which is later
pulled out along the rails to the red brick storing area. The next batch is
loaded at the top mechanically with the green bricks. Then the process is
repeated.
As the procession of batches gradually pass through the shaft, green
bricks encounter the preheating firing and cooling zone before reach the
shaft exist. The bricks in the preheating zone absorb heat from hot gases
coming through the firing zone, which helps in the evaporation of

moisture in the green bricks. The temperature in the preheating zone is
13



about 100- 500 C°. After passing through the preheating zone, the bricks
enter the firing zone with temperature in area up to 950 C° and then move
down to the cooling zone. The unloaded bricks come out of the shaft in a
temperature 100- 150 C°.
The draught in the shaft is controlled by variation in the spacing density
of the bricks during loading. For evacuation of exhaust gases, typically
two metal chimneys are provided at opposite corner of each shaft. A lid
cover is provided to cover shaft top, which direct the exhaust gases to the
chimney through the flue duct system.
2.2.2 Firing:
For initial firing the shaft is loaded from the bottom with dried green
bricks with crushed coal as fuel. Initiating a higher amount of coal is used
at the bottom batches, then gradually reduce to the top. While ignition,
the wood placed is lightened in the fire box with the help of kerosene at
the bottom of the brick setting. Fire wood is continuously stocked till the
fire moves along the stacks bricks and starts to ignite the coal. At this
time, the fire box is sealed in bricks and mud mortar plastering from both
sides to control air passage. After around hour of firing, the sealing is
opened for natural draught to proceed when the maximum temperature
reaches above the central part of the shaft (firing zone), a first batch is
unloaded.[38][50].
2.2.3 Brick Quality:
The quality of fired product mostly depends on the quality of the green
bricks being loaded. All the fired bricks can be classified into a single
sealable class except breakages appearing sometimes and that due to:

1. In areas with sandy clay with low plasticity, the breakage range can

be 5- 6%, while is plastic clay area breakage will be less than 1%.

2. Handling of bricks also causer brick breakage.
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3. Every brick in the pattern has to withstand upcoming load from the
top and extremely more at the bottom, as the loading of the bricks

increases from the upper of the shaft.

2.3 Vertical Shaft Brick Kiln (VSBK) — Sudan (Plate (2.4):

The VSBK was adapted for the use in the Sudan during 1996. A pilot kiln
was constructed by the (B.R.R.I) Building and Road Research Institute of
the University of Khartoum in corporation with GTZ- GATE; German.
Appropriate technology exchange. The shaft still not completed. The
proposed fuel to be used was carbonized agricultural waste form cotton
stalks, sun flower stalker or bagasse. The carbonized fuel, reduced to a
granular size should be dispersed among the green bricks when loading
the kiln from the top. [37]

Fig. (2.4) Vertical shaft kiln — Soba- Sudan.
2.4 Composition of Clay and The Effect of Heat Upon it:

A large variety of clays are used for making building bricks. Different

processes of manufacture have been developed to suit the different raw
materials (e.g. hand-making, wire-cut, stiff-plastic, dry or semidry and
soft mud process.). These clays differ in composition and behavior when
fired, variations also occur with the same type of clay and with the same
clay sample hole at different parts of the hole or clay face. Thus although

there are certain characteristic which are similar for all clays, there are
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others which causes differences in behavior during firing and make it
necessary to adjust the firing schedule to suit them. [40]

2.4.1 Mechanical Water:

It is the water which is present in or added to a clay when making the
bricks, and which is driven off in the dryer from the wet brick over the
temperature range from 10 to 150 C°. normally it is determined by
weighing green bricks before and after drying. The amount of mechanical
water is differ for different type of bricks when made with differ process
of manufacturing.

2.4.2 Combined Water:

The true clay substance as represented by the formula, AL.Os, Sio,
2H>0. and at 650C° splits up into its separate constituents, silica, alumina
and water. This water is known as combined water. This combined water
is considered as a constituent or part of the clay. This combined water is
driven off the green bricks as steam.

2.4.3 Loss-on-ignition:

When dry green brick is heated to the maximum firing temperature 900
C’, it losses weight. This loss is termed as loss-on-ignition. This loss-on-
ignition of clay varies in quantities for different types of clay content.
(upon percentage contents of carbonate, carbonaceous matter, and
combined water).

2.4.4 Carbonates:

The carbonates, often found in clays and in certain cases regarded as
impurities, are those of iron, magnesium, and calcium. These decompose

on heating into oxides and carbon dioxide [31]as follows:
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Iron carbonate Iron oxide Carbon dioxide | Temp.
FeCOs FeO CO2 400 C°

700 C°
Magnesium carbonate | Magnesium oxide | Carbon dioxide | 400 C°
MgCO3 Mgo CO:2 650 C*
Calcium carbonate Calcium oxide Carbon dioxide | 600 C*
CaCOs3 CaO CO2 900 C°

Calcium carbonate CaCOs is the common impurity in building brick clays
being present as pieces of limestone. This can cause trouble if carbonate
is present in large pieces of limestone. This can cause trouble if carbonate
is present in large piece (1/8 inch), and then through burning of bricks
carbon dioxide expand and pushing up.

2.4.5 Carbonaceous Matter:

The carbonaceous matter is different in nature in different types of clays
present normally of about 7 to 8 percent. Temperature at which the
carbonaceous matter starts to burn out varies from 20 C° to 35 C° and
then up to 450C".

2.5 Stage in Firing:

The length of time of firing and the rate of firing depend to a large extent
on how much mechanical water; combined water and carbonaceous mater
are present in the brick. It also depend on the size of the product and the
densely of setting.

The firing of bricks is generally considered in four stages:

a- The water- smoking.

b- The preheating.

c- The full firing or vertification.

d- Cooling.
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2.5.1 Water Smoking:

During the water smoking period the mechanical water must be slowly
driven off from the bricks set in the kiln. Usually bricks set contain about
5 percent of mechanical water. So this water has got to be moved and
exhausted as vapor through the stack (chimney). For brick containing
high percent of moisture, care must be taken and the firing should be
carried out slowly. Any sudden increase of temperature can cause
cracking. This is because for bricks containing a high percentage of
moisture, and if drying is carried out rapidly, outer surface of the bricks
contract more than the Centre, so cracking will be result.

2.5.2 Preheating:

Once water smoking has been completed, the temperature can be
increased at greater rate. During this period the temperature is raised to
about 650 co, and two most important reaction take place.

- The carbonaceous matter is oxidized from the bricks.

- The chemical combined water is driven off from the bricks

The removal of chemically combined water from the clay may starts at
400 co, and carry on to 650 C°. This water maybe driven gradually and
smoothly over arrange 450-650C°. If heating is carried out rapidly
through this temperature range, vapour steam may persist on around the
bricks. This excludes air or oxygen that is needed to complete the
oxidizing action, and can lead to black cored bricks. For the production of
good quality bricks therefore slowly heating for a suitable satisfied time
is required to allow excess air for the oxidation to take place.

2.5.3 Full firing and vertification:

A soon as all the carbonaceous matter has been burnt and the iron
oxidized the temperature, can be raised rapidly from 650 C°, to the

verification temperature. Vertifications usually taken to commence at
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about 900 C°, and extended to the highest temperature the brick can with
stand without serious distortion. The strength of the bricks is developed at
this stage.

1. First by centering of particles in close contact with one another.

2. And later, as the temperature increases by more and more melting
of the clay mass. The remaining solid particles thus become coated
with liquid when the kiln is cooled remains mainly as a glass and
binds the particles together. The amount liquid formed depends on
the temperature reached, the duration of heat and the amount
fluxes, soda, potash, magnesia, lime and ferrous oxide present in
clay.

2.5.4 Cooling:
After the finishing of firing, the kiln is allowed to cool gradually after the

fires have been burnt down. The crown cooling holes are gradually
opened and then the wicket side door are also gradually broken down.
Slowly and gradually cooling is almost well preferred since it will
minimize brick cracking.

2.5.5 Soaking:

The highest rates of burning of the fuel are used in this period to reach the
maximum temperature, but once this is obtained at the top part of kiln a
slightly lower rate may be employed in order to hold the maximum
temperature not to over-fire the bricks at the top of kiln whilst increasing
the temperature at the bottom of the setting

The aim is to fire the bricks satisfactorily at the bottom of the kiln without

over firing those at the top. This referred to as the soaking period.
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2.6 Fuels Oils:

One could hold the view that any substance which on combining with
another substance produces heat is a fuel , but the term is generally
restricted to those substance , which contain the element carbon ( which
will combine with oxygen from the air to produce heat) and exist in large
quantities near the earth's surface. This definition covers, wood, peat,
coal, petroleum and natural gas, in addition there are the refined fuels
such as town gas and cocke.

Many petroleum products can be and have been used as fuels, ranging
from crude oil through refinery gases and gasoline-types distillates to the
heavies' residual oils and bitumen.

However, it is generally accepted that the term "fuels” refers the range of
products which includes the distillate oils known gas oil and diesel fuel
and the light, medium and heavy fuel oils. These oils may be either
straight-run or cracked or they may be blends of both. Although the
nomenclature "light” "medium”, and "heavy" refers basically to the
specific gravity of these oils, the terms are often used commercially as an

indication of the viscosity of the oil.

2.7 Types of Fuel Oils:

Gas oil is a distillate intermediate in character between kerosene and light
lubricating oil. being a distillate it is free from residual components, its
hard asphalt content is virtually nil and it is low in Sulphur. These
properties, together with its low viscosity at ambient temperatures make it

ideal fuel for certain industries.

2.7.1 Diesel Fuel:
There are two main groups of diesel fuel, automotive diesel oil and

marine diesel oil. Such oils are normally a little more viscous than gas oil,

have a slightly higher specific gravity and darker in color.
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2.7.2 Light M Medium & Heavy Fuel Oils:
This ranges of fuel oils includes the heavy residual oils and residual oils

blended with varying amounts of low viscosity materials in order to
obtain the desired viscosity. The specific gravity will be of the order of
0.92 for the light fuel oil up to nearly 1.0 for the heavy residual oils.
Commercially, these grades may be marketed according to a maximum
viscosity limit, such as 75 centi stockes at 37.8 C° for light fuel, 150 centi
stockes medium fuel oil and 225 C°St and over for heavy fuel oil.

2.8 Fuel Oil Characteristics:

2.8.1 Specific Gravity:
Although the specific gravity of an oil has no technical significance from

the point of view of quality, it does give an idea of grade of oil,i.e.
whether it is a distillate or a residual oil. An increase in specific gravity
usually indicates an increase in the viscosity of fuel oils of the same
origin. The heavier and more viscous oils generally have a lower calorific
value than the lighter blends and distillates, but when sold by volume it
may be found that calorific value of the oil per gallon is more for the
heavier oil, since the higher specific gravity may compensate for the
lower calorific value. Variation in specific gravity with temperature is an
important factor in marketing and must also be taken into account when

determining the fuel consumption of an appliance.

2.8.2 Viscosity:
Viscosity is a measure of the resistance of a fluid to shear or flow, and

can be reported in a number of ways. In the case of oils, it has been
commercial practice for many years to quote the viscosity as measured on
one of three instruments, the Redwood Viscometer in the UK, the Saybolt
viscometer in the USA and the Engler viscometer in some European
countries. The principal used is the same, in that the time is measured in

seconds, for a given volume of oil at a constant temp. to flow through an
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orifice of standard size. The temperature used are 100 F° (37.8 C°) with
the Redwood viscometer, 122 F° (50 C°) with the Say bolt viscosity of
relatively mobile oils is recorded as many seconds Redwood 100 F°, or
seconds Saybolt Universal 122 F° but for more viscous oils similar

instruments with larger orifices are used, which reduces the time of flow

to about % of that taken. with the smaller orifice. and the viscosity is then

given as seconds Redwood 100 F°, or seconds Saybolt Furl 122 F°, when
using the Engler viscometer, the result is expressed in terms of Engler
degrees (F°).

A more accurate and scientific method of measuring viscosity is to
determine the rate of flow of the oil through a calibrated capillary tabe
and to express the viscosity, centipoise for dynamic viscosity.This
method of measurement has infact long been used in laboratories in place
of the Redwood or Saybolt methods, although results have continued to
be reported in terms of Redwood or Saybolt viscosity — obtained from

conversion tables — to satisfy conventional practice.

2.8.3 Pour Point:
In the early days of the use of fuel oil was found necessary to have a

test that would indicate the lowest temperature at which an oil could be
stored or handled without it congealing in tanks or pipelines to meet this
requirement the pourpoint test was devised. This test gave the lowest

temperature at which the oil would flow under prescribed conditions.

2.8.4 Calorific Value:
The calorific value of a gaseous fuel containing several gases may be

calculated from the gas analysis and by summing-up the calorific values
of the individual gases. This method, however, can't not be applied to
liquid fuels which cannot be readily isolated or identified. For these
fuels,a calculation can be made of the theoretical value based on the heat

released of the carbon, hydrogen and Sulphur in the fuel.
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In practice C.V are always determined experimentally in a
"bomb™" calorimeter. Since all the moisture liberated during combustion is
condensed, the instrument measures a gross calorific value. This is the
normal C.V published by the fuel suppliers. The net C.V of the fuel is the
gross figure minus the latent heat content of the total moisture in the

products of combustion.

2.8.5 Flash Point:
In may countries there is a legal minimum of 150 F° (66 C°) imposed on

the flash point of all fuel oils and the same figure is generally applied to
commercial bunker fuels. This in the order to provide a sufficient margin
of safety from fire risk during storage, handling and transportation. The
flash point is an indication of the presence of a certain proportion

ignitable vapour in specified set of circumstances.
2.9 Petroleum coke:

Spong coke is a by — product from oil refineries. In petroleum refineries,
the useful products, like gasoline, jet fuel, diesel fuel, motor fuel and
waxes are separated from crucle petroleum, leaving a heavy tar-like
residue. More Products can be obtained by processing it at high
temperatures and pressure, to crack large molecules into smaller
molecules. It Leaves behind a hard, coal — like substance called
petroleum cocke, it consists mostly of carbon, with smaller a mount of
hydrocarbons, Sulphur and trace amount of metals.

Petroleum coke is a black solid material, can be categorized generally as
either green or calcined coke.

The initial products of the coking process, green coke, is used as a solid
fuel, further processing result in calcined coke which is used in the
manufacturing of electrodes, in melting application for graphite electrode

production, or for minor application such as carbonization of steel which
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in turn, resembles coke, but contains to many impurities to be useful in
metallurgical applications.

Petroleum coke is composed mainly of carbon, thus it also contains high
level of Sulphur and metals, such as vanadium and nickel (table) below
shows the chemical analysis of petrocoke.

Table (2.1) Analysis of the Sudanese Petrocoke:

Items Units | Petroleum
Total moisture % 5.3
Moisture on air dry basis % 0.32
Ash content on as received bases % 4.36
Volatile content on dry and ash-free % 12.21
basis

Carbon content on received bases % 83.36
Hydrogen content on as received bases % 3.62
Nitrogen content on as received bases % 1.58
Total Sulphur % 0.30
Oxygen content on as received bases % 1.17
Gross heat value on as received bases MJ/Kg 32.12
Nret heat value on as received bases 1 9lg 62
Flourin on as received bases % 0.004
Nickel on as received bases 1 9/g 285
Vanadium on as received bases 1 9/g 133

*Analysis done Hyundai University in Southern Korea Polytechnic [58].
Petrocoke is generally significantly cheaper than furnace oil or coal. It is
considered as are energy sources of power generation, cement production,

the Iron and Steel Production, and also at brick kiln sectors.

2.9.1Petrocoke Production and Availability:
Petrocoke production of the petrocoke grew by 50% from 1987 to 1998.

It reached 5 Mt in 1999 and expected to reach 100 Mt by 2010. The USA
is the world's largest producer,(Producing three-quarters of the world
supplies).

The daily production of petrocoke from Khartoum Refinery between

800 ton to 1000 tons per day till now. It was used by Sudan cement
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factories and National Electricity Corporation (Garry (4)) Power Station.

National Electricity Corporation sign a contract with Khartoum Refinery

to supply Garry (4) Power Station by 300,000 ton per year with a fixed

price 50 US $ per ton.
2.10 Vertical Shaft Brick Kiln (VSBK)

2.10.1 Previous studies:

s ESMAP-Energy Sector Management Assistance Program- Vertical

Shaft Bricks Kilns Development — 2000. Experimental work had

been done in VSBK as follows:

Coal of a size 50-100 mm was weighed and spread evenly
between bricks layers as an external fuel

Agricultural, and industrial wastes such as saw-dust, boiler-
wastes having high heating values of a size 2mm had been
mixed evenly with a clay body in a dry form.

This results in a reduction of coal consumption and energy

efficient.

% Sameer Maithel — VSBK- Technology, Vietnam- August -2007.

Experimental work on VSBK was carried out using coal as an
external fuel. A weighed quantity of coal of a size 50 -100 mm
is spread evenly between bricks layers.

Industrial wastes of a size 2mm was mixed evenly with the clay
body in a dry form as an internal fuel.

The experimental work results in a low consumption of coal
with a high energy efficient as compared with other types of
kilns.

This Study dealt with the case of the environmental benefits.

% IEE International Environmental Examination VSBK- INDIA -
2003.
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- The following consideration had been applied during VSBK
operation excrementally to reduce air pollutions

- VSBK is equipped with a laid cover on the shaft top

- VSBK is equipped with a chimney.

% Hassan Mohamed Widatal, adaptability of sponge coke usage in

Gerry (4) steam Power station, in place of heavy fuel oil — 2012.

% In this Study:

- Sudanese sponge coke is petroleum by product of Khartoum
refinery.

- Petro coke is used as fuel in Gerry (4) Power station. It has a
higher calorific value (35000 kj/kg) more than coal C.V =
(27000 kj/Kkg).

- Petro coke is more economics as compared with fuel oil by one
third.

2.10.2 Previous studies for liquid fuel:
% Mohamed. A. Mergani, Utilization of Return oil in blend with
furnace as fuel.

- Amixture of 30% cleaned filtered return oil with 70% of
furnace oil had been achieved.

- It had better characteristic values such as viscosity, C.V, pour

point. Flash point...etc., and with a reasonable heating value

and energy cost reduction.
2.11 Sudanese standard for common burnt Building
brick:

For quality control, the flowing requirements are deemed necessary:

Shape of bricks must be more-on less regular, and homogenous upon
breakage,

Dimension 25x12x7 cm, or 23x11x6 cm
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Water Absorption not exceeded 35%

Crushing Strength not exceeded 25 kg/cm2.

2.12 Environmental Impact Assessment

Brick kiln are almost classified as one of the most source of
pollutant sectors in the world [59][60]. usually black carbon
smokes are emitted and that due to the old traditional
technological used and with an adequate supply of air during
combustion process.

Blower are used and added to zigzag kiln type ( artificial draft)
to insure enough air supply to the kiln. The combustion process
Improves artificialdraft to created. In VSBK, air flow up ward
through natural convection. scrubbers are used to remove the fly
ashes and (Soas) in zigzag kilns. In scrubber, flue gas is drawn
into underground water visitor to clean solid suspended
particulate matter (S.P.M) before being released into the
atmosphere through the chimney. Scribing water has to be
changed regularly to insure the system works properly.
However, brick field owners often don't care as it requires
additional workforce unless otherwise monitored by the
Government agency.

For coal based hot — main kiln and VSBK, the flue hot gases are
passed through the new stacked green bricks for Preheating. In
this case hard particles clean up from the flue gas since it is
obstructed into the stacks of the green bricks.

Moreover, VSBK asmentioned, it requires less fuel per brick, so
automatically emits less pollution, Theoretically, there should
not be much black smokes from (VSBK) but sometimes

happens and that due to unburnt combustion.
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The major designated air pollutant emitted during brick firing
Process are oxides of carbon (CO) nitrogen(NO) Sulphur (So)
Water vapor, suspended particulate matter (S.P.M) Fly ashes
,...etc.

Carbon dioxide (COz2), which is not pollutant in the traditional
sense, since it is essential to support photosynthesis for all plant
life on earth, however carbon dioxide is a greenhouse gas
considered to be a contributor to global warning. It's the most
abundant an thorogenic (human caused) greenhouse gas in the
earth's atmosphere. [ 58 ]

The removal of the suspended particulate matter (S.P.M) the fly
ashes from the flue gas is accomplished with electrostatic
precipitator or fabric fitters. [58]

Sulphur dioxide (SO2) is a pollutant emitted when fuel is
containing Sulphur dioxide is one a group of high reactive gases
known as oxides of Sulphur. It is a toxic gas with a pungent,
irritating smell.

Nitrogen oxides (NO2) can also be produced naturally by
lightning strikes, and then what we call acid rain is caused by
emission of Sulphur dioxides. There are Three technologies
known as (De — Noz) Process available for reducing the
emission of (NO) emission is a Low — Nox, and can achieve up
to 50% reduction of Noxemission. [58]

United states and number of countries, air pollution dispersion
modeling [58] studies are required to determine the flue gas
stack height needed to comply with the local air pollution
regulations. The united states also requires the high of the flue
gas stack to comply with what is known as "Good Engineering

Practice GEP " stack height [58].
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2.12.1 Chimneys: [ Stack gas path ]

- Effective stack height Equals Actual stack height Plus Velocity
and buoyancy factor.

- Chimney Effective height (2.5x) = Physical stack height (x) +
height due to velocity and buoyancy of hot smoke (1.5x).

2.12.2 Influence of the emitted carbon price on brick

sector:

- Carbon price or the price of each ton of carbon pollution had
been implemented by many countries (Australian Government
2011).

- The Australian brick sector put a price for carbon pollution
emissions. due to that, carbon price was found to be the most
cost-efficient way to cut carbon pollution, since it encourages
companies to innovate and invest in new efficient technology

with friendly environment.
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Chapter 111
Influence of Industrial and Agricultural Additives to
Clay Mitigates Fuel Consumption on Red Bricks
Manufacturing

3.1 Introduction:

The aim of this experimental work is to manufacture modeled green
bricks of different cheap solid Alternatives Fuel (Industrial and
Agricultural), Such as, saw-dusty animal dung (Zibala), Petrocoke and
clay according to these additives availability and a high heating value
gained. The samples have to be dried and fired through a suitable
predetermined firing techniques, that usually had been applied for
common burnt bricks, Experimental measurement has to be performed on
these samples at Brick and Road Research Institute (BRRI) of University
of Khartoum (U of K) Laboratory, in order to evaluate and compare
between these samples of bricks properties such as, Loss-on- ignition,
Density, and Crushing Strength. The research has to provide a

comparison about fuel consumption between these different samples.

3.1.1 Experimental Work:
Intensive experimental and Laboratory work had been carried out on

these different samples, in order to select the best one that having better
characteristics, properties and with the lowest specific fuel con sum piton.
3.1.2 Scope of work:
Modeled Brick Making Machine and Brick Manufacturing:
The scope of this experimental Investigation extended to include the
flowing:

1. Brick manufacturing process.

2. Brick drying process.

3. Brick firing process.
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3.2 Brick manufacturing process

3.2.1 Clay mixing

The basic raw material, which is the Blue Nile clay deposits is
mixed, then water being added to yield a homogeneous mix to
achieve about (17) seventeen degree of plasticity index to suite
the vertical shaft Brick kiln (VSBK) operation condition.

The corresponding additives petrocoke, zibala, and saw-dust
were about ten percent (10%) by weight for each sample added
to the raw material, water being added to these samples and left

for a period a week or more for fermentation.

Plate (3.1) Saw-dust
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Plate (3.2) Zibala

Plate (3.3) Petrocoke

Table (3.1): Additive sample types

Sample types Additives Identification
clay Nill Additive Series ...........
clay +zibala Zibala 10% by weight Series ...........
clay + petrocoke Pet rock 10 % byweight | Series ...........
clay +saw-dust Saw-dust10 % by weight | Series.......... 4
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3.2.2 Modeled brick Manufacturing:

Modeling Brick making machine was used to manufacture twenty

(20)pieces brick unit for each samples.

Plate (3.4): Modeling Brick Making M/c

3.2.3 Brick drying process:

Green bricks had been dried smoothly and

predetermined program. [49]
Table (3.2): Manufactured and dried bricks

regularly through

Sample type Additive | plastically | Pieces of | Wet brick | Dried Moisture
index bricks WeightWw | brick Content
produced | (gr) weight wg | m.c %
]9)

clay series .......... Nil 19 20 201.3 168.4 16.3

clay +zibala series ....2 | 10% 19 20 183.13 140.95 23

clay + petrocoke 10% 19 20 170 138 18.8

series.3

clay +saw — dust series 10% 19 20 175 111.8 36
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3.2.4 Brick firing process

Dried green bricks were subjected to predetermined firing temperature
program to eliminate variation in brick quality implanted by burning
parameters.e.g. Firingrate, max. temp., soaking time at the max temp and

cooling rate [31]. Firing of brick samples and result were shown in Table

(3.3) 5 Bricks average.

Plate (3.5) Furnace
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Table (3.3): Brick firing result

Sample type Additive Temp range | dried brick | Fired brick weigh
% (C9) (Wa) (W+)
clay Series ............... 1
Nil 750 184 164.2

800 165 148
850 182 160
900 176 154.5
950 173.5 152.7
1000 172.4 152

Clay + zibal 140

series......... 2 10% 750 160 132.9
800 158 140
850 166 126
900 152 145
950 173 128
1000 154

clay + petrocoke series

...... 3 10% 750 162 140
800 178.6 151
850 164.3 138.3
900 174.8 146.2
950 158 130.8
1000 173 143.9

clay +saw- dust

Series .............. 4 10% 750 128.04 105.18
800 150.4 122.5
850 141.3 115
900 155.8 127
950 131 106
1000 156 125
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Plate (3.6): Samples of Different Additives (Petro-coke, Zibala, Saw-dust &
clay)
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3.3 Firing of bricks and test results:
To check the quality of the produce red bricks and hence compare the
effect of the additives, the flowing parameters have been determined
experimentally in the laboratory work as follows:
3.3.1 Loss-on — ignitions:
When dry brick heated to the maximum firing temperature, it losses
weight.
This loss is termed as loss — on — ignition. this loss — on ignition of clay
varies in quantities for different types clay content s (upon percentage of
additive,carbonate, carbonation material and combined water

loss — on ignition

_weight of dry brick (Wy) — Weight of Fred brick average (W)
B dried brick(W;)
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Table (3.4): Loss on ignition

Sample type Additives | Firing Drybrick Fired brick Loss-on
temp average average weight Ignition %
rang weight (WE)

(C) (Wb)

clay series .......... Nile 750 184 (gr) 164.2(gr) 10

1
800 165 148 115
850 182 160 12
900 176.5 154.5 12.3
950 176.1 152.7 12
1000 172.2 152 12

clay +zibala 750 146 140 13

Series ........... 2 | 10% 800 158 132.9 15
850 166 140 16
900 152 126 17
950 173 145 16
1000 154 128 17

Clay + petro- cock | 10% 750 162 140 13.5

Series ............... 800 178.6 151 154

3 850 146.3 138.3 15.8
900 173.8 146.4 16
950 158 130 16
1000 173 143.9 16.7

Clay + saw — dust

Series .............. 10% 750 141.4 116.2 17.8

4 800 150 122.5 18.8
850 141.3 115 18.6
900 155.8 127 18.6
950 131 106 19.6
1000 15.6 125 20
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Graph (3.1): Loss-on-Ignition

3.3.2 Crushing Strength:

Crushing strength testing machine was used for this test according to the
formula.

max load at failure (KN) =

KN/mm?
Average area of bed face(mm?) i

Crushing strength =
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Plate(3.7) (Beding and Curing of Samples)

Plate (3.8) Crushing Machine
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3.3.3Density:

Density test result were as shown at table (3.6)

3.3.4 Visual Test:

Samples of deferent types of fired brick at temp. range of 850 ,900 ad 950
CO.has been selected. Visual test had been conducted out upon unit brick
breakage in order to see,to how much degree of quality had been gained.
Tests results were as shown in table (3.7).

Table (3.5): Crushing strength Tests Result (5 Bricks average)

Sample type Additive | Temp range | Areabed | Max load at | Crushing
(c9) face (mm)? | failure (KN) | strength
(KN/mm?)
clay Nil 750 39.13 57.5 1.469
800 35.7 56.4 1.52
850 38.2 71.6 1.8
900 35.3 70.6 2
950 38.5 76.4 1.9
1000 37.2 86.3 2.3
clay + zibala 10% 750 41.1 11.9 0.284
800 38.9 19.5 0.5
850 42 18.5 0.447
900 37.8 20 0.527
950 42.8 18.3 0.427
1000 37.7 28.5 0.755
clay + petrocoke 10% 750 37.5 31 0.826
800 39 38 0.774
850 375 32 0.85
900 39.4 36.96 0.93
950 36.4 32.9 0.938
1000 38.3 41.8 1.07
clay + Saw-dust 10% 750 40.6 8.2 0.201
800 38.2 7 0.2
850 41.5 12.9 0.3
900 39.2 5.7 0.15
950 40 7.2 0.18
1000 39 6.9 0.18
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Crushingstrength (Kkimm)
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Graph (3.2): Crushing strength
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Table (3.6): Density test Results (5 bricks average)

Sample type Additive | Temp Dry Volume | Density

range (c°) | weight wg |V (mm3) | (kg x107)

(gr) (cm)®

clay Nill 750 168.38 78.2 2.0

800 151.26 71.4 2.0

850 160.5 76.5 2.0

900 152.3 70 2.0

950 153.4 77 1.5

1000 150 2.0
Clay + zibala 10% 750 140 82.25 1.7

800 133 77.8 1.7

850 142 84 1.6

900 128 74 1.7

950 142 85.2 1.6

1000 90.12 75 1.2
clay + petrocoke 10% 750 138 75 1.8

800 152.9 78 1.9

850 138 75 1.8

900 146.9 78.8 1.8

950 129.4 72.4 1.7

1000 140 76.6 1.7
clay + Saw-dust 10% 750 111.8 81.21 1.3

800 116.3 76.5 1.5

850 116.8 83.34 1.37

900 126.26 78.4 1.6

950 110.3 80 1.3

1000 127.8 78 1.6
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Graph (3.3): Density

Table (3.7): Fired brick and visual test Results

Sample type Firing temp Brick Quality
Range (c°) Fired | Well fired Over fired
clay +10% petrocoke 850 850 C°
900
950
clay +zibala 850
900 900 C°
950
clay +10% saw-dust 850
900 900 C°
950
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3.4Firing of Bricks and test Results:

3.4.1 Analysis and Discussion:
As mentioned, dried green bricks were subjected to predetermined firing
temperature program, preheating full firing or verification, soaking at
maximum temperature, and then cooling gradually. Brick firing process
was programmed at ,750C° 800 C°850 C°950C° and up to 1000 C°
(satisfied firing temp).
Test result and analysis had been carried out deeply for all those different
additive samples considering these parameters

1. Loss-on ignition.

2. Density.

3. crushing strength.
and visual test for comparison as flows:
1. Loss- on — ignition:
The reported data table (3.4) showed that loss-on-ignition is increased
with respect to the temperature rising. The highest present of loss had
been found at saw-dust sample, flowed by zibala, petrocoke and then
finally clay sample. carbonates, carbonaceous low material and organic
additives were ignited during brick firing process.
The additive upon fermentation, improve the plasticity of the bricks
material and act as reinforcing fibers, thus reducing really concentrated
cracks leading, even to the break age of the green brick unit, further and
up on firing, these fibers ignite thus assisting in even firing of the brick
and minimizing the development of high temperature gradients within the
brick unit: a phenomenon which may otherwise lead to firing cracks,
when these fibers burnt out they leave cavities within the brick: the result

being a reeducation of the unit weight and an important of the thermal
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characteristic, cavities on the top and bottom surfaces of the brick
increase the bond when brick are built.

3.4.2 Density:

The reported data showed that the highest density was found at clay,
petrocoke, zibala and finally the saw-dust sample. The data of the various
samples had been approximated graphically by straight-line density VS
temperature range reproduce in Graph (3.3) for comparison.

3.4.3 Crushing strength:

The reported data table (3.5) showed the highest crushing strength that
brick will stand before failure was found at petrocoke sample, flowed
zibala, and then saw-dust the data of the various types of additives had
been plotted graphically giving approximate straight line crushing
strength VS temp ranges. Reproduced in Graph (3.2) for comparison.
3.4.4 Visual Test:

Normally and as experienced brick found to be fired at firing temperature
range of about 850 C°, 900C° and 950C°, the reported data table [3.3] and
the visual test table [3.7] showed that, petrocoke sample type was found
being the best one, fired at the lowest temperature range at 850 C°, and
with the lowest fuel consumption.

3.4.5 Specific Fuel Consumption and Fuel Consumed:
Considering the reported data test results, loss-on ignition, density,
crushing strength and visual tests, bricks found to be of good quality and
well fired at a range of temperature of 850 C°, 900C°, and 950C°, for the
different brick samples, specific fuel consumption and fuel consumed had
been calculated for a comparison and the complete calculated Tableas

shown in Appendix (A):
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3.4.5.1 Fuel Consumption

The same procedure was followed to calculate (a) specific fuel
consumption (b) fuel consumed for the other rest different samples,
zibala, clay, and saw- dust, at temp — range of 850 C°, 900 C°,950 C"° see
appendix(A):

Table (3.8): Different alternative Fuels

Different alternative Calorific Value (KJ/Kg)
Fuels

Rice husk 2800 — 2800
Rice husk ash (white ) 500

Rice hush ash (black ) 1500 — 2000
Coconut shells 4800
Groundnut shells 4800 - 5100
Coconut pith 3000
Bagasse 4500
Charcoal 5000 - 7000
Sewage sludge 2300 - 5400
Sawdust 3800 - 4300
Coal mining waste 800 - 1000
Fly ash 500 - 2700
Paper industry sludge 1600 - 4500
Textile industry waste 1500 - 2500
Coal (used in Dhaka) 3500 - 7000
Boiler ash 700 - 1500
Steel re-rolling waste 2500 - 3500

Brick cost of firing as compared with the different waste additives
Results based on 100,000 brick units:
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Specific Energy consumption of different kilns techniques

r 1.8
F 1.6
r 1.4
F 1.2
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> 0

VSBK

Tunnel klin

TBK

Different types of Kilns

Hoffmann klin

Energy consumption MJ/Kg

Figure (3.1): Specific Energy Consumption of Different Kilns Techniques

Table (3.9): Equivalent Fuel Consumption

Sample type | Calorific value (C.V) | Total fuel Specific fuel Total fuel
Kj/Kg Consumption (TON) | Consumption | consumption
equivalent to
petrocoke
Petrocoke 35260 6 835.4 6
Zibala 17500 13.3 891 6.6
Saw — Dust 15910 14.4 848 6.5
Clay - - 955 7.05
3.5 Result:

- Petrocoke sample was found to be the best one, it showed the lowest fuel

consumption and specific fuel consumption.

- zibala and saw-dust found to be huge and bulky, so additional

transportation cost is needed as well as, this waste materials should have

to be reduced to a form of small cubs for easier operations.

- clay sample found to be of the highest firing cost since it did not convey

any type of additives.
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Burnt Brick Clay Cost of Firing As Compared Between Petrocoke
and Furnace Oil Fuel:

A comparison between using petrocoke and furnace oil for firing building
brick:

Experimental work and test result as shown in Appendixes (A) showed
that petrocoke specific fuel consumption at 850 C° the satisfied firing
temp. was found 835.4 kj/kg of fired brick.

For firing 1000 brick units of weight 2.204 (kg).

Total heat needed = specific fuel consumption total weight brick

=835.4 * 1000 * 2.204

=1.841.221.6 kj

Quantity of petrocoke = Tt = S o
0.0502(ton)

petrocoke price /ton =2000 SDG

total cost for firing 1000 = 2000 * 0.0502 = 104.4 SDG

using furnace oil for firing 1000-unit brick of weight (2.204 kg)
total heat needed for firing 1000 unit bricks = 1.841.221.6 KJ

total heatneeded _ 1.841.221.6
furnace oil (cv) 39800 *1000

Furnace of oil price/ton = 4000 SDG
Total cost for firing 1000 unit brick = 0.046 * 4000 = 184 SDG

= 0.046 ton

total ton of furnace oil =

484 - 104.5 1000

Cost reduction = = 40%.
184

%+ Using petrocoke for firing building brick is more better and reduce
the cost to 40 %.
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3.6 Conclusion:

/7
0‘0

Cheap Alternative fuel were used as internal and external fuel to
produce bricks. Samples of different types of the additives,
petrocoke, animal dung (zibala, saw-dust, and clay, ten percent by
weight had been mixed with unit green brick during molding.

The study perform the sample drying and the effect of a
predetermined temperature range at 750, 800, 850, 900C° up to
1000 CO°, the satisfied firing temperature. Comparison between
brick properties yield that petrocoke sample is the best of all that
have a good properties, and low fuel consumption followed by
zibala and then saw-dust. This research provide a frame work for
the exploration of energy produced from wastes which can be

implemented in various industrial applications.
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Chapter IV

Discussion & Analysis of The Result

4.1 Introduction:
Extensive laboratory work had been conducted at Brick and Road

Research Institute (BRRI) of the University of Khartoum U of K in
different four manufactured green brick samples each had been mixed
with ten percent by weight of saw-dust , animal dung (Zibala) |,
petrocoke, and clay.

Test results, data, experimental measurement, graph had been recorded.
Deep wide discussion and analysis had been conducted on results to
attain more scientific gains.

Discussion of the experimental investigation analysis extended to include
the following:

4.2 Raw material, alternative additives mixing and green brick
manufacturing:

Basic raw material, the clay was mixed with a weighed ten percent of the
alternative additives, saw-dust, animal dung (Zibala) and petrocoke on
dry condition for proper mixing.

This mixed was wetted with water for a period of a week or more for
fermentation.

The additives upon fermentation is improving the plasticity of the brick
material which can be controlled to a mount of 17 plasticity index, in
order to suit Vertical Shaft Brick Kiln (VSBK) operation condition.

More over these thin long fibers will act as a reinforcing fiber, thus
reducing really concerted cracks leading, even to the breakage of the
green brick unit.

4.3 Samples of bricks and drying process:

Gradually, slowly and even drying process through a predetermined

controlled program had been applied.
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This will prevent a sudden uneven drying of bricks shrinkage to a wide
range, and hence stop green brick cracks.

4.4 Samples of dried green brick and firing process:

Experimental predetermined firing program was applied for firing the
four dried green bricks samples at a temperature ranges of 750 C°3800 C°,
850 C°, 900 C°, 950 C° and 100 C® This Controlled firing program had
been usually applied during brick firing process, since it conveyed all the
brick firing zones, water smoking, preheating, full firing and vertification,
soaking, and then cooling. During these firing zones process, the bricks
were subjected to a very controlled successive firing system, that
normally lead to a good brick quality with a high crushing strength.
During full firing zone, or vertification temperature, the strength of the
bricks is developed.

a) First by centering of particles in close contact with one another.

b) As the temperature increases then liquid of fluxes , soda , potash |,
magnesia , lime and ferrous oxides, coated these solid particles , and
then after cooling remain as a glass and binds these particles together
achieving the bricks hardness.

4.5 Effect of additives on red brick properties:

Experimental measurement, had been carried out on the four different

samples of red bricks for brick properties, loss-on-ignition, crushing

strength, and density. Reported experimented data of loss-on-ignition
table (3.4) and graph (3.1) showed that, sample additives of the saw-dust
had lost a high percent as the temperature increases, followed by zibala,

petrocoke, and then clay. Crushing strength table (3.5) graph (3.2)

showed that clay brick sample had got the highest crushing strength

followed by petrocoke zibala and then saw-dust. Density table (3.6)

graph (3.3) showed that clay brick samples showed the highest density

followed by petrocoke zibala and finally the saw-dust.
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4.6 sample of bricks and fuel consumption:

Considering the test data results, loss-on-ignition, crushing strength, and
visual test, the four samples of bricks were found beings well fired and
with a good quality at a firing temperature range of 850 C° 900 C°, and
950 C°. Specific fuel consumption, and fuel consumed table (3.9) had
been calculated. The results confirm that petrocoke sample is the best of
alls and had got the lowest fuel consumption, and that due to the highest
calorific value (35260 kj/kg) followed by Zibala with the calorific value
(17500 Kj/kg), the saw-dust with the least calorific value (15910 kj/kg)
and finally the clay without additives had got the highest fuel
consumption. There for it can be concluded that, although clay sample
had got the highest crushing strength but petrocoke is considered the
best of all since it had got the lowest fuel consumption. To fire bricks
with petrocoke is more preferred and economical than to fire the same
quantity of bricks with furnace oil. The reduction of the firing cost is
extended to 40%.

4.7 Conclusion:

Experimental data results, measurement of the four different brick
samples of, saw-dust, petrocoke, zibala, and clay had been discussed
and analyzed with deep concentration. It was found that petrocoke
sample has got the lowest fuel consumption and that due to the highest
calorific value gained followed by zibala, the saw-dust sample, and
finally the clay sample with no additives of fuels. Although petrocoke
sample has got the second crushing strength value after clay samples,
but It have been considered the best one, since it has got the lowest fuel
consumption. Usage of petrocoke for firing the bricks is more preferred
than usage of furnace oil. Since it is cheaper, and the firing cost was

reduced to 40% for the same quantity of bricks.
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Chapter V
Vertical Shaft Brick Kiln (VSBK) — Design,
Construction & Operation

Introduction:5.1

Range of kiln types for bricks production from ancient times till now is very large.
If it is investigated more in depth, not only do the kiln type differ, but there are as
many variants in each kiln type exit.

Brick kilns should have to be well designed, properly constructed, thermally
insulated, energy efficient with friendly environmental impact. Worldwide
standard design methods had been created and developed through successive of
years depending upon condition and significant situation of a certain region of
interest. Almost design aspects depending on technological, geographical,
function, machine, and system to perform specified functions with the maximum

economy, energy efficient with environmental benefits.

5.2 Vertical Shaft Brick Kiln (VSBK) — Design Soba:

It is very important to declare that VSBK -Soba — Sudan had been constructed by
Brick and Road Research Institute (BRRI) of University of Khartoum (U of K),
with Corporation of German Appropriate Technology Exchange (GATE) since
1996. Design and Construction work in this kiln had been stopped at the earlier
stages of construction.

It is a good opportunity to resume design and construction work of the VSBK at
Soba Site. Based on scientific background and experience, this and design should
be strickly matching the significant conditions and standard. Based on the above-
mentioned design parameters, this work study will expected to serve as a powerful
tool for construction engineers, and supervisors to delineate the essential

parameters for the construction of a VSBK.
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The design constructed out doesn't claim to complete or perfect is in hands of
specialist to utilize it fully by using it as a reference guide for further
improvements and developments.

5.2.1 What is needed to complete under constructed VSBK -Soba:

1. Loading plat form: It's the upper part of VSBK, where the green
bricks are stacked before loading inside the kiln.

2. Flue ducts: Specially designed structure at the upper most plant of
the shaft, through which the flue gases passes to the chimneys.

3. Chimney: Two vertical ducts connected diagonally at the shaft top
to be used for flue gases.

4. Screw Jack: A device connected to the ground, below the shaft
used for unloading the fired bricks

4.1 Screw Jack Foundation Design:

Suitable Foundation had been designed and completed. Four
Concrete bolts had been fixed to the Foundation base in order the
screw jack can be rest on.

5. Ladder: Steel and metal structure used to help works going up and
down the shaft top.

6. Peep — hole pipe: Fixed in the shaft outer walls. used for
monitoring the fire and temp. inside the kiln.

7. Damper: Adjustable value connected in the chimney to control the
draught and the exist flue gases from the chimney.

8. Square bars: Square bars are placed at the bottom of the shaft, on
the top of the I-beam, it bears the total load of the bricks in the
shaft.

9. Lid Cover: Provided at the shaft top the cover the shaft. It Prevents

smoke and heat loss from the shaft top
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10.Kiln Insulation:
Kilninsulation main objective is reduce heat transfer from inside
the kiln to the outside. If the thickness of the kiln insulation is
increased, and the conductivity of the insulation is decreased, heat
losses from kiln will be reduced, as well as the kiln efficiency will
be increased.

Kiln Insulation, as shown in Figure (5.1) and equation (5.1)
Kiln Insulation

/

B irck Wall

UM

= KAs (Tmax-Tmin)
Ax

Heat Transfer Rote

q
t
aq
t
K = insulation conducttivity

Minimum Conductinty will Reduce Heat Transfer Rate
11.Kiln Roof: It is used as a shed and Prevent green brick during

raining Periods.
Use of shaft id

e Itis recommended to use shaft lidwith proper sealing arrangement at the top.
This will help in reducing the concentration of pollutant in the loading platform.

o

—» Chimney

] P

Shaft top

Sand seal

Lid

Frame

ou

Arrangement of Shaft lid

Figure (5.2) Lid Cover
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sheet metal cover
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7.5m

Figure (5.3) a completed constructed of VSBK — Soba
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Figure (5.4) the details VSBK - Soba x- Section view
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5.3 Ways of Brick Stacking & Effect of Heat Transfer:

There are 3 modes by which heat is to be transferred.

5.3.1 Conduction:

Heat transfer through material due to molecular impact which result from
molecular vibration in the case of solid (Bricks).

5.3.2 Convention:

Heat transfer due to movement of the fluid during bricks firing process.
5.3.3 Combined Conduction Convention:

Heat is transferred through a series of brick stacks partly by conduction,
through bricks, and partly by convections due to movement of fluid
(during brick firing).

5.3.4 Heat Transfer by Radiation:

The kiln is lined with refractory bricks. This refractory bricks used as an
insulating material. It has a low thermal conductivity, so its function is to
restore the heat within the kiln as more as possible.

During the kiln firing process the refractory bricks absorbed heat and kept
it within the kiln crown. When the kiln is loaded by a new cold stacked
dried green brick, heat will be transmitted by Radiation from the kiln
crown (higher temp.) to the new cold stacked bricks Quantity of Heat
radiated from the kiln inner lining of refractory bricks to the new cold
dried setting of green bricks.

5.4 Vertical Shaft Brick Kiln (VSBK) Stacking of Brick:

5.4.1 Type (1):

Predetermined type of brick stack with four lays of green brick, had been
stacked conveying (32,32,32,32) unit of bricks of a total number of 128

pices . Details were shown below:
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(VSBK)- Brick Stacking Type (1)
front Elevation
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Figure (5.5) Stack Type 1
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plate (3.9) Stack Type 1
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5.4.2 Type (2):
This type of stacking is conveying also four raws of green bricks

(32,56,32,32) units of bricks of a total number of 152 pices. Detail were

as shown below:

(VSBK)- Brick Stacking T 2
front Elevation Giypsie)
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®
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i
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8
i

total pices =R1+R2+R3+R4 =152

Figure (5.6) Stack Type 2

61



5.4.3 Firing Box:
As shown below with specified Details:

Vertical Shaft Brick Kiln (VSBK)
Loading Stacks of Brick &lnittal Firing
Front Elevation

i

E

Fidng Hole (wood)| | | ——

= o 3
A 2 =L
g £ £
Red Brick
/é; Wooden Plates
Trolly

st e e e e
Figure (5.7) Firing Box
5.5Vertical Shaft Brick Kiln (VSBK) Operation:
5.5.1 Steps of Firing Process:
5.5.1.1 Shaft drying:

New constructed Shaft generally gets wet of water and moisture content

(m.c). It can be dried naturally by opening the shaft lid cover, and
chimneys values for a period between 8 to 10 days.

Forced drying also can be done with the aid of fire created at the shaft
bottom , and then the heat was stacked by a fan throughout the entire
shaft for drying.[38].

5.5.1.2 Firing box:

It is a Predetermined design of green bricks stacked of four layers with
holes in between to convey the chips of wood that needed for the shaft
initial firing.
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5.5.1.3 Initial Loading:
The Shaft is loaded with dry green bricks (5% m.c) from the bottom of
the shaft. The bricks were stacked in a predetermined design pattern
consists of four layers, normal layers, Chula layer normal layer and them
Chula layer respectively. The Chula layer is designed with a space gab
for following roles:
a. To convey external fuel (petrocoke) , needed for this firing process
b. It can be used later on as a gab to insert the square bars to be used
during fired bricks unloading process.
Stacking a green brick was being carried out starting just above the firing
box and then continued with the same procedure till the shaft top with
equally and evenly spreading of external fuel between bricks layers. as

shown in figure below (Section A-A).
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The finng proces: in VAEE can be visualized in the sequential fiowchart given be
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Figure(5.9) VSBK Operation Flow chart
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5.5.1.4 Initial Firing:

When the shaft was full loaded with stacked green bricks (17 batched),
chips of wood in the firing box were ignited. Firing is continued for 3 to
four hours till the green bricks of the firing box becomes red.

Big chips of wood, then added through firing box. The firing box port
was then sealed with red bricks and plastered with mud.

After 8 to 10 hours, the seal was opened, the cold air then enters from the
shaft bottom extracting heat as going up, to start what we call the natural
draught to continue the firing process in the kiln.

5.5.1.5 VSBK - Fire Stabilization:

The fire is said to stabilized, when it's position becomes constant at the
shaft Centre having the highest temperature with a uniform rate of fuel
consumption. Many parameters influences the VSBK fire Stabilization,
Such as oil type, VSBK insulations stacks density, green brick moisture
content (m.c), type of fuel used .....etc.

5.5.1.6 Temperature Measurement Devices and Control:

Different temperature measuring devices were used during the kiln firing
-process, such as thermostats thermocouples, Segercones, ..... etc.
Thermostats were used for recording temperature readings during the kiln
different firing -zones, such as preheating -zone , full — firing zone , and a
cooling -zone . Thermocouples also were used to indicate and controlling
the brick finishing temperature (at about 900 C°).

5.6 Segercones:

Segercones are a pyrometric devices used to gauge the temperature rise
inside the kiln at any position during the Kiln firing — process. Segercones
have different code numbers.

Each code number indicates a certain temperature. Usually they are used
in three sets. Each set has three ones of different ranges of temperature.

The first one was chosen to carry an equivalent temperature above the
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expected temperature, the second one was chosen to be within the
expected temperature, and the last one was chosen to be less than the
expected temperature.

Plate (3) showed the three similar sets of segercones groups. They were
prepared and fixed up- right on a fired — brick stand.

Each set contained equivalent temperature of 950 C°, 830 C° 700 C°.
These three similar sets should be inserted between green bricks stack
before kiln firing — process.

The first set group has to be inserted at of the stack, the second at the
middle, and the last one at the far of the stack as shown in plate (2).

After the kiln firing — process had been finished, the three sets were being
collected in order to deserve the deformation and the effect of heat on
them as shown in plate (4).

A- At the Centre of the Stack:

Segercones carrying an equivalent temperature of 950 C°was found to be
a little bit metted, the one carrying 830 C° was found to be metted, and
the last one (700 C°) was found totally metted.

B- At the middle of stack:

Segercone carrying an equivalent temperature of 950 C° was found to be
as it is, the one carrying 830 C° was found to be metted, and the last one
(700 C°) was found totally metted.

C- At the far end of the stack:

Segercone carrying an equivalent temperature of 950 C° was found to be
as it is, the one carrying 830 C° was found to be a little bit metted , and
the last one (700 C°) was found to be metted .
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5.7 Result and Discussion :

The results are given in tables (5.1) below:

Segercone set position | Equivalent temp. Brick quality
At the Centre of stack 950 C° Well fired with red colour
At the middle of the stack 830 C° Fired with red colour
At the Far End of stack 830 C° Fired with red colour

Tables (5.1) Segercones Test Result

As can be seen from table (5.1)

a) There is a small variation in temperature readings at the Centre,
middle, and the Far End of the stack.

b) The fired — bricks were found to be well — fired, similar in red

colour, with a reduction of bricks cracks (from 5% to 3%).

Important design aspects to be considered during VSBK firing

Process:

Petrocoke should be sprayed equally between brick layers and
slightly more at the stacks corner

(10mm) should be the gabs between the stacks and shaft inner
walls

3 to 2 (mm) is a gap between bricks during stacking process for
the purposed of heat transfer during firing process.

Stacked green bricks inside the kiln should be with a moisture
content not less than 5%

Thermocouples should be used to control temperature at the
shaft different positions, preheating zone, firing zone and the
cooling zone.

250 cm, 150 cm 250 cm, are the initial gases of the preheating
zone, and the cooling zone distances respectively.

Firing zone should be kept almost at the shaft center.
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Loading and unloading of bricks, should be kept regularly
attained within the suitable time of loading and unloading,
(about 2 to 2 hours).

Chimneys control values should be adjusted correctly according
to the scheduled process of firing as needed.

Fuel consumption should be recorded each round of VSBK
Firing.

Fire master and fireman should be well experienced to control
the VSBK firing process and then general enhancements can be

achieved for the future, utilization.
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) setting of the seger cone between stacked bricks inside kiln for testing bricks

Figure(5.10) Segercones Group Setting

Figure (5.11) Segercones Group Before Firing
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Segercones deformation

At the Centre of the stack

At the middle

At the far end of stack

Effect of Heat & Deformation

Figure (5.12) Effect of Heat & Deformation
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Chapter VI
Conclusion & Recommendation

6.1 Conclusion:

Model different four types of green bricks had been
manufactured, each sample was mixed with ten percent by
weigh of the alternative fuels, saw-dust, petrocoke, zibala, as
internal fuel, and finally the clay without additives. These
samples had been subjected to a predetermined controlled
drying program, in order to minimize green bricks shrinkage and
cracks.

Controlled firing techniques had been applied to fire these
samples of greens bricks within the needed firing stages. Water
smoking, Preheating, fill firing & vertification, and then cooling,
Red bricks Properties to beassessed were loss-on-ignition,
crushing strength, and density had been recorded. Investigation
showed that Petrocoke sample was found to be the best of alls,
having the highest crushing strength and density. Investigation
also showed that petrocoke sample has got the lowest fuel
consumed, and specific fuel consumption, since it had gained
the highest calorific value, followed by zibala, saw-dust, and
finally the clay without fuel additive. The study shown that
petrocoke as a fuel is cheap, and reduces the firing cost of bricks

to 40% as compared with liquid furnace oil.
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There for it can be concluded that:

A. Alternative different fuels (Agricultural &Industrial) having a high
heating values are considered as a source of fuel.

B. Alternative different fuelsused for firing bricks concluded that
petrocoke type found to be the best one since it showed the lowest
specific fuel consumption and fuel consumed.

C. Petrocoke type for firing brick reduce the firing cost to 40% as

compared with furnace oil fuel.

D. Alternative different fuelused as internal fuel reduces the pollution

emission, since it has a clean burning combustion.

E. This research provides a frame work for the exploration of energy

produced from wastes that can be implemented in various applications.

F. Additive types were employed as a sources of energy material in

tandem with climate change mitigation initiatives among the among the

solution strategies

G. Vertical Shaft Brick Kiln (VSBK) will be the best energy-efficient one

with friendly environment technology. It can be Implemented to a wide

range in the Sudan since it has the following benefits:

e Efficient — energy with friendly environment.

e Having stack (chimney) constructed accordingly to American
standard, Good Engineering Practice (G. EP).

e Brick stacks are designed in order to obstruct the fly ashes of
burning and suspended particulate matter (S.P.M).

e Electrostatic respirator and fiberfiller are used to reduce emission
of fuel gases.

e Low investment capital.

e FEasy to operate and low maintenancecost.

o Lille space for errection is needed.
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e Productivity can be increased by errection of 2 shaft, 3 or more
together.
H. This research will support the idea of brick and road research institute
(B.R.R.1) of University of Khartoum to fulfill.
- As a central Consultant research for building materials in the

Sudan.

- For technology transfer and contribution between other institutes in
the world.
6.2 Recommendation:

- Computational Fluid Dynamics (CFD) can be conducted to
Vertical Shaft Brick Kiln (VSBK) to in increase efficiency and
thus for optimization of design and reducing of emission from
combustion by replacing expensive and time consuming
experimentations.

- Implementation of VSBK Technology is very recommended to
replace the old traditional inefficient and pollutant technology
(the old Kamena) in the Sudan.

- Firing of hollow and perforated bricks through this technology
will help in reducing clay consumption and emission.

- VSBK Can be used for lime Production.
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Appendixes (A)

1.Fuel consumed &speciFic Fuel consumption:

Q =m CpAt

Where Q = heat for firing (Kj).

m = dried mass of bricks (kg).

Cr = specific heat (Kj/ Kg. K°).

At = change of temperature.

For petro coke at 850 C°.

Qgsoc-petrocoke = m 850 C° ¢p (850 - 51).

mgsoc-= 0.821 (kg)

Cr=0.88

850,51 C° = max temp. and initial temp- respectively
Qgsoc petrocoke = 0.821x0.88 (850-51) = 577.26 (Kj)

Total heat for firing
Total Kgs of fired bricks (0.7kg)

Specific fuel consumption SFC =

=37726_ 894 65—

S.F.C
0.7 Kg.F.B

Total heat needed to fire 100.000 brick unit of weight (2.604 Kg = S.F.C
xtotal Kgs of fired bricks = 824.65x% 100.000 x2.604 Kj

Total heat needed to fire 100000 unit bricks_
calorific value of petrocoke (35260 Kj/Kg)

Total fuel needed=

824.65%x100000%2.604 _ 6.090 Kg
35260

Total fuel needed for fire 100.000 unit of bricks = 6 tons

Total fuel needed = Internal fuel + External fuel = 6 tons

Internal fuel = 10% = % = 0.6 ton

External fuel = 6-0.6 = 5.4 tons.
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Fuel consumed and specific fuel consumption Table

Sample Type Dried brick | Fired Calorif | Specific fuel | Tota | Interna | Externa
average brick ic value | Consumptio | | fuel || I
weight (Wd | average (c.v) n used | Fuel Fuel
) weight (S.F.C) (Ton) | (Ton)

(W)

Petrocoke at 0.821 0.701 35260 835.4 6 0.6 5.4

850c° 0.804 0.7 17500 842.2 12.4 1.2 11.2

Zibala at 850c° 0.705 0.581 15910 864 14.4 1.4 13

Saw dust at 0.9 0.7 NILL 904

850c°

clay at 850c°

Petrocoke at 0.873 0.732 35260 587 6.55 | 0.655 5

900c° 0.76 0.634 17500 891 13.3 1.3 12

Zibala at 900c° 0.7 0.634 15910 848 14.3 1.4 12.9

Saw dust at 0.86 0.7 NILL 955

900c°

clay at 900c®

Petrocoke at 0.789 0.634 35260 586 6.6 0.66 5.94

950c° 0.867 0.591 17500 585.3 16 1.6 14.4

Zibala at 950c° 0.658 0.447 15910 488.7 17.8 | 1.78 16.02

Saw dust at 0.8 0.76 NILL 786.7

950c°

clay at 950c°
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Appendix (b)
Figures

' ] [15]
§.7 Chimneys: (Stack gas path)
Plus Velocity and Buoyancy Factors

Effective Stack Height Equals Actual Stack Height
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From World Bank Pollution Prevention Hundbook, Thermal Power-Guidelines
[15]

for New Plants, July 1998
Chimney Elfective height (1.5 X} = physical stack height (X) + height due to

Velocity and buoyancy of hot smoke (1.5X)

S

=

(A-1) Chimney Effective height
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Appendix (c)

Plates

Appendix (B-1) Primitive Kiln- Sudanese Kamina

Appendix (B-2) Primitive Kiln- Sudanese Kamina
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(B -3) Vertical Shaft Brick Kiln (VSBK ) with a Ram .

(B- 4 ) Green Brick Dryig
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(B-5 ) Bricks Firing
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(B-6) Crushing Strength Test
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(B-7) Multi- Vertical Shaft Brick Kilns
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(B- 8) VSBK Ladder (Soba)
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(B-9) Screw Jack Foundation Design
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Appendix (d)
Tables

Soba Brick Pilot Plant

Elements Test 1 Test 2 Test 3
SI0; 48.53 53.05 62.28
TiO> 2.03 1.82 1.15
A203 13.90 13.02 9.51
Fe203 11.60 10.73 6.55
Mno 0.13 0.13 0.08
Mgo 3.03 2.68 2.73

Sio 6.42 5.85 5.48
Na20 1.21 1.29 1.15
K20 1.35 1.35 1.23
SOs 0.15 0.65 1.29
CO: 1.23 1.01 2.58
Org.mat 1.84 0.95 0.51
H20 110C° 3.18 2.43 2.23
H-0 1000C° 6.02 5.36 3.31
Total 100,65 100,52 100,26

Appendix (D-1) Clay- Chemical analysis
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(D-2) Plasticity Index Test Result




