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FOREWORD

The Associated Cement Companies’ fraternity of the mid 70’s knows well Mr. S. P. Deolalkar, as an young well
qualified Engineer with a penchant desire to “Learn the nuances of Design and Developments” in Engineering in
Cement Machinery, in addition to getting hands on experience in Operation & Maintenance of the Machinery in
manufacturing the mundane Cement. I had the good fortune of rubbing shoulders with Deolalkar at every stage of
his illustrious career, and his unique approach was to share “Knowledge and Experience” and above all ‘perception’
of Quality Control as one Mantra from start to finish and not as a ‘perfumery & cosmetic’ at the end of the
manufacturing process be it of Cement or the Machinery for Manufacturing Cement.

“Comparing and Contrasting” is an art and Deolalkar in his voluminous “Handbook for Designing Cement
Plants” has perfected in highlighting the strengths and weaknesses, in the SWOT Analysis mode. It is amazing that
the references are far and wide keeping in mind that ultimately the proof of the pudding is in the eating, and it is a
‘Total System Approach’, from concept to conclusion. The numerous sketches, drawings and photos give the
reader an ‘on line’ concept to understand the thought process of the author.

A very important concept brought out by Deolalkar is in the ‘Layout’ of the entire Cement Plant as well as
individual Departments. This is very crucial as the Layout is the ‘heart and soul’ of the project and providing for
major expansion in phases over the decades is the order of the day, the world over. Further with the need for
continuous monitoring at every process stages and timely and effective control the Layout should have enough leg
room for ease of approach and movement of maintenance men and their tools and tackles.

It would be no exaggeration if I reiterate that [ have not come across such a comprehensive reference Handbook
as this to inculcate a deep sense of understanding of the Design aspects to match the manufacturing processes and
ensure “Quantity and Quality” of Cement from the plant at an affordable cost. Whilst from the financial aspect, the
pundits would insist on “Cost Benefit” the Designer’s approach is “Value Benefit” at affordable cost.

One unique approach I have noticed in Deolalkar is “MBWA” — “Management By Walking Around” — they do
not teach you at Harvard I believe. He was always keen to find out for himself the actual performance at the Plant
of the Machinery he had designed as that would give him a feed back for betterment.

The interest and expertise of Deolalkar bloomed as the Capacity of the Plant rose geometrically from 300 Tons
per day in the fifties to 10,000 tons per day in modern plants, in the current decade.

The following golden words in a Live situation, would illustrate the commitment needed not only of such designers
but the factory staff and workers, the generators of wealth for prosperity —

MACHINES DO NOT FAIL BUT MEN DO

Machines do not fail, but the people who design, build, operate and maintain them fail.



(viii)  Foreword

There was a time when trains rarely derailed, when cranes rarely buckled, when roofs rarely collapsed and
when military gears functioned even in a snow storm. But on the evening of 24" April 1980, when the United
States of America, launched a dramatic military operation to release 50 American hostages held in Tehran, in the
early hours of the following morning the rescue mission had to be aborted because of the mechanical failure of
three out of eight helicopters assigned to the mission. Eight American servicemen died during the withdrawal
operations.

On the 3™ June, and again on the 6™ June of the same year, 1980, an acclaimed computer failure in the
American defence system triggered an erroneous warning that Russian missiles were launched and were speeding
towards targets in the USA. Nuclear counter-measures were initiated by the Americans but retaliatory strikes
were finally called off after several minutes of frantic checking to determine the validity of the computer signals.

Machines would fail to work, if the people — from top to bottom — who are responsible for their design,
construction, operations and maintenance, are not imbued with strong and continuing sense of responsibility for
their respective jobs. Competent leadership is no doubt important, but in the end the acid test would be the individual
responsibility that would determine whether our democracy would remain or sink.

“If a system fails dear Brutus, do not blame the system, blame yourself”

This Handbook is a unique contribution of Mr. S. P. Deolalkar, a highly devoted and dedicated Engineer to the
society at large, and I would recommend this to the Engineers at the corporate offices and Cement Plants, and also
for all Technical Libraries for knowledge up-gradation.

15" May ’07 T. V. BALAN
FIE, FIEE, FSCI

Retired Director and CEO of

The Associated Cement Companies. Ltd

Retired M.D. of

Cement Corporation of Gujarat Ltd.



PREFACE

I joined the Associated Cement Companies in August 1956, as a Junior Engineer. Ever since, I have been associated
with the Cement Industry in various capacities. For over forty years I have been engaged in the design of Cement
Plants of all sizes and types; they have been new plants at green field sites; they have been expansions of existing
plants; and also in upgrading and modernization of running plants. In a large number of cases I was involved from
conceptual stages to their completion.

In the discharge of my duties as a Design Engineer, as a Project Engineer and as a Consultant, I had to ask
questions and collect pertinent information on the project, infrastructure and so on so that I could give shape to
clients’ aspirations and help them to make them a reality.

I realized that the basic principles in going about setting up a cement plant, whatever the process, the size and
machinery were practically the same. ’

If these steps are taken in an organized and sequential manner, the objective can be achieved to the entrepreneur’s
satisfaction speedily and the results could be obtained without too many teething troubles or in other words “sins of
omission and commission”.

It therefore appeared to be worthwhile to document the steps involved in designing of cement plants. so that
they could be useful not only to cement entrepreneurs and their executives but also to cement consultants who help
cement entrepreneurs in achieving their objectives.

This book is an outcome of this process of thought. I of course realize that it is well nigh impossible for any one
person to cover all the aspects of designing a Cement Plant in depth and to do justice to them all.

In writing this book I have kept before me the various aspects that I needed most in my task of designing. In my
working days I had taken steps to ‘standardise’ engineering needed so that my approach was consistent and the
chances of overlooking anything were minimized. Ultimately we took the first steps to put on computer design and
process calculations, calculations for sizing machinery and even for designing Cement Machinery.

I had good fortune to work with late Mr. H.J. Canteenwalla. He was a stickler for perfection. No detail was too
small for him to go into. He was a very practical engineer and could visualize layouts and departmental drawings
in three dimensions and could thus foresee problems that could arise. I thus learnt from him all the finer points of
making layouts, departmental drawings and in detailed engineering. I continued with the same approach in my
working life and took great pains in finalizing layouts and in detailed engineering.

I was also fortunate to work with late Mr. P.S. Sharma. I had a long association with him. He was my mentor
in aspects of Instrumentation and Process Control and in aspects of design of Power Distribution Systems. Here
was another great engineer who was thorough in his subject.



(x) Preface

There are many excellent books like Duda, Otto Labahn, Peray and others for educating cement engineers in
processes of manufacture of cement and in types of machinery that was available to make cement. Having
worked as a Designer with a machinery manufacturing company for over 20 years I was of course familiar with
the aspects of sizing, selecting and mechanical design of cement machinery. However there was no book which
could guide me in designing layouts and departmental drawings; while data was available on how to calculate
frictional losses in ductings elsewhere, there was need to put together the ‘things’ needed most by a cement plant
designer whether working as a plant engineer or as a process engineer or as a consultant or as a cement machinery
manufacturer. This book is an honest attempt to fill that gap. I have been working on it for about 5 years.

Readers will perhaps still find some aspects missing and some not covered in detail to the extent they would
have liked them to be dealt with. I apologize for my inadequacies. I have tried to bring out various facets of the
same machine for example, foundations and drives, maintenance and safety needs, separately to stress their
importance. Hence some repetition was inevitable. Some repetition is deliberate so that the reader does not have
to go back and forth looking for references.

Through the context is largely Indian because of my association with the Indian Cement Industry, the principles
and procedures of design are Universal and applicable to designing a cement plant anywhere.

Technology develops very fast these days and it is difficult to keep pace with it. I would have very much liked
to deal with new developments in clinker coolers for example, in greater depth. But here also principles of developing
departmental layouts would remain the same.

A special feature of this book is its Reference Section (Section 8) in CD format. In it are number of frequently
required ‘live’ calculations in Excel format. Reader can use these reference memoranda to do his own calculations
according to his particular system and raw materials and fuel.

I believe that this is a practical book. It may not serve as a ‘text book’ but it surely is a Guide and a Handbook
that would be found very useful in working life.

If I succeed in making Entrepreneurs, Consultants, Cement Technologists and Cement Machinery Manufactures
aware and conscious of the necessity for going about the business of designing a Cement Plant in a professional
manner and this book actually helps them in taking these steps, I would be very happy.

-Author
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Abbreviation
A /amp
a.c.

AC/ a.c.
AF

Al O,
AM
Annex.
Atmos.
b.c.

B.D. / b.d.
B.F.
B.G/b.g.
B.L

BE

B.ES.C./ bfs.c.

B.H.N.
B.IS.

B.T.U. / b.tu.
BZ

C

C.E.O.

c.i.

C.LE/ cif.
CS.T.

C,S

ABBREVIATIONS

Full form

amperes

air conditioner

alternating current
alumina ratio

alumina

alumina modulus
Annexure

atmospheric pr.

belt conveyor

bulk density

burnability factor

broad gauge

burnability index

back end ( of kiln)

Blast Furnace Slag Cement
brinell hardness number
Bureau of Indian Standards
British thermal unit
burning zone ( of kiln)
carbon

Chief Executive Officer
cast iron

cost insurance and freight
central sales tax

Di calcium silicate
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C,S
C,A
C,AF
Ca CO,
Ca
CaO
CCS
CCTV
CH,
ClL,

cm
cm?
cm’ / c.c.
CMA
CcO

co,

DB.C./ db.c.

d.g.set
D.O.L.

D/E ratio
D.C./ dc.
DDC

dia.

E.O.T
ENQS
E.S.LS.
ESP / esp
f.a.d.

ElL
fk.pump
F.O.B./f.0.b.
FOR. /for
Fe,0,

Fig.

FLS

GM.

GCT / get

gm
gms/cc

Tri calcium silicate
Tricalcium aluminate

Tetra calcium aluminoferrite
calcium carbonate

calcium

calcium oxide

cold crushing strength
closed circuit television
methane

chlorine

centimeter

square centimeter

cubic centimeter

Cement Manufacturers’ Association
carbon monoxide

carbon dioxide

deep bucket conveyor
diesel generating set

direct on line

debt / equity ratio

direct current

direct digital control
Diameter

electric overhead traveling
enquiry specifications
Employees’ State Insurance Scheme
electrostatic precipitator
free air delivered at 20 °C
financial institution

fuller kinyon pump

free on board

free on rail

iron oxide

figure

FL.Smidth

general manager

gas conditioning tower
gramme

grammes per cubic centimeter



h.d.p.e.
H.O.
H.P.
h.s.d.
H.T./ h.t
H,SO,
HHV/hhv
HM

HP /hp
hr

ht
1&PC
I.CIC.L
I.LD.B.L.
LEC.I
LLEM.R.
LR.R.
I.T.I
ILC

IR

ISO

Ir.

K,O
KCAL / kcal
Kcal /kg
KG /kg
kg/kg
Kg/cm?
kg/m?

km

KV

KVA
KW /kw
KWH /kwh
kwh/ton
L.O.1/ lo..
LS FE
l.s.h.s.
LT /1t
1/d ratio
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high density polyethylene

head office

Himchal Pradesh

high speed diesel oil

high tension

sulphuric acid

high heat value

hydraulic modulus

horse power

hour

height

instrumentation and process control
Industrial Credit and Investment Corporation
Industrial Development Bank of India
Industrial Financial Corporation of India
Institute of Financial Manageent Resources
internal rate of return

Industrial Training Institute

in line calciner

insoluble residue

International Standards Organisation
junior

potassium oxide

Kilo calorie

kilo calorie per kilogram

Kilogramme

kilogramme/kilogramme

load in kilogrammes per sq. centimetre
kilogrammes per cubic metre
kilometer

kilovolts

kilovolt amperes

kilowatt

kilowatt hour

kilowatt hours/ton

loss on ignition

lime saturation factor

low sulphur high sp. gravity

low tension

length to diameter ratio



Abbreviations

LHC
LHV/lhv
M/m
M.C.C.
M.D.
M.G./ mg
M.LS.

M.TPA. / m.t.p.a.

m?2

m3
max

MD

mgm
mgm/nm?
mgm/m’
MgO

mmwg
MVA

Na,O
NCBM
nm
NO

No. /no.
NO,
NO,
°c/°C
°f/ OF

OPC / opc
P& 1

P.C.
P.C.B.
P.D.S.

low heat cement

low heat value

metre

motor control center

Managing Director

metre gauge

management information system
million tons per annum

square metre

cubic metre - actual volume
maximum

maximum demand

milligramme

milligram per normal cubic metre
milligram per cubic metre
magnesium oxide

minute / minimum

milli metre

pressure /draft in mms of water above /below
atmos.pressure

mega volt amps = 1000 * kva
nitrogen

sodium oxide

National Council of Cement and Building Materials
normal cubic metre

nitrous oxide

number

nitrogen dioxide

nitrogen oxides

degrees centigrade

degrees Fahrenheit

oxygen

ordinary portland cement
process and instrumentation
personal computer

Pollution Control Board

power distribution system

power factor



PL.C.
P.O.
PO,
Para
PPC / ppc
RDSO
RITES
RM.C.
r.m.s.
r.p.m.
RBI
RCC
RHC
RSP

S

s.C.
S.M.
S.R.
S.T.
S/D
SC/ sc
SCA / sca
sec.
Sio,
SLC
SO,

Sp. gr.
Sq.cm/gm
Sq.cm
Sr

SR/ sr
SRC
SRR
STD
T.E.F.R.
T.E.ES.

T.PA. / tp.a.
T.PD. / tp.d.
T.PH. / tp.h.

T.P.S.
T/m3

Abbreviations

programmable logic controller
post office

phospherous pentoxide
paragraph

Portland Pozzolana Cement

Research Design & Standards organisation
Rail India Technical & Economic Services

ready mix concrete

root mean square

revolutions per minute

Reserve Bank of India
reinforced cement concrete
rapid hardening cement
reinforced suspension preheater
sulphur

SCrew conveyor

silica modulus

silica ratio

sales tax

star delta

squirrel cage

specific collection area
Second

silica/ silicon dioxide

separate line calciner

sulphur dioxide

Specific gravity

square centimeter per gramme
Square centimeter

senior

slipring

sulphate resistant cement
stator rotor resistance

straight trunk dialing

techno economic feasibility report
techno economic feasibility studies
Tons per annum

Tons per day

Tons per hour

thermal power station

tons per cubic meter



(xxiv) Abbreviations

TDS
Temp.
TiO,
Transfr
TV
U.P.S.
A"
v.r.m./VRMill
V.S.Kiln
VAT
VDU
v.i.p.
V.V.ALD.
\CA RN
WPC

wit

yr

technical data sheet
temperature

titanium dioxide
transformer

television

uninterrupted power service
volts

vertical roller mill

vertical shaft kiln

value added tax

visible display unit

very important person

very very important person
with respect to

white cement

weight

year
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CHAPTER 1

OVERVIEW OF MANUFACTURE OF CEMENT

1.1 Beginning of Cement
“Cement” as Portland Cement was first made in a
shaft kiln using dry process and later in rotary kilns.

That “Slaked” lime hardens with water was well
known and was used as “Mortar” with sand in
construction industry before the advent of cement.

Some “Natural rocks” contained all ingredients like
Ca0, Si0,, Al,O, and Fe,O, in approximately right
proportions so that they did not need any additions and
when ground calcined and sintered in a kiln produced
clinker which when ground with 5% gypsum produced
what has come to be known as “Portland Cement”.

Cement has hydraulic properties like slaked lime
and hardens when mixed with water. Compressive
strength increases in time and reaches its practical top
limit after 28 days.

Mixing crushed stone, sand, cement and water
makes “Concrete”. When hardened it is like rock and
hence is called “Synthetic rock”. It has similar
properties of high compressive but low tensile strengths.

When concrete is poured around steel it becomes
Reinforced Cement Concrete — popularly known as
RCC - and has high tensile strength also.

RCC has revolutionized construction industry and
it is well nigh unimaginable to construct roads, dams,
skyscrapers and silos and many other large and heavy
buildings for residential or for industrial purpose without
RCC.

Cement the main strength giving and binding
ingredients is thus an all-important part of RCC and
thus plays a vital role in the progress and development
of a nation.

At present there is no substitute for cement.
Hence, it will continue to play an all-important role in
construction industry.

Yardsticks like inter alia per capita consumption of
steel, power and cement are used to indicate state of
development of countries. Advanced and developed
countries have per capita consumption of cement of
400-500 kgs. As against it in India per capita
consumption of cement is only about 110 kgs.

1.2 Making Cement
Cement Industry started in a very small way, first as
shaft kilns using dry process.

When it was found that the proper composition of
raw mix required to making good quality clinker almost
always needed. additions or correcting materials to
compensate for constituents like Silica, Alumina and
Iron Oxides, it became necessary to “Blend” the
constituents after “Grinding”.

Blending was then more convenient in wet stage in
the form of siurry.

By this time Rotary Kiln had come to be used to
make Cement. It would conveniently receive slurry as
well. Thus process of cement making changed from
Dry to Wet.

1.3 Dry to Wet to Dry

Process of Manufacture
Wet Cement plants continued to grow in number and
size and wet process was the predominant process of
manufacture of cement till 1950 or so. It continued to
be the dominant process in India for another two
decades.
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Wet process was simple and required less process
control and instrumentation and manpower. But it
consumed a large quantity of heat energy in drying the
slurry.

As fuel costs rose, alternative processes were
investigated to reduce water content of slurry and
thereby fuel consumption.

1.4 Semi-dry Process

Thus came into use ‘semi-dry’ process which needed
only 8-10% water compared to 35-36% for wet slurry.
Raw materials were ground and blended dry. Water
was added to dry raw mix in a revolving pan to make
nodules. The nodules were dried on a travelling grate
preheater before feeding them to a rotary kiln or to a
shaft kiln.

1.4.1 V. S. Kilns

Vertical Shaft Kilns also came to be developed for
capacities up to 300 tpd (in Europe). They needed low
volatile fuels like coke breeze.

1.5 Dry Process

When wet process plants had reached their peak
capacity of 750-1000 tpd, developments in processes
and machinery took place that once again changed
the course of cement making.

1.6 Suspension Preheaters
In early 50s of the 20" Century, an epoch making
concept was developed — that of Suspension Preheater.

The suspension preheater, with rotary kiln and grate
cooler formed the heart of the cement plant and ‘dry
process’ came to be adopted fast and number of wet
process plants and semi dry process plants declined.

Even in India, which had predominance in wet
process plants in numbers and capacity as late as
sixties, the percentage has decreased to less than
3 % now.

1.7 Vertical Mills and Calciners

Other epoch making developments took place in 70s.
They were using Vertical mills for grinding raw
materials and coal and development of calciners which
calcined raw meal before it entered the kiln. With a

calciner, output of the same kiln could be increased by
about two and a half times.

Vertical mills have also came to be used for grinding
cement clinker and slag.

These two developments gave tremendous boost
to the size of the plant and also to economies in power
consumption.

1.8 Benchmarks in Manufacture of Cement
Progress in making cement described above has
been shown in Table 1.1 and pictorially in
Figs. 1.1(a) and 1.1(b).

1.9 Fuel and Power Consumption

Fuel consumption was also steadily brought down from
1500 Kcal/kg clinker for wet process kilns to
800 Kcal/kg clinker for dry process kilns with 4 stage
preheater and grate cooler. This has further come down
to less than 700 Kcal/kg by using 6 stage preheaters.

Power Consumption has come down to 85-90 Kwh/
Ton.

1.10 Differences in Processes

Differences in various processes of making cement
and equipment used therein have been brought out
in Annexure 1, Table 1.2 and Annexure 2,
Table 1.3 and in Fig. 1.2.

1.11 Size of the Plant

From beginning with a 20-30 t.p.d. capacity, individual
kilns have gone up in size upto 7500-10,000 tpd
capacity. Plants of 3-4 mtpa capacity in one place have
also become common.

The trend even in India is to go in for large plants
to avail of economies of scale which can be achieved
by using machineries (Vertical Mills, ESPS, etc.) which
are suitable for and affordable by large plants.

The days of small plants and particularly those of
VSKs are over and they would not be considered for
any future cement projects.

1.12 Sizes of Cement Plants in India
Even in conventional plants using rotary kilns, there
was a distinction.
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Overview of Manufacture of Cement

Table 1.1 Benchmarks in manufacture of cement.

Benchmarks
Kilns Shaft kiln-Rotary Kiln - Wet - Long dry - Short - Semi dry and Dry
preheater kilns
Coolers Rotary Cooler — planetary cooler,;
Traveling and Reciprocating grate coolers;
Static grate, pendulum coolers and cross bar coolers
Preheaters Calciners in wet kilns, traveling grate preheaters;
Suspension preheaters 4 — 6 stages.
Mills Ball and tube mills — mills with slide shoe bearings;
Vertical ring and roller mills;
Roller press and ball mili combinations;
Horizontal Roller mill
Blending Slurry blending — slurry mixer;
Air merge blending — batch and continuous
Classifiers Wet classifiers;
Dry classifiers- grit separators, mechanical air separators;
High efficiency separators
Crushers Jaw, Hammer, Roll and Impact, mobile and semi mobile
crushers
Packing machines Stationary — rotary — rotary electronic
Calciners In and off line; spouted bed, fluidized bed and many others
Despatches Mechanized-automated loading of bagged cement;
Bulk cement by road and rail and sea
Dust collectors Cyclones; poly and multiclones;
Bag filters- glass bag filters;
Gravel Bed filters;
Electrostatic Precipitators

1. Mini Plants of capacity — 300 tpd - to start
with- but upto 900 tpd now

2. Large Plants of capacity - 600 tpd and above
earlier, 3000 tpd and above now

1.12.1 Mini Cement Plants

Mini plants with rotary kilns started with 200 tpd and
earned concessions in Excise Duty and Sales Tax rebate
etc., to make them viable. The limiting capacity has
been progressively raised to 900 t.p.d. Concessions in
Excise Duty are available only up to first 99.000 tons
production.

Hence, the incentives to get classified as
“Mini Plants™ have dwindled.

Most of Mini plants with rotary kilns have upgraded
the contents and have increased their capacity by
installing calciners on their kilns to 1000-1200 tpd or
higher. Mini VSK plants however are closing down
one after another.

Thus as far as process and types of machinery
used are concerned, the distinctions between large and
small plants have almost blurred. New projects are
almost invariably for dry process plants of +1.0 MTPA
capacity.

1.12.2 Large Cement Plants

There are already about 68 cement plants of +1 MTPA
capacity with a total annual installed capacity of
119 million tons which is about 82 % of the present
installed capacity in India.



Annexure 1

Table 1.2 Basic Differences between Various Processes of Manufacture of Cement.

Sr. No. Section Wet Semi Wet Semi Dry Dry Dry _W'th
calciner
(A} Raw material preparation
1. Crushing Common to all processes;machinery selected depends on size of plant and properties of stone
2. Grinding Wet grinding in ball mills Dry grinding; drying during grinding; mostly in closed
sometimes in closed circuit; circuit; using kiln gases for drying.
product slurry with 35-40% water ball mills, vertical mills and roller press in hybrid grinding
product dry raw meal with less than 1% moisture
3. Homogenising wet, air and mechanical agitation fluidisation techinques for blending dry pulverised raw meal
product blended slurry wth 35 % water batch or continuous blending;continuous blending will
be preceded by prehomogenising in stock piles;
product dry blended raw mix
4. Kiln feed slurry with = 34 % either extruded pellets with 8-10% dry pulverised raw meal fed through
moisture pellets with 15% % moisture volumetric or gravimetic feeders
synchronised with moisture or, dry
kiln raw meal dried
in flash dryer

Annexure 1 Table 1.2 Contd....
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Dry with

Sr. No. Section Wet Semi Wet Semi Dry Dry .
calciner
(B) Pyroprocessing
1. drying in kiln drying of pellets drying of nodules  preheating in kiln preheating outside
2. preheating in kiln in travelling grate preheater for long dry kiln kiln in dry preheater
preheating in preheater kilns; mostly
cyclone preheaters
3. calcining in kiln dissociation of CO, beginning at ~ 600 °C and completing at ~ 950 °C
in kiln largely in kiln partly in preheater almost totally out
balance in kiln of kiln in calciner
4, sintering formation of clinker at 1250-1450 °C in kiln
5. clinker cooling cooling of clinker to 65- 150 °C common to all processes

now mostly reciprocating grate coolers with variations like static grate, controlled flow and pendulum

type are used
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Annexure 2
Table 1.3 Different types of Equipment used in various Processes.

Sr.No. Process Wet Semi Wet Semi Dry Dry Dry with Calciner

1. crushing common to all
two stage crushing for bail mills; single stage crushing for Vertical milis and Roller Presses
Jaw crusher — Hammer crusher combination for two stage crushing
Impactors — single or two stage for single stage crushing
semi mobile, mobile crushers for large plants

2. grinding bali mill open or closed circuit ball mills-air-swept or bucket elevator in closed circuit
autogenous mill with conventional or high efficiency separators
vertical rolier mills - vrms with external circuit
and high efficiency separators
roller press and ball mill in various combinations

3. prehomogenising stacker reclaimer systems used for prehomogenising
of limestones and coal during building up of and
extraction from stock piles

4. homogenising  pneumatic and mechanical agitation blending systems basedon ‘fluidising’ techniques
slurry mixers batch and continuous blending systems
5. kiln feed metering of slurry filter press and noduliser with weigh feeder or solids flow meters
synchronised with disagglomerator  variable speed with prefeeders
kiln and flash dryer
or filter press and
extruder

Annexure 2 Table 1.3 Contd....
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Sr.No. Process Wet Semi Wet Semi Dry Dry Dry with Calciner

6.

10.

11.

12.

13.

preheater calcinator travelling grate travelling grate suspension preheater or shaft kiln
preheater or preheater or
suspension suspension
preheater preheater or
shaft kiln
calcining calciners in or off
line
clinkering rotary long kiln rotary short kiln rotary short kiln rotary short kiln rotary short kiln
shaft kiln rotary long kiln

clinker cooling common to all; rotary and planetary coolers for small plants — now almost discarded;
reciprocating grate coolers of various designs like static grate, controlled flow grate
pendulum cooler cross bar cooler etc.

Following processes are common to cement plants of all types differing in scale according
to size of plant

coal grinding ball or vertical mills with drying facilities
cement grinding ball milis in closed circuit and high efficiency separators

vertical mills with external circuit and high efficiency separators
roller press and ball mill and high efficiency separators in a number of ways

cement packing rotary or stationary packers to pack cement in jute/paper bags

loose cement cement sent in bulk in bulk carriers by road byships etc.

cement by road or rail of bagged cement using semi or fully mechanised loading machines
despatches aiso by ship loads for export
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CHAPTER 2

2.1 Cements

“Cement” is a general nomenclature and is known all
the world over as Ordinary Portland Cement (OPC).
Over a period of time, Special Cements have been
developed to suit specific needs of construction.
Further for specialized heavy duty applications cements
that develop higher strengths in shorter time and with
low evolution of heat have also been developed.

OPCs
In “OPC” itself there are three grades now in the
Indian context

1. OPC - 33 Grade -
2. OPC - 43 Grade - BIS Ref. ~ IS 8112
3. OPC - 53 Grade - BIS Ref. —1S 12269

Broadly speaking 33, 43 and 53 grade cements
develop 330, 430 and 530 Kg/cm? compressive
strengths after 28 days.

BIS Ref. — IS 269

2.2  Other OPCs

Other types of OPCs are : BIS - Ref.
1. High early strength cement -
2. Rapid hardening cement IS - 8041
3. Oil well cement IS - 8229 E
4. Low heat cement IS - 269
5. White cement IS - 8042

2.3 Blended Cements
Apart from the OPC’s — “blended” cements have also
been developed. Blended cements serve two purposes :

1. Conserve clinker and hence limestone deposits
of cement grade.

11

TYPES OF CEMENTS -
THEIR PROPERTIES AND USES

2. Use “waste materials” of other industries and
thus help in keeping environment cleaner.

Principal blended cements are :
1. Blast Furnace Slag Cement (BFSC)
IS - 455

2. Portland Pozzolana (Fly Ash) Cement (PPC)
IS - 1489
Blended Cements can meet requirements of OPC
but have an additional advantage that they give out
‘less heat’ during hydration and hence are well suited
for “mass constructions” like dams.

There were some prejudices about “blended
cements” the principal being that they were
‘adulterated’ hence “inferior” compared to pure OPC.
If properly made by choosing blending materials of
right qualities and used in specified proportions, they
are not “adulterated” cements.

2.4 Detailed Specifications of Various
Types of Cements

Detailed of specifications of these various types of

cements are covered in respective Standards

mentioned above. These standards specify physical

and chemical properties that the respective cements

should possess.

Further each Country has its own Standards. It is
useful to know corresponding Standards for given
type/s of cement/s of different Countries.

Each of these types of cement meets specific needs
and should really be used for the purposes for which
they are developed.
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2.5 Special Cements

Special cements like ‘Oil well cement” and ‘White
Cement’ have limited demand and hence the plants
producing these would necessarily be smaller in size
in comparison to OPC Plants. The price that special
cements fetch can still make them viable. But obviously
plants producing them will come up at irregular
intervals.

2.6 Making Different Types of Cement

All these types of cements with the exception of ‘White
Cement’ require basically same raw materials and use
the same manufacturing process. Hence any cement
plant in principle can produce all types of cements with
existing facilities but at somewhat different capacities.

However, there would be small differences in
qualities of materials. 43 and 53 grade cements require
comparatively higher grades of limestone and are
generally ground finer. So the cost of production is
slightly higher.

Hence, where there is no need to use cements of
43 and 53 grade when strengths required do not
warrant them, it is wasteful to use them in terms of
natural resources and power. However, forces of
competition have driven entrepreneurs to market
53-grade cement regardless of applications.

2.7 White Cement

‘White Cement’ requires special lime stones with
negligible iron content, which causes pigmentation or
colouring. Till a few years back, white cement was
produced by using oil as fuel so that ash from coal
would not discolour it. With reduction in fuel
consumption, by using multistage preheaters, and
quenching coolers, coal can now be used as fuel.
Clinker is rapidly quenched in reducing atmosphere to
avoid oxidation and hence coloring. Special silica stone
liners and grinding media are used in grinding mills to
maintain ‘whiteness’.

See Fig. 2.1.

2.8 Slag Cement - BFSC
Blast Furnace Slag, a waste product of Steel Industry
has ‘hydraulic properties’ of hardening like Cement

clinker and hence serves as an ideal ‘blending’ material
so much so that slag and clinker can be mixed in
proportions of 60 : 40 and ground with gypsum to make
slag cement. Thus a million ton slag cement plant needs
to install a kiln of only 1500 tpd capacity.

2.9 Pozzolana Cement - PPC
‘Fly Ash’ collected from exhausts of power plants using
high ash fuels is another material which serves as a

‘blending material’ but to a smaller extent of
25-30 % only.

There are other natural pozzolanic materials and
clays burnt bricks among them, which also serve as
blending materials for producing Portland Pozzalona
Cements.

2.10 Tables of Specifications and Properties
Tables 2.1 to 2.5 furnish specifications and properties
of different types of cement, raw materials and blending
materials.

Table 2.1 Principal Types of Cements.

Table 2.2 Properties of different types of
Cement.

Table 2.3 Typical compositions of different
Cements.

Table 2.4 Typical compositions of slag and fly
ash.

Table 2.5 Typical chemical compositions of
lime stones and correcting
materials.

211

The entrepreneurs would make up their mind as to
what cements they would like to produce taking into
account, various technical and commercial factors.

It stands to reason though that wherever there is a
possibility to make biended cements due proximity to
steel plants or large thermal power plants, they should
design the plant for making blended cements as capital
cost of investment per ton of installed capacity would
be substantially less compared to OPC of the same
capacity.
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Annxure 1
Table 2.1 Principal Types of Cements and their uses.

Sr.No. Type of cement Short Name Salient Properties Uses
1 rapid hardening cement RHC similar to OPC; ground where speed of construction is
finer; develops strengths important
more rapidly
2 sulphate resistant cement SRC composition adjusted to for lining of canals, culverts and
give increased resistance where construction is exposed
to sulphate bearing waters severe alkali conditions.

3 low heat cement LHC composition reduces heat for constructions involving mass
of hydration; strengths concrete like dams
developed more slowly

4 high alumina cement made by sintering limstone where speed of work is most

and bauxite;develops important like roads in cities
strengths rapidly approaches and casting piles
final strength in 24 hours

5 oil well cement cement of special chemical for cementing steel casing of

composition; rather coaresly walls of bores
ground

6 white cement WPC very low < 0.4 % iron oxide white in color; used for

decorative purposes, mosaic
tiles; cement paints
pozzolana cement PPC has low heat of hydration for mass concrete
blast furnace slag cement BFSC low heat of hydration; is also used for dams and other
more sulphate resistant water retaining structures
9 early strength cement used in constructions where

shuttering is required to be
removed early; in construction
of silos with slip form shuttering

143
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Annexure 2
Table 2.2 Detailed properties of different types of cements.

Sr.No. Type of Cement Short B.LS. Year Modulii Chemical Requirements Fineness Compressive Strength
Name Standard MgO 8O, IR LOI Sulphur Blaine < days >
No. % max. sq.cm/gm 3 7 28
/1S min. kg per sqg.cm, min.
1 Ordinary Portland
Cement O.PC.
33 Grade 33 269 1969 LSF 0.66-1.02 6 2 5 <2.75 2250 160 220 330
A/F > 0.66
43 Grade O.PC.
43 8112 1976 LSF 0.66-1.02 6 253 2 5 2250 230 330 430
A/F > 0.66
53 Grade OPC. 12209 1987 L.S.F0.8-1.02 6 253 2 4 2250 270 370 530
53 A/F > 0.66
2 Low heat cement LHC 269 1976 LSF 0.66-1.02 3200 100 160 350
A/F >0.66
3 Rapid hardening RHC 8041 1978 6 253 4 5 3250 275
cement
4 Sulphate resistant SRC  DOC/ 6 25 4 5 2250 102 163 337
cement BDC2
4335
5 High alumina
cement 6452 1972 2250 350
6 Oil well cement 8229 E 1976 5 25 075 3
7 White cement WPC 8042 1978 6 2753 2 2250 144 198 297
8 Puzzolana portland
cement PPC 1489 1991 6 3 3000 160 220 330
fly ash not < 10, nor
> than 25 %
9 Blast furnace
slag cement BFSC 455 1976 8 3 25 4 1.5 160 220

slag not < 25,nor
> 65 than 65 %

Note : Though fineness has been mentioned as 2250 blaine, minimum, in many cases, very rarely cements are ground to less than
2700 blaine; ppc is ground generally to 3200 blaine and slag cement to 3400 blaine.
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Annexure 3
Table 2.3 Typical chemical compositions of different types of cements.

Sr.No. Compound OPC Slag Cement High Alumina White Cement
Cement
< Yo >
1 Si0, 19-24 24-30 7-17, 23-25
2 Al,O, 4-9, 7-16, 35-50 457
3 Fe, O, 1.6-6 1-3, 6-12, 0.2-0.5
4 Cal 60-67 43-35 36-47 65-67
5 MgO not>>5 not > 6 not > 2 0.8-1.5
6 SO, not > 3 not > 4 not > 0.5 0.5-1.0

Annexure 3

Table 2.4 Typical compositions of Blast Furnace Slag and Fly Ash used to make
Slag and Pozzolana Cements respectively.

Sr. No. Compound Slag Fly Ash
< Yo >

1 Sio, 30-40 45-55
2 Al O, 8-18 25-30
3 Fe,O, 0.5-1 5-10
4 Ca0 30-40 2-6

5 MgO 08 23

6 SO, 0.2, 0.5-3




Annexure 4

Table 2.5 Typical chemical compositions of Lime stones and correcting materials.

Sr. | Description Lime- Sea Clay Shale | Bauxite Laterite fron Sand Coal

No. stone shells ore ash
€ % >

1 Si0, 8-13 0.5-2 40-70 | 40-80 5-15 10-30 5-10 55-95 50-70

2 AlO3 1-4 0.5-1 15-30 15-30 40-55 20-40 2-5 2-5 15-30

3 Fe,0s 0.2-5 0.1-0.5 | 3-10 3-10 2-10 20-40 85-95 1-3 5-10

4 Ca0 40-50 63-55 1-10 1-10 24 2-4 Trace 1-3 2-5

5 MgO 0.24 0.5-1 1-5 1-5 1-2 1-2 Trace 1-3 1-3

6 Alkalies 0.2-1 0.3-0.5 | 14 1-4 Trace Trace Trace 1-2 2-4

7 Chiorides 0-0.1 0.2-0.5 Traces

8 S0, 0-1 0.1-0.3 Traces 1-3

9 L.O.l. 35-40 42-45 515 2-5 20-30 15-25 0-5 2-5 0-2
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CHAPTER 3

PROCESSES OF MANUFACTURING OF CEMENT

3.1 Process of Making Cement

Cement is a good example of developments in
manufacturing processes used to make a product, which
by itself has not changed much.

Developments in processes of manufacture of
cement are reflections of the needs of the periods such
as scale of production, product quality and specific
consumption of thermal and electrical energy to
produce it.

3.2 Predominance of Wet Process

A developed country like America persisted for a long
time (compared to Europe) with the wet process of
manufacture of cement because of :

1. Alkaline aggregates that were used in
Construction Industry in America.

2. Higher requirements of manpower.

Till about middle of 20™ century, power and fuel
were cheap. There was no oil crisis. America used oil
as fuel even in wet process plants, which required
1300-1500 Kcal/Kg clinker, fuel consumption.

Labour costs used to be higher than power costs.
Therefore ‘simple’ wet process, which did not have
too many ‘auxiliaries’, was preferred.

Another fact on account of which ‘wet process’
had a long innings was the ease with which constituents
of raw mix feed to kiln could be blended and
homogenized in a ‘slurry’ form.

3.3 Marginal grade Limestone

and Froth Flotation

Decades ago even when cement plants were few and
high quality limestones were readily available, marginal
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grade limestones was sought to be used to make cement
by ‘enriching’ them. The ‘froth flotation’ process used
to enrich limestone, removed silica from limestone and
thus increased the carbonate content. This process
required ‘slurry’ with moisture content of 36-38%. The
slurry was agitated and aerated in cells with additions
of doses of chemicals that removed ‘silica’ in a ‘froth’
form.

Naturally therefore where it is proposed to use
limestone of marginal grade 60-70% CaCO,, wet
process of grinding and formation of slurry was a
necessity. Therefore in the past, wet process kilns were
used to make cement from marginal grade limestones.

3.4 Dry and Semi Dry Processes

Dry process has evolved with time. The first cement
was produced by dry process. White cements were
produced by dry process. Initially dry process kilns
were long kilns with chain systems like wet process
kilns. Chains had to be of heat resisting steels.

However as sizes of plants increased due to growth
in market and importance of blending to mix uniform
raw mix was realized, the wet process took over as
the main process used for manufacture of cement and
continued to do so for almost half a century.

3.4.1 Semi Dry Process
Semi dry process was developed to make cement in
early 40’s of the last century. It took two routes :

(i) Development of shaft kiln that could use low
volatile fuels.

(i) Lepol Grate Preheater followed by a rotary kiln,



3.5 Dry Grinding and Blending

As a corollary two developments became necessary :

1. Drying and Grinding of Raw Materials in ‘Dry
Grinding’. This was not difficult as coal mills
and cement mills were already dry grinding mills.
Hence, same ball mills could be used to grind
materials dry.

2. Blending Dry — As a result of dry grinding it
became necessary to blend dry ground fine
powders. Development of ‘fluidization’
techniques resulted in ‘Airmerge blending’
systems - first ‘batch’ systems and then
‘continuous’ systems. Air was used as medium
which ‘fluidized’ or aerated raw meal and
created different densities cyclically within the
sections of silos. This resulted in internal flows
and circuits within the silo that thoroughly mixed
the raw meal. In continuous blending, it helped
to break and mix layers of raw meal in the silo.
Filling, mixing and extracting operations took
place simultaneously.

Dry process or semi dry process became a reality
after dry blending and pneumatic conveying was
developed.

3.6 Semi Wet Process

Many Paper and Fertilizer plants produced calcium
carbonate sludge as byproduct. It could be used to
make cement with small corrections for composition
and fineness.

In early days, wet process was used to make cement
from such sludge. Filter presses reduced the moisture
in sludge which was subsequently treated in a long
wet kiln.

Now ‘Semi wet’ process would be used to produce
cement. In this process preparation of materials is wet
just as in regular wet process. Slurry produced is
passed through filter presses to reduce moisture to
15-17 %. Cake so produced would be passed through
either :

1. an extrusion press and made into briquettes
which would be dried and preheated in a ‘Lepol’
preheater as in semi dry process.
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or

2. a disagglomerator and flash drier and would be
preheated in a three stage preheater as in case
of dry kilns with cyclone preheaters.

3.7 Preheaters
The next stages in development were :

1. Traveling grate preheaters.
2. Suspension Preheaters

The long dry kilns — performed all functions or
processes like preheating, calcining and sintering within
themselves. Though shorter than long wet kilns which
had a length to diameter ratio (1/d) of 30-35 : 1, long
dry kilns still had I/d ratios of 25-30: 1.

3.7.1 Lepol Grate Preheater

“Lepol Grate’ was a traveling grate preheater which
was used to dry granules formed in a granulator by
adding 8-10% water to dry pulverised raw meal.

Lepol grate preheater took away the function of
‘preheater’ out of the kiln. Kiln thus became much
shorter — 1/d s were ~ 18 :1, or less.

3.7.2 Suspension Preheater

Suspension Preheater — 4 stages to start with - used
kiln exit gases to ‘preheat’ dry raw meal, when
suspended in hot gases. Cyclones arranged one over
the other received raw meal in connecting ducts. It
was carried by kiln gases coming from lower stage to
the upper stage; in transit, raw meal received heat while
gases lost it. In cyclones, raw meal was separated
from gases, then this meal entered the duct of the lower
stage. Thus in stages, kiln exit gases lost temperature
from 1000 °C to 340 °C and raw meal got preheated
from 60-80 °C to 800 °C. In the process, raw meal
entered the kiln partially calcined (25-30%). Thus kiln
became ever shorter as it had to do only balance
calcining and sintering. Kiln lengths were reduced to
14:1to 16:1.

Suspension preheater was an epoch making
development in making of cement and all plants which
can use dry process, now use suspension preheaters.

Plant sizes jumped from 300 tpd to 1200 tpd. In
wet process, sizes of kiln almost peaked at 1000 tpd
though there were some exceptions.
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3.8 Clinker Coolers

Clinker coming out of the kiln had to be cooled to
temperatures at which it could be handled by the then
available conveying equipment like pan, drag chain
conveyors and by even belt conveyors.

3.8.1 Rotary and Planetary Coolers

In early stages rotary coolers were used to cool clinker.
Cooling air was heated to temperatures of
approximately 600 °C for burning as secondary air in
the kiln.

To avoid a separate rotating cylinder, a ring of
concentric tubes attached to the kiln itself at discharge
end served as coolers called Planetary Coolers. In this
type too, cooling air served as secondary air for
combustion

3.8.2 Grate Coolers

In grate cooler, which consisted of a ‘reciprocating
grate’ it was possible to add more cooling air to cool
clinker quickly and to temperatures lower than 100 °C

Only air required for combustion entered the kiln;
the balance was vented out.

Reciprocating Grate cooler was another break-
through which helped to reduce fuel consumption of
clinkering process because of better recuperation or
recovery of heat from hot clinker.

Lepol grate used as preheater was also used for
cooling clinker but did not become very popular.

3.9 Increase in Size of the

Cement Plant — Large Kilns
1950s and 60s saw great strides in sizes and capacities
of individual kilns. In Europe and Japan kilns of
2000-3000 tpd came to be installed. In Japan this limit
was crossed and kilns as large as 7000-7500 tpd with
diameters of +5 meters were operating.

At this point it was realized that kilns larger than
this diameter had shorter brick life and gain in capacity
tended to be lost due to lesser number of working
days.

3.10 Calciners

At this juncture another epoch making development —
that of ‘calciner’ — took place. Calciner carried out
the process of calcination outside the kiln almost up to
90%. The kiln was thus liberated from the task of
calcination and hence the same kiln could achieve
2-2 V4 times more production. The total fuel was divided
between kiln and calciner; kiln receiving only 40-50%
and calciner receiving 60-40%.

The same kiln thus jumped in capacity and hence
many existing preheater kilns were converted into
calciner kilns. Particular beneficiaries were small plants
of 300 tpd in this country. After installing calciner, their
capacities have been raised to 800 t.p.d. and above.

3.11 Technical Collaborations

India had Technical Collaborations with World’s leading
Process designers and Machinery Manufacturers of
Cement Plants since early Sixties. But rate of transfer
of ‘Know how’ was rather slow in the decades of
sixties to eighties. After that due to policies of
liberalization, the rate of transfer of technology
accelerated greatly. New developments in Process and
Machinery were soon available either by way of
importing machinery or by way of fresh Collaborations.
Thus Calciners of various designs came to be instalted
in the country from early eighties. Plants with Vertical
Roller Mills and Roller Presses also came up in the
country since late eighties. Cement Plants became
modern in every sense and plants that have come up
since nineties can compete with the best plants in
developed countries.

3.12 Various Processes, Machinery
and Size of Cement Plant

In a way process and machinery to be selected were
related to the size of the plant. Equipment like Vertical
Roller mill and process like Continuous blending could
be afforded by large plants. In each type of machinery
also there were several options: for example in vertical
mills there were options like external circuit and mills
fitted with high efficiency separators. Such diverse
possibilities have been summarized briefly in Table 3.1.
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Annexure 1

Table 3.1 Summary of Developments.

Section

1

2

3

Quarrying Operations

Crushing

Raw Mills

Blending and
storage

Manual

Hand drilling and breaking
of stone, manual loading of

stone

Single stage
Hammer,
double rotor
hammer crusher;
impactors for
vertical mills

Ball mill
wet grinding

Ball Mill
dry grinding closed
circuit with separator

Ball Mill
Dry Grinding
Closed Circuit

High efficiency Separator

Roller press with bail mill
And high efficiency
separator

Wet grinding
slurry
Aeration in silos

Semi-Mechanised

Pneumatic & hand
drilling;

stone size still
small - 300 mm- loaded
in
trucks manually

Two stage
Jaw crusher;
gyratory/cone crushers;
Hammer,
Impactor;
(for ball mills)

Vertical roller mill
drying & grinding
with built in separator

Vertical rolier mill
with external circuit
built in separator

Vertical rolter mill
with externai circuit and
High efficiency separator

Mechanised

Pneumatic drilling;
shovels and dumpers
used to load stone;

capacity of shovels
gone up to 4--5m3 ;
and
that of dumpers to
50-100 tons

Three stage
jaw crusher
gyratory
Hammer/ impact;
tertiary crusher;
(for ball mills)

Roller press and
disagglomerator and
High efficiency
separator
Horizontal roller mill
And high efficiency
separator

Dry Grinding
Raw meal
Air merge blending system

Batch blending

Continuous blending
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Section 1 2 3
silos Slurry silos Double decked Storage cum blending
Slurry Silos Blending and storage Silos large capacity
silos 15000 t onwards
Kilns Wet - Long Dry Semi-dry
Wet — Calcinator kiins Long Kilns Shaft kilns
Semi wet process Short kiln and preheater
preheaters Wet short kiln with Suspension preheater Lepol grate
Filter press and
calciners Preheater and calciner Short kiln with
Preheater and calciner
Grate-travelling
Coolers Rotary Planetary Grate- reciprocating
Old & New Conventional
Static grate
Suspension pendulum
Cross bar cooler
Coal Grinding Ball Mill Vertical Mill
Air Swept drying and Ring bali Mill
grinding Vertical Mill roller

product
Cement Grinding Open circuit Closed Circuit Vertical mill
High efficiency
Long Cement Mill Cement Mill Separator
Conventional separator / Mill with external
High efficiency Separator circuit
Roller press with ball mill
and High efficiency
separator
Cement Storage Silos Multi compartment
Silos
Packing Stationary packer Rotary packer Rotary packer
1 or 2 loading points Electronic weighing
Loading and Manual loading Mechanized loading Automatic feeding of
Dispatches of bagged of trucks and wagons | Packing machines and
cement Mechanized loading of
Trucks and wagons
Bulk handling of Loading of bulk carriers | Bulk dispatches by
cement on road and rail ship

cyclone separator

Built in separator
Bag filter / esp to collect




CHAPTER 4

SELECTION OF PROCESS AND MACHINERY

4.1 Wet Process Unlikely to be

Selected in Future
Unadulterated wet process would hardly be used in
future.

Wet process by itself is unlikely to be used hereafter
even where raw materials are available in a slurry form
like waste ‘by products’ of fertilizers plants and paper
mills. Even for such situations, as mentioned in
chapter 3, ‘Semi Wet’ route would be used in future.

As high grade limestones are used up it may become
necessary to use low grade and hence in future we
may have to go back to ‘semi-wet’ process.

On the other hand ‘semi dry’ process is not at all
likely to be used in future to make use of low grade /
marginal limestones because ‘enrichment’ is presently
not known in dry process.

4.2 Using Sweeteners

If a quarry contains deposits with marked variations in
CaCO, content, ‘blending’ of high and low grade
limestones would be resorted to get raw mix of correct
composition.

If the ‘high grade’ available, is not sufficiently high
then ‘sweetener’ would be added. This may be
required to be brought in from distant sources.

In normal course, limestones containing say + 80 %
Carbonates when mixed with clays containing 20 %
carbonates in proportion of 2~ 94 : 6 would yield raw
mix containing 76 % Carbonates.

If the deposits have substantial quantities of
limestone with 75% carbonates, attempt should be made
to use it by blending the two grades with a ‘sweetener’
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of say 90 % carbonate brought from outside. In this
instance, 75 % and 90 % grades blended in the ratio of
2 : 1 would yield a blend containing 80 % carbonates.

4.3 Froth Flotation Process for
Enriching Limestone

However there is a limit to the minimum grade of
limestone, which can be used in this fashion. But by
using ‘froth flotation’ process it would be possible to
use limestone containing 65-70 % CaCO,. In such
circumstances, wet process would have to be selected
for grinding and ‘semi wet’ for pyroprocessing.

4.4 Dry Process

Dry process is suitable for almost all limestones except
when they contain alkalies higher than 3-3.5% and
chlorides higher than 0.03%.

This is because in a preheater kiln, in the riser duct
between kiln and bottom cyclone and in the bottom
two cyclones, alkalies and chlorides go into cyclic
evaporation and condensation. They need to be
absorbed by sulphur in coal to form sulphates.

If the alkalies continue to condense, they form
coatings on the walls of preheater cyclones and in the
riser duct between kiln and in the duct between two
bottom cyclones and thereby restrict passage of gases
through the system.

The coatings soon assume massive proportions and
literally choke or throttle the preheater kiln system.

4.4.1 Alkali Bypass
If a quantity of gases at kiln exit is ‘bypassed’ that is
removed from the system, then the rate of formation
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of coating is greatly reduced and it is then possible to
run the kiln on a continuous basis.

With Precalciner this problem is greatly reduced
as only 40-50% of gases pass through kiln and balance
through precalciner — where temperatures are lower
than at kiln inlet.

See a note on ‘Alkali Bypass’ in Annexure 1

Thus a calciner makes it more feasible to use
difficult raw materials containing high alkalies and
chlorides. Much smaller quantity of gases is required
to be ‘bypassed’ and cost of by passing, cooling and
passing through an ESP is much reduced. Increase in
fuel consumption is also much less.

4.4.2

For all these reasons the predominant process of
manufacture of cement in future would continue to be
dry process using ‘preheater, calciner, kiln and grate
cooler combination’.

4.4.3

Grate cooler helps in supplying air for combustion
separately to calciner whether ‘in line’ or ‘off line’
type according to the quantity required for combustion
init.

4.5 Kilns with Planetary Coolers

It is possible to a limited extent to draw air for
combustion that would be required to burn fuel to be
fired in calciner, through the kiln, but this quantity is
limited to about 30% only. Beyond that, it cools down
combustion zone and increases velocity of gases
through kiln requiring a bigger kiln for the same output.
Therefore kilns with planetary coolers and ‘air through’
calciners would also be seldom used or selected
particularly for new installations.

4.6 Equipment and Processes for the Future
Table 4.1 in annexure 2, shows fuel and power
consumption for different processes and for different
types of mills used for grinding. It brings out the
differences and it would be seen that :

1. mechanized mining

2. single stage crushing and stacker reclaimer
systems

3. vertical mills for drying and grinding all three
materials viz. raw materials, coal and clinker

4. 6 stage preheater, kiln, calciner and grate coolers
with static grates, pendulum and cross bar
coolers

5. continuous blending systems

6. mechanized loading of bagged cements and
more and more dispatches of bulk cement

would be the most preferred processes and
systems in cement plants of the future.

However, size of the plant which in turn depends
on availability of funds, may tilt the balance in favour
of ball mills which are much cheaper in first costs than
vertical mills for plants upto 1000 tpd capacity. Even
small plants are installing vertical mills for making slag
cement.

For higher capacities, vertical mills will be used
almost always for grinding raw materials and coal and
increasingly for cement grinding.

Older large plants have conventional machinery;
newer plants have the latest energy saving equipment
like vertical mills for cement and static grate coolers.
Table 4.1 in Annexure 2 furnishes salient features
of large and small plants including operational
parameters.
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Annexure 1

Note on Alkalies and Chlorides and Bypass

1.0 Alkalies and Chlorides
Minor components in raw mix like alkaies and chlorides
evaporate in burning zone and condense when cooled
atkiln inlet and in riser pipe from kiln. Repeated cycles
of evaporation and condensation result in increasing
internal circulation till equilibrium is reached.
Compounds involved are mainly of Potassium,
Sodium, Chlorides and Sulphur
All compounds, not removed, end in clinker and
affect its properties.

When escaping through gases there are problems
of disposal of dust. Operational problems occur when
circulating compounds reach high concentrations in the
system.

1.1 Evaporation of Alkalies and Chlorides
Chlorides evaporate almost totally and they facilitate
evaporation of alkalies; Sulphur retards evaporation
of alkalies.

Practical limits of alkalies and chlorides in raw mix
feed to preheater kiln is 1.5% Alkalies and 0.03 %
chlorides. If alkalies do not combine with SO, coming
in with fuel and raw mix, heavy condensations take
place chiefly in the riser duct from the kiln and in
between the last two cyclones. They increase to such
proportions as to choke flow of gases and affect kiln
production.

See Fig. 4.1.

JL Riser duct
calciner

Fuel ﬂ e
(-]
Q-_
Kiln
/ Sulfate Chrolide
N 7SS S S .
1 g/kg clinker
Cooler | input raw
1 material 214 0.2-1.3
Clinker Air
Kiln inlet 3-37 6-51
Circulation factor] 2.3 30-50

Fig. 4.1

Cycles of alkali sulphates and alkali chloride between Kiln and preheater.
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1.2 Overcoming Effect of Alkali Cycles

One way to overcome this is to by pass part of the kiln
gases at kiln inlet. However bypass increases sp. fuel
consumption. Practically it is feasible to remove about
25 % gases maximum. Such a large quantity of bypass
will increase fuel consumption by 100 to 125 kcal/kg
of clinker.

1.3 Alkali Cycles in Calciner Kilns

With precalciner kilns only 40 % gases pass through
kiln and k-line preheater. Therefore problem is very
much reduced and hence it is now possible to use
materials with high alkalies and chlorides in preheater
kilns. If 10 % by pass was necessary as a preheater
kiln, only 4 % would be necessary as a calciner kiln
and increase in sp. fuel consumption would be limited
to 20 kcal/kg of clinker.

1.4 Provision for ByPass

Bypass is taken at kiln inlet. Temperature of gases
here is ~ 1000 °C. Gases need to be cooled either by
air or in a gas cooling tower before they can be handled
in a dust collector. An ESP would be used to collect
the dust contained in them.

However it is possible to precipitate dust in separate
cyclones and take gases back to preheater stream in
between first and second stages.

1.5 Return of Collected Dust

When dust is collected in a separate ESP, it may be
possible to return it to the system; however, if the
concentrations of chlorides are very high, then it would
have to be thrown out.

1.6 Choosing Process to Suit Raw Materials
Thus raw materials and fuel both need to be carefully
assessed at planning stage and when selecting the
process. Some limestones — those that are sedimentary
deposits in or near the sea will naturally have more
chlorides. In some situations they must be used. Then
the kiln must be a precalciner kiln restricting flow of
gases through kiln to 40 %.

Lay out must be designed to allow for above
mentioned auxiliaries when a by pass has to be installed

See Flow Charts 4.1 and 4.2 showing arrangements
for providing alkali by pass.
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2 Preheater

3 Alkali by pass
extraction of gases

4 Cold air fan

5 Cyclones

6 Gases fed back to system
7 Collected dust

8 Main preheater fan

Flow chart. 4.1 Alkali by pass arrangement - 1 Gases withdrawn are fed back to the system.
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1 Kiln
2 Preheater

3 Alkali by pass
extraction of gases

4 Gas coditioning tower

5 Water spray

6 ESP for extracted gases
7 Fan for ESP

8 Collected dust can be
recycled or thrown out

9 Main preheater fan

Flow chart. 4.2 Alkali by pass arrangement - 2 Gases withdrawn are cooled & passed through separate ESP.
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Annexure 2
Table 4.1 Fuel and power Comsumption in Large and Small Plants.

Sr. No. | Section (1) (2) 3)
1 small plant 2 large plant 3 large plant
Sp. power consumption kwh/ton cement
1 Crushing
Single stage yes | 2.5 yes | 2.5
Two stage yes | 3.5
2 Raw mill
Ball mill yes | 25
Vertical mill yes | 20 yes | 20
3 Batch / continuous 5 4 4
Blending and yes | batch yes | cont. yes | cont.
Kiln feed blending blending blending
4 Pyroprocessing
Sstage preheater yes | 25
conventional cooler
Bstage preheater yes | 25 yes | 25
static grate cooler
5 Coal crushing
Grinding
Vertical mill yes | 6 yes | 6 yes | 6
6 Cement mill ,
Ball mill yes | 30
Roller press and ball mill yes | 26
Vertical mill yes | 24
7 Packing despatches yes | 1.5 yes | 1.5 yes | 1.5
8 Miscellany yes | 5 yes | 5 yes | 5
Total 101 90 88
Sp. fuel consumption kcal/kg clinker
Pyroprocessing section
5stage preheater yes | 750
conventional cooler
6stage preheater yes | 720
conventional grate cooler
6 stage preheater static yes | 700
grate cooler




CHAPTER 5

RAW MATERIALS, ADDITIVES AND FUELS

5.1 Raw Materials for Making Cement

In Chapter 2, different types of Cements and their
properties were seen. Cement concrete is ‘synthetic
rock’ made up by processing raw materials like
limestone, clayey materials and ferruginous materials
in proportions that would yield clinker of suitable
quality- after going through processes like calcining
and sintering.

Very few materials will be ‘natural rocks’ which
would have same chemical composition as that of
clinker after processing.

Therefore it is necessary to make a ‘raw mix’ of
suitable composition by ‘blending and processing’ two
or more suitable materials in right proportions.

5.2 Constituents of Raw Mix

and their Proportioning
As mentioned above, limestone, and clay, sand and
iron ore or laterite are usual components of raw
materials which when added in suitable proportions
and ground produce ‘raw mix’.

5.2.1 Limestone

Quarries hardly ever contain limestone of uniform
grade. Different sectors contain carbonates in different
proportions. Sometimes the difference is marked; so
as to call them ‘high’ and ‘low’ grade limestones.
To conserve high grade limestone it will be blended
with low grade.

See para 4.2 in Chapter 4.

Thus limestone, the principal constituent itself could
be of two grades.

5.2.2 Silica and Alumina
Other major constituents are silica and alumina which
can be added by way of sand or clayey material and
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bauxite. Most limestones contain both silica and
alumina. The ‘additives’ as these ‘correcting’ materials
are called are added to limestone/s in suitable
proportions to produce ‘raw mix’ of the desired
composition.

5.2.3 Iron Oxide
Iron oxide is obtained by adding iron ore or laterite in
small quantities usually 1-2 %.

5.3 Proportioning Constituents

How to arrive at these proportions is decided by
following certain norms and applying certain yard-
sticks. These yardsticks are :

Hydraulic Modulus or Lime Saturation Factor
Silica ratio

Alumina ratio.

5.3.1 Correcting Materials

Depending on the representative composition of
principal raw material that is limestone, suitable
correcting materials are obtained. Normally there would
be 3 materials so blended viz. limestone for CaQ, clays
for Silica and Al,O;; and iron ore/ laterite for Fe,O;.

When individual compositions of the constituents
are available, their proportions with one another can
be calculated.

5.4 Composition of Clinker

Clinker should also have, complex compounds, that are
formed during the process of sintering, in certain
proportions to obtain desired strengths in cement; they
are C,S and C,S and C,AF.
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Free lime in clinker should also be limited to less
than 1.5 %. Burnability factor is another yardstick
which furnishes information on temperatures to be
maintained in the burning zone to limit free lime to
desired values.

5.5 Quality Control

Quality Control in manufacture of cement is a highly
specialized field and is not the subject of this book. It
is touched upon to highlight their impact on design of
Plant and machinery in a cement plant.

Table 5.2 in annexure 1, lists the various pertinent
quality control aspects with their definitions and the
ranges in which they should be maintained to produce
clinker and cement of good quality.

For a plant designer it is sufficient at design stage
to know the representative Chemical compositions of
lime stones and correcting materials to be used and
their proportions; the coal proposed to be used and its
ash content, calorific value and composition of coal
ash; Gypsum proposed to be used and its composition.

5.5.1 Commonly Found Proportions

Quarries supply limestone/s. Often overburden itself
serves as an additive to correct silica and alumina.
Interstitial material found alongside the deposits also
serves as correcting material. Otherwise clays and
sand are obtained from nearby sources like sand from
river beds.

Iron ore or laterite is obtained from nearest sources
of iron deposits.

Commonly found proportions would be :

Limestones clay iron ore
< % >
80 -85 10-15 1-2

5.6 Blended Cements

When making blended cements compositions of fly ash
and slag should be known so that in what proportions
they could be added to clinker could be worked out to
produce Pozzolana and Slag Cements respectively. Up
to 65% slag can be added to make slag cement; up to
30 % fly ash can be added to make pozzolana cement.

5.7 Fuels

Fuels supply the heat energy required to make clinker
from raw mix. Solid fuels like coals which have ash in
proportions varying from 10 to 40 % also influence the
composition of clinker.

5.8 Fuel in Shaft Kilns

Shaft kilns require low volatile coals. Presently coke
breeze is used as fuel in them. Its volatile content is
negligible. Coke breeze is ground with raw materials
in suitable proportions. Ground raw meal is made into
nodules for feeding shaft kilns.

5.9 Fuels for Rotary Kilns
Rotary kilns can use all types of fuels — solid i.e., coals,
lignite and petcoke; liquid 1i.e., oil and also gas.

Solid fuels are fired in pulverized form. Liquid fuels
are atomized and fired through oil burners. They need
to be heated to obtain correct viscosity to facilitate
atomization. Gas — commonly natural gas is used — can
be fired most easily.

Liquid and gaseous fuels are uniform in physical
and chemical properties. Ash content is negligible and
calorific value is consistent varying only slightly in
similar fuels. From this point it is advantageous to use
them as fuels. Clinker of uniform quality can be
produced consistently.

5.10 Coals as Fuel

Coals vary in principal properties like calorific value
and ash content from place to place or even in the
same place. They are more difficult to burn and quality
of clinker produced needs to be watched closely as
ash in coal gets almost wholly absorbed in clinker
formed- affecting its composition thereby. As a
corollary, to maintain uniform quality of clinker, raw
meal composition has to be modified to counteract
effect of coal ash.

Oils and gas can be transported and handled easily
as compared to coal.

5.10.1 Preparation of Coal for Firing

Because coal is needed to be pulverized for firing in
kilns, preparation required for it is maximum —involving
crushing, drying and grinding. Metering it while firing
is also not easy.



5.10.2 Preparation of Oil for Firing

Oils need only heating and atomization which can be
done by a self contained heating and pumping unit.
Atomisation can be done by pressure or by compressed
air. Firing and metering is easy and accurate.

5.11 Costs of Fuels

Cost wise oils are more expensive than coal. Let cost
of oil be 32 rupees per litre or 0.9 kgs. Useful calorific
value of oil is ~ 9600 kcal/kg. Therefore cost of 1 kcal
is 0.37 paise.

Let cost of coal be >~ 2000 Rs/ton. Useful calorific
value is 4500 kcal/kg. Therefore cost of 1kcal is 0.048
paise. Costs of coal as fired would be say 0.1 paise
per kcal. Even then it is considerably cheaper than oil.

Therefore presently coal is the dominant fuel even
in developed countries and even in countries that have
substantial oil reserves of their own,

5.12 Coals
Composition of coal is commonly expressed in two
ways:
1. proximate analysis which is sort of a ready
reckoner.

It furnishes : carbon, volatiles, moisture, ash
and calorific value.

2. ultimate analysis which furnishes : carbon,
hydrogen, oxygen, nitrogen, sulphur, moisture,
ash and calorific value.

5.12.1 Typical Compositions of
Coal and Coke are

Coals coke

D i d
carbon 50-90 80-90
hydrogen I-5 04-2
oxygen 2-14 -
nitrogen 0.3-2 -
sulphur 0.5-4 0.4-1
ash 35-50 8-14
moisture 2-15 I-1.5
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5.12.2 Typical Composition of Coal Ash is

ALO, 1520 %
Si0, 25-40 %
Fe,0, 20-45 %
CaO 1-5 %
MgO 0.5-1 %
SO, 28 %

Coals normally contain 8-10 % moisture. It can go up
to 15 % in wet season. Coals are therefore required to
be dried during grinding, reducing moisture to 1.5- 2 %.
It is not desirable to dry coals completely.

5.12.3 Volatiles

Loss in weight as a result of carbonization of coal under
exclusion of air is the measure of volatile mater.
Volatiles promote combustion in pulverized coals.
Therefore Indian coals though they contain high ash —
more than 30 %, are not difficult to burn as the volatiles
are between 28-30 %.

5.13 Calorific Value of Fuels
All fuels yield heat when bumt. Calorific value is a
measure of heat thus available per unit weight of fuel
(volume in case of gaseous fuels).

There are several definitions of calorific values
ranging from ‘gross on dry’ to ‘net on wet’. From
practical point, the useful calorific value is the most
important.

Theoretically calorific value can be obtained from
ultimate analysis. It is readily calculated from empirical
formulae.

Lower heat value (LHV) = HHV (higher heat
value) - (Vy, + Fy) xR

where V, is water generated during combustion
F, is moisture in fuel

R is latent heat of evaporation of water-
539 kcal/kg

Various formulae have been furnished in
Reference Section.

Table 5.3 in annexure 2 furnishes empirical
formulae for calculating calorific values of solid, liquid
and gaseous fuels.
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5.14 Oils

Significant fuel oils are:
Mineral fuel oils
Coal tar oils
Bituminous coal tar oil.

Typically fuel oils contain

Carbon 85-90 %
Hydrogen 5-10 %
Oxygen

Nitrogen » together 3-4 %
Sulphur

In some fuels sulphur may go up to 3%

Calorific value of oils range between 8500-10000
kcal/kg.

Most important property of oil is its viscosity. It is
measured on different scales in different countries. Oils
are classified as light medium and heavy.

5.15 Gas as Fuel

Mostly natural gas containing ethane CH, and Methane
C,Hg in varying proportions is used as fuel. Heating
value is in the range of 8000-10000 kcal/m? at
~ 16.5 °C.

Typical properties are given in Table 5.1.

As mentioned earlier gas does not need any
preparation for firing in the kiln.

5.16 Specific Fuel Consumption Obtainable
using Different Fuels

Relative values of sp. fuel consumption achievable

with the three types of fuel from actual installations

indicate that sp. fuel consumption with coal as fuel is

lower than that for oil or gas.

Plant sp. fuel consumption
Capacity tpd Kcal/kg
Coal oil
800 900 950
1500 835 850

Flame temperature in case of natural gas is
70-150 °C lower than that of coal. When using natural
gas, secondary temperature must be high and excess
air must be minimum.

Plant sp. fuel consumption
Capacity tpd Kcal/kg
Coal il gas
800 855 900 940
1600 715 750 835
3500 710 740 780

5.17 Requirements of Raw Materials and Fuel
With these details, requirements of individual materials
and fuels, their rates of feed and capacities of
conveyors and feeders needed at different stages of
manufacture can be worked out.

Table 5.1 Typical properties of natural gas by volume.

%
StNo. CO, N, CH, GCH,
1. 08 32 9% -
2. - 13 805 182
3. - 11 675 311

sp. gr. Calorific value
Air :1 kcal/m?

Higher Lower
0.57 8600 7766
0.65 10000 9118

0.71 10930 9900




Annexure 1
Table 5.2 Quality Control Formulae.

Sr No Iltem

1.01

1.02

1.03

1.04

loss of iginition

CaCo,
MgCO,

silica ratio (modulus)
Sio,

ALO,

Fe,O,

alumina ratio

ALO,
Fe,O,

lime saturation
factor

A/F > 0.64
CaO

SO,

AI203
Fe203

symbol

L.O.l

L.O.l.

%
%
%

A/F
%
%

LSF

%
%o
%
%

unit

%

%
%

ratio

ratio

ratio

formuila

0.44CaCO, +0.524MgCO,

SR=SiO,/ (Al,0,+Fe,0,)

AF=AL0 /Fe,0,

LSF=Ca0/(2.8xSi0,+1.65 x Al,O,+0.35 x Fe ,0,)

normal range

37-39

1.2-24
ave.2.4-2.7

1.2-4.0
ave1.5-25

Annexure 1 Table 5.2 Contd....
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Sr No ‘ltem

b

1.05

1.06

AF <0.64

hydraulic modulus HM

Ca0

SiO,

ALO,

Fe,O,

percent liquid L

CA
C AF

A/F=>0.64
CS

oXS

symbol

Y%
%
%
%

ratio

%
%
%
%

%

unit formula

LSF=CaO/(2.8xSi0,+1.1xAL0 +0.7xFe,0,)

HM=Ca0/SiO,+Al,0,+Fe,0,

L=1.13C,A+1.35C AF+MgO+Alkalies
C,A=2.65xA1,0,-1.692xFe,0,

C,AF=3.043xFe,0,
C,5=4.071Ca0-(7.602xSi0,+6.718xAl,0,+1.43xFe,0,+2.852xS0,)

C,S=2.867xSi0,-0.7544xC,S

normal range

90-95
forOPC

95-98 for
high alumina
cement

1.7-2.2for
OPC
0.5-0.55for
high alumina

cement

45-55

25-35

Annexure 1 Table 5.2 Contd....
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SrNo Item

AF =< 0.64

1.07 burnability index

1.08 burnability factor

symbol

BI

BF

unit formula

C,5=4.071xCa0-(7.602xSi0,+4.479xAl,0,+2.859xFe,0,+2.852xS0,)

C,5=2.867xSi0,~ 0.7544xC S

C,A=0

BI=C,S/(C AF+C,A)

BF=LSF+10xSR — 3x (MgO+Alkalies)

source : cement managers handbook

normal range

2.8-35

100-110
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Annexure 2
Table 5.3 Calorific values of Fuels.

Sr.No.
Unit of calorific value kcal/kg for liquid and solid fuels
kcal/nm? for gaseous fuels
Gross calorific value Hh Cal. Value measured in bomb calorimeter
Useful or effective value H1 steam in combustion is discharged outside

the system without being utilised

A Theoretical formulae for Solid and Liquid fuels
Hh = 8100xC+34200x(H-0O/8)+2500xS kcal/kg
H1 =8100xC+29000x(H-0/8)+2500xS - 600W kcal/kg
where,
C=Carbon;
H=Hydrogen;
S=Sulphur;

O=0Oxygen;
W=Water are quantities in kg of fuel.

B Formulae for gaseous fuels
Hh = 3035%(C0)+3055x(H,)-9530x(CH,)+14900x(C_H,) kcal/nm3

H1 = 3035x(C0)-2570x(H,)-8570x(CH,)+13940x(C_H,) kcal/nm3

Source : Onoda Handbook



CHAPTER 6

TAKING UP THE DESIGN OF A CEMENT PLANT

6.1 Techno Economic Feasibility Studies
Previous five chapters would have served to give a
fairly good idea of the present status of the processes
and machinery used to make cements.

Taking up the design of a cement plant presupposes
that an Investment Decision has been taken to install
a cement plant.

The next logical step would be to take up “Techno
Economic Feasibility Studies’ (TEFS) to examine all
aspects — technical and commercial and financial of
taking up the Project. Since this is a comprehensive
and specialized activity it is best to entrust it to specialist
Consultants. However Companies already in the field
can do these studies themselves.

Because of its great importance, the various
aspects of TEFS have been dealt with in Section 3.

In the process of carrying out TEFS such aspects
as availability of suitable Deposits and their probable
locations and markets to be targeted would be
examined. This serves as basis for working out the
design of the plant and even the types of cements to
be made, their mode of dispatches. Location of plant
with respect to the deposits may also be decided.

6.2 TEFS and Design of Cement Plant
TEFS uses this data to work out the basic design of
the plant — such as sizes and capacities of main sections
and major machinery and auxiliaries. Thus TEFS
contain all the steps needed to be taken to design a
plant. The only difference would be the details and the
depth in which various aspects would be gone into.

Having carried out the TEFS, and having arranged
for the finances, Detailed Engineering of the Plant
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would be taken up. This activity may also be entrusted
to experienced Consultants.

In this chapter the various steps in taking up the
design have been explained. The steps have been
further dealt within subsequent chapters.

6.3 Basic Approach in the Design
of a Cement Plant
In designing a cement plant it is necessary:

1. to select a process that would be most suitable
for raw materials and fuels proposed to be used,

2. to use technology and designs and machinery
that would require minimum inputs,

3. to take into account infrastructural facilities in
designing the layout and related aspects,

4. to take into account requirements of the market
not only for the present but also for the future
and to incorporate facilities to make different
cements and different modes of dispatching
them,

5.to design process control and instrumentation
and quality control facilities that would ensure
production of high quality continuously at
optimum costs,

6. to leave adequate room for expansion,

7. to keep investment costs within the limits of the
resources of the entrepreneur.

6.3.1 Basis of Design to be Finalised

To achieve these objectives it is very essential that the
Entrepreneur and his Consultants are on the same
wavelength in the various aspects of design.
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It is necessary to agree upon, margins and factors
to be considered in arriving at sectional capacities, sizes
of storages, locations of plant, crusher, and mines;
types of cements to be made and their proportions;
modes of dispatches of cement — in bagged or in
bulk — by rail or road; provisions to be kept for
expansion in future.

6.4 Questionnaires

A systematic beginning can be made by devising
‘Questionnaires’ and to try to answer them in as much
depth as possible. Alternatively the Consultant would
furnish such Questionnaires and ask the Entrepreneur
to fill them.

Questionnaires would have to be specially designed
for various situations like :

1. a new plant at a greenfield site,
2. expansion of an existing plant,
3. upgrading or modernization of an existing plant

accompanied by increase in capacity.

6.5 Specimen Questionnaries
Specimen Questionnaires of the three types are furnished
at the end of the Chapter as Annexures 1 to 3.

Details of Infrastructural facilities are required for
TEFS. They are required to finalise several aspects
of technical design and also other aspects like size of
colony and social amenities to be provided for the
Workers.

Hence a Questionnaire on Infrastructural facilities
is also necessary. Such Questionnaire is furnished as
Annexure 4.

6.6 Minimum Agreement
Entrepreneurs and Consultants should mutually agree
upon at least on the following points at the time of
taking up the design:

1. rated clinkering capacity in tpd / tpa,

2. design margin,

3.types of cements to be made and their

proportions,

4. gypsum whether natural or synthetic to be
used - its source,

5. coals to be used — their average useful calorific
values and ash content,

6. representative physical and chemical properties
of limestones,

7.sources of correcting materials and their
chemical and physical properties,

8. sources of slag / fly ash when blended cements
are to be made,

9. modes of receiving crushed limestone, correcting
materials, coals, gypsum and blending materials,

10. modes of dispatches of cement — bagged and
or in bulk — their proportions; by rail and or road
and their proportions,

11. source and availability of power - voltage of
transmission,

12. source of water,

13. provisions to be kept for expansion in view of
availability of deposits and size of markets.

6.7 System Flow Charts

In Chapter 7, necessity of finalizing ‘flow charts’ has
been explained. In Chapters 8 to 10 procedures of
arriving at requirements of materials and sectional
capacities have been outlined. In Chapter 11, sectional
capacities have been arrived at using these procedures.

As an illustration, sectional capacities for a 3000
tpd plant have also been worked out.

6.8 Visits to Cement Plants

It would be a very good idea for a new entrepreneur
and even for an old one to visit a few cement plants
with capacities corresponding to his objectives and
using state of the art processes and machineries and
that have very good operational efficiencies.

Such plants can now be seen in India also. Visits to
plants overseas will be a ‘bonus point’. Such visits
would give a much better idea to an entrepreneur as
to what he can expect and what he can achieve. They
also help to crystallize ideas about machinery to be
installed and plant layouts.
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Annexure 1

Questionnaire For Setting Up A New Cement Plant At A Green Field Site

Name of Company

Location / address

Phones/ fax/ e-mail details

Capacity of proposed cement plant tpd / tpa

Types of cements proposed to be made and rough proportions thereof

1
2
3

O.PC.s — 43 and 53 grades
Blast furnace slag cement
Portland Pozzolana Cement

Proposed location of the plant

1
2
3
4

village, mandal, district and state
nearest town, city

nearest railhead- gauge of rail link
nearest highway

Data on deposits proposed to be used

1
2
3

Si0

&

exact location

location with respect to proposed location of plant

representative quality of limestones found and estimated quantities in million tones
chemical analysis of limestone

high grade / low grade

AlLO, CaO MgO Fe,O Alkalies Chlorides L.O.L

3

% >

Fuel

coal / oil

Sources of fuel

Coal

proximate and ultimate analysis

Ash content min., max., and average

Moisture in coal — min., max., and average

Calorific value min, max and average—also useful heat value

Distance over which coal is to be brought and how

Similar information when oil is to be used

Likely sources of correcting materials (clay, sand, iron ore etc.), gypsum, slag and fly ash
(whichever blended cement is proposed to be made)

Distances from proposed plant site and modes of transport

Source of power and voltage of transmission availability of power

Will it meet full requirements all round the year

Will it also meet future requirements after expansion

Provision for diesel generator set / thermal power station

Annexure 1 Conid....
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16 Source of water supply — perennial- distance from plant approximate capacity in litres / day
17 Conversion factors and margins to be used for arriving at sectional capacities
design margin

safety factor for fuel consumption and power
conversion ratios raw meal / clinker; cement / clinker
for blended cements clinker / slag and clinker / fly ash
margins for feeders and conveyors
running hours in various sections in hrs/shift; nos of shifts/day; hrs/day;
days/week; days per year etc.
18 Markets for different types of cement and seasonal demands for them
19 Proportions of cements bagged and loose
20 Proportions of dispatches by road and by rail
21 Storages to be maintained for:
i. limestone crushed and correcting materials
ii. coal crushed
iii. gypsum
iv. slag / fly ash
v. cements of different types
types of storages proposed for them

22 Stacker reclaimer cum preblending systems to be included for limestone
and for coal
23 Extent of process control and instrumentation and automation and extent of

sampling and quality control systems — X ray analyzer — to be included
24 Targeted operational norms like
sp. fuel consumption
Sp. power consumption
clean gas dust burden
man hours per ton

Note : This is a typical Questionnaire. A specific one can be developed for any
particular project to take into its specific needs like terrain and soil
Conditions; climatic extremes and such.

Entrepreneur should indicate and discuss his preferences if any with his Consultants for
machinery such as vertical mills / roller press for grinding clinker; bag filter or electrostatic
precipitator for venting kiln exhaust gases for example.
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Annexure 2

Basic Data Normally Required To Take Up Any Assignment
On Design Of Cement Plants

1 Exact location of Plant
2 Altitude : meters
3 Ave. ambient temperature : °C
4 Average annual rainfall : cms
5 Detailed chemical analysis of limestones/ correcting materials,
Clinker, gypsum, blast furnace slag, fly ash, coal ash etc.
%
SiO, ALO, Fe, 0O, CaO MgO Alkalies Cl, L.O.I moisture
Limestone
Gradel
Limestone
Grade?2
Clay
Sand
Bauxite
Iron ore
Hematite
Gypsum
Clinker
b. f .slag
fly ash
coal ash
6 Proportions of limestones and additives in raw meal feed to kiln
7 Common quality control ratios
Hydraulic modulus  Silicaratio iron modulus CS CS
Raw meal
Feed to kiln
Clinker
8 Properties of cement produced
Type Grade Fineness strength SO,
Blaine kg/cm?
days
3 7 21
9 Sources of fuel and details ( assuming coal as fuel)
proximate and ultimate analysis of coals used, at least
fixed carbon volatiles ash sulphur

moistures max. min & average
calorific values -- gross and useful to be considered for design

Annexure 2 Contd....
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10
11

12

13

14

15

16

Flow charts of various sections and general plant layout for existing plants
Machinery schedules of various sections describing size, capacity, nos and drive details
a typical format would be

item nos size capacity motor
tph kw

For proposed new plants and expansions and modernization etc.
intended norms for the following should be advised
i. design margins above rated capacities
ii. running hours in various sections days/year
days/week
shifts/day
hours/shift
hours/day
iii. storages of various materials in various stages of production
in terms of requirement for number of days
limestone/clay/iron ore/gypsum
raw meal
clinker
fly ash
b. f. slag
cements of different types
coal/s
iv. margins in feeders and conveyors
v. plans for expansion should be outlined
vi. data on mines distance from factory
representative quality of deposits
inferred / indicated / proved quantities of reserves

When TEFS to be made involves, market studies, then details of markets proposed to be served
such as :

distance/s of market/s from proposed location

size of market/s in terms of cement consumed in tpa

growth potential—estimates of rate of growth

cement plants already existing or proposed to be

added in the vicinity to serve the market/s

whether market is saturated

how is the market being served and share that

can be expected in near / distant future

Transport and communications facilities

Rail links

Highway links

Power distribution and availability

Location of substation

Capacity

Voltage of transmission

Surplus capacity as of today

Proposed addition to demand in near future

Size of own power generating facility in terms of % of power requirements
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Annexure 3
Questionnaire On Increase In Capacity Of Clinkering Section

Present Capacity — tpd

Proposed capacity after expansion — tpd

Logic behind the proposed expansion
(i) limestone reserves permit / do not permit expansion with calciner
(i) funds do not permit large scale investment
(iii) propose to make use of surplus capacity in other sections

(iv) propose to improve operational efficiency — increase in production to match improvement in
efficiency

(v) propose to install grate type clinker cooler and hence propose to realize maximum kiln apacity
without calciner

(vi) propose to install a calciner and a 2™ stream preheater to get maximum output from existing
kiln

Alternatives (i) to (iv) above can be achieved in several ways such as

(a) modifying and enlarging cyclones of preheater

(b) installing smaller capacity calciner
Alternative (v) can be combined with (i) to (iv); Alternative (vi) would cost maximum but
increasein capacity would be 2.5 times and hence returns would be higher.

Alternatives (i) to (v) would involve upgrading of mills to cope with enhanced clinker
production;whereas in alternative (vi) above, almost all sections would need enhancement of capacity.

On learning more details and logic behind the proposals, Consultants can formulate specific
questionnaire to collect all the relevant information and data on plant and machinery as also full
operational data

Full details such as chemical and physical properties of raw materials, correcting materials and
fuel/s used.

Types of cements produced and their quantities.

Furnish sizes and capacities of major machinery and auxiliaries and rated and achieved capacities
of various sections starting from quarries and ending with cement mills and packing.

Running hours in each section.

Also furnish general plant layout.
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Annexure 4
Questionnaire for Infrastructure

A Physical Location of site / sites
| village
2 mandal
3 taluk
4 district
5 State
6 Latitude Longitude
7 Altitude m above sea level
Attach map
B Data on deposits to be exploited to make cement
1 Name
2 Location village / mandal / district / State as above
3 nearest village / town /
4 estimated area hectares
5 between longitudes and
between latitudes and
6 Is it in area marked as forests or sanctuary

~

broad nature of deposits

plain

hilly

outcrops

on fallow or cultivated land

state or private land

access road / tracks to deposits

estimated reserves : inferred / indicated / proved in million tons
other details like over burden, interstitial clays,

clay and other correcting materials — nearby sources

— e O A0 o

C Details about proposed location of factory site

availability of land

private / state owned

cultivated / fallow

is it in area earmarked as forests / sanctuary ?

is land level or needs development

contour map of area showing streams, rivulets and other natural drainage
climatic details for the last ten years like temperatures mean, max.and min;
year round rain fall for average and minimum and maximum

8 ground water level in different parts of the year min, max and average

9 depth of rock bed from surface / load bearing capacity of soil

10 seismic zone of area

11 wind velocities at different heights and wind rose

~N N BRI

Annexure 4 Contd....
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Distance between proposed plant site and deposits min and maximum;
Is terrain plain or uneven ?

Proposed site and its linkages with the outside world

1

road links between site and nearest village / town / city
existing / under construction / planned

pucca / tar / concrete

distance in kms

rail links

nearest railway station kms

single or double line

gauge

if rail link does not exist, are there plans for future
Nearest grid substation

Distance

Capacity

Voltage of transmission

Routes of transmission lines around proposed site
Distance from site

Is surplus capacity available in substation and in transmission line
Perennial sources of water in the vicinity

River / stream

Estimated quantity available in different parts of the year

General nature
size of nearest town /city and facilities availale there by way of

I labour force for construction and operation of plant

2 housing facilities

3 markets for provisions , milk, vegetables etc.

4 educational facilities — primary secondary schools and colleges, Industrial
Training Institute etc.

5 Health and medical care like hospitals and dispensaries — ESIS
Establishments etc.

6 commercial establishments like Banks

7 Government facilities like Post and Telegraph offices, courts and other

government offices
8 Entertainment - Cinema, Cable TV etc.
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CHAPTER 7

7.1 Process Flow Charts
After selecting the process of manufacture and types
of cement to be made, the next steps would be :

1. to select process flow charts of various sections,
2. to decide on sectional capacities.

Selecting process flow charts presupposes that
some basic decisions have already been taken
regarding selection of major machinery. For example:

1. single stage crushing
2. vertical roller mills for raw materials and coal

3. off line calciner — two stream preheater — grate
cooler with static grate

Once these decisions are taken, it follows to fit them
in a system along with auxiliaries so that as a group
they produce or process what is expected of them in a
given section.

For example : crushing section should produce
crushed stone suitable for the subsequent grinding
section and so on.

7.2 What Flow Charts Show

Process flow charts show pictorially how various
machinery are arranged in a section. They try to show
sequence or direction of material and gas flows in the
section and help to arrive at a clear understanding of
what happens in the section.

Process flows can be depicted in several ways.
One way is to just show blocks for Major machinery
and auxiliary and draw lines to connect them in proper
sequence.

The other, more prevalent one is to show machinery
and auxiliaries in outline for ease of identification.
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7.3 Different Systems and Flow Charts
IHustrations of two types are shown in Flow charts
7.1 and 7.2.

Same type of machinery and auxiliaries can be
arranged in more than one way to arrive at the same
end result.

In two stage crushing, both crushers can be in open
circuit, or the secondary crusher can be in closed circuit
to ensure a definite product size.

See Flow charts 7.3.1 and 7.3.2.

In raw material grinding, drying can be done either
in mill or in separator;

Fresh feed can be taken either to mill first or to
separator first.
See Flow charts 7.4 a to c.

In vertical roller mill, mill shall be either in
conventional circuit with conventional separator, or it
can be in external circuit with high efficiency separator
built in. Such alternatives result in changes in layouts
as also in gas and material flows.

See Flow chart 7.5.

Each section of a cement plant can thus have a
‘family’ of commonly used flow charts.

7.4 Uses of Flow Charts
Process flow charts can also be used to :

1. Build up machinery schedules for sections,
indicating numbers, capacity, size and drive
details. From such a schedule specifications of
major machinery and auxiliaries can be built up
for procurement,
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1 2 3 4
Feed Feed Feed Feed
v Vv ¥ v ¥ v
Disagglo-
Roller press Roller press Roller press -merator
v v A 4 v
Tubemill  }— | Tubemil |- Disagglo { High efficiency
merator separotor
A 4 A A Y Y A
High efficiency] | [|High efficiency].] [High efficiency| | Roller
separotor separotor separotor press
l ‘l’ \l’ v
Product Product Product Product

Flow chart. 7.1 Flow chart (block type) showing various possibilities of using roller press.

Water spray

ﬁ . Bag filter Fan

o)
feeder
N hpro® / @Ja Crusher
N AT -
b ) é—ﬂ—a;/

Flow chart. 7.2 Flow chart of single stage crushing.
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(@)

Q

(@)

4

1 Hopper

2 Apron feeder

3 Jaw/primary crusher

4 Belt under crusher

5 Belt to feed secondary crusher

6 Secondary crusher-Hammer/Impactor
7 Belt under crusher

8 Dust collector and fan

9 Dust collector and fan

Flow chart. 7.3.1

Flow chart of two stage crushing.

1 Belt from primary crusher

2 Secondary crusher

3 Belt from secondary crusher
4 Screen

5 Belt for coarse return

6 Belt to stock pile

Flow chart. 7.3.2 Flow chart of two stage crushing, wih secondary crusher in closed circuit.
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. . . 1 Feeder belt
3) Air sw%;:;{:gliﬁ r%ruﬁ separator 2 Pendulum flap valve
3 Ball mill
4 Grit separator
5 Coarse return screw
o 1 6 Cyclones
7 Mill fan
8 Hot gas entry
F Fresh feed
C coarse returns
. P Product
b) Bucket elevator miil with mech.separator
drying in separator 1 Feeder belt
_ 2 Pendulam fiap valve
h 3 Ball mill
TS 9 4 Air slide
6 5 Elevator
1 6 Mech.separator
Q O\ . --7C 8 p 10 7 Airslide for coarse return
 — 8 Hot gas entry
9 Bag filter
S 10 Bag filter fan
3 2 |
F+C
c) Bucket elevator mill with high efficiency separator
drying in mill
N L ° T
] 10
4 6
Q (@)
6 High efficiency separator
2 9 Dustcollector(product)
g 3 4 \ 5 10 Bag filter fan
F+C §

Flow chart. 7.4 Flow charts of drying and grinding ball mill systems.
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Total circulating load A+B

Hot gases —»

a) Plain circuit

F Fresh feed

P Product

A Circulating load separator

B Circulating load roller

C Circulating load external-circuit

Total circulating load = A+B+C
B Very much reduced in external circuit mill
A+B above = A+B+C

b} External circuit

Flow chart. 7.5 Vertical roller mills basic systems.
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2. to show material and gas flows in the section. of process control and instrumentation for the
These are used to size materials handling section including locations of field sensors.
equipment between processing machines and
also to arrive at capacities of fans to handle 7.7 Typical Flow Charts
required gas flows and to work out sizes of ducts Possibilities of various arrangements in various sections
and chutes, of a cement plant are far too numerous to be put

3. to indicate temperature and pressure / draught together. More commonly found flow charts for the
profiles in the section as also important various sections of a cement plant beginning with
parameters like Oxygen content, CO content crushing and ending with dispatches are enclosed.

etc. They can thus be used to work out details See Flow Charts 7.2 to 7.12.
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1-2 Batch biending silos
3-4 Storage silos

5-6 St.feed to storage silo underneath

9-10 Rotary valves/flow control gates

11 Air slide to kiln feed system
12 Elevator

1
‘ 7-8 Cross air slides
]
1
t

a)

Batch blending system for small plants
Double deck blending & storage silos

] + |
| X 1 &2 -Raw mills 1 &2

1

L I 3&4 -Preheater 1 &2
Prehpater | '| Preheater 5 & 6 - Kiln feeds 1 & 2
7 & 8 - Air lifts to blending silos-A&C

9 & 10 - Alr lifts to preheaters
11 & 12 - Airslides to blending silo B
A,C, Blending & storage silos for 1st mill
B Blending & storage silo for 2nd mill

7 & 8 - Feed silos A,B,C cyclically

b) Flow chart of Batch blending & storage silos for 2 kilns

it offers - flexibility & interchangeability

Flow chart. 7.6

Flow charts of batch blending systems.
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1

a) Direct firing system for coal in kiln

®

12

13

- 10 6 EE

15

Eﬂl &) §@h :

b) Indirect firing system for coal in kiln

Kiln

Cooler

Cyclone

Mill fan

Coal mill

Screw feeder/table feeder
Raw coal hopper

~N OO O AW N -

1 Kiln

2 Cooler

3 Cyclone

4 Mill fan

5 Coal mill

6 Screw feeder/table feeder
7 Raw coal hopper

8 Cyclone

9 Fine coal hopper
10 Screw feeder for

pulverisedcoal
11 PAfan
12 Dust collector
13 Screw conveyor
14 Dust collector fan
15 Rotary air lock

Flow chart. 7.7

Flow charts of coal firing systems for cement kiln.




54 Section 1. BASICS

1 Hoppers
D |8l 2 Roller press
3 Ball mill

4 Elevator

5 Grit seperator

5 4 6 High efficiency seperator
* 7 Dust collector

3 8 Fan

) i

<]
Op “<[-]
2

a) Roller press as pregrinder

1 A\
r—4 JE 8
6 .,MZ.'_' &l, 1 Hoppers

2 Roller press
3 Ball mili

2
'1e)e) sfz 4 4 Elgvator
‘ 5 Grit seperator
- 3 - 6 High efficiency seperator
-&— 7 Dust collector
8 Fan

b) Roller press in hybrid grinding circuit

v poh=apli

Hoppers

Rolier press
Disaggiometer

Elevator

Grit seperator

High efficiency seperator
Dust coliector

Fan

N
WV ~NOND WON -

-

¢) Roller press & disagglometer in finish grinding circuit

Flow chart. 7.8 Flow charts of Roller Press and ball mill in different combinations.
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- 1 .
Flyash — 11 [P 2 1,2 Clinker&gypsum hoppers

2 3,4 Feeder
5 Belt in to c.mill hopper
6 Cement mill
7 Air slide
8 Elevator
9 Separator
10 Coarse return
11 Fly ash feed
12 Product

1,2 Clinker&gypsum hopper
3.4 Feeder
5 Belt

6 Cement mill o.p.c
7 Elevator
8 Separator
9 Coarse return
10 Ground o.p.c

p) Grinding O.P.C in closed circuit

1 Fiy ash pipe / belt
2 Bin

3 Feeder

4 Elevator

5 Separator

6 Mill for fly ash

7 Air slide

8 Ground fly ash

1,2 Bins on load cells
3,4 Rotary feeders
5,6 Solids flow meters
7 Conveyor
8 Mixer

9 Pozzolona cement

r)  Blender for making ppc

b) PPC made by grinding fly ash & opcseparatly and mixing them

Flow chart. 7.9 Flow charts of different systems to make PPC.
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26,27

a)

23

Self contained dryer and coal firing system

Slag circuit

14 Hood

15 Belt for dried slag
16 Dryer

17 Hood

18 Belt wet slag
19 Bin

20 dust collector
21 Screw feeder
22 Fan

23 Belt for dust

] Clinker storage
Preheater
Cooler
1l. I l
i 1] | [ \
Coal mill
H ke
@

] T’ lg C.mills
123 ]
I —
el a L.

] ] o N\,
C)Fine coal bin
L
Coal storage Dry slag 1
Slag dryer
Wet slag [ eEil
L]
0]

b) Bringging pulversied coal pneumatically

from main coal mills

Coal circuit

1 Raw coal belt
2 Raw coal hopper
3 Feeder
4 Hot air generator
5 Coal mill
6 Grit separator
7 Cyclones
8 Screw conveyor
9 Fine coal bin on
load cell
10 Coal feeder
11 PAfan
12 Firing pipe
13 Combustion
chamber
24 Dust collector
25 Screw

26,27 Fan & chimney

Flow chart. 7.10

Flow charts of coal fired rotary dryer for slag.
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1 Belt bringing in raw material
2 Hoppers
3 Feeders
4 Mili
5 Air slide
6 Elevator
7 High efficiency separator
8 Coarse return
9 Screw
10 Air lift
BF1- bag filter & fan for mill hoppers
BF2- bag filter & fan for auxiliaries
BF3- bag filter & fan for product

V1 to V6-venting points in system

a) Venting systems in grinding circuit as an example

Vent volumes of

V2- Feeders
BF2 V3- Coarse return
v | V4- Air slide
V5- Elevator
V - Capacity of bag

0 filter BF2 m?/min
= V2+V3+V4+V5+ margin
V2 V3 V4 V5 for leakage + margin
for design

b) Volumes to be vented in cub m/min for sizing bag filter

Flow chart. 7.11  Flow chart of vent system in a ball mill circuit.
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B e

11
5 / “7
/7 8 g
1 L S
./ | i
4 13 ® 0 o2
3 14

1 Cement silo
2 Cement extraction
3 Air slide
4 Bucket elevator
5 Screen
6 Packing machine
7 Slat conveyor
8 Loading belt
9 Loading beit
10 Truck
11 Dust collector
12 Fan
13 Spillage collection
14 Spillage screw

Flow chart. 7.12

Flow chart of cement packing and despatches.




CHAPTER 8

8.1 Conversion Factors

As mentioned earlier, Cement is made by processing
minerals like limestone, clay, bauxite, sand, iron ore, in
suitable proportions to prepare a ‘raw mix’ for sintering
it to make cement clinker. Proportioning is done to
achieve various ‘modulii’ as explained in chapter 5.

Conversion factors could be defined as factors that
are dependent on chemical composition of constituent
materials individually and collectively to make unit
quantity of clinker or cement as the case may be.

8.2 Conversion Factors for Raw Materials
When Carbonates in ‘raw mix’ feed to kiln are
‘calcined’ to turn them into oxides Carbon Dioxide is
given out and is lost with exhaust gases.

Ca CO, = Ca0 + CO,

If raw mix consists of 100 % Ca CO3, to make
lkg of CaO would require 100/56 = 1.79 kg of
Carbonate. The loss due to dissociation is 44/100 or
44 % expressed in terms of carbonates. If limestone
has 85 % carbonates then loss on ignition (LOI)
would be 0.85 x 44 =374 %

This factor is used to find out quantity of limestone
required to make 1 kg of Clinker.

8.2.1 Raw Meal to Clinker Ratio (Consumption)
IfL.O.L of ‘raw mix’ feed to kiln is 37 %, then quantity
of raw mix required to make 1 kg clinker would be
1/(1-0.37) = 1.59

Raw mix is made up of limestone and additives like
clay or sand or bauxite and Iron ore or laterite in various
proportions to maintain the various modulii. These
proportions decide quantities required to make unit
quantity of clinker.
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Continuing with above example, 1.59 kg raw mix is
required to make 1 kg clinker.

Let raw mix be made from 85 % limestone, 13 %
clay and 2 % iron ore.

Then to make 1 kg clinker, quantities of these
constituents needed would be

1.59 x 0.85 = 1.35 kg limestone
1.59 x 0.13 =0.21 kg clay and
1.59 x 0.02 = 0.03 kg iron ore.

Total conversion factor for raw mix would be 1.59
and individual conversion factors for limestone, clay
and iron ore would be 1.35, 0.21 and 0.03 respectively.

They are needed to work out quantities of these
materials and also to calculate capacities of feeders
and conveyors.

8.2.2 Raw Meal to Clinker Ratio (Kiln Feed)
Preheater gases carry with them quantity of dust
depending upon the efficiency of the cyclones which
is generally between 0.92 — 0.94. Thus to produce
1 kg Clinker, it is required to feed to preheater-kiln
raw meal factor above / efficiency of top cyclones.
Thus if efficiency is 92 %, and raw meal factor 1.59,
raw meal to clinker ratio for kiln feed would be
1.59/0.92=1.73

8.3 Conversion Factors for Fuel

A quantity of heat input is required representative of
the process used to make unit quantity of clinker. This
heat input measured in kilocalories per kg of clinker is
known as ‘sp. heat consumption’ or ‘fuel efficiency’.
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To know sp. fuel consumption it is necessary to
know the ‘useful’ heat value of fuel used, and quantity
of fuel used to make unit quantity of clinker.

‘Useful” heat value is heat released by unit quantity
of fuel ‘as fired’ in a kiln. In case of solid fuels it will
contain 1-2 % residual moisture. Sp. fuel consumption
is often also expressed as % of coal (fuel) required to
produce unit weight of clinker.

Thus if sp. heat consumption for a dry process kiln
with 6 stage preheater is 700 kcal/kg, and useful
calorific value of coal used is 4500 kcal/kg, then coal
consumption is 15.55 %.

This conversion factor can be used to find out
quantity of coal to be obtained and processed.

8.4 Conversion Factors for
Blending Materials

1. Conversion factor of cement to clinker

In OPC 1kg clinker + ~ 0.04 kg gypsum makes
1.04 kg cement.

If plant capacity is expressed in terms of kiln
capacity of clinker produced, then to arrive at
capacities of cement mills this factor would be
taken into account.

Conversion factor of cement to clinker = 1.04
2. conversion factors for slag cement

Slag cement is made by blending blast furnace
slag, clinker and gypsum. A maximum of 65 %
of slag can be used to make slag cement.

slag cement could be made from say 38 %
clinker, 58 % slag and 4 % gypsum. Conversion
factors with reference to clinker would be :

cement /clinker = 100/38 = 2.63
slag / clinker = 58/38 = 1.53
slag /cement = 58/100 = 0.58

Actual factors can be worked out by using actual
proportions

These factors would be useful to find out
quantities of slag needed and total cement
produced etc.

3. conversion factors for Pozzolana cement

Pozzolana cement is made by blending fly ash,
clinker and gypsum. A maximum of 30 % fly
ash can be used. Pozzolana cement may be
made from say 72 % clinker, 24 % fly ash and
4 % gypsum. Conversion factors with reference
to clinker would be :

cement/ clinker = 100/72 = 1.39
fly ash / clinker = 24/72 = 0.33
fly ash / cement = 24/100 = 0.24

like slag above, these factors would needed to
work out quantities of fly ash and capacities of
respective feeders.

8.5 Factors for Moisture in

Materials as Received
When reference in quantities of raw mix or proportions
of constituents is made, it is with respect to ‘dry’
materials. Most materials like clays, iron ore, coal,
gypsum and slag are received wet with moisture
content varying between 5 — 20 % and with seasonal
variation therein during dry and wet seasons. It is
therefore necessary to know how much wet or as
available material is to be received and processed to
obtain desired dry quantities.

In most locations in India, limestones do not contain
more than 2-3 % moisture during dry months and
seldom more than 5 % even during wet months.
Therefore moisture in limestone is ignored in process
calculations except where very wet materials like sea
shells are used.

Coals habitually contain moistures ranging between
8 to 15 %. Granulated slag would also often contain
10-15 % water.

Quantity of wet material = quantity of dry material

+ moisture
Thus if,
moisture factor for allowing it
10 % (100 +10)/100=1.1
20 % (100 +20)/100=1.2

Quantity of wet material to be obtained and
processed would be multiplied by factors as explained
above.



8.6 Loss in Transit

Many a times materials like coal, gypsum etc., are
procured from long distances and their receipt at site
from the place of loading involves a number of
transshipments and shifting from railway wagons to
trucks and vice versa. A certain amount of loss in
transit is therefore inevitable. As a convention it is being
taken as 3 %. Thus to obtain at site 100 tons wet
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material, 103 tons would have to be procured and paid
for. This has a direct effect on variable costs of
materials. Therefore where necessary it is allowed for.

Various conversion factors mentioned above are
applied where needed for accurate estimation of
quantities and capacities of feeders and conveyors.
Table 8.1 summarises them.

Table 8.1 Conversion factors.

Conversion factor . Normal .
Sr. No. for Definition range Explanation
1 Raw meal/clinker Kg raw meal/Kg clinker 1.5-1.55 Depends on
{consumption) L.Ol
2 Raw meal/clinker Kg raw meal fed to kiln/kg 1.6-1.7 Allows for
(kiln feed) clinker dust loss
from
preheater
3 Cement/clinker Kg of cement from 1kg 1.04-1.05 | Depends on
clinker gypsum
added
4 Coal/clinker Kg coal consumed to 0.17-0.20 | Depends on
make 1kg clinker sp. fuel
consumption
and calorific
value of coal
5 Slag / slag cement | Kg of slag in 1 kg slag 0.48-0.58 | Depends on
cement slag that can
be added
6 Fly ash / ppc Kg fly ash in 1kg ppc 0.2-0.24 Depends on
fly ash added
7 Moisture Wet material /dry material Depends on
moisture
8 Loss in transit Qty material at source/ Generally
gty received at site 1.03
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DESIGN MARGINS TO ARRIVE AT CAPACITIES

9.1 Sectional Capacities

Sectional capacities depend on ‘running hours’ in each
section and also on factors or margins to be provided
for to arrive at capacities of major machinery and
auxiliaries in the section.

Knowing the total tonnage of materials to be
processed in the section and the number of running
hours, basic capacity can be arrived at. This capacity
multiplied by margins mentioned above gives the
‘design capacity’ of a given machine for procurement
and sizing.

Running hours in various sections of the plant will
be dealt within the next Chapter. In this Chapter the
rationale behind various factors and margins commonly
used for arriving at capacities and sizing is explained.

9.2 Design Margin

It is a margin over the rated capacity more or less for
all sections of the plant. Usually it is 10 %. This margin
ensures that rated capacity will be achieved in spite of
fluctuations normally expected to occur in quality of
raw materials and fuel.

It takes care of some unforeseen stoppages or
interruptions.

On the positive side, it helps in higher production
under favourable operating conditions

9.3 Safety Margin

Even when there is absolute certainty about the
efficacy of the process and machinery selected, it is
prudent to play safe as regards sp. fuel consumption
and sp. power consumption. Therefore a ‘safety
margin’ is added to arrive at capacities of all entities
dependent on them.
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For example a margin of 5 % on fuel consumption
would directly govern size of coal grinding and coal
firing sections and also gas flow in kiln and preheater
sections.

Safety factor on power consumption would
influence even maximum demand and ratings of
transformers etc.

9.4 Margin for Feeders and Conveyors
Material handling equipment of any kind should never
be a bottleneck to achieve the production over margins
mentioned above in major machinery and auxiliaries.
Therefore a margin of 20 to 25 % is allowed for over
design capacity in sizing material handling equipment
and in feeders.

9.5 Margin for upset Conditions

Machinery like kiln can run under upset conditions by
as much as 30 %. Such conditions can last for several
hours at a time. During this time, clinker conveyors
handle under burnt clinker at high temperatures and
high rates. Therefore conveyors for spillage and main
product for clinker going right up to clinker storage
are sized with a margin for 30 % for this condition.

9.6 Margins for Fans

A margin of 10 to 15 % is allowed in arriving at
capacities of fans over volumes arrived at after applying
design and safety margins mentioned above. Since
system resistance is proportional to square of velocity,
a 10 % increase in volume results in an increase of
20 % in system resistance. Therefore a margin of
20-30 % is necessarily added on static pressures of
fans.
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9.7 Margin for Crushers

Because of irregularities in mining operations, a margin
of 20 % is added over design margin, conversion factor
and working hours to arrive at crusher capacity.

However primary crushers are sized to suit bucket
capacities of shovels selected. It may so happen that
crusher so selected would render it unnecessary to
use above irregularity factor separately.

9.8 Cement Mills

A margin of at least 10 % is usually added on design
capacity in sizing cement mills. It takes care of spurts
in demand and also helps in clearing accumulated stocks
of clinker.

9.9 Packing and Dispatches
In actual practice, proportions of bagged and bulk

cement- dispatches by road and rail could be quite
different from those assumed at project stage — based
on data collected.

Even if 30 % dispatches should be in bulk it could
so happen that there would be periods when all of
dispatches are for bagged cement. Therefore capacities
of packing machines should be such as to be able to
cope for such a contingency. Same logic applies to
designing facilities such as mechanized loading for
dispatches by road or rail.

In short it should be assumed that
100 % cement would be bagged or in bulk
100 % dispatches could be either by road or rail

Table 9.1 summarises various margins mentioned
above.

Table 9.1 Margins and multiplying factors.

Multiplyi
Sr. No. Item Margin ultiplying Remarks
factor
1 Design Margin 10 % 1.1 In special
cases this
could be
higher
2 Safety margins for fuel and 5% 1.06
power consumption
For sizing substation 25% 1.1 %x1.25
capacity, maximum
demand
3 Margin for feeders and 15-20 % | 1.1 x (1.15-1.2)
conveyors
Upset condition of kiln 30 % 1.1x13
Fans
On volume 10-15% | 1.1 x(1.1-1.15)
On pressure 20-30 % 12-13
Crusher 20% 11%x1.2
Cement milis 10% 1.1 x 1.1
Packing and dispatches
Cement bagged and bulk 100 % 1.1x1.1x1
Cement by road / rail 100 % 1.1x1.1x1
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Above factors are to be used in conjunction with
conversion factors explained in Chapter 8
(See Table 8.1).

9.10 Margin for power cuts

When power cuts are severe, hours available for
running the plant are curtailed. Design margin of 10 %
cannot compensate for production lost. One way of
course is to include a power plant in capital costs.
Another is to allow for reduced available number of
hours of running in various sections so that machinery
selected has a larger capacity and produces required
rated capacities even in less available time.

Scheduled or unscheduled power cuts result in a
far greater loss in production because it takes some
time in each department to reach normal production
levels after an interruption.

Some entrepreneurs prefer to oversize machinery
to meet this contingency.

Factor to be allowed for will vary from location to
location. It could be between 20 to 30 %.

It is assumed that in normal circumstances such a
margin is not required. Hence it is not included in
Table 9.1.
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RUNNING HOURS IN VARIOUS SECTIONS

10.1 Running Hours

Running hours in various sections per day, per week
and per year decide the capacity of the section required
to achieve the yearly production targets.

These capacities in turn influence directly the sizes
and drive ratings of the major machineries and
auxiliaries in respective sections.

Over a period of time and for practical reasons,
some conventions have already been established in the
cement industry in this regard. These are described
below.

10.2 Clinkering Operations
Clinkering being a continuous process, the operation
of kiln and connected sections and auxiliaries must go
round the clock for days on end.

For kiln section, conventionally, 330 working days
are assumed per year of 365 days. This gives about
10 % of time for 2-3 stoppages in a year for ‘brick
lining’ and maintenance and upkeep of the various
machineries in kiln section itself and in sections
immediately upstream and down stream of it.

For all practical purposes, the upstream section
starts with extraction from raw meal storage silos and
includes metering of kiln feed and its feed to the
preheater/s and calciner.

Down streamside ends with clinker conveyor
discharging into clinker storage.

Fuel metering and firing section must also work
continuously with kiln; so also dust collecting equipment
for kiln, cooler and kiln feed sections.

Design running hours of a pyroprocessing section
per year are therefore 24 x 330 = 7920.

Before the advent of calciners in case of large kilns
(5 m and above in dia) running days used to be taken
as 300 only as life of brick lining in large kilns used to
be shorter. With calciner kilns this is no longer
necessary.

10.3 Preparation of Raw Materials

10.3.1 Quarrying and Crushing
In the past quarries worked mostly in day time in one
shift to start with and in two shifts later.

With plant capacities now reaching 3000-5000 tpd
even in India, this is hardly practical any longer.

Crushing section would normally be designed for
2 shifts working to start with and then 3 shifts working
after expansion (which in normal course would be
assumed as duplication or doubling of capacity)

The crusher capacity would therefore be so
selected as to supply requirements of crushed stone
for double capacity in 3 shifts.

Quarries likewise would work initially in 2 shifts
and later in 3 shifts.

For quarrying and crushing operations, effective
hours per shift are not all of 8 hours of the shift as
time is lost because :

(a) at beginning of first shift in starting mining
machinery, in directing them to faces in operation;
dumpers would normally return to the garage.
They too would have to be fuelled before going
to the loading points.

(b) There is a lead of say 1-3.5 kms between loading
face and crusher hopper. While it is planned to
have a continuous supply of stone to crusher to
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keep it filled, this may not always be so. Some
‘idle hours’ are to be expected.

(c) It is a good idea to empty the hopper of crusher
at the end of the day so that when restarted
feeder / crusher do not start on load.

For these reasons, the effective time of crushing
and quarrying operations is taken as 6 hours / shift
in first two shifts and 5 hours in third or night
shift.

Quarry and crusher sections work for 6 days of
the week. Hence are required to supply 7 days’
requirement of crushed limestone in 6 days.

Thus number of hours working / week in quarrying
and crushing :

2 Shifts 3 Shifts
Per Day 6x2=12 2x6 +1x5=17
Per Week 72 hours 102 hours
Per year 3744 hours 5304 hours

10.3.2 Grinding Operations
In size reduction crushing is followed by grinding
including drying where required.

Grinding mills prepare raw materials, coal for
further processing and convert clinker into cement.

Conventionally, for all the 3 grinding mills — raw,
coal and cement,

Running hours are taken as 20 per day.
Running days per year are taken as 360 per year.

Total running hours per year are 7200.

10.4 Raw Material Grinding

This operation grinds crushed stone and additives to a
fine powder, drying out moisture in its constituents
during grinding by using hot gases from kiln.

Conventionally working hours for grinding are
20 days, 7 days a week or 360 days a year — 20 x 360
= 7200 ; though maximum running hours available in
52 weeks would be 7280.

This allows for 4 hours /day for maintenance and
upkeep. It is not as if mill would be stopped after
20 hours. It will be allowed to run continuously as long
as possible. These hours are of course insufficient for
major grading and loading of grinding media in a ball

mill or change of liners of rollers, table etc., in a vertical
mill. These operations would take anything between
3-6 shifts. A long stoppage will be taken for such jobs
taking advantage of the margins available because of
20 design running hours per day.

In case of large ball mills, material handing
equipment is installed over the mill for loading the mill,
taking out lining plates etc.

Short portable conveyors are also used to load the
mill with grinding media.

It is also necessary to shift quickly unloaded grinding
media, to keep the area clean.

Vertical roller mill installation has to be provided
with cranes and gantries to take out liners of rollers
and tables and for jacking up the mill to remove gear
box. The equipment becomes an integral part of the
mill and the layout.

As major jobs mentioned above would take longer
than 4 hours, it is customary to synchronise them with
stoppage of kiln for brick lining. In doing so care is
taken to fill in the blending / storage silos of raw meal
before stopping the mill.

10.5 Coal Mills

Coal Mills are similarly assumed to be working for
20 hours/day. They use either cooler exhaust gases or
kiln exhaust gases for drying. Moisture in coal to be
ground varies considerably in dry and wet seasons but
would seldom be less than 8 %. Output of a mill
particularly ball mill is sensitive to moisture in coal to
be ground dropping by as much as 50 % in wet season.
Therefore in specific locations coal mills may be sized
on the basis of 16 to 18 running hours per day.
18 hours would require operation in third shift also and
hence 16 would be preferred.

10.6 Stacker and Reclaimer Systems
Stackers work together with crushers which supply
crushed limestone and coal for stockpiling to them.
Reclaimers work with grinding mills.

Therefore hours of working of stacker would
correspond to working hours of crusher feeding them.

In case of limestone, this would be 2 or 3 shift
working of total 12 or 17 hours.

Mills have hoppers before them. Hopper capacities
can be between 4 to 8 hrs for limestone in case of raw
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mills and coal mills. As mentioned above, mills work
for 20 hours per day. Without hoppers in between,
reclaimer would have to work also for 20 hours.
However with hoppers it is possible to reduce number
of working hours of reclaimer by increasing capacity
of reclaiming. Normally reclaimer would work for half
the hours — their job being to keep hoppers full. Running
hours will double if same reclaimer supplies stone /
coal to two mills after duplication.

10.7 Cement Packing and Despatches
Packing plants normally operate in all three shifts so
that wagons or trucks do not have to wait. This is also
true of dispatches in bulk.

When cement is dispatched in bags, packing and
loading operations are synchronized, that is, filled bags

are taken straight to trucks or wagons — without any
intermediate storage.

Till now, loading of trucks and wagons were labour
intensive operations necessitating short breaks at
regular intervals to rest loading gangs. Therefore
number of effective hours per shift for these operations
were taken as 5 and total per day of 3 shifts 15. Like
mills packing operations will be for 360 days per year
i.e., 5400 hours per year.

With increasing use of mechanized wagon and truck
loading machines, these running hours could be
increased to say 6 / shift.

10.8 Table 10.1
Table 10.1 summarises running hours for main plant
and after duplication.



Annexure 1
Table 10 .1 Working Hours in Various Sections of a Cement Plant.

Sr. No.

section
Qyarrying
Crushing

Stacker

Reclaimer

Raw mill
Blending

Extraction &
kiin feed

Kiln

Coal stacker

hrs/shift

6

24

24

A Main Plant

shifts/day hrs/day day/week hrs/iweek day/year

2 12
2 12
2 12
2 10
20
20

6

6

72

72

72

70

to suit capacity of wagon tippler

312

312

312

360

330

330

hrslyear

3744

3744

3744

3600

7200

7200

7920

7920

remarks

assuming supplies
day’s requirement of
mill in 10 hours

works with raw mill

works with kiln

Annexure 1 Table 10.1 Condd....
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Sr. No.

10

1

12

13

Sr. No.

section
reclaimer
coal mill
cement mill

packing and
despatches

section

Quarrying

crushing

stacker

reclaimer

raw mill

blending

hrs/shift

hrs/shift

[o)3e)}

shifts/day hrs/day

10

B Duplication

shifts/day hrs/day day/week hrs/week day/year

3 17
4 24
3 17
4 24
3 17
4 24
2 10
4 20

40

40

day/week hrs/week day/year

7

7

102
144

102
144

102
144

70

360

360

360

312
312

312
312

312
312

360
360

360

360

hrs/yr
3600
7200

7200

5400

hrs/yr

5304
7488

5304
7488

5304
7488

3600
7200

14400

14400

remarks

remarks

same crusher in 3 shifts
2 crushers in 2 shifts

same crusher in 3 shifts
2 crushers in 2 shifts

same stacker
2nd stacker

same reclaimer
second reclaimer

2 raw mills

2 blending silos

Annexure 1 Table 10.1 Condd....
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Sr. No. section hrs/shift shifts/day hrs/day day/week hrs/week day/year hrslyr remarks
7 extraction, 24 660 15840 2 production lines
kiln feed
8 kiln 24 660 15840 2 kilns
9 coal stacker to suit capacity of wagon tippler
10 reclaimer 20 7 360 7200 same reclaimer
11 coal mill 20 40 360 14400 2 coal mills
12 cement mill 20 40 360 14400 2 cement mills
13 packing and 5 6 30 360 10800 2 packing machines

despatches
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CHAPTER 11

TECHNICAL CONCEPTS

SECTIONAL AND INDIVIDUAL CAPACITIES

11.1 Sections of Cement Plant

A Cement Plant can be broadly divided into following
sections:

. Quarrying

. Crushing

—_—

. Storage of limestone and correcting materials
. Raw materials grinding
. Blending and storage of raw meal

N B W

. Pyro processing beginning with kiln feed,
preheaters and ending with clinker coolers and
coal / fuel firing equipment

7. Clinker storage

8. Coal crushing and storage

9. Coal mills
10.
11. Cement storage
12.
If the plant is making blended cements, then it will

have additional sections for handling blending materials
like slag and fly ash.

Cement mills

Cement packing and dispatches.

11.2 Capacity of a Cement Plant

The capacity of a cement plant is commonly expressed
in tons per year (TPA or tpa) or Million tons per year
(MTPA or mtpa). It then refers to cement/s produced.

It is also quite often expressed as tons per day
(TPD or tpd). It then refers to the clinkering capacity.

Thus capacity of kiln is universally expressed in
tons per day (TPD or tpd).

Cement capacity is obtained from clinker capacity
by increasing it by amount of gypsum added to it.
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When making blended cements conversion factors
as applicable will be used to convert clinkering capacity
into cement capacity. See Chapter 8, Table 8.1.

11.3 Sectional Capacities
Capacities of other sections are commonly expressed
in tons per hour (TPH or tph).

For example, for crushers it is stone crushed in tph;
for mills it is materials ground in tph; for packing it
would be cement packing in tph.

Despatches would commonly be expressed in tpd.

A Plant designer has to break up Overall Plant
Capacity into capacities of various sections mentioned
above.

11.4 Arriving at Sectional Capacities

These are calculated by using (a) conversion factors,
(b) margins and (c) running hours in respective sections
as explained in Chapters 8 to 10.

Simply put,

Rated capacity x margins
x conversion factors

sectional capacity = ;
running hours

in the pertinent section.
This is illustrated by the following :
1. Design capacity 10 %, factor 1.1
2. Let Rated capacity be | m.t.p.a. cement

Clinkering capacity m.t.p.a. including design
capacity = 1.1 x 1/1.04 (4 % gypsum) =
1.06 mtpa.

3. design capacity of kiln = 1.06 mtpa/330

=3200 tpd.
rated capacity = 2900 tpd
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Capacities of various sections listed above and
major machineries in them can be worked out by
applying appropriate factors, margins and running
hours. Table 11.1 in Annexure 1 illustrates this.

11.5 Capacities of Major Auxiliaries
Capacities of major auxiliaries like feeders and
conveyors are worked out by using pertinent margins
explained in Chapter 9, Table 9.1.

Capacities of various fans are dependent on process
requirements and are worked out using pertinent
process calculations. After arriving at base requirement
in terms of volume and static pressure, at rated
capacities, specifications of fans are worked out by
applying margins on volume and pressure as explained
in Chapter 9, Table 9.1.

11.6 Storages
Storages are expressed as stocks in tons in number of
days’ requirement and consumption.

To arrive day’s requirements, the procedure is the
same as explained above and in Chapters 8 to 10.

However to arrive at space requirement of
quantities to be stored, two other factors viz, moisture
content and bulk density have to be taken into account,

Storages would be dealt with in greater detail in
Chapter 13.

11.7 Example of a Cement Plant with a
Clinkering Capacity of 3000 TPD
Individual and sectional capacities have been worked
out by way of example for a 3000 TPD capacity

(clinkering) plant. See Table 11.2 in Annexure 2.



Annexure 1

Table 11.1 Overall multiplying factors and sectional capacities.

Sr.No

item

quarry raising

limestone
wet,crushed,

clay,wet

sand,wet

iron ore/laterite
wet

coal,wet

1-Total multiplying factor
unit design conversion proportion overburden moisture
margin  ratio
Multiplying Factors

tpd
1.1 1.6 1 1.1 1.05
tpd 1.1 1.6 09 1 1.03
(90% limestone)
tod 1.1 16 0.1 1 1.2
(10% clay)
tpd 1.1 16 0.06 1 1.1
tpd 1.1 1.6 0.02 1 1.15
(2% iron ore)
tpd 1.1 0.17 1 1 1.1

17 % coal consumption

0.18 with 5% safety factor

loss margin days/ total multiplying
in transit on design week factor
1 1 1.17 24
1 1 1.17 1.91
1 1 1 0.21
1 1 1 0.12
1 1 1 0.040
1.03 1 1 0.21
0.22

Annexure 1 Table 11.1 Condd....
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Sr. No. item unit design conversion proportion overburden moisture loss margin days/ total multiplying
margin  ratio in transit on design week factor
7 clinker tpd 1.1 1 1 1 1 1 1 1 1.1
8 gypsum, wet  tpd 1.1 0.05 1 1 1.15 1.05 1.1 1 0.073

5% gypsum
9 fly ash,wet tpd

10 bf siag,wet tpd

11 cement tpd 1.1 1.05 1 1 1 1 1.1 1 1.271
12 raw meal tpd 1.1 1.55 1 1 1.01 1 1 1 1.722
13 kiln feed tpd 1.1 1.68 1 1 1.01 1 1 1 1.870
for dust loss
14 pulverisedcoal tpd 1.1 0.18 1 1 1.02 1 1 1 0.200
with safety
factor

Annexure 1 Table 11.1 Contd....
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2 Sectional Capacities

Sr. No. section rated overall hours per capacity
capacity multiplying day per hour
tpd factor
1 quarrying Q 24 12 24 xQNM12
2 crushing Q 1.91 12 1.91 x Q/12
3 crusher Q 22 12 22 xQ/M12 for sizing crusher
4 raw mill Q 1.722 20 1.722 x Q/20
5 blending Q 1.722 25 stock of raw meal equal to
and storage days’ stock 2.5 day’s consumption
6 kiln feed Q 1.87 24 1.87 x Q24
7 kiln Q 1.1 24 1.1 x Q/24
8 coal mill Q 02 20 0.2 x Q/20
9 cement mill Q 1.27 20 1.28 x Q/20
10 packing Q 1.27 15 1.28 x Q/15

Annexure 1 Table 11.1 Condd....
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Annexure 2

Table 11.2 Arriving at sectional capacities and daily requirements of a cement plant with a rated capacity of 3000 TPD clinker.
Basis : Conversion factors, margins and running hours as explained in Chapters 8 to 10 — Tables 8.1, 9.1, 10.1 and 11.1

Sr. No. Section Item

1 Quarries Stone to be raised

2 Crushing Limestone to be crushed

3 crusher capacity

4 clay, wet to be obtained

5 iron ore wet, to be
obtained

multiplying hours/day hourly Daily requirements Remarks

factors

24 12
1.84 12
22 12
0.275
0.042

capacity as processed as received
tph tons tons

Design Margin 10 % for All Sections

600 7200 Limestone/clinker
1.6/1

460 5520 85 % limestone,
5 % mosture

550 20 % margin on
above

825 13 % clay, 20 %
moisture

125 2 % iron ore, 15 %
moisture; 3 % loss

Annexure 2 Table 11.2 Condd....
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Sr. No. Section Item
6 Stacker & stacker
Reclaimer
reclaimer

7 Raw materials Raw mill
grinding
8 Blending continuous blending
feed rate
extraction rate
9 kiln kiln feed
kiln, preheater and calciner
cooler
10 clinker main
conveyors spillage

multiplying hours/day hourly

factors

26

1.76

1.76

1.76
1.91

1.91

1.1

1.72
0.52

12

10

24

24

24

24
24

capacity
tph

660

530

265

265
240

240

137.5

215

Daily requirements Remarks
as processed as received

tons tons

20% on crusher
capacity
assumes only 10 hr
running, see Chapter 10

capacity on dry basis

raw meal to clinker
1.6; cyclone efficiency
92%

same as extraction

30 % upset condition
20 % margin above it
30 % spillage

Annexure 2 Table 11.2 Condd....
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Sr. No.

11

12

13

14

15

Section Item
coal grinding coal mill
raw coal coal as received
cement grinding cement mill
gypsum wet to
be obtained
packing and cement bagged /
despatches cement in bulk

cement sent by road
cement sent by rail

multiplying hours/day hourly

factors

0.19

0.21

1.27

0.07

1.27

1.27

capacity
tph

285

190

255

255

Daily requirements Remarks

as processed as received
tons tons

coal consumption 16 %

630 10 % moisture, 3% loss

gypsum 5 % ; 10 %
margin above design
capacity

210

100 % capacity to be
assumed for either

100 % capacity to be
assumed for either

8.
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CHAPTER 12

12.1 Making Clinker

In Cement Plants the main process and operation is
‘clinkerization’. It takes place in the ‘Pyroprocessing’
section containing Rotary Kiln at its heart, flanked by
Preheater and Calciner on one side and Cooler on the
other side. It produces clinker from raw meal fed to it
in preheater.

12.2 Clinkerization Involves
1. Drying in case of wet kilns only.
2. Preheating.

3. Calcination i.e., dissociation of CO2 from
carbonates in raw meal feed.

4. Sintering and formation of clinker.
5. Cooling of clinker.

It requires heat to be supplied to raise temperatures
to appropriate levels for processes of preheating,
calcining and sintering. Heat is supplied to calciner and
in kiln by firing fuel in them.

System exit gases from this section consist of:

(i). Combustion gases from fuel fired.

(ii). CO, released from carbonates in feed.

(iif). Excess air admitted in the system to ensure
combustion.

(iv). False air entering system by way of in leakages.

(v). Vapor from water in feed and coal.

(vi). Air used to convey raw meal into preheater.

12.3 Kiln Exit Gases

Gases from combustion and dissociation can be
calculated quickly by using empirical formulae. Let coal
be the fuel fired.
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Let
H = useful calorific value of coal in kcal /kg coal
A = theoretical air for combustion in nm3/kg
= 1.01 x H/1000 + 0.5 nm3/kg coal
m = excess air in %
G = products of combustion in nm*/kg coal
= 0.89 x H/1000 + 1.65 nm®kg coal
q = sp. heat consumption in kcal/kg clinker, then
V = exhaust gases leaving system

= g/H x (G + m/100 x A) nm?/kg clinker

In this formula m represents excess combustion
air and also false air.

In klin preheater system, excess air is taken as 10%
and total false air as 15%. Therefore m = 25%.

Example: H 4500, q =750 and m = 25
Then V = 1.15nm’/kg clinker

CO, released can be calculated from LOI of kiln
feed. For quick calculation it is taken as 0.3 nm’/kg
clinker

Conveying air is 0.1 nm3/kg if air lift is used to lift
raw meal into preheater and 0 if bucket elevator is
used.

Therefore total gases leaving preheater would be

A Withairlift=1.15+03+0.1 = 1.55 nm3/kg
clinker

B Withelevator=1.15+03  =145nm%kg

Rounding off they would be 1.6 and 1.5 nm>kg
respectively.
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12.4 Sp. Gas Volumes

Sp. gas volume decreases with increase in calorific
value of coal and with decrease in fuel consumption
as shown in Table 12.1.

Table 12.1
Calorific value Sp. gas volume in
of coal nm?kg clinker
Kcal/kg Sp. Heat consumption
Kcal/kg clinker
700 | 750 800
4300 149 | 1.57 1.64
4500 146 | 1.55 1.63
5000 141 | 149 1.56

Assume air lift to convey feed

As explained in Chapter 9, at design stage it would
be prudent to round off and keep a margin of 5 % to
calculate gas flows and fan capacities.

12.5 Gases used for drying
Kiln and preheater gases are used for drying in mills—
always in raw and coal mills.

Earlier cooler gases were used to dry coal in coal
mills. Now preheater gases are preferred because they
are inert.

Cooler gases are also used to dry in cement mills if
required.

Heat content of gases depends on their
temperature, and quantity of gases required, on the
quantity of water to be evaporated. Roughly sp. heat
of air / preheater gases could be taken as 0.3 kcal / nm?>.

12.6 Heat Required for Drying

Quantity of heat required to evaporate 1 kg water
depends on the initial moisture content and on material
to be dried. Table 12.2 shows approximate values for
limestone and coal.

Table 12.2 Heat required to evaporate 1kg of water
in kecal.

Initial moisture %
4 6 10 12
limestone | 1600 | 1300 | 1200 | 1150
coal 1800 | 1500 | 1300 | 1250

Material

Roughly it could be taken as 1200 kcal/ kg both for
limestone and coal because of the difference in their
moisture contents.

12.7 Quantity of Water Evaporated
Quantity of water evaporated is calculated as follows:

mw = % moisture in feed; mp = % moisture in
product

P = Output of mill with mp % moisture in kg/hr

Water evaporated W kg/hr = P x (mw-mp)/
(100-mw)

12.8 Quantity of Gases Required
Let T be temp. of gas available for drying; ‘S’ its sp.heat
at that temp.; and A, ambient temp.

Then heat content H of gas would be
H=1x(T-A)xS kcal /nm’

Quantity V of gas to be brought for drying would
be V = W x 1200 / H nm>/hr if heat of grinding is
ignored.

Approximately 80 % of power drawn in case of

ball mill and 60 % in case of v.r. mill is converted into
heat which is available for drying.

If S = Power drawn by mill in kw then heat of
grinding useful for drying = 0.8 x S x 860 kcals/hr for
ball mill and 0.6 x S x 860 kcal/hr for v.r. mill are
available for drying. To that extent quantity of gases
to be drawn from preheater would be reduced.

12.8.1 Gases Leaving Mill Systems
Gas leaving mill system would be

V + W/0.805 + leakage in system in nm>/hr
Leakage is taken as 10 % of gas brought in

It is then converted into actual volume at actual
temperature. With number of stages of preheater going
up to 6, temperature of gases leaving preheater has
come down from = 350 °C for a 4 stage preheater to
270 °C for a 6 stage preheater.

Total quantity of gases in raw and coal mill systems
at inlet and outlet can be calculated in this fashion.

System resistance is calculated to arrive at
specifications of fans.

12.9 Vent Gases
12.9.1 Cooler Vent Gases

Approximately 2.2 to 2.5 nm’/kg of clinker air is
admitted into cooler for cooling. About 0.8 to 0.9 nm3/kg



is used up as air for combustion. Balance is required
to be vented. This air is hot — temperatures ranging
from 150 to 300 °C and contains clinker dust. It is
vented through dust collectors — mostly esps.

12.9.2 Venting of Material Handling Systems
In material handling systems mechanical and
pneumatic, there is displacement of air which needs to
be vented through dust collectors.

12.9.3 Venting Main Machines
Main machines like mills, crushers, separators aiso need
venting.
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Suppliers of machines furnish data on vent volumes
and dust contents there of. This data is used to calculate
total quantity of gases to be vented in each section
and to select numbers and sizes of dust collectors in it
as also specifications of fans.

In Section 6 on detailing, these matters will be dealt
with further.

They have been mentioned here so that a total
picture of contents of various sections of a cement
plant would be clear.



CHAPTER 13

13.1 Storages

Storages are stocks of materials to be maintained in
between one part of the process and another to maintain
continuity of operation in the event of a breakdown in
a section.

Stocks are maintained of:

1. Raw materials i.e., limestones and additives
like clay, iron ore, gypsum and blending
materials fly ash and slag.

2. Fuel - Coal /oil
3. Semi Finished product - Clinker
4. Finished Products - Cements

13.2 Daily Requirements of Various Materials
In a large plant of 3000 tpd capacity, the daily
consumption / production of various materials at design
capacity is arrived at as explained in Table 9.1 of
Chapter 9, and Table 11.1 of Chapter 11.

For example

See Table 13.1

13.3 Conventions in Storing Various
Materials
Conventionally, storages, expressed in terms of

daily consumption, are maintained as shown in
Table 13.2.
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Table 13.1 Daily requirements of a 3000 TPD
cement plant.

Factor | Tons
Quarried stone 2.4 7200
Crushed Stone wet 1.9 5700
Raw Meal consumption 1.72 5200
Raw meal kiln feed 1.87 5600
Coal wet 0.21 630
Additive Clay wet 0.27 810
Iron Ore wet 0.04 120
Gypsum 0.07 210
Cement o.p.c. 1.27 3810
Fly ash 0.41 1230
slag 1.87 5600
Cement p.p.c. 1.69 5070
Cement slag 3.21 9630

Table 13.2 Storages to be maintained.

Material 1% unit | after duplication
No. of days
Uncrushed Nil Except in special
Limestone cases
Crushed 6-7 days 5 days
Limestone
Additive Clay 30-45 30 days
days

Iron Ore 30 days 30 days
Gypsum 30 days 30 days
Coal 20 days 14 days
Clinker 14 days 14 days
Cement 7 days 5 days
Raw Meal 2 Y2 days 2 days
Pulverised Coal 8 hours 8 hours




13.4 Factors Governing Storages
Factors governing storages to be maintained for
materials bought from outside would be :

1. The distance over which these items are brought,
time taken in processing the order and actual
receipt of material at site have to be taken into
account.

2. Continuity factor, reliability of sourcef/s.

3. Climate or weather factor, like differences in
moisture content in dry and wet seasons and
necessity to maintain stocks dry.

13.5 Storages of Semi Finished

and Finished Products
Factors governing storages of semi-finished products
and finished products within the plant are:

1. Frequency and duration of breakdowns in
respective sections.

2. Process requirements like blending operations,
which influence quantity to be stored.

3. Interruptions in production for long periods for
brick lining of kilns changing and grading of
grinding media and lining plates, roller liners etc.,
for ball and vertical mills.

13.6 Storages in Various Sections

13.6.1 Quarry

Breakdown of shovel / dumper can cause disruption in
supply of stone to crusher; but at least 3 shifts are
available per week for maintenance; normally standby
units are also provided. Therefore no stock of
uncrushed stone is normally maintained.

13.6.2 Crusher

Crusher breakdown will stop quarrying operations; will
disrupt milling operations unless there is a stock of
crushed stone. Often crushers are far from the plant.
Maintenance jobs like changing hammers, liners etc.,
can take longer than time available per week. Therefore
7 days’ stocks are normally maintained between crusher
and raw mill.

13.6.3 Stacker Reclaimer

Stacker reclaimer system design depends on degree
of blending required. It depends on number of layers in
the stock pile, which in turn are decided by quantity of
stone in stockpiles.
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13.6.4 Raw Mill and Blending
Blending silo does not receive raw meal when raw
mill stops. Kiln stops when raw meal is exhausted.

Major stoppages of raw mill for change of lining
plates, rollers, grading of grinding media can take — 2-3
days or 6-9 shifts (normally such jobs will be ‘planned’
in advance to coincide with stoppage of kiln). However
for maintaining running of kiln, raw meal stocks of 2-
2% days are maintained.

Continuous blending like stacker reclaimer depends
for blending effect on no. of layers formed and broken
during extraction.

A continuous blending silo, is never emptied to
contain less than 40% of its capacity. This is also a
factor which decides size and capacity of raw meal
storage.

Kiln feed

It is prudent to have a standby kiln feed system to
maintain continuity of kiln operation rather than create
a large intermediate storage immediately after the raw
meal storage. A small bin on load cells holding 15 to
20 minutes’ requirements of raw meal is provided.

13.6.5 Preheater — Calciner — Kiln and Cooler
As the material is continuously processed from the
time it enters preheater till it leaves clinker cooler there
cannot be any intermediate storage.

When cooler stops, kiln stops, coal firing stops; coal
Mill stops (when bin is filled up).

Kiln is stopped only in emergencies as sintering is
a continuous process. Kiln stoppages are planned for
brick lining. To allow for maintenance, as mentioned
earlier, number of working days of kiln are taken as
330 only.

Clinker stocks serve two purposes. First they allow
kiln to run when cement grinding has stopped for some
reason. Secondly they allow mills to run continuously
when there is a spurt in demand for cement.

Kiln is sized for working for 330 daysi.e., a million
ton cement plant, with 360 working days per year would
require a kiln of 1,000,000/(1.04 x 360) = 2670 tpd
rated capacity.; but because it is sized for 330 days,
the rated capacity would be 2910 tpd. This difference
makes it possible to build up clinker stocks.

13.6.6 Cement
Cement storage would depend on continuity to be kept
in supplies of cement to meet demand at all times promptly.



84 Section 1. BASICS

Table 13.3 Storage of crushed limestone.

Coversion ratio 1.55 : 1, 85% limestone

1¢t phase 2" phase
Plant capacity 3000 tpd 6000 tpd
With design margin 3300 tpd 6600 tpd
Crushed Limestone/ day 4350 Tons 8700 Tons
7 days’ stock in both phases 30,500 Tons 61000 Tons
2 Stock Piles Each 30,500 Tons Each 61,000 Tons
5 days’ stock in 2" phase 43,500 Tons
2 stock piles Each 43,500 Tons

Thus capacity could be increased by extending existing stock piles by 50 %.

This is in turn is governed by average radius of the
market and modes of transport and time taken for
cement to reach market from the date of receipt of
order.

Further, demands fluctuate. There could be sudden
bunching of orders as well as lean periods.

Cement mill is sized to allow for bunching of orders:;
storage is sized to allow for slack periods in orders so
that mills do not have to stop.

If a cement plant already exists, then it is possible

13.7 Storages After Expansion
This logic can be applied to other storages also to reduce
costs of storages as shown in Table 13.3.

13.8 Storage of coal.

Let specific fuel consumption be 750 kcal/kg and useful
calorific value of coal be 4500 kcal/kg. Then coal
required per day for I* unit and after duplication would
be as shown in Table 13.4.

Table 13.4 Requirements of coal.

to do in depth studying of market and its fluctuations 1* phase 2" phase
to arrive at a minimum safe quantity of cement that Plant Capacity tpd 3000 Tons 6000 Tons
needs to be stored. With design margin 3300 Tons 6600 Tons
Coal at designed capacity | 550 Tons 1100 Tons
Only as a thumb rule, about 6-7 days stocks are a1 P - Y
o . licati Coal Stocks raw coal with
maintained. Normally, in duplication, number of days 10% moisture and
stock could be reduced. 3% loss in transit 620 Tons 1240 Tons
Capacity tpd 20 days’ storage 12,400 Tons | 24,800 Tons
14 days’ storage 8,700 Tons 17,400 Tons
3000 6000
7 days’ stock 21000T 1t would be prudent to go in for 20 days stocks to
5 days’ stock 30000 T start with, create storage facilities for same and reduce

Thus, if 2 silos are constructed in 1% phase, only one
more silo would be added in the 2" phase.

1% phase
27d phase

— 2x 10000 T capacity silos
3 x 10000 capacity silos

stocks, in the light of experience during expansion, to
14/15 days.

Preblending facilities are even more advantageous
in case of storage of coal as compared to limestone.
Hence stacker reclaimer systems for coal are becoming
more popular in case of large plants.



They can be circular or linear but on a smaller scale
in size and capacity as compared to limestone.

13.9 Storage of Clinker
Clinker will normally be stored under a covered shed.
It is a semi-finished product. Weathering (without
getting wet) improves grindability.

It would be advisable to have separate stockpiles
of clinker for each kiln. There can however be a
common stock pile for under burnt clinker and spill
over.

It is customary to keep about 14 days’ stock of
clinker.
Plant capacity -tpd - 3000Tons 6000 Tons
designed margin - tpd - 3300Tons 6600 Tons

14 days’ stock  -Tons - 46,000 Tons 2 x46,000 Tons
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Inter changeability should be provided for the
transfer clinker from kiln 1 to stock 2 and vice versa.

In clinker storages, facilities are always provided
for storing extra quantity and also under burnt clinker
and for recovering them.

13.10 Space for Storages

Creating storages requires heavy investments also
considerable space. In a way it is un-productive
investment. But it helps ensuring production and sales
but indirectly.

Therefore it is desirable for keeping down the
investment, to keep storages to a minimum.

However, it is also not advisable to cut things too
fine. Stoppage in production due to lack of storage
facilities would cause direct loss of revenue.



CHAPTER 14

14.1 Machinery Schedules

Flow Charts are a pictorial presentation of machinery
and auxiliaries contained in a section. A Machinery
Schedule lists the machinery in it with details like
numbers, size and capacity and drive detail with brief
description.

It is a very useful document for all activities to be
taken in developing the design of a cement plant.

14.1.1 Building of Machinery Schedules
Chapters 8 to 13 progressively explained how step
by step numbers and capacities of machinery and
auxiliaries; capacities of storages and volumes of gases
to be handled could be worked out- albeit briefly at
this stage.

Sizes of main machinery could be obtained from
Suppliers; or Consultants can use their own experience
in the matter.

Drive details are normally furnished by Suppliers.

Standard Catalogues for commonly used material
handling machinery are useful in sizing them and in
selecting drives.

In early stages of the Project the Schedules so built
up need not be and will not be final.

14.1.2 Lists of Motors
From machinery schedules, lists of motors and gear
boxes can be built up.

Lists of motors are useful to design power
distribution system beginning with various sections of
the plant and going up to Substation.
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MACHINERY SCHEDULES

14.2 A Machinery Sehedule Shows:

1. name and brief description of a machine
2. numbers there of

3. size in form typically used for specific machines
for example:

size of ball mill is indicated as 4 m dia. x 8 m
long

size of kiln is indicated as 4 m dia x 60 m long
for belt conveyor

800 mm wide- 40 metre centres

4. in brief description would be included
for mill
dry, closed circuit, bucket elevator type
for kiln
dry, preheater kiln with calciner
for cooler
grate, horizontal, 3 grates — 1 static
for belt conveyor

horizontal/inclined; troughed-angle of trough;
angle of inclination

5. Weight

6. Drive detail indicating rating of motor and its
speed

7. capacities and numbers of hoppers bins and silos
in section

for example
for mill

hopper for limestone - numbers; capacity in
tons



8. refractories when needed in tons, type and
location.

9. fabricated items like chutes and ducts and
working platforms

In departments like mills and kilns these are
considerable in size and in total tonnage.

14.3 Other Uses of Machinery Schedules

Machinery schedule will also be the basic document
for building up Capital Costs of machinery and hence
has great importance.

Just as it is used to make lists of motors and gear
boxes, it is also used to list civil construction work in a
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department including main building, hoppers and bins
with approximate floor area and number of storeys. It
is thus useful to make estimates of Capital Costs of
civil construction.

Enclosed Annexures 1 to 4 furnish typical
schedules for just one section of the plant.

14.4 Annexure
machinery schedule for crushing section,

list of gearboxes,

list of motors,

bl

list of civil construction work in section.
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Annexure 1

1500 TPD Cemeent Plant Project
of
XXXXXXXXXXXXX
Section : Single Stage Crushing
Flow Chart drawing no: SPD/Crushing/0001/A4

Machinery Schedule For Crushing Section

Sr. No. Description Nos Capacity Size Drive Remarks
tph mms kw
1 Ramp 1 - - - civil
2 Hopper above 1 100 tons - - civil
crusher
3 Apron feeder 1 600 1.8 m wide x 20 Variable speed
6 m long drive
4 Single Stage Impact 1 500 1200 mm dia x 600 h.t. motor
Crusher 1800 mm
5 Short belt under crusher { 1 750 1500%5 m 10
6 Long belt conveyor to 1 750 1000 mm x 50
Stacker reclaimer 100m
7 Bag filter 1 45000 m°hr
8 Fan for bag filter 1 50000m>/hr 50
at 300 mmwg
Annexure 2
List of Gearboxes
Speed ratio
Sr. No. | Gearbox for | Nos | Rating KW | Input/out put | Type
rpm
1 Apron Feeder | 1 20 1000/ 96 Helical
2 Short Belt 1 10 1500/37.5 Worm
3 Long Belt 1 50 1500/37.5 Worm




Annexure 3

Machinery Schedules

1500 TPD Cemeent Plant Project

of

XXXXXXXX

Section : Single Stage Crushing

Flow Chart drawing no: SPD/Crushing/0001/A4

List of Motors

Sr.No. Motor for Nos RT&:‘ g S::)er:d V:g;gs;e Type
1 Apron feeder 1 20 1000 415 d.c.variable
speed
2 Crusher 1 600 1000 6600 Slip ring
3 Short belt 1 10 1440 415 S.C.
4 Long beilt 1 20 1440 415 s.C.
5 Fan for bag 1 50 1440 415 S.I.
filter
6 Compressor for | 1 3 1440 415 s.c.
filter
Annexure 4
Section : Single Stage Crushing
Flow Chart drawing no: SPD/Crushing/0001/A4
Civil Construction Work
Sr.No. Description nos A:za Remarks
Ramp to reach 1 10 m wide x
crusher 200 m long
Hopperr for 1 60m’ | 10mx6m
crusher
Crusher House 1 200 m? 2 storeys
Foundations for 1
crusher etc. lot
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CHAPTER 15

DRAWING SPECIFICATIONS FOR INVITING OFFERS

15.1 Plant and Machinery to be Procured
Based on the findings of TEFS and the size of the
plant proposed to be installed, the Consultants will carry
out basic engineering and in dialogue with the
Entrepreneur, fix the basic skeleton of the plant and
equipment to be ordered.

15.2 Enquiry Specifications and

Technical Data Sheets
It is necessary to invite offers for the Major plant and
Machinery and auxiliaries. Consultants would draw out
‘Enquiry Specifications’ for machinery furnishing all
pertinent details like:

1. Raw materials to be used with detailed properties —
physical and chemical — thereof; fuel and its
properties.

2. Duty requirements which will stipulate working
conditions and also indicate properties to be
achieved during processing like drying to be done,
fineness to which it is required to be ground.

3. Desired operational norms to be satisfied like
sp. fuel consumption and sp. power consumption.

4. Capacity and various margins to be kept.

5. Properties which affect sizing, like grindability.

15.2.1 Technical Data Sheets

To bring uniformity in the various offers received,
Consultants will prepare ‘Technical Data Sheets’ and
Vendors will complete them and return them with their
offers. If Vendors cooperate, evaluation of offers
becomes very easy.
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15.2.2

Bureau of Indian Standards have published a great
many standard enquiry specifications and technical
data sheets for various machines used in cement plants
which could be used in formulating enquiries and in
evaluation of offers.

15.3 Representative Samples

Entrepreneur will also make available representative
samples of raw materials to help Vendors in sizing the
machinery.

15.4 Floating Enquiries

Either the Entrepreneur or the Consultant on his behalf
will float enquiries inviting offers from reputed Vendors
who have the expertise in design and manufacturing
experience in the Machinery.

To save time, Vendors may be asked to submit
offers on a specific basis like fixed prices f.o.r.; to
indicate duties and taxes separately. It then becomes
easier to understand differences between different
offers. The scope of supply should also be clearly
defined.

15.5 Evaluation of Offers

Entrepreneur and Consultant must agree upon the
process of evaluation of various offers. One way is to
give weightages to specific properties and add them
up to arrive at rankings of various vendors.

It is customary to ‘short list’ 2 or preferably
3 vendors and carry on further detailed negotiations
with them.

Orders would be finalized on those whose offers
are better in long term operations and who can offer
better ‘after sales service’.



15.6 Responsibility for Performance

There are other practical considerations such as pin
pointing responsibilities for performance. From this
point it is often better to order a whole section from
one vendor. For example, kiln, preheater, cooler and
calciner — though it is feasible to order them from
different vendors.

15.7 Finalising Orders

When Consultants submit their recommendations in a
systematic way, it becomes easy for the entrepreneur
to decide on the selection. Finalising orders is a long
drawn out process and sufficient time must be given
for it.

(See implementation schedule in Chapter 9 of
Section 3.)
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If Vendors follow the guidelines mentioned above,
offers would be received in similar formats with all
technical and commercial details and drawings. Less
time will then be required in discussions and
negotiations with them.

15.8 Consultants’ Responsibility

It is Consultants’ responsibility to present evaluation
of all shortlisted offers in a fair and uniform manner
and to give them weightages using the same yardsticks.
Final decision would be left with the Company.

This matter being of great importance, has been
dealt with in greater detal in Section 7. Typical Enquiry
Specifications (ENQS) and Technical Data Sheets
(TDS) for principal machinery have been included
therein.



CHAPTER 16

PROPERTIES OF MATERIALS THAT AFFECT
SIZING AND SELECTION OF MACHINERY

16.1 Properties of Materials that

Affect Sizing of Machinery
In Chapter 11 the procedure of arriving at Sectional
and Individual Capacities has been explained.
Preceding Chapters 7 to 10 showed the various steps
leading to the procedure in Chapter 11.

For the same duty requirements, different
machinery would be selected taking into account
properties of material to be processed.

For the same capacity, sizes of machinery would
differ for different materials according to their own
physical properties and the fineness to which the
materials are to be ground for example.

It is therefore necessary to know the impact of
vartous such properties of materials being processed
on the sizing of machinery.

16.2 Crushing

Selection of primary crusher is dependent on the size
of the shovel used as explained in Chapter 2 of
Section 2 and Chapter 3 of Section 6.

Power required for the crusher is dependent on
the crushing strength of the stone being crushed and
the size reduction obtained in crushing,.

Sizing could also be affected if a crusher is required
to work in closed circuit as it would receive fresh feed
plus circulating load.

Moisture may not affect sizing directly, but there
could be buildups inside the crusher and time could be
lost. In crushers required to handle wet stone, breaker
plates could be rotating so that build ups could be
removed without requiring to stop crusher.
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16.3 Grinding Mills

Grindability is the most important property of a material.
It is expressed as power required to grind materials in
standardized conditions like for example, Bond’s
grindability test to establish Bond’s Work Index (BWI)
and also Hard Grove Index (HGI)

Sp. power required is directly proportional to BWI.
It is inversely proportional to Hard Grove Index.

Itis inversely proportional to square root of fineness
of product expressed in microns.

For example if sp. power consumption is 16 kwh/ton
when grinding to a fineness of 80 % residue on
90 microns, then when ground to a fineness of 80 %
residue on 53 microns, sp. power consumption will
increase by (90/53)%> = 1.3 times; i.e., it will be
21 kwh/ton. Therefore for the same capacity, mill will
be so much bigger.

Multiplying factors are also used when material is
ground finer than say 90 microns over and above those
used on account of grindability.

See Table 16.1.

Table 16.1
Blaine 80% Fineness
surface | passing size factor
microns

2520 62.4 1.018
2700 53.6 1.04
2880 45.7 1.07
3060 40.7 1.094
3150 37.6 1.11
3600 28.2 1.19
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Ready reckoner curves are available to arrive at
sp. power consumption for different grindabilities and
for different finenesses.

Moisture content in feed also affects sizing in case
of ball mills.

Above conditions are also valid for grinding coal
and cement in ball mills because in case of ball mills
BWI method has been universally accepted.

In case of cement mills, sp. power also depends on
C,S and C,S contents of clinker.
See Table 16.2.

Table 16.2
% C2S Multiplier for output
5 1.1
10 1.05
15 1.0
20 0.95
25 0.88
30 0.82
35 0.72

In case of vertical mills, Hard Grove Index is used
for sizing E Mills. In case of vertical roller mills each
manufacturer claims to have his own special index for
sizing purpose.

Moisture in raw materials or coal decides the quantity
of hot gases to be brought in the circuit. Output can
fall if moisture in feed is higher than the design value.

16.4 Kilns, Preheaters and Calciners
Kilns, Preheaters calciners are volumetric machines
and sizing is mainly dependent on capacity. Properties

like burnability affect temperatures to be maintained
in burning zone.

Because they are volumetric, following affect
sizing:
1. Altitude, particularly > 300 m above sea level.

This is because gas volumes are higher on
account of lower density,

2.sp. fuel consumption. Lower the sp. fuel
consumption, lower the gas volumes and for
same capacity, sizes will be smaller,

3. division of fuel between kiln and calciner.
Increase in percentage of fuel in calciner will
reduce kiln size but will increase calciner size.

16.5 Dust Collectors

Bag Filters

Sizing is dependent on the parameter ‘air to cloth ratio’.
Different values are used for different applications and
for different materials of bags.

Glass bags can withstand temperatures up to 240 °C
and hence dilution air required is much less as
compared to polyester bags which can withstand
temperatures up to 120 °C only.

ESPS

Sizing depends very much on the specific resistivity of
dust in the gases. Coal has low sp. resistivity as
compared to raw meal; clinker is worse.

When clean gas dust burden required is less than
110 mg/nm3, then it is required to use low migration
velocities which pushes up sizes of esps
disproportionately to increase in efficiency.
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CHAPTER 1

1.1  Quarrying Limestone
Process of making cement begins with quarrying
operations in which lime stone in mines is guarried and
brought to crusher for crushing.

Limestone quarries are opencast mines. Often
limestone appears as an outcrop right on the surface.
At other times it is under an overburden that can vary
in depth but is generally less than 3 metres thick.

Limestone deposits occur in a variety of ways.
Some are in the form of a hill. Some are plain thick
slabs: some are fragmented with substantial interstitial
impurities.

Deposits are won by mining them. The first step is
to drill holes, fill them with explosives and blast them

so as to loosen the rock.

Loosened rock is collected by shovels and loaded
into dumpers in mechanized mining. In manual mining
stone only up to 300 mm in size is loaded into trucks /
wagons. Therefore stone is subjected to secondary
blasting to break big boulders.

1.2 Wagon Drills and Portable Compressors
Equipment most commeonly used for drilling holes in
rock are truck mounted, compressed air operated
wagon drills. Size of holes and type of explosive to be
used would be decided by mining experts to suit the
deposits. Spacing of holes and their depth will also be
decided by them according to depth of deposits and
height of bench.

See plate 1.1.

QUARRYING OPERATIONS

Plate 1.1

Wagon Drill.

Since power will not be available in mines in early
stages, portable diesel engine operated compressors
supplying compressed air at around 7 kg/em? would
be used. Compressors will be shifted from place o
place by attaching them to tractors. Wagon drills can
be either truck mounted or pulled by other vehicles
and hence can be shifted from place to place. If
compressors are water cooled. provision will have to
be made for its supply.

Since quarrying is a conlinuing operation, cement
plants would prefer to have their own drills and
compressors along with other quarrying equipment.
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1.3 Shovels, Dumpers and Bulldozers
These are the most commonly used earth moving
equipment used in quarrying operations, They come in
specific sizes and capacities and are selected according
to tonnages to be handled per hour or per shift.
Numbers will depend among other things on:

1. Number of faces in operation simultaneously,

2. distance between quarries and crusher and time
taken for a round trip.

3. provision for standby for ensuring uninterrupted
work,

1.4 Shovels / Wheel Loaders /
Front End Loaders

Shovels can be electrically operated but more
commonly they are diesel operated. They may have
‘track” to negotiate rough and uneven termain in quarries
or will have ‘tyres’.

They will be moving along the ‘face” and from ‘“face
to face’.

Size is designated by the capacity of bucket

expressed in cubic yards or cubic metres. Size of

bucket also decides the maximum size of stone the

bucket can hold. Annexure 1 furnishes sizes of

shovels, width of buckets and maximum size of stone

they can deliver. This in turn decides the sizing of

crusher as crusher must be big enough to receive and
crush stone delivered by the shovel.

Generally crusher opening would be 125 % of the
max. size of stone.

Annexure 2 furmishes sizes of Jaw crushers for
some sizes of shovels,

Capacities of various sizes of shovels are made
available by the Manufacturers in terms tons loaded
per hour. Assumptions made would be number of
swings per minute, bulk density of stone and etficiency
of filling which is taken on an average as 70 %.

Please see rs 62 and rs 63 in Section 8 i.e..
Reference Section.

See plate 1.2,
1.5 Dumpers

Commonly used vehicles for transporting “run off mine’
stone picked by shovels to crushing plant would be :

1. Self tipping trucks when mining is manual,
2. rear end dumpers,
3. tipping railway wagons when stone is

transported by company’s own railway to
crushing plant,
The most common among them are rear end dumpers.
Shovels load dumpers. Dumpers are heavy duty
diesel vehicles,

Open heavy duty body which holds stone is tilted
end to end hydraulically to unload stone into crusher

hopper.

Plate 1.2 Wheel Loader.



Dumpers come in standard sizes specified by
carrying capacity expressed in cubic metres or in tons.

Dumpers are selected to match loading capacity of

shovels. Numbers are dependent on the time taken
for a round trip to crusher. Generally for each shovel
there would be three dumpers.

See plate 1.3,

Plate 1.3 Rear End Dumper.

Quarrving Operations 3

Annexure 3 furnishes typical sizes and capacities
of dumpers, and also minimum radius of wrning and
optimum gradient for hauling. They are useful in
designing ramps and roads on which Dumpers would
ply.

1.6 Bulldozers

Bulldozers are required to loosen over burden and to
level ground. They carry out several tasks with
attachments and are an essential part of earth moving
machinery. Annexure 4 furnishes data on Bull dozers.
See plate 1.4,

1.7 Rippers

If type of deposits permits it. blasting is avoided and
stone is ‘ripped’ up from the bed. This avoids vibrations
caused by blasting.

Geologists, Mining Engineers and Manufacturers
of earth moving equipment should be consulted in
formulating mining plans and in selection of equipment.
They can advise on cosis of operations and help in
optimizing capital and operational costs.

Comfortable
oparator seal

Fuel tank

Bolt on type
segmental sprocket

Durable inter connencled
steering clutches and
brakes

Powerful hydraulic
lift cylinders

Versatile and
powerful blade

Special wear resistant end
bits and cutting edges

Plate 1.4 Bulldozer.
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Annexure 1
Shovels, their Sizes and Capacities.

Excavator Shovels

Sr. No. Nominal Bucket Hourly Operative Width of Max. size
size capacity capacity weight bucket of stone
delivered
m? tph tons mm mm
1 100 0.5 154 12 1120 740
2 220 1 239 21 1250 825
3 300 1.8 387 3 1660 1095
4 650 3.7 663 65 2070 1366
5 1000 5.5 910 95 1940 1280
6 1600 1 1578 160 2710 1788
Loading shovels
Sr. No. Mominal Bucket Hourly Operative Width of Max. size
size capacity capacity weight bucket of stone
delivered
m? tph tons mm mm
650 4.5 B8O7 67 2320 1530
2 1000 7 1159 98 2650 1750
3 1600 13 1865 162 3800 2500
Annexure 2
Relation between Sizes of Shovels, Buckets and Jaw Crushers
SrNo. Size of Shovel Size of Stone Size of Size of Gyratory
m? passing bucket Jaw crusher crusher
mm x mm depth x breadth
mm*‘mm mm
1. 0.57 BOO x 875 600 = 900 400
2. 0.77 825 x 950 750 x 1050 500
3. 1.15 750 = 900 900 x 1200 520
4. 1.53 825 = 1125 900 =% 1200 520
5. 2.29 1000 = 1200 1200 = 1500 1200
6. 3.06 1200 x 1425 1400 = 1800 1500
7. 3.83 1200 x 1500 1650 x 2150 1800

Source : Based on Handbook of M/S Hammemmills, U.S.A.




Annexure 3

Quarrying Operations

Rear end Dumpers Sizes and capacities

Sr. No. Nominal size payload heaped capacity max. speed min. radius
tons m3 kmph ofturning m
1 35 32 22.5 47 7.16
2 40 36.5 24 66 10.5
3 50 54 34 57 9.8
4 60 55 36.5 62 9.9
5 70 64 42 65 9.9
6 85 78 52 65 9.9
7 90 85 58 65 9.9
8 100 91.5 61 60 9.9

Maximum and optimum gradient for hauling in quarries and for crusher ramp is one in sixteen.

Annexure 4

Sizes of Bulldozers

Sr. No. Nominal size Blade dimensions Operating weight Drawbar pull

metres tons tons

1 31 2.42 x 0.75 6.2 7

2 50 3.35 x 0.85 11 10.3

3 65 4x1.15 16.7 27

4 80 43x1.1 215 19.6

5 155 413x 1.6 36 66

6 230 43 x1.13 23 40

7 355 432x1.9 44 90

8 475 53x26 95 150

Information in Annexures 1, 3 and 4 is based on data furnished by
Bharat Earth Movers Ltd.




CHAPTER 2

2.1 Crushing

The second step in making cement begins with crushing
of limestone as mined and received. In turn crushing
operation prepares stone for the subsequent operation
of grinding or pulverizing.

The extent of size reduction in crushing operation
depends on one hand the ‘run off mine’ stone as
received from quarries and the size of stone as required
by the mills selected for grinding on the other.

Size of ‘run off mine’ stone depends on whether
mining is ‘manual’ or ‘mechanised’.

Manual mining is relevant only to small plants.
Mined stone pieces are carried as head loads and size
is limited to — 300 mms.

CRUSHERS

Mechanised mining uses shovels and dumpers for
bringing stone to crusher. Therefore size of stone is
directly related to size of shovel used, that is the size
of its bucket as has been brought out in Chapter 1.

Ball mills require for grinding size of feed generally
less than 25 mm.; smaller the better.

Vertical Roller Mills, Roller Presses and Horo mills
can receive stone between 75 to 100 mm size.

2.2 Ratio of Reduction

Ratio of reduction decides the number of stages of
crushing required and the type of crushers to be used.
Table 2.1 shows ratios of reduction for various
possibilities of mining and grinding mentioned above
and number of stages of crushing required.

Table 2.1
Sr e Manual . -
no Description mining Mechanised Mining
Size of shovel m®bucket capacity
1.5 2 25 3 4

1. | Szeofstone | -300 | gogx1150 | 900x1200 | 1000x1200 | 1200x1400 | 1200x1500
2. | Type of mill Ball mill
3. | Size of feed -25mm
4. | Reduction

ratio 12 46 48 48 56 60
5. | No. of stages 1 e 2 >

of Single stage hammer crusher for manual mining

crushing Jaw and hammer crusher for two stage crushing
6. | Type of mill V.R.Mill or Roller Press
7. | Size of feed -75mm
8. | Reduction ratio 15 | 16 | 16 [ 18 | 20
9. | No. of stages 1 Stage

of crushing Hammer or Impactor




2.3 Types of Crushers
Main types of crushers used in Cement Industry to
crush limestone are:

1. Jaw Crushers
- single or double toggle
2. Hammer crushers
- umdirectional or reversible
- full or partial grate bars
- single or double rotor
3. Impactors
Single or double rotor
4. Gyratory and cone crushers

Jaw crushers and gyratory crushers are used as
Primary crushers in two stage crushing. Size reduction
is limited to 5 10 6 : 1. Size of crusher designated by
feed opening is dependent on size of shovel used.

Hammer crushers and Impactors can be used both
as Primary crusher in single stage crushing and as
Secondary crusher in two stage crushing.

2.4 Jaw Crushers

In jaw crushers as the name suggests crushing is done
by exerting crushing force between a fixed jaw and a
moving jaw which moves back and forth like a human
Jaw. Reciprocating motion is imparted by an eccentric
and a toggle.

See plate 2.1.

Crushers 7

Jaws can be straight or curved, plain or corrugated.
Toggle can be single or double.

Angle between the jaws grips the stone and crushes
it and pushes it down for further reduction in the next
squeezing stroke,

Because of the ‘throw’ of the moving jaw there is
always about 15 % oversize in the product of a jaw
crusher. Production charts give outputs at different
sizes of closed side settings. Hence if size of product
is to be restricted, capacity at a setting smaller by the
throw should be considered.

Jaw erushers are not run in closed circuit to control
size of product for the same reason.

Jaw crushers are slow moving machines, Crushing
faces are generally made of manganese steel. They
are replaced when wom out. A toggle is used to adjust /
maintain closed side setting to suit size of product
desired and to allow for wear on the jaws,

Jaws need to be taken out of crusher for
replacement. They may be in one piece or in two pieces.

A lifting tackle above the jaw would be provided
for this purpose.

A reciprocating feeder is likely to result in rush of
stone in the mouth of the crusher and jam it. For large
capacities Apron Feeders are preferred.

Plate 2.1 Double Toggle Jaw Crusher.
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2.5 Hammer Crushers

As the name suggests rotating hammers mounted on
discs pound the stone fed into the crusher against
breaking plates. Stone is broken into smaller pieces
and gets further reduced because of reducing clearance
between tips of hammers and breaking plates.

The bottom is fitted with grate bars fully or partially
through which stone crushed smaller than the spacing
in the grate, passes.

Over size is subject to repeated pounding till it is
finished to size.

When Hammer crushers are unidirectional, only
one face of the hammers is used in crushing and is
worn out. Hammers are reversed to bring second face
in use. Feed must enter the crusher so that rotating
hammers catch it at a point where impact is maximum.

Hammer crushers can also be reversible when feed
falls right on top and crusher can run in either direction.
It has the advantage that both faces of hammers are
used for breaking stone without requiring to take a
stoppage and reverse hammers.

Grate bars are fixed in cages which are hinged on
one side for access and replacement.
See plates 2.2 and 2.3.

Plate 2.2 Single Rotor Hammer Crusher.

Plate 2.3 Double Rotor Hammer Crusher.

2.5.1 Control of Product Size

Hammers and grate bars are made of manganese
steel. Hammers are built up by hard facing. Normally
one set of hammers will be kept ready to replace the
worn out. In installing built up set, care is taken to
‘match’ the hammers so that rotor is not unbalanced.

Some designs have only partial grate bars.

Size control is thus two ways — one by adjusting
breaker plates and two — by adjusting spacing between
grate bars, Therefore hammer crusher is well suited
for running in closed circuit to maintain a product of
fixed size. As a secondary crusher it will often be run
in closed circuit and particularly when subsequent
grinding mill is a ball mill.

It is not necessary to run it in closed circuit when
the mill is a V.R.Mill or a Horo mill or when there is a
Roller Press.

2.5.2 Various Designs of Hammer Crushers

In some designs there are two rotors in the same casing
turning in opposite directions.

See plate 2.3.

There are a great many designs of hammer
crushers and hammers themselves. Presently a smaller
number of heavy hammers running at high speeds
ranging between 40 to 50 metres per second are
preferred.

Hammers are arranged 3 or 4 to a round and in a
number of rows held between pairs of discs. There
are spacers between discs to slide discs along the shaft
for installing hammers.

As in case of Jaw crushers, an overhead traveling
crane with a hoist will be installed to facilitate
maintenance of hammers. For large crushers a
hydraulic puller will be installed to take out shaft from
the side.

When working as a secondary crusher, it will
receive feed directly by a belt conveyor from the
primary crusher. As a primary crusher it will have a
hopper above it.

2.6 Impactors

Impactors have 3 or 4 more blow bars fitted on a rotor
along its width. They throw stone on impact breaker
plates and in a series of impacts between plates and
blow bars stone is fragmented to desired size.



There are no grate bars for controlling the size.
Hence impactors are better suited when grinding mills
are V.R.Mills or when a roller press is used as pregrinder.

Impactors are more prone to wear when stone is
hard and has high silica in it. Therefore while selecting
between a hammer mill and an impactor, hardness of
rock and its silica content should be looked into.

Blow bars will be made of manganese steel. They
can be of reversible design so that both edges can be

Crushers 9

used for breaking stone. Rotor will be cast steel
mounted on a shaft of forged steel.
See plates 2.4 and 2.5,

2.6.1 Two stage impactor

In some designs stone is broken to required size in two
stages in the same casing. Product of stage one is
broken in stage two.

See plate 2.6.

L Pt
T P |

o

Plate 2.4 Impact Crusher,

Plate 2.5

Impact Crusher with Push-in type Reversible Blow-bars.
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Plate 2.6 Two Rotor Compound Impactor.

2.7 Feeders

2.7.1 Apron Feeder

Apron feeder is the preferred feeder for crushers
particularly for large capacity single stage crushers
receiving run off mine stone.

Because of the feeder’s upward slope, stone does
not rush into crusher. It also helps to reduce depths of
pit in the crusher. It is rugged in construction and is
slow moving. Therefore widths are more. Its width
should match the width of crusher. Feeder will have a
variable speed drive to regulate feed.

Apron feeder carries on its under side lot of fines
causing spillage.

This is collected in hoppers and conveyed by a belt
onto the main belt.
See Fig. 2.1.

2.7.2 Reciprocating Feeder

Reciprocating feeders are better suited for small
capacity crushing installations and where mining is
manual or semi mechanized.

In reciprocating feeders stone travels along the
downward inclined and reciprocating carriage. Rotary
motion of motor is converted into reciprocating by an
eccentric and a connecting rod.

7] 49
1 Crusher hopper 2 Apron feeder
3 Spillage hopper 4 Spillage belt
5 Hood for vent 6 Cover over apron feeder

T Discharge chute to crusher

8 Inspection door heavy machinery
9 Chain pulley block/ Crane to lift
10 Chain pulley block to lift boulders

Fig. 2.1 Apron feeder for crusher.

Because of its slope, stone tends to accelerate into
crusher mouth.
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Gnzzly for fines

Bl

1 Reciprocating feader
2 Supporting stand

| 3 Connecting rods-eccentric

Fines

i Drive

5 Hopper

6 Hopper for fines
T Fines conveyor

-

8 Chains for arresting stone

Fig. 2.2 Reciprocating feeder for crusher.

1 apron feader
2 crusher

J)

3 belt under crusher

4 belt under apron feeder

5 main belt
6 bag filter

7 vent ducls
fan

9 dust return

I e,
b 8

/
a

Fig. 2.3 Bag filter in crusher circuit.

In some designs, part of carriage has spaced bars
so that stone that does not need crushing falls through
them and can be fed to the product belt under the crusher.

See Fig. 2.2.

2.8 Crushing Wet Stone

If stone contains wet and sticky clay, performance of
the crusher is affected. In extreme cases, hot gases
are passed through crusher to dry out the wet clay. In
some designs of hammer mills, breaker plate is in the
form of a turning chain so that adhering clay can be
scraped off it

2.9  Power Consumption in Crushing
Crushing consumes about 1.5 to 2 units of power per
ton of stone crushed. In terms of cement it would be
between 2 to 3 units per ton,

2.10 Venting of Crushers and Feeders
Crushers and feeders are vented by collecting vent
gases and passing them through a bag filter. Rotors of
hammer mills and impactors behave like impellers of
fans and displace considerable quantities of air that
needs 1o be vented.

See Fig. 2.3.
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2.11 Mobile / Semi Mobile Crusher

In case of large cement plants mines would be spread
over hundreds of hectares. Leads from working faces
to the crusher would be short initially but would increase
by several kilometers in course of time. Operational
costs of earth moving machinery —dependent as they
are on cost of diesel oil- are high and they can be kept
down by not allowing the lead to increase. This means
crushing unit should move as faces recede.

Mobile or semi mobile crushers make this possible.
The complete crushing unit consisting of hopper, feeder,
crusher and a short discharge conveyor is either
mounted on a carriage- crawler track mounted or is
tyre mounted. When the unit is self propelled it is a

‘mobile” unit. When it is required to be towed it is a
‘semi mobile’ unit.

Crushed stone would be conveyed to the plant by
a system of belt conveyors whose total length would
increase as crusher is moved further into quarries.
See plates 2.7 to 2.9.

2.12 Automatic Sampler

An automatic sampler is installed to collect samples of
crushed stone before it is fed to the stock piles. This
helps in monitoring quarrying operations and also helps
in ascertaining efficiency of ‘preblending’ achieved in
following ‘Stacker Reclaimer’ systems.

ZEAZLESEE

Plate 2.7 Mabile crushing unit— wheel mounted.
" 1-Fd et 1= =
Bigls) THr2
2! FA ¢
Plate 2.8 Mobile Crushing Unit with crawler track.
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Plate 2.9 Semi Mobile Crushing Unit.



CHAPTER 3

STACKER RECLAIMER SYSTEMS

3.1 Stacker Reclaimer Systems In case of linear piles when one pile is built up,
Stacker Reclaimer Systems are storage and extraction material is extracted from the second pile. Thus two
systems for crushed and granular materials like piles supply material to the plant alternately.

crushed limestone and coal. See Figs. 3.1 and 3.2.

In case of a circular stock pile, pile is formed to
occupy three fourths of the circle. Ple is built up from
one end and extracted from the other end.

They can handle material at high rates of feed and
extraction because conveyors in the systems are belt

conveyors.

. . . Circular piles are generally used for coal because
Materials are stored as triangular stock piles. - .
capacities and handling rates are small.

Qu?mti‘ty to F)e stored is determined by thﬁ? stocks to be See plate 3.1 and Fig 3.3.
maintained in number of days’ consumption.

3.3 Stacker

3.2 Types of Stock Piles It receives crushed stone / coal from the crusher. It

Therhe are f:ithg two lin.ear stock piles- arranged side consists of a movable carriage which moves on rails
by side or in line; or a circular stock pile. along the proposed stock piles. Length of travel is equal
1 2“ — \[
'6_ — 7 } | /\ . _ )
o 3 =
1st phase 4

i
\

re—

SE— = (pe——3=5

2nd phase
1 Stacker belt
All items to have capacity 2 Stacker
required after expansion 3 Reclaimer
4 Reclaimer belt to mill
5,6 Stock piles
Fig. 3.1 Linearly arranged stock piles extend lengths of stock pile.

14
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1st phase

2nd phase

1 Stacker belt

2 Swing boom stacker

3.4 Reclaimers in two phases

= (_|2 8. % _1DH_

1 | = —-= I 5,6 Reclaimer belts
4 .
) ( — / \/ — ~ 7 Belt to raw mills
g 7 \ /\ 7 8,9 Stock piles. phase-1
10,11 Stock piles. phase-2
¥ -
i
Crusher, stacker belt & final belt to mill to 7
have capacity after expansion
reclaimers & their belts have capacites L ]
corrspoending to individual units
Fig. 3.2 Piles arranged side by side same crusher-swing boom stakcer two reclaimers.

1 Incoming belt conveyol
2 Jib
3 Conveyor belt, jib
4 Central column
5 Luffing unit
6 Jib counterweight
7 Operator cabin
8 Raking harrow
9 Raking car
- 10 Scraper chain
11 Hydraulic chain
tension unit
12 Bogie
13 Outlet hopper
14 Outgoing belt
conveyor

Plate 3.1 Circular stacker reclaimer system.

to length of two piles when they are lineally arranged
plus some more. Stacker belt goes over this movable
carriage and drops material it is carrying on a cross
belt which reaches up to the center of the stock pile
and which can slew upward and downwards pivoted
at the feeding end. Material is dropped from this belt
as the main belt moves at a predetermined rate along
the pile. When cross belt reaches the end of its travel,
carriage starts in reverse and deposits another layer
on the pile. Pile thus gets built up in layers.

See plate 3.2

3.3.1 Building up of Stock Piles

There are many ways in which layers can be spread
and piles built up: the most common being ‘windrows’
and’ chevron’,

See Figs 3.4 and 3.5

In swing boom type stacker, the cross belt can
swing by 180”10 form two piles along side.

See plate 3.3

3.3.2 Stacker for Coal

For building up piles of crushed coal different methods
are used so as to form trapezoidal piles because piles
are 1o be restricted to a height of 3 metres.

See Fig. 3.6 and 3.7

3.4  Reclaimer
Reclaimer consists of a hoe or a rake which dislodges
material in layers in small thicknesses from the entire
cross section of the pile.

Dislodged material falls ona pan conveyor running
across the width of the pile and drops it on a belt to
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Plate 3.2 Stacker.
Extraction bell
— Feeder bell
Reclaimer beit
beit
Fig. 3.3 Circular stacker reclaimer system for coal.
Plate 3.3 Swing boom stacker and two reclaimers for two production lines.
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1-Chevron method 2-Windrow method

Fig. 3.4 Various stacking methods for stacker reclaimer systems.

FEL

EIRENRENY

/E\\

L \ .
3- Stacking horizontal layers 4- Strata stacking

Fig. 3.5 Various stacking methods for stacker reclaimer systems to achieve preblending.

a
N1 AKX
4
/ h ‘ b
| 2 maximum
| 3 meters =
Stock pile =12000 T = 15000 m®
1-h=2m, b=25, a=20, |=330 -350 meters
2-h=3m, b=30, a=23, |=200 -250 meters
Fig. 3.6 Stock piles for coal.
Reclaimer =
F
—— = — e
1]
(( : )3( )E( D !
=5 T I T,
| .
Stacker «=——Room for expansion——=»

Fig. 3.7 Stacker reclaimer system for coal.
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Plate 3.4 Reclaimer.
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Fig. 3.8 Blending efiect as a function of number of stacked layers of material.

take it to hoppers of mills. Thus the hoe and pan
conveyor also move on rails for the total length of the
pile. Speed of travel of carriage is variable. Angle of
hoe may also be adjustable to suit angle of repose of
the material.

See Plate 3.4

3.5 Preblending While Stacking

Besides serving as storage and extraction system, this
arrangement of stacking and reclaiming serves one
more important purpose, that of ‘preblending’.
Because hoe dislodges material across the total cross
section of the pile, it contains material from all the
layers of the pile thereby mixing them. This is a great
advantage for both limestone and coal.

3.6 Space Required
Stacker reclaimer systems lake a considerable amount
of space.

Piles can be fully in the open or partially or fully
covered. Coal piles will be mostly covered.

3.7 Blending Effect Achieved

Knowing the gquantity to be stored and the feeding and
extraction rates, period for building up piles and number
of layers in forming full pile can be worked out. Extent
of preblending that can be achieved can also be
influenced. In general degree of blending achieved is
5-6 :1. Blending effect as a function of the number of
layers is shown in Fig. 3.8.



With the help of X-Ray analyser it should be possible
to monitor composition of limestone extracted by
feeding stone from different sectors of mines to
crusher.

3.8 Several Designs of Stacker Reclainer
System

There are several designs of the Stacker — Reclaimer

systems and they can be ‘tailor made’ to suit specific

needs.

Stacker Reclaimer Systems 19

Capacities of system also depend on allowance to
be made for expansion. There are many options.
Crusher may be so selected that it would work in
3 shifts after expansion.

Alternatively a second crusher could be added
during expansion.

Consequently there could be one stacker reclaimer
system even after expansion or there could be two.



CHAPTER 4

4.1 Grinding Mills
Grinding mills are used in cement plants to grind :
1. Limestone and additives to produce raw meal.
2. Coal (or other solid fuels) for firing it in kiln and
calciner.

3. Clinker and blending materials to produce O.PC.
and blended cements like P.P.C. and B.F.S.
Cement.

4.2 Classification of Mills
Mills can be classified
For example:

in several ways.

Wet grinding or dry grinding mill

Open circuit or closed circuit

Ball or tube mill or vertical mill

Air swept or bucket elevator mill
Drying and grinding or only grinding
Autogenous mills

Trunnion bearings or slide shoe bearings

Mill with wrap around motor

Annexure 1 shows broad types of mills and duties
for which they have been commonly used in Cement
Industry.

Same type of mill can have different constructional
features according to its size and application. For
example , ball mills have trunnion bearings on both sides
or one trunnion and one slide shoe or both slide shoe
bearings. Annexure 2 shows broad differences of this

type.
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GRINDING MILLS

Mills will be selected according to type most suitable
for the capacity and duty required and for overall power
consumption.

It would be seen that the most significant types
used in grinding operations are:

1. ball and tube mills

2. vertical mills — ball and roller
3. horizontal roller mill

4. roller press with ball mill

Ball mills have been dealt with in Chapter 4a;
vertical mills in Chapter 4b and roller press in
Chapter 4c¢. Since Horo mills have been a recent
development, they have been briefly mentioned in a
subsequent paragraph.

4.3 Grindability and Power Consumption
There are several theories of comminution. Most
commonly accepted theory which is relevant to ball /
tube mills is Bond’s.

Simply put, this theory states that power input in
comminuting process is proportional to the surface
generated in the process and the grindability of the
material.

Bond developed ‘Bond’s Work Index’ (BWI) to
measure grindabilities of various material and also a
‘test mill’ and a testing procedure. Using this it was
possible to work out power required to grind a material
from a given feed size to a product of given fineness.
Power drawn can be expressed as an exponential
function of the diameter of a ball mill.

See Fig. 4.1
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Fig. 4.1 Ball mill power chart.

4.3.1 Hardgrove Index
A similar index known as ‘Hardgrove Index”
was developed. The type of test mill developed to
establish Hardgrove Index is very similar in action to a
vertical ball mill. Hardgrove index is universally
used to work out power requirements of vertical coal
mills.

Plate 4.1 shows relation between HG Index and
sp. Power when grinding coal. Finer the product, higher
the sp. Power consumption.

Relation between BWI and Hardgrove Index can
be described by the following equation.

B.W.I. = 435/(H.G.1.)"!

However Hardgrove index is seldom used 1o size
vertical roller mills. Each manufacturer has developed
his own index for grindability and hence only he can
size a vertical roller mill for any specific application.

See Fig. 4.2, which expresses relation between
sp. power consumption of the v..m. for different values
of ‘Loesche’ grindability indices. This relation is not
universal but is specifically for *Loesche” mills.

An important difference between a ball mill and a
v.r.mill is that for a given load, a ball mill draws

output at full load

Spec power consumption per unit

45 55 68 a0
— Hardgrove grindability

Relationship between mill

spec. power consumption per unit output,
coal grindability, and product fitness

(a) Coarse grinding 15 - 35% residue on 0.08 mm sieve
(b) Fine grinding 5 - 15% residua on 0.09 mm sieve

Plate 4.1 Sp. power in vertical mill for grinding coals
of different Hardgrove Indices to different
fineenesses.

practically same power regardless of rate of feed. On
the other hand in case of a v.r. mill, power drawn is
directly proportional to the throughput.

See plate 4.2
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Plate 4.2 In a V.R. Mill, actual power consumption 0 02 04 08 08 10
varies with thruput. Fractional feed throughput with respect
Unlike ball or tube mills, roller mills are made in O T
standard sizes. Same mill gives widely different
outputs depending on grindability of material. Size of Plate 43  Roller press reduces sp. power

mill that comes nearest to the required capacity is
selected. Motor installed could be smaller or bigger.

4.3.2 Grindability and Roller Press

Grindability of the material pressed is reduced by one
third, when it is passed through a Roller Press.
See plate 4.3,

(improves grindability).
Pressing operation also produces 30 % fines, that
is finished product.

Sp. power for ball mill following the Roller Press
can be worked out on above basis,
See Fig. 4.3 and 4.4.
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Fig. 4.4 Power consumption roll press v/s

ball mill.

Thus a buyer has to depend on the Supplier to size
either a v..m. or a roller press.

4.4 Horomill

This is a combination of ball mill and roller mill. Mill is
a cylinder turning on horizontal axis in bearings like a
ball mill. Instead of charge of grinding media, mill has
acylindrical roller turning inside it. This roller grinds much
the same way as roller and table in case of v. r. mill.
Horo mill can also take feed size of 75 to 100 mms.

Mill has a gas circuit like a bucket elevator ball mill
when drying is done in the mill. Separator will be high
efficiency separator as in any mill system. The mill
has been introduced only of late.

See Figs 4.5 and 4.6 and plate 4.4

4.5 Drying and Grinding

When grinding raw materials and coal, it is also
necessary to dry moisture in them. Normally this is
done by passing through the grinding system hot gases
from preheater. However when starting from cold, such
gases are not available. Therefore Hot gas Generators
are provided in Raw Mill and Coal Mill Departments
to provide hot gases of requisite capacity and
temperature. As they are used only occasionally, they
would be oil fired.

Fig. 4.3 Roller press grindability of material before and after roller press.
10
8
£
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In case of coal mills, there is a risk of fire and or
exploston if hot air is used in the system. Therefore to
protect the machinery, provision is made to inject inert
gas in the system or to introduce CO, from a battery
of CO, cylinders.

Plates 4.5 and 4.6 shows Hot Gas Generator and
Inert Gas Generator respectively.

4.6 Drying Filter Cake
It is also required to dry filter cake when semi wet
process is used. Flash dryers are used in such a case.
They are treated separately.
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1 Feed hopper

2 Weigh feeder

3 Horo mill

4 Elevator

5 Seperator

6 Bag filter

7 Fan

8 Screw conveyor
9 Hot gas for drying

Fig. 4.5 Grinding circuit of horo mill.
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Fig. 4.6 Horo mill — sectional view.
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1 Material feed

2 Dedusting outlet
3 Shell

4 Material outlet

5 Grinding roller
& Grinding track

'll-'ll-II!..l 7 Hydraulic cylinder
: !

Plate 4.4 Horo mill and its section.
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Plate 4.5 Hot gas generator.

Plate 4.6 Inert gas generator.




Annexture 1 Application of various types of mills in a cement plant.

Grinding Mills
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Sr.No. Application mill
ball | vertical | Roller press | Roller press
& ball mill
grinding
primary v v v
finish v v v v
process
Wet grinding v
Open/ closed
circuit
Dry grinding
open v
closed v v v v
Drying& v v v
grinding
Materials to
Be ground
Raw materials v v v v
coal v v
clinker v v v v
slag v v v v
pozzolana v
Type of mill
Air swept v v
Bucket elevator v v
External circuit v
Type of separator
grit v v
Mechanical v v v v
High efficiency v v v v
disagglomerator v v

Annexture 2 Broad constructional differences in ball mills and vertical mills.

1 Ball Mills
Sr.No. item options
1 2
1 shell End discharge | Central discharge
length short long
2 flange external internal
3 mill heads Cast steel fabricated
4 trunnion Integral bolted
5 bearings Trunnion, 1 or 2 | Slide shoe, for 2
6 girth gear Spur helical
7 drive Single dual
8 Side Central
No girth gear
9 Motor Normal Wrap around
with gear box No gearbox
10 diaphragms double Double with flow
control

Annexture Contd...
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2 Verical mills

Sr.No. item Ring ball roller
options options
1 2 1 2 3
1 Rollers balls cylindrical taper Shaped
shape
2 numbers To suit size 2 3 4
of mill
3 single double Master/ slave
4 Table grooved plain profiled
5 Liners Single sections
rollers piece
6 Throat gap fixed fixed adjustable
7 separator grit static Whizzer High
efficiency
8 maintenance Top ring Rollers Rollers Crane in
to be removed swing out | turn around mill




CHAPTER 4a

4a.1 Ball Mills

Ball and tube mills have been the ‘work horse’ of the
cement plants all these vears. They are truly versatile
in that they have been suitable for all applications and
have grown and integrated in their circuits new
auxiliaries like high efficiency separators. However
as cement plants grew bigger and bigger and power
became costlier, alternatives had to be found for mills
of high capacity and low power consumption. In this
ball mills have lost to vertical mills,

BALL MILLS

4a.2 Wet Grinding

When wel process was used to make cement, limestone
and correcting materials were ground wet by adding
about 36 % water to it. Ground raw meal came out as
a slurry. Mostly ball mills were used for this purpose.
Ball mill is a cylinder turning on two trunnions in white
metal bearings, Cylinder is lined with lining plates o
protect it from wear. In case of very large mills either
one or both the trunnions (with mill heads) will be
replaced by slide shoe bearings.

See plate 4a.1 for general construction of ball mills,
and plate 4a.2 for mill with slide shoe bearings.

Plate 4a.1 Sectional view of a Ball Mill,

29
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Plate 4a.2 (a) Central discharge and external drying chamber. (b) Slide shoe bearings.

Wet grinding was mostly in open circuit but
sometimes also in closed circuit in which wet classifiers
returned coarse fraction to mill for regrinding.

Mill was divided into 2 or more compartments.
Grinding media was steel balls and cylpebs ( truncated
taper cylinders).

Wear rates were high as slurry had to be ground
fine and acted like a grinding paste.

In wet grinding rubber lining plates could also be
used with advantage. They have better wearing
properties and are much lighter in weight.

4a.3 Dry Grinding
When dry process came to be adopted, it became
necessary to grind dry, limestone and correcting materials.

Same ball mills were used. Dry grinding was already
being done in case of coal and clinker in ball and tube
mills respectively, -

Length of mill depended on the application. For
raw materials grinding, which was almost always in
closed circuit, ratio of shell length to its diameter was
between 1.5 and 2.



For cement grinding the 1/d ratio was between
3.5to 4.5 for open circuit grinding and between 2.5 to
3.5 for closed circuit.

4.a.4 Air Swept and Bucket Elevator Mills
Mills could be either ‘air swept’ or of ‘bucket elevator’
type.

In the first case, material was swept out of the mill

by air /gas, passed through grit separator and coarse
fraction was returned to the system for regrinding.

In case of bucket elevator mills, mill discharge was
taken by conveyors to a separator. Coarse was returned
to the mill.

4a.5 Drying During Grinding

In case of grinding raw materials, it was necessary to
dry the materials so that product was dry ground raw
meal with less than 0.5 % moisture. In case of air
swept mills drying was done in mill by passing hot gases
from preheater through the mill. Depending on
quantum to be dried, mill would have a drying chamber
or an external overhung drying drum attached to the
inlet trunnion. Drying chamber or drum would have
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lifters in it to throw material in the path of the gases.
See plate 4a.2.

In case of bucket elevator mills it could be done
either in mill or in separator by using the same hot
gases from preheater.

Presently for large capacities and systems using
‘high efficiency separators’ drying is done in mills.

4a.6 Compartments in a Mill

Raw and Coal Mills, which are invariably closed circuit
mills, have two compartments filled with grinding balls.
Compartments are divided by a double diaphragm.

Cement mills used to be open circuit. They have
three compartments. When in closed circuit, they have
only two compartments.

4a.6.1 Double Diaphragm with Flow Control

To improve performance further, double diaphragms
with flow control have been developed. In ordinary
double diaphragms, level of charge dropped sharply
near the diaphragm; it is maintained in case of flow
control diaphragms thereby improving outputs.

See Figs. 4a.1 and 4a.2.

Fig. 4a.1 Flow control diaphragm.
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00000000
Media level
Material level
old diaphragam
Material level
—— \\ // flow control
A \.”___74— diaphragam
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Fig. 4a.2 Flow control diaphragm retains material longer.

4a.7 Charge of Grinding Media

Grinding balls in a compartment are not of one size but
contain balls of 3 to 4 sizes in different proportions.
About 27 to 35 % volume of mill is filled with grinding
media. Heavier and larger balls are towards feed end
where material is fed. Sizes reduce progressively as
material becomes finer. ‘Equilibrium charge’ is that
charge where compensation for wear can be done by
balls of one size only usually the largest size in the
compartment.

Grinding media could be made of forged steel, cast
steel or even cast iron. Cylpebs were mostly used in
the last compartment and were generally made of c.i.
They are seldom used now. Presently grinding media
used are high chrome steel balls.

4a.8 Lining Plates

Shell is fitted with lining plates made of manganese
steel. Now high chrome liners are used which last much
longer. Lining plates in the first compartment were
‘lifting’ type. Grinding action in first compartment was
largely by impact. Second compartment was generally
longer. Lining plates in this compartment were of the
‘classifying’ type in that they prevented movement of
media along the length, kept larger sizes near first
diaphragm and finer towards discharge end. Design

of lining plates has considerable influence on grinding
efficiency and hence on specific power consumption.
For small mills wedged lining plates were used.

See Figs. 4a.3 and 4a.4 and 4a.5 to d4a.7.

To provide more surface for grinding by attrition,
grooved liners have also been developed.
See Fig. 4a.8.

4a.9 Power Consumption in Grinding

Almost 80 % of electrical power consumption is in
grinding. Typical power consumption figures are
shown in Table 4a.1.

4a.10 Various Designs of Mills

Different machinery manufacturers have developed
their own designs for components of the mill like shell,
mill heads. bearings, girth gears, diaphragms and lining
plates.

Mention has been made of ‘slide shoe bearings’ in
which a tyre or riding ring is mounted on mill shell.
This is supported on a pair of slide shoes and rotates
on them much like a kiln tyre. Mill head is thus not
required to support the weight of the shell and hence
its design is much simplified. Slide shoe bearings may
be at one end only or at both ends.

See plate 4a.2.
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(@ 1 1- Lifting liner
ﬂrb 2 2 -Single corrugation liner

Qﬁﬁj 3 3 - Multiple corruggation liner
ﬂ&j 4 4 - Lorain liner

ﬂb 5 5- Liner in block form
Qt@ 6 6 - Beam type

Fig. 4a.3 Different designs of lining plates for 15t compartment of ball/tube mills.
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inclination 7-20°

Corrugated in other direction for increasing surface for attrition

Fig. 4a.4 Different designs of lining plates classifying type for 2" compartment of ball/tube mills.
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Fig. 4a.5 Bolted lining plates. Fig. 4a.6 Wedged lining plates.
?Vo;?degnltierirs 1 Grooved liner
X 9 2 Grinding media
2
1 1 (0
H
Fig. 4a.7 Partially wedged and boited liners. Fig. 4a.8 Grooved liners for ball mills.
Table 4a.1
Ball milis
Sr.No. Raw Coal Cement
materials
Kwh/ton material
1 Wet grinding 12
2 Dry grinding 16 24
Kwh/ton clinker
3 Wet grinding 19
4 Dry grinding 25 For wet
process
10
For dry Process
8
Kwh/ton cement
Wet grinding 18
Dry grinding 23 For wet For open
process circuit
9.6 35
for dry process for closed
5.75 circuit
30




4a. 11 Aero Fall Mills

*Aero fall’ mills which are mainly used in metallurgical
industry are large diameter mills. short in length and
mostly use large pieces of same material for grinding
— this is also known as “autogenous grinding’. They
will have slide shoe bearings.

4a. 12 Drives of Mills

Mills have a girth gear and a pinion. It may have one
drive or two drives of half the ratings. Gear can be
spur or helical. There is a gear box in between motor
and pinion shaft. Some times the girth gear and pinion
are avoided by connecting gear box output shaft directly
to mill. This is known as "central drive’ and requires a
large gearbox with high ratio of reduction.
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Dual drive has the advantage that width of the girth
gear remains the same as for a mill with half rating.
In very large mills not only girth gear but gear box
is also eliminated by installing a slow variable speed
‘wrap around” motor on the mill itself.
See plate 4a.3.

4a, 13

Ball mills work with all types of separators- grit,
mechanical and high efficiency. Presently mill circuits
will incorporate high efficiency separators. More on
separators in Chapter 5.

Developments for ball mills have more or less been
put on shelf after Vertical mills have come into use for
grinding all the three materials — limestone, coal, and
clinker for large capacities,

Plate 4a.3 Wrap around or ring motor.



CHAPTER 4b

4b.1 Vertical Mills

Ball and tube mills turn on a horizontal axis. Vertical
mills turn on a vertical axis. There are two variants of
the vertical mills- ring ball mills and vertical roller mills.

4b.2 E Mills

‘ring ball mills’ better known as ‘E” mills were
developed by Claudius Peters. The mill is like a thrust
ball bearing. Cast steel or nihard balls turn in grooves
of a pair of rings. Bottom ring is mounted on table
bolted to the gear box. Top ring is fixed and presses on
the balls by means of springs or hydraulic cylinders.
Balls turn in groove and also on their axes. Material to
be ground is admitted by a chute on the center of
bottom ring and is forced by centrifugal forces into
groove to be ground under the balls. Hot gas /air is
admitted through an annular ring at high velocity. It
lifts partially ground material as it passes through the
grit separator above the grinding table. Coarser
fractions fall back for regrinding before gases enter
the separator. Coarse fraction from separator also falls
on to grinding ring for regrinding. Control of fineness
is by changing settings of vanes of grit separators.

There are no bearings inside the mill. Hence
maintenance is minimum. When balls wear down one
extra ball can be accommodated in the ring. Rings wear
out and are replaced. There are no lining plates to be
replaced.

See Fig. A, Plate 4b.1.

4b.2.1 E Mills in Thermal Power Stations

‘E mills’ have been universally used in thermal power
stations to grind coal to be fired in boilers. A bank of
mills supplies ground coal to a boiler; firing is ‘direct’
in that ground coal goes straight to burners without
intermediate storage.

36

VERTICAL MILLS

E mills were not developed seriously for grinding other
materials like limestone and hence size and capacity
wise their development was stunted. They have been
used to grind coal in cement plants. When so used,
“‘indirect’ firing system is adopted to reduce wear on
primary air fan and in this application can compete
with vertical roller mills.

Main advantage of E mills is that they do not have
any liners to be replaced or any rotating parts that need
lubrication inside the mill.

They work under positive as well as negative
pressure. If under positive pressure, like when they
are used to fire coal in boilers, a seal air fan is provided
to protect the gearbox.

4b.3 Vertical Roller Mills

The second variant is Vertical Roller mill . Principle of
operation is the same. 2, 3 or 4 rollers turning on their
axles press on a tumning table mounted on the yoke of
a gear box. Pressure is exerted hydraulically. This mill
also has a built in separator above the rollers. It also
has an annular ring which admits air at velocity as
high as 70 m /sec. Material is admitted through a feed
chute on the center of the table and passes under rollers
by centrifugal action. Material gets partially ground
and as it falls over the edge of the table, it is picked up
by the air /gas. Gas and material circuit in mill and in
separator is similar to E mill.

Separators are either grit or stationary separators
or ‘whizzers'. When rotating, separators have variable
speed drives to change speed of rotor to control
fineness of product. Cross sectional views of more
popular v.r.ms have been shown in Plate 4b.1,
Figs. B to D and Plate 4b.2.
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(A) Ring Ball 'E" Mill
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(C) Paolysius Mill

(D) MPS Mill

Plate 4b.1

Some well known vertical mills.
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Plate 4b.2  Atox vertical roller mill.

Finished product is drawn out of the mill by a fan.
Gases leaving mill and carrying the product pass either
through a bank of cyclones first and then enter the
dust collector or go to the dust collector directly.

Table is lined with replaceable liners of wear
resisting material like manganese steel. Rollers are also
fitted with replaceable liners which can be in one piece
or in segments.

4b.3.1 Many Designs of VR Mills

There are a great many designs of rollers and table
developed by different manufacturers. A Comparison
of salient features is shown in Fig. 4b.1.

4b.4 Salient Features of Vertical Mills

These mills are dry grinding and operate in closed
circuit. They are air swept mills. Because large
quantities of air are admitted to mill for air sweeping,
mill has a higher drying capacity. Hence mills are used
as drying and grinding mills for raw materials
and coal.

Because separator is part of the mill itself, number
of auxiliaries are less. Floor space taken by a vertical

mill 1s much less than a closed circuit ball mill of similar
capacity.
See Fig. 4h.2

As in case of E mills, Rollers exert a direct vertical
force on table which is transmitted to the gearbox.
Hence gear box for a vertical mill is of special design
to be able to withstand the thrust load: also input shaft
is horizontal.

In case of roller mills , rollers turn on shafts inside a
very dusty and hostile surroundings. Bearings are to be
specially designed and lubricated with forced lubrication
systems. Pressurised seals protect bearings from dust.

4b.4.1  Pressure Drop in VR Mills

Because of high velocity of gases at annular ring and
high circulating loads inside it, pressure drop in mill
and classifier is high ranging between 600 to 800 mms
wg. Fan power in mill circuit is therefore high
sometimes as high as mill itself. This disadvantage has
been overcome by installing mills with external circuit.
See Plate 4b.3.
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Type Roller Fofler Rolier Ruibier Ring bafl
maka Lossche Polysas Piiffer{mps) FLS Babrock Pelers
5 of
napeoluate | ———) ~——+ | — —
Liners of (able Segmenial in sections Segmantal Segmental
e
~- A5 | B 2% | R
* + oatin
Liners of roliars Single piece Singlo ph Segmental Segmenital
Nos of rollars 23 ord 2 paws of rolers 3@ 120" spacing 3@ 120" spacing 6 to 11 bals
Lubncation Required lor antifriction baanngs of rollers Raquirad for antifriction baarings of rolles Mol required
Apphcatnn Hydro-preurmatic Hydre-preumatc Hydmo-preumatic Hydrauic
prigsure o load indinsdual o each mller | individual 1o each pas 1o the group of rollers o the group of robers Hydmulic
Materials for ners | Genarally Ni - hard for weanng linars Hollow cast steel or
alioy ifon bals
Type of classer | rotating verabie speed | * pos g rotating variable spesd "":"’" stationary - sdjustable
PRSI Op Approx 800 mm WG Fof faw matesials Apprax, BOO mm wg for cosd
across tha mill
& rolating high efficency dassdfier an new dasigns
Fig. 4b.1 Vertical grinding mills.
1. Bucket elevator mill
2 2. Air swept tandem mill
3. Equivalent vertical mill
W
E
3 1
> g 3
4 2
2
z R 3
(=]
—
o
3 4 b
Mill diameters
—

Fig. 4b.2

Building volume required for equivalent output for different mill systems.
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Plate 4b.3 Vertical Mill with External Circuit.

4b.4.2  Power Consumption in VR Mills
Vertical mills are more efficient in grinding for two
reasons
I. There is no unbalanced mass like that in ball
mills to be lifted.
2. Grinding action in ball mills is kind of hit and miss.
Grinding action in v. r. mills is more positive.
Compared to ball mills therefore v.r. mill itself will
consume about 50 % less power in grinding the same
material.
Total power consumption for grinding circuit as a
whole is also less in spite of higher fan power.

4b.4.3 Feed Size

Because of large diameter of rollers, feed size can be
as large as 75 to 100 mm. Size of stone that can be
‘pinched’ by aroller and drawn under it for grinding is
roughly 5 % of its diameter.

4b.4.4  Vibrations and Wear

Vertical mills are subject to vibrations if material is
too dry. Hence if moisture in raw materials is
too low, provision is made to spray water inside the mill.

Wear rates are high if limestone has coarse silica.
In some designs provision is made to remove
coarse fraction from inside the mill to reduce silica
content.

4b.5 Mill with External Circuit

High pressure drop in the mill is largely at the throat
because velocity of gas entering the mill is as high as
70 m/esc.

See Fig. 4b.3.

Velocity can be greatly reduced if pick up size of
stone over the ring is allowed to be less than 10 mms.
Larger quantity and coarser fractions fall through the
ring and are collected and fed back to the mill at the

top along with fresh feed.
See Fig. 4b.4.

Plate 4b.3, showing v.r.m. in external circuit.

Velocity at throat (annular ring ) is reduced to around
40 m / sec. This reduces pressure drop to about 400
mm reducing fan power by a corresponding amount.
See Fig. 4b.5.

Table 4b.1 shows power consumption of roller
mill with external circuit and compares it with ball mills,

4b.6 High Efficiency Separators within the Mill
Another development relates to incorporating “high
efficiency separators’within the casing of the mill to
replace old static or whizzer separators. This needed
some modifications to mill housing but almost all



manufacturers of v.r.mills have adopted these two
changes with benefit to user in terms of reduced power

consumption.
See Table 4b.1. See Plate 4b.2.

4bh.7 Master Slave Rollers
Master and slave rollers and adjustable throat gaps.
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For better and more even distribition of material
around the throat gap, some designs have:

1. adjustable throat gaps.
See Figs. 4b.6 and 4b.7 and or
2. pairs of large and small diameter rollers working

as master and slave.
See Figs. 4b.8 and 4b.9.

Pressure drop mill
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Fig. 4b.3

Vertical roller mill - throat velocity and pressure drop.
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Fig. 4b.4 Terminal velocity vs particle sizes.
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Without external circuit

With external circuit
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Fig. 4b.5 Pressure distribution in VR MIl without external circuit.
Table 4b.1
Power consumption in mill systems
Sr.No. item unit Ball mills v.r. mills
Air Bucket | Standard | External External circuit
swept | elevator | circuit circuit And high efficiency
separator
1 Sp.power | Kwh/ton 12 12 6 6 6
mill only
2 Pressure | mmwg 200-400 200 1100 650 750
drop
in mill
3 Sp. Kwhiton 6 5 8 4 5
power
fan
4 auxiliaries | Kwhiton 0.3 05 0.5 0.8 0.8
5 Total Kwh/ton 18.3 17.5 14.5 10.8 11.3
system
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Fig. 4b.6 Adjustable throat gap in vertical roller mill.
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1 Rollers

2 Table

3 Throat ring

4 Adijustable gap

Direction of rotation
of table

Fig. 4b.7 Adjustable thraot gap to suit flow pattern of material.

4b.8

Vertical Roller mills as large as + 400 tph for grinding
raw materials capacity have been made and are in
operation. Presently they are almost exclusively used

for grinding raw materials and coal. They are
increasingly coming into use for grinding clinker to

make cement and for grinding even slag.
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1 Master roller
1 2 Slave roller

Fig. 4b.8 Slave and master rollers of a V.R. mill.

M - Master rolier
S - Slave roller

——\1J

|
i

Material bed

o>
Fig. 4b.9 Action of slave and master rollers.



CHAPTER 4c¢

ROLLER PRESS

d4c.1 Roller Press Fig. 4c.2 furnishes comparison between a roll
A roller press is like a roll crusher. However, pressure crusher and a roller press.
exerled between rollers is very high — of the order of One roller is fixed and the other movable 1o exert

400 kg/em? as compared to common roll crushers. This pressure which is applied hydraulically. Feed is fed on
high pressure brings about structural changes in the
material and it becomes easier to grind: about 30 %
material gets pulverized to the desired fineness and
less even if gap between rollers is 6 mm.

the rollers by a central chute over the total width of
the roller. Pressed material comes out as cake. This
cake is divided into middle fraction and end fractions.
End fractions are sent back to the press for recrushing.

See Figs. 4c.1, 4¢.2 and 4c.3. See Figs. dc.d to 4.6 Also Plate 4c.1.
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Fig. 4c.1 Roller press - feed and product.
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Fig. 4c.2 Particle size distribution of product from roll crusher and roller press.
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Fig. 4¢.3 Particle size distribution of a clinker sample before and after the roller press.
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1 Fixed roller
2 Maving roller
3 Pressure curve

Fig. 4c.4 Action of roller press.

Crushing effect

81 = Thickness where
pinching begins

5 = Thickness emerging slab

df = Bulk density feed

ds = Bulk density of slab
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Pinmp
Fig. 4c.5 Action of roller press.
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returning to mill

Fig. 4c.6 Roller press—cake at edges collected separately for recirculation.
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Plate 4c.1

Roller press.

4c.2 Different Ways of Using Roller Press

There are various ways in which the roller press can

be used in the system.
See Flow Chart 7.1 in Chapter 1 of Section 1.

As a precrusher in open circuit. Cake

emerging is sent to a ball mill operating in closed
circuit with a high efficiency separator. Hot
gases are passed through mill for drying. Mill
separator circuit is like the usual dry closed
circuil grinding system. However mill 1s much
smaller in size as it has to do less work.

See Flow Chart 7.8 a in Chapter 7 of
Section 1.

In ‘hybrid’ grinding circuir. In it both roller
press and mill operate in closed circuit. Cake
from the roller press is sent to a classifier and
coarse fraction returned to it. Often the fractions
pressed by edges of rollers are found 1o be
coarser than the middle fraction. The edge

fractions are collected separately and returned
o press. The middle fraction only is sent to mill
for grinding.

See Flow Chart 7.8 b in Chapter 7 of
Section 1.

Using press onlv as pressing and grinding
unit. Inthis circuit, ball mill is eliminated. Middle
fraction is sent to a disagglomerator through
which hot gases are passed for drying.
Disagglomerated material is passed on to
separalor.

See Flow Chart 7.8 ¢ in Chapter 7 of
Section 1.

4¢.3 Power Consumption with Roller Press
Table 4¢.1 shows relative power consumption when
using roller press in comparison with ball mill.

Rollers are plain or corrugated. They are built up
“in situ” when worn out.



Roller Press

Table 4c.1
Power consumption with roller press
Sr.No. item unit Bucket Roller Roller | Roller
elevator press press press
Ball mill | and ball in only
mill hybrid
grinding
1 Power for | Kwh/ton 12 8.0 7.0
mill
2 Power for | Kwh/ton - 2.0 2.0 6.5
press
3 Power for | Kwh/ton 6.5 4.5 4 4.5
auxiliaries
4 total Kwh/ton 18.5 14.5 13 11

4c.4 Roller Press Circuit with Ball Mill
Roller press - ball mill system has a large number of
auxiliaries as compared to a vertical roller mill even
with external circuit. Further when the press is out.
ball mill system though it is self contained is not of use
as it is too small and grinding media pattern is selected
to suit size fractions in the cake from the press.
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Therefore this system has not become very popular.
Advantages in power savings are more pronounced
when material is hard like clinker. Therefore roller press
ball mill system has found greater acceptance in cement
mill systems. These have been dealt with in
Chapter 13.



CHAPTER 5

SCREENS, SEPARATORS AND CLASSIFIERS

5.1 Screens, Classifiers and Separators

Screens and classifiers are devices which separate
material into fractions size wise. Separators are devices
which separate air or gas borne solids from air or gas.

Screens are devices used for crushed and
granulated materials. Examples are rotating and
vibrating screens.

Classifiers are used to separate and classify ground
materials. Classifiers separate the fractions into coarse
and fines according to requirements, from feed
received in suspension in gases / air. Examples are
grit separator, mechanical air separator and high
efficiency separator.

Separators separate ground pulverized material
from a stream of gases. Well known example is
cyclones of Preheaters.

5.2 Screens
Screens are used in crushing circuits and in preparation
of aggregates in construction business.

Their purpose is to divide the feed in two or more
fractions passing the screens or meshes as required.

In a single deck screen, feed will be divided into
two fractions—oversize and undersize. Undersize is
finished product. Oversize is returned to crusher for
re-crushing.

In case of a double deck screen, there will be three
fractions.

Screens are thus used to obtain a product of specific
size. It is thus an important part in ‘closed circuit’
operation of the system.
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5.2.1 Vibrating Screens

Most commonly used screens are vibrating screens.
They can be horizontal or inclined. Feed is spread at
the receiving end evenly across the width of the screen
and progresses along its length.

Screens are designated by size of aperture.
A 6 mm screen will have 6 mm square clear aperture.
Sometimes apertures are round also.

Material below the size of aperture falls through
the screen and is collected as finished product.

Screens have an efficiency ranging between 50 to
70 %. That is 50 to 30 % finished product is not
separated and goes back unnecessarily for re-crushing.
Quantity that goes back is known as ‘circulating load’.

Thus both crusher and screen should be capable of
processing fresh feed plus circulating load.
See Fig. 7.3.2 in Chapter 7 of Section 1

Vibrating motion is imparted by an eccentric or by
an electromagnet.
See plate 5.1

5.3 Classifiers

Classifiers serve the same purpose as that of a screen
for pulverized materials in grinding systems. There are
three fractions viz. fresh feed, coarse return and fines
or product. Coarse fraction goes back to the mill for
regrinding. It is also the circulating load. Therefore
mill receives fresh feed plus circulating load so also
classifier.

Simplest classifier used in mill systems is the
‘grit separator’.
See Fig. 5.1
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Plate 5.1 Inclined and horizontal vibrating screens.
Fines predeesl
Coarse reburn
A Feed
AN
Fig. 5.1 Grit separator

It is used in air swept mills. It is installed in the
outlet duct from the mill. It consists of a double cone
and a ring of adjustable vanes installed at top of inner
cone and a central outlet of adjustable height projecting
inside the separator,

Fineness is adjusted by setting angle of vanes.
Coarse fraction is separated in the inner cone and is
collected and returned 1o mill by a screw conveyor.
Fines are carried by air stream out of the separator.

A ‘Mechanical separator” also used in mill systems
depends on action of centrifugal forces on particles
suspended in air stream.

See Fig. 5.2

Feed is received on a distribution plate and thrown
by centrifugal force in an air circuit created by the
main fan at the top. An auxiliary fan suppresses rising
of particles with the air drawn by the main fan. Heavier
that is coarser particles drop out and are collected in
an inner cone and taken to the mill by an air slide.
Fines are separated from the air stream by cyclonic
action in the outer casing and are collected and sent
out as finish product. Fineness of product is adjusted
by changing blades in number or shape or radius of
the auxiliary fan. In cement mill systems fineness is
adjusted by varying speeds of distribution plate and
auxiliary fan.
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These separators have an efficiency of 50 to
55 %.

In mill systems circulating load is kept intentionally
high to prevent over grinding. Length of the mill is
important from this point. Shorter the mill higher the
circulating load. For raw mills, I/d ratio is kept between
1.5 and 2. For cement mills it is between 3 1o 3.5, For
coal mills itis 1.25,

In production of cement not only its fineness
expressed in Blaine surface (ecm? /gm) is important
but also particle size distribution.

These separators have a shallow selectivity curve
and range of particle sizes is very wide. High efficiency
separators were developed to overcome this disadvantage.
See Figs. 5.3 and 54,
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Fig. 5.2 Schematic of a mechanical air separator.
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5.4 High Efficiency Separators

High efficiency separator consists of a rotating cage
of considerable depth. Fresh feed falls over the side
of the cage. It is subjected to action of air stream
which enters the casing through an annular ring of
vanes, Coarse fractions are collected from the bottom
cone and fines are taken out to a dust collector for
collecting the product.

Speed of the rotor is varied by a d.c. motor.
Quantity of air flow is also adjustable. In some designs,
angle of stationary vanes is adjustable.

As compared to mechanical separators, in high
efficiency separators fines are collected from the air /
gas stream in dust collectors of high efficiency outside
the separator itself.

5.5 Different Designs of H.E.S

There are a great many designs of high efficiency
separators,

See Figs. 5.5 and 5.6.

Plates 5.2 to 5.6 show some of the different types
of high efficiency separators. Efficiency of these
separators is between 70 to 80 %. Therefore circulating
loads are less, Selectivity curves are near vertical

Selectivity curve of high efficiency separator.

straight lines. Majority of particles fall within range of
3 and 30 microns.
See Figs. 5.4, 5.7 and also 5.8

Figs 5.9 and 5.10 show particle size distribution
and Blaine surfuce for three fractions viz. feed, coarse
and fines for conventional and high efficiency
separators.

5.5.1 Power Consumption — Saving in Power
Fig. 5.11 shows saving in power relation to efficiency.

Fig. 5.12 shows power required by a HES as function
of product fineness.

Today high efficiency separators have become an
integral part of grinding systems so much so that even
vertical roller mills which have a separator built in the
mill housing are now fitted with them.

5.6

Grinding systems for grinding raw materials and coal
are similar in that it is necessary to dry raw materials
and coal while grinding. In cement mills this operation
is not necessary unless slag or fly ash are wet when
making blended cements,
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High efficiency separators of different designs.
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Feed material
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Plate 5.2 QDK Pfeiffer high efficiency separator.

Plate 5.3 High efficiency separator in closed circuit with external cyclones to separate product.
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Plate 5.5

RTKM high efficiency separator for air swept ball mills.
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Fig. 5.7 Selectivity curve and efficiency of high efficiency separator.
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Construction wise there is no difference in
separators of whatever type used for grinding raw
materials or cement. Though HESs were used mainly
in raw and cement mills, they are now also used in
coal grinding systems.

5.7 Dust Collector for Venting HESs

HESs require a considerable quantity of air passing
through them and hence require large dust collectors
to separate the product from the air streams. Pressure
drop in the separator is high compared to mechanical

Power requirement of the rotor at the production of PZ 35F / PZ 45F.

separator. Fan power is therefore higher. It is
compensated by the higher efficiency of separation.

In general HESs are smaller in size than mechanical
separators and it is often possible to replace mechanical
separators by HESs,

5.8 Fluid Bed Separator

Fluid bed separators have been developed as
preliminary separators in mill systems which use a pre
grinding mill to increase capacity.

See Figs. 5.13 and 5.14
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From preginding mill Dedusting

t

Coarse to pregrinding mill
fludised bed separator

Fines to finish mill

Fig. 5.13 Fluidised bed separator in conjuction with pregrinding mill.
ﬂ 1 Feed hopper
4 7 2 Pregrinding mill
3 Elevator
1 4 Fluid bed separator
\__/ 5 Finish mill
— 6 Elevator
6 7 Separator
2
3
‘f \J
Fig. 5.14 Mill circuit with pregrinding mill; fluidized bed separator and finish mill.

5.9 Cyclones

Cyclones are merely separators. They separate
pulverized material in a gas or air stream. Collected
material is either a product or it is passed on to another
cyclone for further processing.

Earlier, cyclones were used to collect pulverised
material in mill systems. Now because of stringent
pollution norms cyclones are used only as intermediate
collectors.

Efficiency of cyclones is dependent on particle size
distribution in the material. It is almost 100 % for + 40
micron size particles but drops sharply for small
particles.

See Fig. 5.15

Cyclones in a preheater system is a good example
of cyclones used to separate material from carrying
gases. Separated material is passed on to the stage
below.

Smaller cyclones have a higher efficiency than large
cyclones. Therefore often a bank or group of cyclones
is used to dedust large volumes of gases.

See Figs. 5.16 and 5.17

This logic was carried forward to design multiclones
which are cyclones of ~ 150 mm dia arrangc:1 in groups.
These were commonly used to clean vent gases from
clinker cooler.

See Fig. 5.18
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example : for particle size distribution as follows

10 microns 10
20 microns 20
30 microns 30
40 microns 40
50 microns 50

over all efficiency = 83.9%

Fig. 5.15 Efficiency of cyclone dust collector depends on size distribution of dust particles.
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Fig. 5.16 ‘ Cyclone dust collector single and in group of two.
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Fig. 5.17 Cyclone dust collector in group of four.
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Fig. 5.18 Multiclone.



CHAPTER 6

6.1 Blending Operation

In preparing raw meal, limestone is mixed with
additives or correcting materials to produce clinker of
right composition. Materials limestone, clay, iron ore
are proportioned while being fed to raw mill. While
some mixing may take place during grinding it is not
enough to produce clinker of uniform quality.

A specific blending operation is therefore necessary
to produce raw meal of quality that is consistently
uniform in chemical composition and also particle size
distribution.

6.2 Blending in Wet Process

In wet grinding, product from mill was in a slurry form.
Liquids were easy to stir and blend. Slurry was stored
in a silo. Simply admitting compressed air at the bottom
of the silo did blending. Air bubbled through the height
of raw meal stored and blended it.

However raw meal tended to settle down.
Therefore it was necessary to keep blended slurry in
agitation. This was done in a ‘slurry mixer’. Slurry
mixer was a shallow tank, 20 to 30 m in diameter.
A slowly rotating stirrer turning on a vertical axis in
the center kept slurry in agitation and from settling
down.

Slurry mixer was also used to regulate water
content in the slurry by skimming off water from the
top. Thus if water content in sturry from raw mill was
say 36 %, in slurry fed to kiln it would be around 34 %.

Some times clay was ground separately. A separate
silo for clay slurry would be maintained. Slurries of
limestone and clay would be transferred to a third silo
in required proportions and blended in it by aeration as
before.
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As a matter of fact the ease of this blending is
what gave such a long life to wet process.

6.3 Blending in Dry Process

6.3.1 Preblending

In dry process plants, ‘blending’ is taken to include
Preblending also. Preblending is achieved in ‘Stacker
Reclaimer’ systems as described in Chapter 3.

The degree of blending that can be achieved is
5-6 : 1.

That is if CaCO, varies between + 5% in feed, the
variation in material extracted from piles would be
+ 1%.

To obtain uniform quality of clinker it is necessary
to keep the variation in carbonates in kiln feed to + 0.2 %
measured as a standard deviation.

If in preblending degree of variation has been
brought down to + 1 %, then the blending to be
achieved in homogenising silos is restricted to
1/0.2=5:1

6.3.2  Blending of raw meal
In dry process, product from raw mill is a dry
pulverized powder.

Techniques used for aeration of slurry were not
suitable for blending dry raw meal.

Fluidisation techniques developed in forties of the
last century, made blending of dry raw meal possible.
In fluidisation, air at comparatively low pressures is
passed through the raw meal stored in a flat bottom
silo. Silo was fitted with porous tiles overall of its area.



Air emerged through the tiles and fluidized raw meal
over them. It became lighter and tended to rise in
volume due to reduction in its bulk density. Such
fluidized raw meal behaved like a liquid and tended to
flow il acrating surface was at a slope. That was the
beginning of “air slides™ and also of “Batch blending”.

6.4 Air Merge Batch Blending Systems
In *batch blending” systems, a blending silo was
designed 1o receive raw meal ground by the raw mill
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in 8-10 hours. This was the size of the *batch’. This
batch was then blended by ‘air merge blending’. Each
manufacturer has its own designs and equipment for
air merge blending but basic principle is the same that
is to ‘fluidise’ raw meal, create differential densities
within the silo by supplying air at different pressures
and in different quantities to sectors of the silo so that
circular movements of raw meal take place in vertical
planes, thereby homogenising raw meal.

See plates 6.1 6.2 and 6.4,

Raw meal as received i [
I ‘# I
13 - ."\1 i
HAH \ “ t 3
; s 1 ] |. . IJ’_
+2% it 4 ! \n'h i H H HEM + 0.2%
1
H = i (
: {
| TAI_MT“‘TA I | Blended raw meal
Plate 6.1 Blending effect in a quadrant blending system.
@ @
@
d
Plate 6.2 Blending cycle and progress of blending in a quadrant blending system.
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1 Holding silo Batch blending system
2 Blending silo (1 nos) Double deck silos
3 Storage silo 2 blending silos (2 nos)

3 storage silos (2 nos)

Plate 6.3 Arrangements of double deck batch blending systems

Plate 6.4 Piping and aeration media for bottom of the blending silo in a batch blending system.



Blending effect (also known as blending efficiency)
achieved is between 8:1 to 10:1. That is if standard
deviation in raw meal feed to silo is + 2 %, then
standard deviation of blended raw meal would be
+ (0.2 9%. Since a deviation of (0.2 to 0.3 % is tolerated,
‘preblending’ would generally not be required.

Operation of the system is such that X-Ray analyzer
would also not be required. Therefore batch blending
system is eminently suitable for small plants.

In subsequent developments in the batch blending
system, blending and storage silos were arranged in
*double deck systems’ that is blending silo on top and
storage silo under 1t. It eliminated one pumping
operation and saved power,

See plate 6.3.

6.5 Continuous Blending

As plant sizes grew raw mill capacities also grew. A
3000 tpd capacity plant required a raw mill of 240 tph
capacity. A 10 hours batch would be 2400 tons requiring
large silos.

Large Kilns also required stocks of 2 - 2 Y2 days of
raw meal as a buffer stock between grinding and kiln
sections. A 3000 tpd kiln would require a storage of
12-15000 tons of raw meal. "Batch blending system’
requiring 4 silos in double deck system would be quite
expensive.

It was more economical to construct a single large
diameter silo - rather than a number of small silos.
However this silo would have to achieve necessary
degree of blending. Thus the ‘continuous blending’
system was evolved, As the name suggests, operations
of filling, blending and extraction are carried out
simultaneously and continuously. Because of
‘preblending” achieved in stacker reclaimer system,
as mentioned earlier blending effect required in the
blending silo was only 5:1-6:1. The continuous system
wis able to achieve it.

6.5.1 Operation of Continuous Blending System
In continuous blending horizontal layers are broken and
extracted across the cross section of the silo like
scraper of the reclaimer.

Because of continuous and simultaneous operations
of filling, blending and extracting, it was no longer
necessary to have separate silos for blending and
storage purposes. Same silo serves for both blending
and storage.

See plate 6.5.
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A typical chart showing blending effect acheived
as compared to variation in feed is shown in
plate 6.6.

Plate 6.5 Continuous blending system.

6.6 Continuous Blending Silo
Thus continuous blending silos of 12000-18000 tons
capacity with diameters |2-18 meters came to be used.

Aeration of silo bottom for blending and aeration
is shown in Fig. 6.1. Because of the large diameter of
the silo aeration would be done sector wise thereby
reducing capacities of blowers / compressors required.
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Fig. 6.1 Bottom of continuous blending silo - open airslides for aeration.

All new plants would be with continuous blending In exceptional cases. where the degree of blending
system with 1 large silo of capacity of 2-2 Y2 days achieved in continuous blending is not sufficient to
requirement of raw meal. maintain a standard deviation of + (0.2 %, there may
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be two silos, working in parallel and from which feed
would drawn simultaneously for achieving further
blending during extraction.

Preblending and Continuous blending are
complementary to one another. Either system by itself
may not be adequate to achieve the degree of blending
required. These systems also require that quality is
checked and measured continuously while building up
stock piles, while extracting from stock piles, while
feeding to the continuous blending silo and while
extracting from it for kiln feed.

6.7 X-Ray Analyser

Continuous monitoring is done during grinding of
limestones and correcting materials in ball / vertical
mills with the help of computer attached to the
*X-Ray analyser’ which sends signals automatically
to change proportions of limestone (high and low
grade), clay - iron ore etc., to achieve a raw mix blend
which when mixed with raw meal already in the silo

would maintain raw mix quality of kiln feed within the
set norms of + 0.2% standard deviation.

This will not be possible without an *X-ray analyzer’
(or equivalent instant analysis facilities). It would be
too risky to use stacker reclaimer system and
continuous blending without an X-ray analyzer. X-ray
analysers are expensive, as also are automatic sampling
systems and can be afforded by large plants only,
However one X-ray analyzer can serve for the whole
plant to test clinker and cement as well.

Small low budget plants would therefore be adopting
conventional batch blending systems.

6.8 Power Comsumption in Continuous
Blending

Power consumption wise continuous blending would

require less power because it is not necessary for air

admitted for blending to force its way through the entire

height of the raw meal in the silo.



CHAPTER 7

METERING SYSTEMS FOR RAW MEAL AND COAL

7.1 Kiln Feed Systems

Kiln, the main processing unit of a cement plant needs
to be fed with blended raw meal in the form of either
slurry or powder or granules to produce clinker.

The main purpose of a kiln feed system is to feed
the kiln at any desired rate according to the rate of
production and to be able to maintain it with a close
degree accuracy throughout the range. It should also
be possible to monitor the rate according the
operational conditions to produce clinker of consistently
uniform quality.

7.2 Types of Kiln Feed Systems
There are three main types of kiln feed systems. They
are :
I. Volumetric systems where rate of feed is
assessed more by volume of slurry or raw meal
delivered than its actual weight,

!-J

Gravimetric systems in which weight of raw
meal is actually measured as it is fed to kiln.
3. Indirect systems in which rate of feed is assessed
by measuring an apparently unrelated quantity.
Good kiln feed systems should be able to measure
the rate of feed with a variation of not more than
+ 3 %0. Lesser the variation the better. From this point,
gravimetric systems are more accurate with a variation
of not more than + 1%.

7.3 Wet Kilns

In wet kilns slurry was pumped into kiln by centrifugal
pumps. A pot held a specific quantity of slurry and its
rate of emptying was measured in seconds. This period

4

could be varied by a variable motor. This measurement
known as “slurry seconds’ was an indication of rate of
feed of slurry. Knowing the water content in slurry,
weight of raw meal could be established in kilograms.

7.4 Dry kilns

In dry kilns long or preheater kilns or in kilns with lepol
grate, measurement is of dry pulverized raw meal
extracted from the storage silo. This measurement
could be by volumetric or gravimetric measurements
or by indirect methods mentioned above.

7.5 Volumetric Systems

In this system screw conveyors and rotary vane
feeders with close tolerances between casing and
screw or rotor are used. Speeds of screw or feeder
are variable. Most often d.c. motors would be used.
Screws are mounted directly under the serving bin.
Head of raw meal inside bin is maintained constant by
using an overflow device or level indicators. This
ensures that there are no fluctuations in rate of
discharge due to change of head of material.

A refinement can be by installing the bin on load
cells so that weight delivered can be obtained directly.
See Fig. 7.1.

7.6 Gravimetric Systems

In these systems a load cell measures the weight of
material passing over a belt, which is translated into
feed in tons per hour by measuring belt speed. Belt
speed is variable. Gravimetric systems best operate
with a pre feeder. Pre feeder extracts material from a
bin. If the bin is on load cell it helps to calibrate the
system.
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1 Bin on load cells

2 Rotary vane feeder with close tolerances &
variable speed drives

3 Screw feeder - mostly round - single or
twin with variable speed drive

1 Bin

2 Pivoted screw with close tolerance and
varnable speed drive

Fig. 7.1

Volumeteric kiln feed system — commonly used firing coal in kiln and calciner.

Plate 7.1

Plate 7.1 shows weigh feeder

Pre feeder also has a variable speed drive to change
rate of extraction. Pre feeder and weighing belt or
weigh feeder work as a pair.

See Fig. 7.2.

Weigh feeder in gravimetric system for kiln feed.

7.7 Indirect Systems
Most commonly used indirect systems measure impact
of falling material on a curved plate which is translated
into feed rate in tph.

This system is known as “solids flow meter’.
See Fig. 7.3 and plate 7.2.
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1
2 1 Bin
Vent 2 Flow control gate
M | 3 Weigh feeder
: ]
Fig. 7.2 Gravimetric feed system - weigh feeder as feeder, control gate as pre feeder.
1
Vent 1 Bin
2 | 2 Rotary vane feeder
) k 3 Air slide
l 3 4 Solid flow meter
4 =
\
Fig. 7.3 Solids flow meter as feeder; rotary vane feeder as prefeeder.
: ¥ . T I
r. i -
Binon
load cell

8

Control system with i - 3 - i
Solids flow meter  : T :
i ' : '
; 1 = '
Measurement E .
and - .
| Control System - e
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Solids Flow Meter

Plate 7.2 Kiln feed system using solids flow meter.
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1 Bin on load cells

2 Load cells
3 Cut off gate
4 Flow control gate
5 Air slide
B Air lift
Fig. 7.4 Flow control gate alone used for kiln feed :
feed regulated by air pressure of air lift.
1. Cut off gate
2. Flow control gate
3. Drive - variable speed
4. Solids flow meter
Section "A"
Fig. 7.5 Flow control gate for regulating feed — used as prefeeder,

solids flow meter as feeder.

In another indirect system, pressure of air in the air
chamber of ‘air lift" is used to monitor rate of feed
with the help of a “flow control valve’. Other things
remaining same, air pressure is a measure of rate of
feed.

See Fig. 7.4.

In vet another/indirect system, gamma rays are
pussed thru material —coal- passing over a belt and
loss in energy is used as an indication of rate of feed.

7.8

Most commonly used feeders for kiln feed for large
cement plants are ‘weigh feeders’ and ‘solids flow
meters'. Rotary vane feeders with close tolerances
and ‘flow control gates’ are the commonly used pre
feeders.
See Figs. 7.2, 7.3, 7.4 and 7.5.

Sometimes a flow control gate is used by itself as a
feeder.
See Fig. 7.4.
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1 Bin on loadcells

4 Air slide to air lift

2 Flow control gate as pre feeder
3 Weigh feeder (or solid flowmeter)

5 Flow control gate only as stand by feeder

Fig. 7.6

7.9 Standby for the System

A kiln feed system needs a ‘standby’. Weigh feeder
serves as'the main feeder and flow control gate as the
standby.

See Fig. 7.6,

7.10

Kiln feed system taken as whole should include the
final *conveyor’ to lift raw meal to the preheater. An
air lift was the most common pneumatic conveyor till
recently. However it has now been replaced by a belt
bucket elevator. Standby is then provided by an air
lift.

7.11

There are many variations of the basic systems and
they can be fitted into a plant layout in several ways.
These will be dealt with in chapters on layouts.

A typical kiln feed system installation located under
the silo is shown in Plate 7.3.

Flow control gate as prefeeder and standby feeder for kiln feed.

7.12 Metering Pulverized Coal for Kiln and
Calciner

Just as raw meal is fed to kiln at preheater end after

metering, coal is fired into kiln and calciner after

metering. Coal metering systems can be volumetric or

gravimetric same as for raw meal.

See Figs. 7.1 and 7.2.

-Because capacities are small, round twin screws
with decreasing pitch are commonly used. They are
mounted directly under the bin without a prefeeder as
shown in Fig. 7.1,

7.13 Loss in Weight System

Loss in weight system is also often used to meter and
fire coal in Kiln and calciner. In it, rate of emptying is
monitored with the help of a computer.

See Plate 7.4.
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Plate 7.4

Loss in weight system generally used for metering pulverised coal.



CHAPTER 8

8.1 Preheaters
Preheaters were developed to take the process of
heating raw meal to a temperature where calcinations
or dissociation of CO, begins, outside the Kiln.

This function was done inside the kiln in long Kilns.
Length of the kiln shortened as a consequence of taking
the function of preheater outside the kiln.

8.2 Lepol Grate Preheater
In case of dry process or to be exact semi dry process,
the first attempt to take preheating outside the Kiln
resulted in the development of Lepol Grate Pre heater.
Lepol grate consists of a traveling grate to which
nodules of raw mix are fed and travel slowly with it.
Hot gases from kiln at temperatures are passed through
the bed of granules more than once. Gases entering
grate pre heater at = 1000 °C lose their heat to granules
and heat them to temperatures of = 800 “C. Gases
leave grate at = 180 °C. Grate consists of a chain
turning on a number of shafts inside a refractory lined
casing. On the chain are fitted grate plates with slots
for passage of gases. Smaller granules and dust fall
through the slots and are collected in a chamber with
hoppers under the gate. The spillage so collected is
hot and is conveyed by a Redler conveyor to an elevator
which lifts it and feeds it to kiln. Both Redler conveyor
and elevator are made of special heat resisting material
to withstand high temperatures. Chain and grate plates
are also subject to high temperatures at least for a
part of their travel and are also required to be made of
heat resisting material.

Besides reduction in fuel consumption as compared
to long dry Kilns, Lepol grate preheatet in the initial
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years when pollution control laws were not so severe,
also had the advantage that exhaust gases from grate
could be let into the atmosphere straight.

Main disadvantages were high maintenance costs
and difficulty to maintain sealing in long casing through
which a large number of shafts projected.

Control was by changing speed of grate, by
changing speed of granulator and by flow of gases.

Lepol grates were developed up to 2000 tpd
capacity. Their development stopped after Cyclone pre
heaters were established.

8.3 Cyclone Preheaters

Cyclone preheaters are a series of cyclones arranged
one over the other. Gases from the kiln enter the bottom
cyclone through a riser duct. In this duct raw meal
collected in the stage above is introduced. Raw meal
is picked up by kiln gases and carried into the cyclone.
In this journey gases transfer their heat to raw meal
which gets heated further, When gases with raw meal
in suspension enters the cyclone, raw meal is separated
from gases by cyclonic action and gases go to the
cyclone above it. Raw meal on the ower hand enters
the kiln. Each cyclone, connecting duct and raw meal
pipe thus form a ‘stage’. The process is repeated as
many times as there are stages. In the final stage or
top cyclone, raw meal from kiln feed is introduced from
the kiln feed system and gases go to preheater fan
which draws them through the system.

In each stage heat transfer takes place when raw
meal is in suspension in gases which is a very
favourable condition for transfer of heat. Gases from
kiln enter bottom cyclone at about 1000 °C. Raw meal



enters preheater in the top stage at about 60 *C. Gases
leave prheater at = 350 °C for in a 4 stage preheater
and raw meal enters kiln at about 800-850 °C.
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for quite some time with 4 stage preheaters till cyclones
of low pressure design were developed.

Attention was paid by Designers of preheaters to

the geometry of cyclones and their internals to reduce
pressure drop. As a result designs have become similar
and pressure drops comparable.

See Figs. 8.1 and 8.2,

Plate 8.1 shows a 5 stage preheater of cyclones
of new design with low pressure drop.

&.3.1 Pressure drop in Preheater

Initially number of stages used to be 4 only. Pressure
drop across a 4 stage preheater used to be 500 to 550
mmwg. Any increase in number of stages resulted in
additional pressure drop which unfavorably offset gain
in fuel efficiency. Therefore cement industry continued

r_ - -_1 D -Clear dia of cyclone
l | | | inside brick lining
| | o a - Width of inlet
L [ _L H1 b - Depthofinlet
S ¢ - Dia of raw material chute
. D o d - Dia of outlet
B - Angle of cone
H1 - Height of cylindrical
section of cyclone
H2 - Height of conical
H2 section of cyclone

kD | Are different for
a/b | different manufaciures

Fig. 8.1 Proportions of preheater cyclone.

Ap.

1

Ap = Pressure drop across
each stage of preheater

Fig. 8.2 Pressure drop across one stage of cyclone.
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Plate 8.1

5 Stage Suspension Preheater with

low pressure drop cyclones.

Presently pressure drops in 6 stage preheater are
comparable to or even less than that in a 4 stage

preheater of old designs.

See Table 8.1.

Table 8.1
No. of stages | Pr. Drop across temp. of gas
Preheater mmwg | °C at exit
4 280 - 300 350
320 - 370 300
400 - 450 270

MACHINERY USED IN MAKING CEMENT

As a result, fuel consumption has steadily gone
down and specific gas volume expressed in nm* / kg
clinker has also come down.

&8.3.2 Sp. Power Consumption

With reduced pressure drop, temperature and reduced
gas volume specific power for preheater Fan expressed
in kwh/ton of clinker has also come down.

It is now even less when kiln feed is lifted by a
bucket elevator and not by airlift. Table 8.2 shows
typical values for sp. fuel consumption. sp. gas volume
and sp. power for preheater fan,

Table 8.2 Operational norms in preheaters

Operational norms in preheaters
_ Using airlift
Sr. | No.of Sp.fuel Sp.gas | Sp. power
No. | stages | consumption | volume | Preheater
fan
Kcalkg | Nm'/kg | Kwh fton
1 4 800 | 1.65 5.75
2 |5 [ 750 | 155 | 605
3 6 700 | 145 6.3
Using elevator
1 4 1.55 5.4
2 5 - 1.45 5.65
3 6 1.35 5.87

It would be seen that development of low pressure
drop cyclones has resulted in bringing close specific
power consumption of preheaters of 4 to 6 stages.

Earlier with cyclones of older designs when for
4 stage preheater, sp. fuel consumption used to be
= 850 kcal/kg and temperature at exit used 1o be
= 370 °C, sp. power consumption for preheater fan
used to be + 10 kwh/ton |

Thus with this development. it has been possible to
increase number of stages from 4 to 6 without paying
penalty in terms of power consumption.

8.4 Developments in Design of Cyclones
Changes in design of cyclones are related 1o :
1. Cylindrical height in relation to clear diameter

of cyclone. Different ratios are used in different
Slugfﬁ

-2

. relative dimensions of width and height of duct
entering cyclones. Now in almost all designs ratio
of width / heightis 1 : 2.



3. Velocity at entrance of cyclones is very much
reduced. It is now = 20-22 m /sec for bottom
cyclones reducing to = 14-16 m /sec for top
cyclones.

4. Velocitics at exit of each stage are much less
than velocities at inlet.

5. Inlet duct is arranged at a slope so that there is
no accumulation of dust in the duct.

6. Volute joins the cylindrical portion of the cyclone
at a slope so that accumulation of dust is avoided.

7. Bottom two stages have double cones to prevent
accumulation of material inside cone. Angle of
cone is also more steep.

8. design of immersion tubes has seen significant
changes from point of view reducing pressure
drop without sacrificing efficiency.

See Fig. 8.3.

Preheater design has also been influenced by
developments of Calciners. Fuel is divided in the ratio
of 40 : 60 in kiln and calciner

Presently single streams are used for capacitics as
high as 4000 tpd. Beyond that, preheaters are used in
two streams to reduce height of the preheater tower.

Next Chapter on calciners shows various
arrangements of preheaters and calciners. Preheater
cyclones shown therein are of new low pressure design
mentioned above.

See plates 9.1 to 9.6 in Chapter 9.

8.5 Preheater in Calciner Kilns

Because of higher quantum of fuel being fired in
calciner, preheater stream for calciner is
correspondingly larger than stream on kiln. This results
in two dissimilar towers side by side with floors at
different spacing and different total heights.

In some designs gases from two streams are mixed
and divided equally so that the two streams are identical.

Two stream preheaters can be arranged in a plane
perpendicular to kiln or in line with kiln.

Top cyclones used to be twin cyclones. It is not
uncommon to find single cyclones in the top stage when
preheater is a two stream preheater.

Preheaters 81

8.6 Feed to Preheater

Raw mcal used to be fed by FK Pumps or air lifts to
duct between 1* and 2" stages. Now bucket elevators
are used. To reduce heights of elevators, ‘enmass
conveyors™ are used.

8.7 Brick Lining of Cyclones

To reduce radiation losses and weight and size of
cyclones, insulating bricks or blocks are used between
brick and steel walls of cyclones in all stages.

8.8 Various Designs of Preheater

There are many designs of preheaters and preheater
systems. Annexure 1 shows relative dimensions of
cyclones in different stages for a few prominent
manufacturers expressed in terms of clear diameter
of the cyclone. In it Humboldt cyclones are of vintage
design.

Polysius has been more or less a two stream design
and was therefore well suited for high capacities. Pasec
preheater is a two stream preheater where feeds are
crisscrossed between the two streams.

Performance wise different designs are close to
one another.

8.9 Horizontal Cyclones

Horizontal cyclones were developed and introduced
in 2" and 3™ stages from top to reduce height of
preheater tower. This has become particularly relevant
in prehaters with 6 stages where tower heights have
reached heights of 30 storiced buildings. Figs. 8.4 and
8.5 show horizontal cyclones in a preheater stream.

However the concept has not caught on in that most
new plants with 6 stage preheaters have not
incorporated it.

8.10 Hurry Clones
A new development by an Europcan designer is ‘Hurry
clones’

However not much is known about the actual
features of the new design cyclones. It appears that
they could be replace existing cyclones to improve
operational efficicncy of a running plant.

8.11
Plates 8.2 and 8.3 show preheater towers and
preheaters from actual installations.



82 Section 2 MACHINERY USED IN MAKING CEMENT

1. Qutlet duct
2. immersion tube

- 3. Cyclone
d d = Clear dia of outlet duct
=3 = Dia of immersion tube
@Z h = Clear height of immersion tube
l b = Clear height of inlet of cyclone

Greater h/b, greater efficiency i.e.,
reduced dust loss but higher pressure
drop h/b > 1 for top cyclone

N
[ h M
w
b
L
I

TTEL]

(a) General arrangement of immersion tube

(b) Immersion tube with taper
C———)

(c) Immersion tube with vanes reduce to pr. drop. for top cyclone
e ee—y

4R

N
/

e immersion tubes

[e3

(d) Opened immersion tu

Fig. 8.3 Design of immersion tubes.
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1 Raw meal

Fig. 8.4 Horizontal cyclone for preheater.

Saves height of
preheater tower

5 PHFan

1 Bottom cyclone

2 2nd stage

3 Harizontal cyclone-3rd stage
4 Horizontal cyclone-dth stage
5 Top-twin cyclones

Inline calciner

Kiln

Fig. 8.5 Incorporating horizontal cyclones in a preheater system.
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Annexure 1

Proportions of cyclones of leading preheater designs

MMCC Onoda Humboldt FLS
stages stages stages stages
1 2 3 4 i 2 3 4 1 2 3 4 102 3 4
top 2 top 2 top 2 1oyclone]
ST N0 itamn unit

d d d d d d d d d d d d d d d d d
a 0.25d | 0.275d | 0.275¢ | 0.275d 0.275d | 0.4d 0.4d 0.4d 0.326 } 0.390d }] 0.404 | 0.404
b 0.5d 0.55d | 0.55d | 0.55d 0.46d 0.4d 0.4d 0.4d 0.66d ] 0.702d | 0.701 | 0.793d
alb 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.597 1 1 1 0.47 0.55 0.575 0.08
a*b kd2 0.125d2]0.151d2}0.151d2] 0.151d2 0.127d2] 0.16d2 | 0.16d2 0.16d2 0.22d2 | 0.27d2 [ 0.283d2] 0.32d2
e 0.5d 0.5d 0.5d 0.5d 0.512d | 0.467d | 0.467d 0.467d 0.598d | 0.648d [ 0.65 0.65d
ca m2 0.196d2]0.196d210.196d2] 0.196d2 0.205d2[0.171d2{0.171d2| 0.171d2 {0.281d210.323d2| 0.331 ]0.323d2
C mm 300 300 300 300 0.09d | 0.095d { 0.095d | 0.095d 600 600 500 600
H 1.75d 1.2d 1.2d 1.2d 1.8d 0.9d 0.8d 1 5d 1.75d | 0.838d | 0.838d 0.838d 2.2d 1.46d¢ 1.49d 1.58
L 0.98d 0.6d 0.6d 0.65d | 0.79d | 0.895 | 0.895 0.895 1.1d 1.06d | 1.06d | 1.16d
o] degree 60 60 60
o1 50 50 50 50 50 49 51 50 46
02 30

MMCC Onoda Humboldt FLS

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
top 2 top 2 top 2 1cyclone]
immersion
fube
e 0.5d 0.5d 0.5d 0 5d 0.5d | 0.394d | 0.747d 0.747d
h 0.5d 0.5d 0.5d 0.25d 0.87d 0.5d 0.15d 0.15d
Vi 18 18 18 22 17 16 16 17
Vo 11.5 14 14 17 17 15 15 17
velocity
in
cyclone misec. 2.8 3 3.4
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CHAPTER 9

9.1 Claciners

Just as development of Preheaters took the process
of preheating outside the kiln so also Cacliners have
taken the process of calcination or dissociation of CO,
from carbonates in raw mix feed outside the kiln.

In Cyclone Suspension Heaters, retention time of
gases is about 30 to 40 seconds. In this time raw meal
gets preheated from a temperature of = 60 °C to about
800-850 °C. Calcination process begins at = 600 °C.
Therefore raw meal enters the kiln partially calcined
say 20 to 35 %. Balance of calcinations is completed
inside the kiln.

9.2 Process of Calcination
Calcination is an endothermic process during which
temperature of raw mix remains constant. Heat is

CALCINERS

required to be supplied for calcinations as per chemical
reaction shown below:

CaCO3 = Ca0 + CO2 - 420 kcals.

In calciners , raw meal is taken from the last but
one stage of preheater and taken to a vessel where
heat for calcination is supplied by firing fuel in it.
Preheated air for combustion can come from kiln or
from grate cooler. Preheater fan draws products of
combustion and CO, dissociated through calciner and
through cyclones of preheater. Raw meal is separated
from gases and is fed to kiln. Degree of calcination
achieved is directly related to the amount of fuel fired
in the calciner. As a thumb rule, when 60 % fuel is
fired in calciner, degree of calcinations achieved is
=~ 90 to 95 %. Temperature of raw mix begins to rise
when calcination is complete changing its

100
//AF”/ raw material
g 90 / e | at Kiln inlet
& 80 =
5
= € 70
e y=0.7(x-40)+82
Sa
£ a 60
8 (4]
8 50 1
raw materia
T ™~ atinlet of calciner
40 —d P
>
30 —
20
30 40 50 60 70
X

—= % fuel in calciner

Fig. 9.1

Relation between fuel in calciner and apparent degreed decarbonation.



characteristics of flow. Therefore calcination to be
achieved is intentionally limited to 90 %.

See Fig. 9.1

9.2.1 Output of a Calciner Kiln

As adirect result of carrying out process of calcination
outside the kiln, capacity of the kiln increases in
proportion.

Ratio of output of a calciner kiln 1o a preheater
kiln = 100/ 100-% fuel in calciner).

Relations between fuel fired in calciner and kiln
output are given in Table 9.1.

Table 9.1
%fuel in calciner, calcination and kiln output
Sr.No. | Fuelin Degree of | Kiln output
calciner | Calcinations | Preheater
% % | kiln=1
1 0 30 [ 1
2 10 40 [ 141
3 20 50 | 1.25
4 30 60 1.43
5 40 70 1.66
(5] 50 80 2.0
7 &0 a0 2.5

These values are a little on the lower side compared
to values derived from formula given in Fig. 9.1.

Up to 20 % fuel can be fired in kiln riser duct itself
with minor modifications. Air from combustion comes
through kiln.

For higher quantities a proper calciner needs to be
installed.

9.3 Types of Calciners
Calciners are classified into ;
1. In line" or “off line’ calciners,
‘Inline” calciners are installed between Kiln and
bottom cyclone. They can be in the form of
large diameter ducts with constrictions or
rectangular ducts bent 1o increase retention time,

Air for combustion can come through Kiln or
through an external duct from grate cooler.

*Off line’ calciners are independent vessels
installed within or outside preheater tower. Air
for combustion comes from grate cooler.
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Plates 9.1 to 9.6 show arrangements of ‘in line’
and ‘off line” calciners with preheater cyclones for
one and two stream preheaters. It would be seen that
there are a greal many possibilities to choose from.

Plate 9.1 In line calciner with air through kiln.

Plate 9.2 In line calciner with air from cooler.
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Plate 9.5 Two stream preheater with calcinerin
Plate 9.3 Off line down draft calciner. each stream.

Plate 9.6 In line bent duct calciner drawing air
Plate 9.4 Off line calciner with its own preheater. from cooler.



Plate 9.6 shows inline calciner in the form of a
duct.

2. Air through kiln or air from cooler.

Air through kiln calciners are suitable for kilns
with planetary coolers. Quantity of fuel that can
be fired in calciner is however limited to about
30 %.

3. Short or long retention times.

In most calciner designs retention time is
between 4 to 6 seconds to complete burning of
coal fired and to complete calcination. This
requires that both coal and raw meal are ground
fine — 10 to 12 % residue on 90 micron sieve. In
fluidised bed calciners retention time is =~ 30
seconds. Therefore coarsely ground / high ash
coals can be burned completely and even raw
mix can be ground to a fineness of 16-20 %
residue on 90 micron commonly found in
preheater kilns.

In some designs of calciners even crushed coal
and fuels like rice husk and shredded tyres can
be burnt.

9.4 Firing Fuel in Calciner

All calciners need fuel firing arrangements and also
for feeding raw meal. Hot air is brought in a duct from
grate cooler. Air for combustion in calciner is known
as ‘tertiary air’ and duct bringing it as tertiary air duct.
A dust chamber is installed between t.a. duct and grate
cooler to remove clinker dust.

9.5 Designs of Calciners
There are a great many designs of calciners. Prominent
among them have been shown pictorially in
Figs. 9.2 to 9.5. Relative positions of entry of tertiary
air, raw meal, fuel and exit gases in each case have
been shown in these sketches.

In some designs the connecting duct between
calciner and preheater also plays an important part in
the process. Therefore in evaluation, often volumes of
calciner and connecting duct are to be taken together.
Fig. 9.6 shows for six designs relative volumes of
calciner and duct together.

Per se, a calciner does not improve specific fuel
consumption of an installation as compared to operation
as a preheater kiln. Calciner and T.A. duct which have
large surfaces increase radiation losses considerably.
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But radiation losses being a small % of total heat
balance, increase thereof is not significant as they are
now divided for output which is 2.5 times higher.

Calciner, TA duct and dust chamber are refractory
lined. Temperatures in t.a.duct and calciner and
connecting duct range between 700 °C to 1000 °C.
Therefore 35-40 % alumina bricks with backing of
insulating bricks are suitable. Castables are also used.

9.6 Impact of Calciners

Calciners have truly brought about a sea change in
cement plants. Single kilns of 10000 tpd capacity have
been possible.

Originally calciners were developed to keep down
kiln size as life of brick lining shortened considerably
when diameters exceeded 5 metres.

They have been a boon to small plants as well.
They have been able to increase capacity of their kilns
2.5 times. Many a small plant has installed ‘calciners’
in phases. First they introduced ‘secondary firing’ by
firing 10 to 15 % fuel in the riser duct. Later riser duct
was replaced by an ‘in line’ calciner.

Increase in kiln and plant capacities triggered
growth of capacities and developments of grate coolers
and grinding mills as well.

Various designs have been operating in India
successfully using high ash low calorific value coals.
Most designs do not pose any operational problems.

In some designs of off line calciners there is
occasionally a small amount of spillage. This being very
hot dust needs careful handling. In line and down draft
calciners are free of this problem.

9.7 Two Stage Calcining

Recently two stage calcining has been introduced
consisting of a primary and a secondary calciner. See
Fig. 9.7. Operational profiles of conventional calciner
and two stage calciner have been shown in Fig. 9.8.

In another design of two stage calcining, a small
fluid bed caciner is installed just before the inlet of the
bottom cyclone of the preheater.

See Fig. 9.9.

9.8 Control of NOX

To reduce NOx fuel is introduced at more than one
level in a calciner.
See Fig. 9.10.
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9.9 Alkalies and Chlorides

It has been mentioned earlier that if alkalies
and chlorides in raw materials are high and are not
absorbed chemically by sulphur in fuel, alkali cycles
are set up which lead to eventual clogging of riser duct
and bottom cyclones. In calciner kilns only about 40 %
fuel is fired in the kiln The problem is therefore less
acute. Much smaller quantities of gases need to be
bypassed.

9.10

Calciners have thus been a great boon in more than
one way to Cement Industry.

Burning is more uniform and hence clinker produced
is also uniform in quality.

Raw meal need not be ground as fine.
Fuels poorer in quality can be burnt.

Raw materials high in alkalies and chlorides could
also be used.

Capacity of kiln increases 2.5 times.
9.11

Annexure 1, Table 9.1 shows data on various FLS
calciners and preheaters.
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Annexure 1

Table 9.1 FLS kiln, preheater and caciner systems.

Sr. No. Pyroprocesing SP | ILC- iLc SLC- SLC
system E S
Air thru kiln Air thru
t.a.duct
Max. for
1 Normal preheater 3000 3000
2 Preheater & 3700
Sec. firing
3 Preheater & calciner 4500 4500 4500
4 Normal layout
Preheater streams 1 1 1 1 2
calciner 1° 1 1 1
Special layouts
Preheater streams (2) (2) 2 2 2 2 3
calciner - - 1 2 1 2 2
5 Total cap. Normal 3000 | 3700 | 4500 4500 12000
layout tpd
6 Specific output 1.8 2.5 4.8 48 4.8
. tpd/m’ of kiln
7 Coal fired calciner - - yes yes yes
8 Low No, calciner - - yes yes yes
9 Max. firing in sec. 15 25
firing %
In calciner % 55-65 | 55-65 55-65
10 Cooler grate Yes | Yes Yes Yes yes
planetary yes | yes no no no
11 Max. bypass for 30 25 100 60 100

Alkali chiorides %

Notes: Special layouts () used for expansion of existing plants
@ riser duct modified for sec. Firing
SP (preheater kiln)
ILC (in line calciner)
SLC (separate line calciner)
Source : FLS Catalogues and literature



CHAPTER 10

10.1 Shaft Kilns

Historically ‘shaft kilns’ preceded ‘rotary kilns’ in
making cement. Initially broken lumps or crushed stone
was fed into a shaft kiln and sintered to make clinker.
First shaft kilns were ‘batch’ kilns.

They were developed into continuously operating
kilns. Raw meal feed was prepared by grinding dry
and granulating it by adding about 8 to 10 % waterin a
noduliser. It was fed at the top. Raw materials -
limestone and additives and also estimated quantity of
non volatile fuel like coke breeze were ground together
in a dry closed circuit mill.

Air for combustion was admitted from the bottom.
Clinker was discharged from the bottom from a
revolving grate. Air was preheated and cooled clinker.
Air could also be admitted at intermediate points.

Thus a shaft kiln carried out within it processes
beginning with drying and ending with sintering and
cooling.

See Fig. 10.1.

Shaft kilns did not get developed beyond == 300 tpd
capacity even in developed countries like Germany.

10.2 Shaft Kilns in Mini Cement Plants

In India ironically shaft kilns were developed when
rotary preheater kilns were well established for
altogether different reasons.

In mid seventies cement was scarce. China was
then a shining example of making bulk of its cement in
small vertical shaft kilns.

It was made out that shaft kilns did not require much
capital and capacity could be generated fast with the
help of small entrepreneurs. Therefore mini cement
plants based on shaft kilns with capacities as small as
20 to 30 tpd were developed with the assistance of
Cement Research Institute of India.
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Fig. 10.1 Shaft kiln.



Over the years more than 300 V. S. Kilns came
into operation. The most common size being a 50 tpd
shaft kiln. Kilns of 100 tpd were also developed.
Capacity of clinker production seldom exceeded
200 tpd even with multiple kilns.

A great majority of shaft kilns are now idle.

Bulk of the capacity of mini plants was from rotary
kilns of 200 to 300 tpd capacities. These mini cement
plants with rotary kilns have survived as they could
increase the capacity of the kiln by installing a calciner
on it as explained in the previous Chapter.

Operations wise, shaft kilns required about 1000 to
1100 kcal/kg for producing clinker that is comparable
with Lepol grate kilns. They also did not need dust
collectors to clean vent gases from the kiln.

10.3 Rotary Kilns

Rotary kilns carry out a number of operations within
them. They are suitable for all processes of
manufacture of cement viz. wet, semi wet, semi dry
and dry.

Length of the kiln or more precisely, ratio of length
to diameter depends on the number of operations
carried out in the kiln.

See Fig. 10.2.

Naturally wet process kilns were the longest
because they carried out maximum number of
operations starting from drying to sintering.

Dry process kilns with precalciners would be the
shortest because in it are carried out only about ten
percent calcining and the sintering processes.

All kilns have a short cooling zone at the discharge
end. In kilns with planetary coolers, clinker enters
the cooler tubes attached to the kiln shell.
See Plate 10.1.

Length of the kiln decides the number of supporting
stations required. Wet and long dry kilns had maximum
number of supports 5 or more. Dry precalciner kilns
can have only two which of course is the minimum
number; however commonly these kilns have three
supports.

See Plate 10.2.

Rotary kiln is a rotating cylinder, installed at a slope
of 2 to 4 degrees. Each supporting station has 2 rollers
and 4 bearings.

Kilns 99

All are mounted on one fabricated bedplate. On
the kiln are mounted tyres which are usually floating.
Tyre rests on rollers which have an angle of about
30 degrees at the center of the kiln.

Kiln is lined with refractories 150-250 mm thick.
In burning Zone they are 70 % alumina or magnesite
bricks. Rest of the kiln is lined with = 35 % alumina
bricks.
See Plate 10.3.

Wet and long dry kilns had chains for about one
third of the length from inlet end to improve heat
transfer between kiln gases and kiln feed-(slurry in
case of wet kilns and raw meal. In case of dry kilns).
Chains in dry kilns had to be of heat resisting steels.

Though such kilns are now history, chain systems
in their days needed and received considerable attention
to improve speed of transfer of heat. Chains were
curtain and garland chains and their ‘density’ was a
parameter of the efficacy of heat transfer.

10.4 Sizing of Kilns

Sizing of kilns has been largely empirical. Factors

influencing sizing are :

i. Retention time of material inside kiln from inlet
end till it comes out at discharge end as clinker.
It is a function of completion of the various
operations mentioned above that take place
inside the kiln.

It is shortest for dry preheater- preclaciner
kilns where a retention time of 27-30 minutes is
adequate.

2. Degree of filling of charge in the kiln. This is
important from point of heat transfer to the
charge . Usually degree of filling is 5-8 %.

3. Thermal loading in the burning zone. It is
measured as heat released in kilocalories per
m? of clear cross section of kiln per hour.
Thermal loading affects the life of refractory in
the burning zone. Quality of bricks also
influences the permissible thermal load. With
basic or magnesite bricks, thermal loads of
4.5 million kcals/m?/hr are permissible.

Thermal load has become less relevant in
case of calciner kilns where only 40 % of total
heat is released in the kiln.
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Processes in rotary kilns — producing cement clinker.




Kilns 101

Piate 10.1  Rotary cement kiln with planetary coolers.

Plate 10.2 Dry process roatry kiln with preheater and grate cooler.
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10.4.1  Sp. Outputs and l/d Ratios

Empirically kilns were sized volumetrically on the basis
of output in tpd /m* of clear volume of the kiln (inside
brick lining). Typical values for various types of kiln
arg ;

Type of kiln Sp. output in tpd /m?

Wel 1.5-2
Dry long 2-2.5
Dry preheater 3-4
Dry calciner 5-6

Degree of filling is about the same for all processes.
Earlier kilns were run at linear speeds of 25-35 cms/sec.
Now they run at almost double the speeds.

Once the volume required for a given capacity is
known, its Diameter and length can be worked out
using length to dia.ratio appropriate to the process.
Typical I/d ratios are:

Type of kiln Id ratio
Wet 35-40
Long dry 30-35
Preheater 14-16
Calciner 10-12

L/D ratio is also dependent on the fuel used. In
case of coals where calorific values fluctuate and also
in case of high ash coals it is prudent to opt for longer
kilns to ensure complete combustion of fuel.

One of the commonly used formulae for s;:;.ing rotary
preheater dry process kilns is C =3 x d*283 x 10337,

Here *d” is diameter of kiln inside shell.

‘I" is length of the kiln. And “C” is capacity in tpd.

Specific fuel consumption and altitude at site also
affect sizing. With 6 stage preheaters and better
coolers, fuel consumption of < 700 kcal/kg is possible.
Kilns have therefore shrunk in size. This is particularly
so for calciner kilns whose output increase 2.5 times
as compared to preheater Kilns.

10.5 3 m dia x 40 m Long Small Kiln

An interesting example is that of a 3 m dia x 40 m
long kiln which was once considered as standard for a
300 1pd preheater kiln.

Kiln I3x40m

Clear dia 2.6m

Clear volume 212 m?

Capacity as preheater kiln 300 tpd

Sp. fuel consumption 900 kcal /kg clinker.

Sp. output = 300/ 212 = 1.42 tpd/m?

Thermal load 2.12 million keal/hr /m?

This Kiln is today operating at many places at
capacities of 1500 tpd as calciner kiln with 6 stage
preheater. About 45 % fuel was fired in the kiln.

Thus 6 stage preheaters and calciners have
reduced the sizes of kilns dramatically. Small diameters
are good for life of refractory also.

10.6 Kiln Components

Kiln design has seen many changes particularly as
regards seals at inlet and outlet. Shell is cooled
at discharge end to prolong life of refractory.
See Plate 10.4.

Hydraulic thrusters are used to prevent slipping of
kiln down hill.

Various Designers and Manufacturers have their
own designs of the components of the kiln like riding
rings, rollers, roller bearings, girth gear and its mounting
on shell ete.

10.7 Kiln Drive
Kilns generally have variable speed DC Motors to
drive them.

Because of higher running speeds gear box
required is much smaller.

Increase in drive rating could be coped by installing
a dual drive thereby retaining the same gear.
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Cooling of nose rings at outlet end.

Sectional view of seal

Plate 10.4 Cooling of nose rings and seal at outlet end.

10.8 Mechanical Design

Mechanical design even for the largest calciner Kiln of
10000 tpd was not a problem because increase in
capacity was obtained by increasing speed. While
power increased, torque remained the same. Hence
cross sections corresponding to a 1200 tpd kiln were
adequate for a 3000 tpd kiln. However as mentioned
above linear speeds increased. Hence rate of wear
increasd. Materials of construction for tyres and rollers
and gear and pinion of calciner kilns should have better
wear resistant properties

10.9 Burners
Pulverised coal or oil is fired into the Kiln through a

burner inserted into it from the kiln hood.

Coal burners

Earlier coal burner consisted of a refractory lined pipe
with a tapered cone at the end to obtain desired velocity

at the tip. Pulverised coal was carried into Kiln by a
primary air fan,

Multi channel burners

To ensure complete combustion of coal with minimum
primary air, multi channel burners were developed.
Total air is about 12.5 to 15 % out of which about 2.5 %
15 used to convey coal.

Burners are thus very much a part of the kiln.

A typical multi channel burner for coal has been
shown in plate 10.5. There are designs in which oil
can also be fired for preheating of refractory when
starting from cold.

Oil Burners

Oil burners fire oil which is atomized either by
compressed air or by mechanical pressure. To do
proper atomization, oil is required to be preheated.
Oil burners come with heating and pumping units.
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Plate 10.5 Multi Channel Burner for Kiln.

10.10 In Annexure 2 typical performance data on dry
processes Kilns with 5 and 6 stage preheaters,

In Annexure 1 typical data on radiation losses in Kiln S
planetary and grate cooler is furnished.

cooler calciner system is furnished.
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Annexure 1

Typical Radiation Losses in kiln systems
Radiation losses in kcal/kg clinker

Sr.No. Kiln and Kiln with 5
4 stage preheater stage preheater
Radiation loss | Grate cooler | Planetary | Calciner with | Grate cooler and
in cooler t.a.duct Calciner and
1 t.a.duct
preheater 14 14 18 17.56
kiln 55 49.5 35 N
cooler 1.8 63 1.4 2
Calciner - - * %
t.a. duct - - 6.5 7
total =71 126.5 =f1 = 58

* included in TA duct

Annexure 2

Typical performance data on dry process kilns
with preheaters, calciners, grate and planetary coolers

Sr.No. Item Preheater kiln Calciner kiln
Planetary cooler Grate cooler
Preheater 5stage 6 stage | Sstage | 6 stage |
1 Heat balance
Kcallkg clinker
Heat in exhaust gas 157 144 160 145
Radiation loss from 65 67 54 56
Kiln and preheater
Heat of reaction 385 385 385 385
Cooler loss 141 143 116 116
Heat in clinker at 3 3 3 3
ambient temp.
Heal in raw meal, fuel, air 34 34 33 33
MNett sp. heat consumption 717 708 B85 672
2 Exhaust gas temp. “C 295 272 311 283
3 Pr. loss in preheater 280 328 279 325
mmwg
Pr. loss in rest of system 71 7 140 140
mmwg
Total pr. Loss 351 389 419 465
4 Power consumption
kwhiton clinker
Preheater fan 4.6 4.9 5.6 ]
Cooler drive and fans - | - 5.1 5.1
Kiln 31 31 1.7 1.7
p.afan 1.5 1.5 1 1
Dust transport 1 1 1 1
Total sp. power consumption 10.2 10.5 14.4 14.7

Power consumption for different kiln feed systems

Power consumpton for

elevator

Air lift

Screw pump

Kwhiton.clinker

0.5-0.6

1-1.5

2.0-25




CHAPTER 11

11.1 Cooling Clinker
Clinker comes out of the Kiln at around 1350 "C. It
needs to be cooled down to temperatures where it can
be handled by convevors available like belt. chain.
elevators that is below 100-200 °C,

As mentioned earlier, cooler is a part of the shalt
kiln. Clinker leaves shaft kiln at = 150 °C,

11.2 Coolers External to the Kiln are of 5 Types

Shaft,

Rotary,

e K e

Planetary.

Traveling grate.

el o

Reciprocating grate.

11.3 Shaft, Rotary and Planetary Coolers
In shaft, rotary and planetary coolers all of cooling air
is drawn into the Kiln for combustion as secondary air.
In passing over clinker and cooling it, air itself gets
preheated and thereby assists combustion of fuel greatly
and hence improves fuel efficiency

However, much larger quantum of cooling air is
required to bring down temperatures below = 200 “C.
Therefore there is a limit to cooling in these three types
of cooler.

11.3.1 Shaft Cooler

Shaft cooler did not catch on. It required lot of head
room under the kiln.

See Fig. 11.1.
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Fig. 11.1 Direct shaft cooler — under kiln.

11.3.2  Rortary cooler

A rotary cooler is like a rotary dryer or a small kiln
with internal fittings to promote heat transfer between
air and clinker. It needs a separate drive. Rotary cooler
does not pose any problems in construction.

See Fig. 11.2.

Rotary coolers were replaced by planetary coolers.

11.3.3  Planetary coolers

In case of planetary coolers, instead of one cooling
tube, 8 to 10 small diameter tubes are mounted on the
kiln itself and rotate with kiln.
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1 Kiln
2 Last supperting station
3 Kiln hood
4 Chute
5 Rotary cooler
6-7 Supporting stations
8 Hood
9 Clinker conveyor

o o]

Codling air

Fig. 11.2 Rotary cooler.

i | Cooling air
! 1 Kiln
_ 4 2 Last pier of kiln

5

3 Planetary coolers

4 Hood

5 Clinker crusher for over size
& Chute

7 Drag/ pan/ chain conveyor
8 Tunnel

9 Coal firing pipe
10 Support for coal firing pipe

I/d - 5-6 : 1

Fig. 11.3

See Plate 10.1 in Chapter 10.

Clinker enters tubes through ports and travels in them.
Tubes are fitted with refractory and with liners and
lifters made of heat resisting materials. Clinker comes
out at around 150 °C. Sometimes tubes are cooled
externally with water or air to achieve better cooling.

But planetary coolers which form an overhanging
weight on the end section of the kiln requires that

Kiln with planetary coolers — cooler tubes 10to 12 nos. lld=> 5-6: 1.

section of shell, tyre and last supporting station is made
of heavier construction.

In older designs, I/d ratio of cooler tubes was about
5-6/1. In new designs it is around 10/1. Thus coolers
are much heavier and overhang is longer. In large kilns
it requires an additional supporting station at discharge
end to take weight of cooler.

See Figs. 11.3 and 11.4.
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Kiln with planetary coolers — long cooler tubes Ifd = > 10 : 1,

Lepol grate preheater

1 Granulator
2 Lepol grate
3 Cyclones
4 ID Fan 1
51D Fan 2
& Spillage conveyor
7 Elevator to feed dust in to kiln
8 Water spray
9 Recupol cooler
10 Clinker conveyor

Vent

—_

Cooling air
B Recupol cooler

Fig. 11.5

Major disadvantage of the planetary coolers was
that air could not be drawn from it for precalciner
except in small amounts.

An advantage though in their case is that venting is
not required because there is no excess air.

11.4 Traveling Grate Cooler

Traveling grate coolers were ‘Lepol grates’ used to
cool clinker. In construction and in operation they were
similar to Lepol preheaters. They did not become
popular for similar reasons viz a great many moving

Double pass lepol grate and recupol clinker cooler.

parts of special heat resistant materials and high
maintenance requirements.
See Fig. 11.5.

11.5 Reciprocating Grate Coolers
Reciprocating grate cooler has become the dominant
clinker cooler and has seen many developments,
Construction wise two sets of grate plates with
small holes to pass cooling air are mounted on two
frames- one frame is stationary and the other is
reciprocating. Reciprocating action of one frame over
the other, moves clinker slowly along the length of the
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Fig. 11.6 Reciprocating grate cooler basic Fig. 11.7 Bed thickness of clinker in various
features. sections of cooler.
Plate 11.1  Conventional reciprocating grate cooler.

cooler from feed end to the discharge end. A set of
connecting rods and eccentrics convert rotating motion
of motor into reciprocating motion of the grate plates.
Frames are within a casing. Bottom part of the casing
receives and distributes cooling air. It penetrates
through clinker bed and cools it and gets heated in
turn. The top part of cooler above the plates is therefore
lined with refractory.

See Figs. 11.6 and 11.7 and Plate 11.1.

Cooling air to be admitted depends on the
temperaiure to which it is intended to cool clinker.

Excess of cooling air over the air for combustion is
drawn off by an induced draught or vent fan and vented
through a dust collector.

To make best use of cooling air, bottom half of
cooler is divided into a number of compartments — each
compartment gets cooling air from its own fan.

Thus a reciprocating cooler has a number of drives
for fans for cooling and vent air and for clinker breaker
and for spillage drag chain under the air compartments.
See Plate 11.1.
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Part of 15l grate is converted into static grate as shown
static grate is normally 6-8 rows in length

1 Kiln
2 Hood
3 Cooler
4 Static gate
5,6 Reciprocating grates
7 Compartment under
Static grate
8 Compartments under reciprocating grates

Fig. 11.8 Two width cooler.

Power consumption is high; but cooling efficiency
is also very high around 70 % and radiation losses are
negligible.

Cooler has a hot zone and a cold zone. Heat
resisting materials are used for grate plates and side
castings only in hot zone. Because of temperature
profile of clinker inside the cooler, drop in pressure
across a clinker bed of same thickness reduces
progressively from hot end to cold end. Fans of
appropriate static pressures can be selected for various
compartments to reduce sp. power consumption.

Capacity of a given cooler can be increased by
merely extending it. Thus large kilns have three
travelling grates each with its own drive

11.5.1 Various Arrangements of Grate Coolers
Coolers are inclined that is grates are at a slope or
horizontal or combi i.e., first grate is inclined and
subsequent is horizontal. Now mostly horizontal coolers
are used. Grates can be of different widths to reduce
over all length.

See Fig. 11.8 and 11.9.

Fig. 11.9 Cooler with static grate.

11.5.2  Controlled Flow of Cooling Air through
Grate Plates

New developments in coolers, and there are a great
many of them, aim at making better use of cooling air.
Air flow through individual or group of grate plates is
controlled by using grate plates that have their own air
compartments. Air flow in right and left half of cooler
can also be adjusted as required.

11.5.3  Static Grate

First 7 to 8 rows are ‘static’. They are installed at a
greater degree of inclination to promaote flow of clinker
over them. Pressure of fan in compartment with static
grate is much higher at about 1000 mmwg.

See Fig. 11.9 and Plate 11.2.

Spillage in coolers with static grates or with
controlled flow grates is much less than in case of
conventional designs.

Quantity of cooling air has come down from
2.5-2.7 nm*/kg to 2 -2.2 nm'/kg. Consequently quantity
of air to be vented has also reduced from 1.8 nm* to
1.3-1.4 nm'/kg.
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Plate 11.2

11.6 Developments in Cooler Design

Other developments are as regards suspension and
imparting reciprocating motion to grates. In
conventional designs each grate had its own drive
located at the center of the grate. Though motor was
on one side, an even motion to the whole width of the
grate was given by having two sets of connecting rods
and eccentrics one on each side of the cooler. Even
then it was possible that some Kind of ‘skewing” of
moving grate could take place of grate if it was too
wide or too long. Suspension or pendulum coolers have
been developed to overcome this difficulty. Grate is
suspended from axles.

See Plate 11.3.

11.7 Cross Bar Cooler

In this reciprocating grates are replaced by a series of
cross bars moving in a casing over stationary grate
plates with their own air compartments. Flow to each
grate can be controlled according resistance of clinker
flowing over it.

See plate 11.4.

11.8 Coolax Cooler
Yet another variation is the Coolax Cooler.
See Plate 11.5.

11.9 Impact on Layouts
These developments have resulted in changes in layouts
of cooler itself as also with respect 1o kiln,

KIDS reciprocating grate cooler with static grate at inlet.

11.10  Operational Parameters of Coolers
Parameters for sizing coolers have been empirical.
Most commonly used parameter is capacity expressed
as tpd of clinker cooled/m® of Grate area. Its value
has progressively increased from 25 when bed
thickness of clinker used to be = 200 mm to 40-45
when bed thickness is = 600-800 mm. It has further
increased to 50-55 with static grates and controlled
flow grate coolers.

Cooling air has come down from 2.7 t0 2-2.2 nm* /
kg clinker.

Different manufacturers have their own practices
of compartment lengths and air loading. Commonly
used air loadings are = 120 m’ /min/ m® for first
compartment to = 50 m? /min / m? for the last
compartment.

As mentioned, static pressures of fans reduce
progressively from hot end to cold end but at same
location they are directly proportional to bed thickness.

Cooler efficiency is measured as heat recovered
from heat in clinker at inlet in preheating secondary
and tertiary airs going to kiln and calciner respectively.
See Figs 11.10 and 11.11.

As fuel consumption has progressively come down
from 900 kcal/kg to < 700 kcal/kg, quantity of air for
combustion has come down. Therefore recuperation
efficiency tends to decrease. Drop in quantity is
compensated by increase in temperatures to which air
for combustion is preheated. Secondary air
temperatures as high as 1000 *C are common.

Recuperation efficiency is about 70 %,
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Plate 11.3 Pendulum cooler under installation.
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Plate 11.4  Cross bar cooler,

Plate 11.5 Coolax grate cooler.
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Fig. 11.10  Average temperature air extracts from cooler.
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Fig. 11.11  Heat recovered by extracted air.



11.11 G Cooler

G Cooler also needs to be mentioned though it has not
caught on. It has considerable potential of providing a
solution for increasing capacity of an existing kiln.
Cooler can be installed in line or at right angles and
even at some distance from the existing cooler,

Clinker Coolers
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Addition does not require any dust collecting
equipment as cooling air does not come in contact with

clinker.
See Plate 11.6 and 11.7.

Plate 11.6

1 Heat exchanger

1st stage reciprocating
grate cooler

$he

Bag filter

G cooler

Cooling air fans

Plate 11.7 Indirect or G-Cooler.
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11.12 Conveying Spillage

Spillage is now conveyed pneumatically from collecting
hoppers on continuous basis doing away with a number
of pairs of pendulum flap valves.

See Fig. 11.12.

11.13 Hydraulic Drive
Conventional drive consisting of motor-gearbox-chain
and a pair of connecting rods to give reciprocating

motion are all replaced by hydraulic drives which impart
reciprocating movement directly.

11.14 Clinker breaker

Hammer type clinker breaker in conventional designs
is now replaced by one or more pairs of full width roll
crushers. These may be installed at the end of the last
grate or in between two grates.

See Plate 11.8,

Hopper for clinker dust

Clinker dust

All Under Pressure ||

Fig. 11,12  Continuous pneumatic conveying of

clinker dust to main clinker conveyor.

Plate 1.8 Full width Roll Crusher replaces

conventional clinker breaker.



CHAPTER 12

12.1 Pollution Control in Cement Plants

One of the most important aspects of designing a
cement plant is to ensure Pollution Control and to
provide clean ambient air around the plant for the plant
itself and for the community.

Cement Plants cause air and noise pollution.

12.2 Noise Pollution

Most cement plants are in isolated areas remote from
towns and hence noise pollution has not yet merited
the attention of the public. Further, with the use of
vertical mills for grinding coal and raw mill where noise
level is much less than that of ball mills, the problem
has resolved by itself to a great extent. Now only the
cement mills and to some extent crushers are the major
sources of noise pollution.

That day would not be too far when cement mills
would also be vertical mills.

Even if Industry continued with ball mills, it would
take care as is taken in developed countries to enclose
the mill and to install soundproof doors and walls to
bring down noise pollution.

12.3 Air Pollution
Major cause of worry is the air pollution. In a dry
process plant the major sources of air pollution are:

12.3.1 Process Gases

1. Kiln & Cooler
Total volume of gases emitted = 1.7 + 1.7
= 3.4 nm%/kg clinker or = 3.25 nm3kg cement
2. Grinding Mills

1. Raw Mill = 1.6 nm*/kg raw meal drawn from
kiln
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2. Coal Mill = 1.6 nm3/kg coal drawn from kiln
3. Cement Mill = 0.5 nm3/kg cement

Hence Total volume to be vented from mills would
be about 3-3.2 nm%/kg cement.

12.3.2 Venting in departments like
1. Crushing

Blending - Continuous blending

Kiln Feed.

Cement Packing.

Pneumatic conveying and other material handling
Systems

AN

All above add up to = 1 nmkg cement

Total volume of gases to be vented, could be taken
as = 7-7.5 nm’/kg of Cement.

There are intermittent polluting factors like fugitive
dusts — crusher hoppers when dumpers are unloaded
and building up of stockpiles.

12.4 Permissible Dust Burdens in Exhaust
Gases

Pollution Control Boards- State and Central- lay down

norms for permissible dust burdens in exhaust gases

for various Industries from time to time. For Cement

Industry present norm is 110 gm / nm?3, It is applicable

to all exhaust chimneys large and small individually.

In designing dust collectors it is necessary to plan
for expansion right from the beginning.

This is because Pollution Control Authorities now
insist that total dust emitted in ‘tons per day’ at the
initial plant capacity should also remain the same after
expansion.

See Table 12.1.
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Table 12.1
unit 3000 tpd | 6000 tpd
Capacity Kg/hr clinker 125000 250000
Gases cleaned nm®hr 750000 | 1500000
Dust emitted at tph 0.0825 0.165
110 mg/nm’
Tons per day ~2 ~ 4

Taking say 6 nm>/kg as normal volume of gases
emitted in a cement plant:

To maintain rate of emission at 0.0825 tph at 6000
tpd capacity, would require that dust emission norms
should be reduced to 55 mg/nm? for the first plant itself.

This can be very expensive, as the efficiency would
have to be increased from 99.89 % to 99.95 %.
Though the increment looks small - only 0.06 %,
repercussions on size and hence cost of dust collector
are very high, more than 10 %. Further this increase
in cost is to be incurred in the first phase itself.

Wherever possible, cement plant should be located
at least 5 Kms from population centres, preferably
outside the ‘wind rose’ and main chimneys should be
tall so that they can spread dust over a wide area and
dust concentration can come down.

See Annexure 1.

Because of stringent norms laid down by Pollution
Control Authorities, only bag filters and esps can be
used as final dust collectors.

12.5 Cyclones for Collecting Dust

Cyclones are still used in grinding circuits but as
‘intermediate collectors’, which clean mill gases to the
extent of 90 -92% of its dust content before they enter
esp / bag filters.

The use of cyclones strictly speaking is not
warranted as pre collectors before esps / bag filters
because both of them are capable of handling full load
of dust content, which may be as much 500-600 gm/nm? in
mill systems.

In kiln system, gases in direct operation, would have
dust burden of 70-100 gm/nm?. This could be reduced
by cyclone to 5-7 gms or less (assuming 93% efficiency
of cyclones).

But cyclones help in emergencies to bypass the
dust collector. By using gas tight dampers, it would be
possible to attend to the maintenance and repairs of
the dust collector without requiring to stop the plant.

Cyclones however, add pressure drop of the order
of 100-150mm and hence require more power.

Let us say gas flow is 100 nm>/min
Pressure drop in system without cyclone — 150 mm.

Pressure drop in system with cyclone would
be — 250 mm.

Power in 1% case K x 100 x 150 kw
Power in 2" case = K x 100 x 250 kw

By themselves cyclones would hardly be used now.
This is because efficiency of a cyclone drops sharply
as particle size reduces as would be seen from the graph.
See Fig. 12.1. :

To be able to predict the efficiency of a cyclone, it
would be desirable to carry out a sieve analysis of a

sample of dust in microns fractions as shown in
Table 12.2.
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10 20 30 40 50 60 70 80
——>Barticle size in microns

example : for particle size distribution as follows
%

10 microns 10
20 microns 20
30 microns 30
40 microns 20
50 microns 20

over all efficiency = 83.9%

Fig. 12.1 Efficiency of cyclone dust coliector

depends on size of dust particles.
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Table 12.2
Particle size Quantity | Efficiency Calcum:; :: vera) |
microns % %Ya 4
100 5% 99 5% 99 495
50 15% 99 25 %99 1485
40 30% 98 30x98 2940
30 20% 60 20 x 60 1200
20 15% 50 15 2 50 750
10 10% 30 | 10x30 300
5 | 5k 20 |  5x20 100
0
7270

QOverall efficiency would be 72.7 %.

But such low efficiencies are not tolerated at all
these days.

Typical contents of lines in vent gases from various
sources have been shown in Annexure 2.

12.5.2  Design of Cyclones
Design of cyclone, its sizing and pressure drop across
it are still governed by empirical rules.

Each manufacturer has its own geometrical
configuration of a cyclone. They establish the
cfﬁ::icn::}r achieved or that can be achieved and the
pressure drop across it for a given gas volume
(at given temperature and density).

The entrance velocity 1o a cyclone ranges between
14-16 mfsec (lower end) to 22-24 m/fsec (upper end),

The geometry of cyclone is also fixed in relation to
its diameter.
See Fig, 8.1 in Chapter 8.

Knowing the gas volume and velocity at inlet,
diameter of cyclone can be calculated and also its other
dimensions.

Pressure drop across a cyclone is proportional to

Viide x 'd

V = Velocity of gas at entrance, “d’ is its density.

Pressure drop can also be expressed as

=Kx(V/T

where V is volume handled. T temperature in
Kelvin and K is a constant for the geometry of the
cyclone.

Thus these are empirical norms for selecting
cyclones. They are applicable even to preheater
cyclones. To be able to pass pollution norms which
lay down 55-110 mg/nm* as dust content of clean air,
efficiencies required are of the order of + 99.5%.
These can be achieved only by using bag filters or
esps.

12.6 Polyclones and Multiclones

Reference has already been made to use of cyclones
or banks of cyclones called Polyclones to collect
material fr