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INTRODUCTION

The impcrtance of smergy and energy-related technologies to the
industrial development of developing countries was implicit in the Lima
Declaration and Plaa of Action on Industrial Develomment .nd Co-operation
adopted by the Second General Conference of the United Nations Industrial
Davelomment Organization (UNIDQ), held at Lima, Peru, 12-26 March 1975.
The UNIDO Znergy Task Force, created in 1977, prepared a comprehensive
report which provided an overview of energy-related activities and
programmes (UNIDO/EX. 108, 3 January 1980), and during the Third General
Conference of UNIDO, held at New Delhi, India, 21 January-9 February 13980,
the role and responsivil.ties of UNIDO in energy-related industrial
develomment activitias were defined. During its thirty-fifth session,
the United Nations General Assembly enaorsed the inclusicn of these

activities among “he priorities of UNIDO {resolution 33/€8).

The present action programme of UNIDO in <his field comprises three

m1ain lines of activity which can be described concisely as "energy Zor

industry”, "industry for energy” and "industrial energy menagement”. The
present study nas beer prerared as a. part of the third activity, which aims
at securing the maximum self-reliance and efficiency of local industry with
_respect %0 energy ovroduction and use. It has been prepared ia close
collatoration with the UNIDO-Czechoslovakia Joiat Programme for Interrational
Co-operation In the Tield of Ceramics, Building Materials apd Non-detallic
Minerals 3ased Industries, which in its own work orogramme attaches zigh

oriority to energy conservation efforts.

The study is intended as an in-depth presentation of the opresent
possitilities o snergy zonservation im the non-metallic ninerals tased
industries, with particular reference to the ceramic, cement and Ziass

- s

industries.

The apove industries were gelected Jor Zihese reasons:

14 N 4 . . .
{a) Most developing countr:ies gossess deposits of raw materials “or
the selected ncr-metallic iandustries;

(2) The manufactured products of *the selscted ron-merallic industries
are 2uillding materiais and other praducts indispensable for %he develotment
ST acusing and Improved living standards in developing countries;
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' ¢) These non-metallic products are strategic faedstenks as well,
celng 2rerequlsites for the develotment of fuir+ther ipdustries,




{d) The benefits of the selectedi non-metallic industries are
sigrificant from che viewpoint of national economics;

(e) In most developing countries these indusiries have leen
established or are planned to be established; therefore local producers
should be interested in the transfer of experience in energy conservation.

The body of the study consists of three parts related to industrial
ceramics, glass and cemen® industries. The energy problems in all parts
are dealt with in technolcgical sequence. The axtent of investigated
products and technologies from the viewpoint of cnergy comservation regquired
different approaches. The described measures for energy conservation are
accompanied by achieved or supposed benefits. There are examples of
inprovem.nts achieved by maintenance, change of technology or tecknical
adaptations without investment costs and within a short peried. There
are other inprovements that are feasibtle only by reconstructicn or by new
2quipment with considerable investment cost. Zwery new pgroject should
e examined from the wiewpoint ¢ energy conservation as specified in this
document.

1/

This study was prepared by J. Dreve,=

o. xuna,?’ 7. ranovsiyy and L. Meinhold.Y

1 /
Z.A. Engeltbaler,i/ M..Grotte,-L

1/ UNID0-Czechoslovakia Joint Programme Zor International Co-operation
in the Field of Ceramics, 3uilding Materials and llon-metallic Minerals 3ased
Industries, Ztorovska 1, Pilsen, Czechoslovakia.

2/ Reseerch Institute for Ceramics, Rerractories and Raw Materials, .
dorni Briza, Czecnoslovakia.
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Part One. Industrial ~eramics

INTRODUCTIOR

The ceramic indusiry has taken a significant positiom withia th
framework of national and world =conomies. It producas a oroad assortment
of ceramic facing materials for interior and exterior decoration of dwellings
and public and industrial buildings and thus it contributes significantly

to the realization of present demands of envirommental conditions. The use

®
s
w
n
A
E

of stoneware in the building industry has increased. 3ricimskin
important in many countries in spite of the extensive vwse of rrefabrication
and new materials in construction. Utility and artistic ceramics, as well
as porcelain ead stones e, are a significant tranch of the ceramic industry.
Liring refractories and izsulants are indispensable {or metallurgy, the
ckemical and machine industries and electrical ergineering. They are used
for boiler iining, melting furnaces, heating and heat-treatment plants.
Insulants of all xinds are used in the field of electrotecknics and
slectrical power distributicm. Zxtracting and dressing of nrn-getallic

raw materials for all %inds of silicate products ars included.

The silicate industry nas many extensive activitiss and Is associated with

a wide range of further industrial branches.

The world deposits of raw materials applicable to the ceramic industry,
as well as the possibilities of their exploitation in new regions, are
large. Present prices of raw materials and energy change acccerding o the

orice charges in “he world markex.

The recent standards of plants nave seen widely diffarent. lew ceramic
plants are ecuipved with 2ighly mechanized and automated lines, but In cthers,

older =2quipment 1s used with a iifferent stage of modernizaticc and zherefcre

e 3 lower “echnology lavel and sroductivity. 3impla zlants wi<hout 2cmplisated
WLT4 = & = B

mechanization azd automatization are of better use in developing countrias.

Inergy insurance Jor croduction has beccme practically the zest
significant at present. It is possible to say that this problsm is a crucial

one also for <he ceramic industry, which ranks 235 an =nergy intensive industry.

The heat prceesses - diying and firing - are the main technclogy stages

which <he ceramic products o =hrough 2o obtain required grevertizs and snape.

3 Za

o

[l

The high 2nergzy consumption of <hose heat pracesses sed not only 9y the
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large volume of processed materials and products hut also mainly by the
long firing, which is necessary for all structural changes in material

and for obtaining the required properties.

The energy prices will probably increase and influence the economy, but
later they could cause a reduction of some industrial branches. Cases have
appeared in some countries where manufacturing was limited or suppressed

hecause of energy insufficiency.

The position of the ceramic industry is not easy, since the ratio
of cost on consumed energy to product value is comsiderably high. The
producers who decreasse the energy consumption at the technically admissible
level +will have a leading position in the ceramic industry.
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I. CERAMIC TECHNOLOGY AND ENERGY CONSERVATION

Energy consumption in ceramics is concentrated in the following

stages:

Dressing wachines, mechanical equipment, shaping machines, handling
and transport means

Driers and kilns
Overhead consumption (heating, lighting, conditioning and
maintenance)
Snergy consumption of the first phase is given by the technical and
technological level, mechanization and automation of the plants and by the
skills of labour and staff.

Quite similar conditions are applicable to driers and kilns.

Overhead energy consumption represents an inappreciable part of the
tutal erpergy consumption, and it is dependent on the production cartacity.

Larger plants have lower overhead emergy consumption and rice versa.

The time extent and maximum teuwperatures of drying and Ziring processes
are determined by the used technology and raw materials. Energy conservation
in this field can be achieved by changes in production technology that

decreagse the temperatu:re and shorten the time cycles.

The above-mentioned changes depend on the following tyres of ceramic

products:

Tacing ceramic products

toneware

Refractory materials

Building bricks and tiles

Sanitary, utility and artistic ceramics

Porcelain

Facing ceramic nroducts

Facing ceramic products for interior and exterior decoration of dwelling,
publiz and industrial buildings have acguired a z-eat importance.
Zarthenware, ziles and mosaic are includeu in this sranch. The erergy
consumption of the zlazed and unglazed products is high and derends on

the individual type of product.




wall ti’.es

The traditional manufacturing process consists, witk the exception of
body preparation and pressing, of three cycles: drying, bisque firing and
glost firing after glazing.

The manufacturing process has been based on the range of the ceramic
plants of the keaolinitic-clay, semi-siliceous or feidspar body composition,
requiring bisque firing temperature of l,230°-1,280°C. Glazed bisque was
fired at temperatures of 1,080°-1,120°c. Decrease in firing teamperatures
to l,OSOc-l,OBOOC for bisque firing and to 960°-1,040°¢ for glazing can be
reached by replacing those hodies with lime-siliceous, dolomite-silicecus

and other ones.
Table 1 shows the basic types of earthenware tile body composition.

The reduction of firing temperatures resulted in energy conservation
owing to the new raw material components. Significant energy conservat on
was achieved by using the new raw materials which allowed heat processing

under lower temperatures.

Evaluation of enerzy savings- shows that the manufacture of lime-silicate

bodies can save ﬁp to 15,000 kJ per each square meter of produced wall tiles.

Simultaneously, firing periods were reduced from the origiaal 60-120
hours for a body and 2u-48 hours for a glaze to less than one-palf.
Consequent energy conservation represents 8%-12% of the total orizinal

consumption. A review of firing cycles is given in table 2,

Semizres glazed wall tiles

They are suitable for exterior wall lining and are closely related
<0 the frost-prcof tile materials. The body composition in the following

table 3 may ne taken as a typical one.

Semigres glazed floor tiles

They represent another type of ceramic product with possidilities of
reducing Tiring temperaturss by using aon-metallic raw materials with the
fluxing alfect. Classical technolegy is based on using raw kaolin, washed
zaoclin and low-fusing clays. The firing temperatures of the standard tody
are within the range l,200°-l,2SO°C but can be decreased %o l,lOOOC by using
ohonolite or other flux. This temperature drop saves 10%-.5% of 2nerzy
consumption. Table 4 compares the composition of the standard bcdy and “he

cody with phonolite.




Table 1. Body composition and properties of the basic types of wall tile

. . Siliceous Talc Wollastoaite

Component Semi -

or property Kaolinitic siliceous Feldspar A B c D E A B A B

Kaolinite (%) 80 60-8% 55-40 $5-40 s0-ho  36.84 ho.66 13.15 ho-30 20-25 45-50 30

Quartz (%) 15 27-30 35-50 38-4% ho-hs 38,4k .87 W35 15.20 - 25-30 10-15

Feldspar (%) 5 8-10 5-15 - 2.5 6.61 5.80  1T.57 3 - 5-10 -

Limestone

(dotomite) (%) - - - 10-15 7.5 16.99 1.5 22,36 2 - 5-10 -

Talc (%) - - -~ - - - - - ko 75-80 - -

Wollastonite (%) - - - - - - - - - - 18 55-60

Fe 05 + Tio0, (£) 1.0 1.0 1.5 1.5 1.5 1.12 1.22 3.4 1.5 1.5 1.5 1.5

Total grog (%) 60-65 60-65 55-60 55-60 55-60 64 60 81 60-70  15-80 55-60 70

Fired grog (%) 40-hs 20-30 0-10 0-10 0-10 0-5 0-10 0-5 0-5 0-5 10-20 0-5

Firing temp.

- bisque ( C) 1 280 1 230 1 230 1 050 1 150 .1 060 1 080 1060 1200 1 180 1130 1 060

- glaze (°C) 1 120 1 080-1 100 1 080 960 1 oo 1 oho 1 oho 1 oko 960 ~ 960 - 960 -
(960) (960) (960) 1 o0 1 oho 1 oko 1 020

Calibration of

bisque tiles YES YES NO NO NO NO NO NO NO NO NO N0

cre 1077 8/ 46.1 48.1 56.1 6l .6 68.2 646  61.5 T1.h k.2 k0.3  62.0  57.8

a/ CTE ..... coefficient of thermal expansion.

|
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Table 2. Reduction of firing time for double
fired wall tiles

(Hours)
Period Bisque firing Glaze firing -
After the Second World .
War 60-120 2u-U48
At the beginning of the
1960s 24-L8 3-24
At present 1-24 0.5-2h4
By the year 2000 0.5 lower than 0.5

Table 3. Pody compositions of semigres
glazed wall tiles

Component or property 3ody A Body 3
Clay 22/ 60% 50%
Clay 32/ - 35%
Fine milled phonolite’ Lo% -
Grog - 15%
Tiring temperature 1 060°¢ 1 250°¢

3/ Clay A and clay B are not speciiic clays dut merel:
typical examples.

“able 4. Composition of semigres glazed
floor tiles

30éy wiza

Composition or property Standard tody . .
U poonolite
Clay A%/ 359 Lo%
Raw kaolin 1c% 30%
“ashed xaolin 2s% -
Phonolite - 3C%
Feldspar 30% -
Tiring temperature 1 250°% 1 13¢%¢c

a/ tlay A 1s not a specific ciay, %ut merely a <svical
axample.




- 17 -
Reviacement of the double firing by the single firing process enahles

the technicians in the semigres glazed floor tiles marufacture to reduce

the energy consumption bty 50% cf the total.

Ceramic glazes

Propverties of ceramic glazes have to correspond to the ceramic
body properties and to quality and appearance requirements. Table S
shows the Seger formulas of ovaque glazes dependent on their

temperatures.

After the Second World War ceramic glazes passed through similar
develooment as ceramic bodies. Opaque zircon glazes composed on the
totash feldspar basis fired at temperatures of about 1,120°c were used
Jor kaolinitic-clay bvodies. The application of calcium-siliceous >cdy
in the manufacture allowed the develcpment of new types of zlazes with
the sodium-lime feldspar and l=ad content, which were nelted with firing

teaperature cf 960°—l,GhO°C only.

Further develotmen? of glazes should enable single firipg ceramic processes
o .
at temperatures as low as G00°C. Trends of further develorment will
depend on successful adjustment of body composition, resulting conseguently

in decreased energy consumption.

Recommendations for ceramic tilss arecduction

Jerlacement of the classical doudle Siring technology in the ceramic tile

zanufacture by the single one can result in reduction of znergy

el

consumption by zbout 40%-5C%. There ars conditions for more significan
decreasing of Firing temperatures also in the field of semigres zlazed
wall tiles.

The use of fine milled 7luxes with firing temperature reduced oy

; =0 . . _
about 15077 would decrease the ene:zy consumption zo 35%.




Table 5. Seger formulas for opaque glazes accordlng to the firing Lemperatures
Firing {Parts of a unit (e.g., grams))
temperatures Ra, O K20 Ca0 MgO BaO Zno rho 1\1203 Si02 8203 ZI‘O2 SnOQ 'I‘i()2
960°C 0.0b5 0.0k9 0.1373 - - - 0.7687 0.3031 2,258 0.227 - 2.211 -
0.012 0.026 0.291 - - - 0,67L  0.2783 2.639 0.1973 - 0.279 -
_ _ - - - - 1.00 0,200 2.500 - 0.15 - -
0.60 - 0.24% - 0.08 0.08 - 0,360 5.500 1,092 0.45h - -
1 ouu’e - - 0.25 - - - 0.75  0.28 2.05 - 0.15 - -
0.09 0.30 0.20 - - - a.h 0.20 2.75 0.18 - 0.28 -
0.0k6 0.103 G.Shh - - - 0.307 0.563 3.385 0.784 - 0.391 -
0.084 0.139 0.665 - - - 0.111  0.621 3.482  0.99: 0.25 - -
0.386 - 0.614 - - - - 0,681 L.s09 1,320 0.42 - -
0.33¢ 0.097 0.571 - - - - 0,5813 4,386 1.16 0.h2s - - '
—
1 0607 0. 347 0.100 0. hs56 0.097 - - - 0.h35 3.750 -0,670 0.317 - - (,n
0.5h 0.04 0.2 - 0.07 0.11 - 0,34 5,5h 1.05 0.43 - -
0. 38 - 0.619 - - - - 0.591 h.ht2  1.108 - 0.177 -
0.228 0.043 0.1326 - - 0.ho03 - 0.130 2.295  0.391 0.321 - -
0.239 0.045 0.2917 - - 0.h2h3y - 0,150  2.037  0.703 0.337 - -
1 120°%¢ 0.08 0.18 0.74 - - - - 0.630  kh.56  1.78 0.32 - -
0.07 0.1% 0.68 - - 0.10 - 0.430 h.05 0.9 0.30 - -
1 250°¢ 0.13 0.06 0.50 0.07 - 0.2h - 0.36 2.60 - 0.36 - -
1 250- 0.125 0.101 0.566 0.080 - 0.129 - 0,563 3.88s - - 0.1h0 -
1 300°C 0.089 0.07% 0.438 0.277 - 0.121 - 0.bs2 3.613 - 0.176 - -
0.090 0.07h 0.439 0.218 - 0.119 - 0.457 3,736 - 0.085 - -
1 o 0.09 0.18 0.36 0.33 - 0.04 - 0.4 6.5 - - - 0.003
- 0.2 0.7 0.1 - - - 0.90 7.0 - 0.h2 - -
.
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Stoneware

Stoneware, generally called non-translucent and vitrified cerzmic

products, is classified into coarse- ard fine~grained stinewars products.

Coarse-grained stoneware:

Sewage pipes

Stoneware for agricultural purposes
Stoneware with salt or earthen glaze
Zlectrotechnical stoneware (insulants)
Unglazed floor tiles

Chemical stcneware
Fine-grained stoneware:

For sanitary purposes
Jtility and artistic ware

Unglazed flcor tiles

Kaolinitic clays of medium or low refractoriness are suitable raw
materials for stonewvare manufacture. These clays vitrify at lower
temperatures, as their content of alkali oxides amounts to 4% of the
total, Their vitrifying temperatures, owing to the high content of
fire clay particles, are about SOO-IOOOC lower than their softening
points temperature. DJepending on their plasticity, those clays are used
directly or they are blended with grog, e.z., cuartz sand, fired milled
shale or crushed stoneware, in order to control their drying and firing

shrinkage.

—— . s s . A : ceramic
™e Sollowing non-metallics, if fine-milled, can act in a ami

=ody as 2 Zlux and wagult in lower firing temperatures anu eénergy consumption

decrease:

Zalcarsous marl

Phonolites

™u2%s and tuffites

Darlites

Jepheline-syenite

Nolomite, limestone and magnesite

siass (window, sheet, containers ete.)
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The use of phonolite and marl for fancy tiles and gres facing tiles has
shown the possibilities of decreasiang firing temperature and epmergy conservation.
The aidition of phonolite in a tile body decreases firing temperatures frcm
1,180°¢ to 1,115°C and reduces energy consumption by 6%. Similarly a body
of gres facing tiles with 334 marl requires the firing temperature of 1,140%
instead of the originally used 1,23000. ZInergy consumption is about 3% lower.

It may be assumed that change in the composition of a stoneware body caused

oy fluxes will decrease the firing temperatures of stoneware by lSOO-lTOOC.

Table 6 shows the body composition of the basic stoneware grades.

Table 6. Body compositions of basic stoneware grades

(Percentage)

Component Coarse stonewarse Fine stoneware

a/ _ .-
Clay A—- ks L5
Clay 5%/ 25 -
Quartz sand - 43
Feldspar - 12
Grog " 30 -

a/ Clay A and clay B are not specific clays, but merely typical
exsmples.

There are of course certain differences vetween vody compositions, used

technologies and heat processes.

Sewage stoneware

Three diffarent practical examples of the sewage pipes dody composition
are shown in table 7. It clearly indicates energy savings and temperature
reduction if suitable fluxes are incorporated iato the conventionel sewage

vipes vody.
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Table 7. Body compositions of sewage pipes

Composition C°“”§§§§°"al 3ody with marl  3ody with phonmolite
Clay 2%/ LT% 31% 32%

Clay 32/ 47% 31% 31%

Marl - 32% -

Shonclite - - 319

Fired reiect .63 6% 6%

Firing temperature * 250°%¢ 1 160°%¢ 1 080°¢

a/ Clay A and clay 3 are not specific clays. but merely typical
examples.

Initial shaping moisture of stoneware amounts to 16%-20%. Pipes are
dried Zown to the moistui'e content of 3% tefore being fired. The lower the
initial moisture content, the lower is the energy consumption during drying.
Improvement of driers and their efficiency allows further energy conservation.

It is also possible to replace plastic body oy stiff-mud tody.

Many types of driers are used in the ceramic industry: units situe.»d
above the «iln, chamber and channel types using waste heat, heat from vapcur
heaters, chimney gases and ot blast from recuperators. The secondary
sources, e.g., heat from tke surrounding kilns, coupled xilns and drisrs saé
underpressure systems etc., are aot fully used. The following indication may
be taken 4s a Uypical heat consumption of drying in the stoneware manufactura:
heat consumption related to 1 x7 of green product amounts <o 338-1,257 «J and

erergy consumption to 0.01-0.37 kWh.

Sewage pipe iriang is cerformed in chamber or tunnel kilns depending on
their size. Tunnel kilns cp2rate mestly in temperature ranges of l,250°-l,28C°C,
and the firing cycle takes L0-85 nours, while the firing cycle ia chamber kilns

reaches up to 100-1L0 hours. Specific energy consumption diffars significantly
according to the type of kiln: Hheat consumption related to 1 kg of product
in ~hamber and tunnel xilns is 3,772 kJ and 2,300 %5 respectively. The acove

a

mentioned neat consumptions depend on tiae technical zonditions of

tae zilas.
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Refractoi~ materials

Refractory materials represent an extensive range of products, such as
fire-clay refractories with an increasing content of alumina, corindum, silica,
magnesite and chromemagnesite products, each of them requiring svecific
techrology, raw materials and heat processing. In developing countries the
most applied manufacture of refractories is the production of fire-clay

oroducts.

The main types of raw materials used in fire-clay body compositicn
are refractory clays, kaolin and grog. Selecticn of raw materials Zor each
quaiity class of fire-clay body depends on alumina and silica contents,
Resulting properties have to correspond to a given standard in accordance
with Zquilibrium diagrsm of A.1203-Si02 system (see figure I;. Three basic
quality classes of refractories - nigh duty, medium duty and low duty - are
used for fire-clay body grading. They require differen% tecanclogical
parameters and different firing temperatures. The mapufacturilg procsess is
based on the two basic types of techmologies suca as plastic process and stilf-

mud process. 3Basic fire-clay body compositions are shown in table 3.

Table 8. Fire-clay body compositions

Component Plastic process StiZf-mud process
Refractory clay A 5C% 25%
Surat grog 5C% TS
Moisture of processed tody 14%-167 TE=-3%
.. . o o 2 o
Tiring temperature 1 380°-1 4oCc°C 1 4007-1 450°¢C
Srying of fire-clay bricks is carried out in diffsrent types of iriers. Their

firing is applied usually in chamber or tunnel Xilns at temperatures of 1,28(-
L,hSOoC. Specific drying and firing snersy consumptions are 460-67C kJ and
2,700-5,000 «J per kilogram of product respectively, dervending on the “yve

of fire-clay and kilns. Values or tunnel kilns are 2,700-3,300 %J and Zor
chambers 3,3C0-5,000 xJ.
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Energy conservation possibilities of the fire-clay process are limited, rom
+he technological point of view. Substitution of the plastic body process gives
only limited energy conservation. Substitution of raw materials by other
ones with the lower sintering point can decrease refractory properties and
their temperature resistance with respect to softening. Also partial or
total replacement of burat grog by unburnt grog is of use. 3y replacement of
20% of burant grog by a raw grog in the case of 200,000 tons fire-clay

production, 35,000 tons of fuel per year can be saved.

The present stagé of development offers replacement of burnt fire-clays by
unshaped and unburnt materials, such as plastic ramming masses and refractory
concretes. BSoth groups of masses substitute for and 2xceed in many specific
cases the produced types of bSurant clays. They are very suitable for

develoving countries with a capital insufficiency.

Plastic ramming masses with chemical or aydraulic bdond are applicable up €0
1,600°C. They enable the building of monolithic or prefabricated linings by
direct ramming of masses into a formwork. Producers deliver them in the plastic
stage for direct processing. Those masses are fired to the final shape during
the initial run of & furmace. Refructory concretes that contain portland and
alumina cements as a tonding agent possess similar structural characteristics.

Ory refractbry concrete mixtures are then processed with water additions directly
vefore being rammed into a boarding. Ia industrially developed countries,
rafractory concretes are delivered in the shape of grefabricated zlements, blcclrs,

panels and bricks, and are fired during <he start-up period of a furnace.

3oth types of unfired refractory materials have proved success®ul, and
their vart in the =otal croduction of fired shaped materials reached 30%

“4ithin a short time.

Production ¢of the unshaped masses will continue to Iacrease, decause it
results in a shorter time for “urnace building and longer furnace lif2, and
2nergy is preserved at the same time. Specific energy consumption reprasents

3,100-5,720 %5/1 kg of the mass.




>

Building bricks ard tiles

The manufacture of huildirg bricks has bheen significantly
influenced by develomments in the building industry. The use of pre-
cast uni%s, concrete, glass, metal panels etc. has considerably decreased
demand for building bricks. Nevertheless, bricks of all kinds and roof
tiles remain the basic elements of residential buildings and will be the

acst applied corstruction elements in developing countries.

Thase products have a water absorpticn of 10%-20% and cold crushing strength
of 10-15 MPa. The basic body composition is based on clays with 60%-3G%
s o o
8102 and 5%-20% A1203.

trioxide, which causes the red colour of building bricks after firing.

Brick clays coutain 5%-8% of final dispersed iron-

Drying shrinkage derends on the used grog-sand, clipker, light ash, coal
etc. 3aw bricks are extruded with 16%-18% moisture contant. The iry

ocressing technology requires the mass with 8%-12% moisture content.

The building bricks drying is done in channel and chamber driers using
hot blast from steam heaters, other kilns and heat exchangers. Specific
drying heat is 530-840 kJ/kg, air temperature 150°C and drying cycle Lo

P

aours.

Building bricks firing developed from charcoal clamps over round xilas to
tunnel xilns., The firing temperature is 900°-l,lOO°C. In some places solid
fuel is still used, T0%-80% of which is blended with the mass, and the rast

i3 fed oy charging nopper to the heating zone.

The firing orocess energy comnservation possibilitiss are implemented oy
grog additions into clay (it increases the coefficient of internal 4iffusion),
or by coagulant Ca/OH/2, which favourably influences *the mass moisture
transmissivity. More significant conservation can te achisved ty arplying
the new concepts of neat iransfer - heat convection in tunnel kilns - or oy
coupling driers and using waste heat for drying. Present values of stecific

firing neat are 1,700-3,000 kJ/xg of fired orick.
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Sanitary, utility and artistic ceramics

It involves production of wash basir;, toilet basins, bowls, tubes,
utility crockery and pottery and artistic ceramics. These products are
manufactured from earthenware, semivitrified and vitreous china bodies.

Typical body composition of sanitary ware is shown in table 9.

Table 9. 3Body compositions of sanitary ware

. Zarthenware Vitreous china
Component ouble Pired single fired
Clay 4%/ 20% 20%
Clay 52/ 5% 15%

Raw Xaolin 20% 15%
Teldspar - 25%
Silica - 19%
Tired rejects - 6%
Tired grog 453 -
;::ing temperature 1 100°%¢ -
Glaze firingz temperature 1 280dC -
Single firing temperature °¢ - 1 280°%

a/ Clay A and clay 3 are not specific clays, but merely typical
axamples.

During processing and slip castiag, liquifiers such as water glass
(2.1% of total) and soda (0.2% of *total) are added. Drying takes place
in the open air ?irst to 17%-20% moisture, and later it continues for 36-43

qours in channel driers to the moisture of 13-2%.

n
The firing process iz carried out after glazing ian zunnel xilns at 1,2007C

- . , o . . L.

for eartinenware vody and at 1,2807C for the sintered tody. 2roducts of larger

dimensions are fired more 3lowly.

Tolume of this type of ceramics is considerably lower in ccmrarison with
others and, therefore, it is oroduced irn smallar ceramic plants. This fact
influences the specific energy consumption unfavourably; it may 2xceed that

o7 stoneware or porcelain firins.
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Owing to simple machinery and ensuing low investment cost, vitrecus-china
type is suitable for developing countries in spite of its complicated

cechnology.
Porcelain

The porcelein products with pure white, vitreous, compact translucent
body include all types of utility ware and technical porcelain. With the
exception of frit porcelain (Florertine and Sévres) these products are
represented by feldspar porcelaian. Kaolin, feldspar and silica are used
as the basic raw materials in different proportions. The firing temperature
depends on the type and content of feldspar. According to this temperature

we recognize soft and hard grades of porcelain.

Soft vorcelais

The original soft porcelain contained about 30% of feldspar and i: was
fired at 1,2so°-1,3oo°c. Yew Sévres type raised feldspar content to 35%
and with glazed tody was fired at l,280°-l,300°C. Meissen china type was
very similar with firing temperature of 1,230°-1,280°C. Production of sof:

vorcelain was establishe? after the introduction of low vitrifying clays and

) kaolins with large interval of deformation. The composition:
Xaclin 25%
Clay 15%
Feldspar 28%

Quartz sand 32
The firing temperature is 1,320°-1,38¢°cC.

Hard porzelain

Hard porcelain is produced in a range of significant plant3. I%f shows
its firing temperature of 1,380°-1,460°C and *ne prevailing materials in the

body composition:

Washed kaolin 55%
Faldspar 22%
Suartz sand 32%

dard porcelain is nucre temperature resistant against scratciaing and breaking,

and it has lower contents o zlass phase in she body after firing.
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Electrical vorcelain

Chemical composition of electrical porcelain for low voltage products

approaches tnat of the soft porcelain:

Washed kaclin 30%
Clay 10%
Feldspar 35%
Quartz sand 25%

The firing temperature fluctuates about l,300°C.

Utility porcelain is produced by using drying, bisque firing and
zlaze firing processes. Drying cf porcelain to 1%-2% of moisture is carried

out in driers for hours, depending on the ‘ype and size of product.

Thin green porcelain utility ware is difficult to be glazed and,
therefore, it is to pass preceeding bisque firing at 900°—l,OOO°C. After
cooling the ware is glazed and fired. From the technclogical point of view,
reduction atmosphere is necessary, especially at 9OC°-1,200°C when Fe203 is
reduced to FeQ, whereby the yellowing tint is removed. UNew develorments are
possible in the production of vor:elain products in one-fire technology,

i.e., without bisque firing.

Efforts to conserve energy during porcelain sroduction are limited in
comparison with other ceramic production. The limitation is given by the

juality, demands, tradition, staoilized technology and used raw materials.

decreasing bisque firing teuperature or excluding this phase. Usual partial
repilacing of a clay by another one with nigher content of alkali oxides does
not offer a significant energy comservation. There is a more 2ffective way
to replace feldspar by nevheline-syenite with higher content of Al203 and
aore active fluxes. It decreases glaze Tiring temperature by about 60°C,

firing is more intensive and 12%-15% of energy saving may be reached.

Soft porcelain production is mere advantageous Irom the point of energy
consumption. It saves 3% of energy consumption. More extensive energy
conservation, amounting to 35%-457% of the “otal, is attainable in Jiring
nard porcelain in the one-fire process. 3ut the main sources of energy conserva-

tion are in efficiently working driers and kilns.




-29 -

II. THERMAL PROCESS ANKD ENERGY

The maximum energy consumption in ceramics processing is at dryiag
and firing. The drying process devends on the basic dody structure,
the firing process on the phase transformations during heating of

individual components.

More details of both the processes are described in the Zollowing
parts.

Drying orocess

The manufacturing process consists aof:

Mixing raw materials with water of plasticity to the suitabtle
workability, (water of plasticity content is 7%-30%)

Shaping by casting, extruding or pressing
Drying and aardening by a hot medium (air, waste gases)

The water of plasticity is conticually removed out of the body
surface during the drying process (outer diffusion). Different shrinkage
on the surface and inside occurs during drying; teusile and pressure:
stresses arise which ternd to cruck and warp the shaped piece, making it
useless. The shrinkage can be reduced ty temperature control according

to evaporaticn rate,

Theoretical specific heat evaporation is 2,230 kJ/xg of water imcluding
its peat-up. In respecting the limiting conditioms, i.e., a cer%ainz time
necessary for the given temperature gradient between the medium and the bedy,
a higher amount of heat in kJ/kg will b2 needed for drying. The higkrer
the inclination of a body to cracking, the more carefuily and longer =he
cody will have %o be iried, which again will be reflected in aigher 2nergy

consumption.

Znergy consumption of 4,200-12,8CC kJ is necesssry to remove 1 kg of
water froa the product. More detailed energy consumptions are shown in table
1C for some tasic types of products. I%t includes also the neat requirements

~

for 1 kg of 4dry mass.

Orying heat amounts “o only 10%-20% of zhe zeat needed Zor firing,
but i spite of 1%, there are 4ifferent pessidbilitiss <o conserve energy in

this field.
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Some principal tendencies for enmergy conservation in the drying process

in the ceramic technology are:

Using minimal amounts of technological water of plasticity
Gradual substitution of 4dry pressing for plastic shaping
Maximm utilization of waste heat from adjacent kilns
Process control according to the critical evaporation rate

Driers innovation using hot air and air blast control of ‘entilators
or Jets

Coupling of driers apd kilns and using waste heat for drying

Table 10. Specific drying heat consumptions in different
ceramic technologies

Znergy consumption

¥J per kilcgram xJ ver kilogram
Sroduct of water of dry mass
Facing tiles "7 500-10 000 500~750
Floor tiles 8 L00-12 600 550-92C
Fire-clays 4 600-8 300 LEO-6TO
Stonewar-: 4 200-6 T0O 840-1 3bu
Building bricks 4 000-5 2u0 630-8L0

-
-
&

iring process

Complicated physico-chemical processes occur during firing in a ceramic
oody wnica change its physical, chemical and mechanical proverties. These
changes influence vne another in a droad *tamperature range. Jepending on
the neating and cooling rates, stresses arise in a body which are very

3ifficult to e analyzed by means of the theory of elasticity and strength.

Detailed analysis of those effacts in a ceramic bedy is rather

compiicated and involves a rarge of - %ill now - unknown facturs.

Ceramic vody production and glazing is of a gcod guality only withia
limited heating and cooling rates. These are gziven by limiting firing curves.
Their knowledge is the first prerequisite for proger selection of firin

technology and %iln %ype. The limiting firiag curves cannot be derived




theoretically but only empirically in laboratories. Therefore, it is
necessary to define the limiting curves and, according to this curve, to
determine firing process conditions and to design the corresponding type of
&iln.

Long-termed firing does not improve the quality of ceramic body; it
only compensates the previous imperfections of a firing unit and heat

transfer.

The heat needed for the proper course of endothermic reactiuns in 2
ceramic mass is not high and makes 700-330 kJ/kg related to plastic
ingredients. The main part of this reaction tak2s place in the ingredients.
Heat consumption for a ceramic body heating-up to l,OOOo-l,hOOOC, in order
to reach required properties of a ceramic body, represents 1,000-1,400 kJ/xx.

The rest of energy are losses during the thermal oprocess.

Energy consumption for individual industrial Zirings of ceramic body

are substantially higher and are given in taoble 1l.

Table 11. Specilic firing heat consumptions in different
ceramic technologies

Product Firiag
temperature xJ/kg of product
(*c)
Wall tiles
3isque 1 Cko-1 070 3 15¢-6 3CC
Glaze {tunnel Xiln) 1 chko-1 06C 2 300-5 200
Glaze (tunnel el. resist.
kiln) 1 2k0-1 060 1 258-1 700
Single firing 1 0Lo-1 060 3 560-% 20C
Floor tiles
Semigres bisque 1100 3 35C-3 000
Glaze 1 050 2 500=3 300
3isque 1 1C0-1 200 4 500-5 900
Semigres singla-fired 1130 3 35C-3 200
Single-fired 11c0 3 3c0-4 500
Mosaic single-fired 1 130 T 100-3 300
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Building bricks
3ricks 960 1 70C-2 900
Fireclay oroducts
Standard bricks 1 350-1 Lso 2 T700-5 000 |
Stoneware
Zarthernware pipes 1 280 2 5C0-3 800
Tloor tiles 1 090 3 300-5 9000

Electrical porcelain
Insulators (.unnel kiln) 1 300-1 40O
Insulators (chamber kiln) 1 3C0-1 400
Sanitary ceramics 1250

500-17 00G
GC0-33 500
700-12 400

RS

Several rules regarding the =nergy conservation in Ziring process are

as follows:

The knowledze of the limiting heating and cooling rates of the body
and their application in selscting the kilz type

Maximum utilization of waste hest from kilns
Intensive heat transfer by waste gases convection
Using more efficient fuels

Automation of heat processes in kilzns

Single-fired glaczes

Fuel tyve and total szergy consumption

A number of ceramic plants were established originally or solid fuel
consumption or generator gas bases. DProgressive development of heating
units, iatensificatio. of heat transfer 2and automaticn bdrcugnt acout the
transition to pure gases with higher Zuel efficiency (earthen and natural
gases), to liquid fuels (fuel oils and petrol) and to the =lectric resistance

neating as well.

Wi<h the present 2snergy situation, it 1s necessary <o selact Iuels
accordiag vo national economic interests and available local 2nergy sources.
The selection process has to evaluate drimary cower sources, as 15 shown

ia the following axample:
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Kiln energy Coal energy
1 xJ from electric energy 3.58 kJ from brown coal
1 xJ from coke-oven gas 1.61 &J fram brown coal

Primary efficiency of coke-oven gas is 2.2 times higher than that of

electric energy.

World specific energy consumptions in the ceramic industry are shown
iz table 12. Total energy consumption consists of all parts, including

the whole techmological process, auxiliary plant and overhead consumption.

Table 12. World specific energy consumptions in the ceramic
production related to general consumption
and general output
(k5/kg of product)

Product Tuel Zlectric power Total

Double-fired facing tiles

Qlder plants 1L 700 1 550 16 250
Average 12 600 1 300 : b koo
New plants 10 500 2 100 12 600

Single-fired floor tiles

Older plants 8 000 2 2C¢C 1C 200

Average 7 50¢ 1 600 3 400

Jew slants 7 CQ0 1 70C 3 700
Fire-clays

Jlder plants S 000 250 5 250

Average 4L 200 2%C L 550

New plants 3 350 “30 3 313
Sewage bpipes

Qlder plants 3 400 son 9 100

Average 6 400 T30 7 330

New plants L 200 260 5 160
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IIT. MEASUREMENTS ON THE HEATING UNITS

The world energy situation requires a solution to the present
conditions of heating units and their energy consump.ion. The ccmplex
operational analysis of a unit can be a serious vasis for such a
solution. This analysis has to evaluate technical-servi:e conditions
and special energy erfficiency measurement to compare possibilities of
repairing, adaptation, complete overhaul, modernization, iunovation or
new plant building. The minimizing of the emergy consumption is the
resulting target which is considered, not only from the present enerzy-
econamical conditions but also with regard to future development in this
field. Measurement on the heating units, evaluation of results and
fermulation of relevant conclusions is the most important basis for all
studies in the field of energy comservation. DJiagnostic measursements
require the use of a set of measuring appraratus and a team of specialists
in measurement and heat techiaiques. A mobile diagnostic unit which is
aquipped witk required apparatus, including a data processing centre, re-
presents the optimal solution for this demand. The unit can be located
near the examined equipment, and sensurs on the eguipment can be c¢onnected
directly to the apparatus in the mobile unit. Guick transfer and checking
of meesured values is thus allowed, and the possitility of damage to the

apparatus is reduced.

A mobile diagnostic unit for the non-metallic industries, which is <he

property of the lesearch Iastitute for Ceramics, Refractories and Raw
.

Materials in Czechoslovakia, can 9e used for suca activities.~ The uni: was
in operation in Czechoslovakia during recent years in the field of
consultancy and diagnostic services for the Czechoslovek industry with 2
zajor activity in heat transfer. I% was aprlied for consultancy services
and for preparing serious reccmmendations on improvement of existing sechnologiss,
that resulted in considerable energy conservaticn and influenced decisions

in the field of iavestment zolicy.

Both the basic spheres of' measurement - thermal power and technological

process measurements - needed z dertailed analysis.

1/ See annex.
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Heat halance

The heat balance measurement has to be carried out under stahiliz

operating conditions of a unit and trouble-free teconologic flow of material.

Measured and calculated values:

Heat input per hour
Heat losses related to individual energy type and cipacity of the unit

Specific heat consumptions related to 1 kg of a product

Heat input depends on the fcllowing tapics:

dnount of the fuel delivered per hour
Tuel efficiency
Specific heat of fuel, air and material

Amcunt of air supplied
Jeat losses depend on the following items:

Tlue loss (temperature, guantity and analysis of waste zases)
Ambient loss {surface temperature of a unit and heat transfer)
Accumulation loss (temperature and mass of xiln cur)

Imission loss

Loss through kiln door (air temperature and velocity)

Loss by material drawing-out (temperature ard quantity)
Technologic loss (structural changes in material)

Cther losses (non-measurable losses)

A part of the heat input is lost in waste gases, if they were 10t used

Zor drying, recuperation or preheating.

The specific energy consumption (xJ5/xg) related to the final product is
the main measured value. This value 2nables the classification of =k
heating unit accoriing %o tine energy consumption, tut *his comparison is
possible only for identical technologic prccess and materials with similar

rawv composition.

The other siznificant values ootained by measurement are nhz2ating
system conditions, 2specially <hose of ourning orocess in »uraers. The
waste zases analysis shows a charac*teristic of the burning orocess and
accuracy of air-gas ratio setting. Iz accordance with this measurement

inal

'y

the ?irst corrections can be made, 1.e2., 3etting of ouraers. The
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result is distribution of individual losses in relation to the total heat
loss. From these values the final recommendations are derived for heat
zalance improvement. For example, excessive flue loss shows the possibility

of utilizing tk2 heat of waste gases f<r air preheating, for direct drying,

etc. The excessive loss to ambient can be reduced by using detter .

insultation materials in sufficient layers on inzzr or outer surface of the

unit. .
The accumulation loss in the kiln car can be lowered by using light-

eight lining design with new types of insulants.

In summary, heat balance measurement consists of:

Classification of the heating unit
Information on the burning process and burners
Heat lcsses classification and evaluation

Conclusions and final recommendaticns rfor improvement
The energy conservation and partial use of thermal energy for other
purposes is the main result of the abtove-meantioned steps.

dowever, the heat balance measurement canpnot show the more detailed
conditions of heat transfer to material, temperature distrikution in

individual sections of a kiln, waste gases flow etc.

Seat measurcment of a technologic ovrscess

Jetailed analysis of heat transfer from the kiln atmosphere into srocessed
material, temperature variations related to time, temperature uniformizy in
the xiln car batch and waste gases flow in kiln space can ne verified oy

neasurements showing the following indications:

Time progress of temperature

HJeating uniformity in individual sections

Suitability of the batch configurat.on for heat iransfer
‘Aaste zases flow in the kiln atmosphere

Cooling air flow in the cooling section

Uniformity of products quality in individual sections
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Time progress of temperature distribution is recorded by so-called
"check cars" where thermocouples are placed into standard batch and
connected with cabling in the bottom part of the kiln car with a time-

temperature racorder.

The waste gases flow in the kiln, or air flow in the cooling section
is measured by using anemometers and Prandtl's tubes in kiln sections
and exhaust hoods.

The complex diagnosis of the technologic process demands the limiting
temperature curves determination. These curves define the limiting values
for intensive heating and operation cycle shortening. These curves are
derived from stage heating in laboratory conditions in accordance with chemical

analysis, DTA and other material properties rated for different temperatures.

The conclusions, which are derived from this measuring, given tha
complex view of the heat transfer perfection level and possible regulations

for its optimization.

From the comparison of real and limiting temoerature curves, these

indications are derived:

Crtimal adjustment of individual burner outputs
Shortening of the heating cycle

Improvement of the batch uniformity from the standpoint of heat
transfer and heating uniformity

Cooling section process optimization

The determination of pressure and wvaste gases Clow conditions in th
kiln significartly contributes to the heat transfar improvement and its

optimization.

Tzais measurement can ve advantageously realized with the 2id of 2 mobile
measuring unit, toc, and both types of measurement (technologic prccess zand

qeat walance) can be connectad.

Joth types of measurements are necessary to be carried out for the
complex heat unit analysis. All data necessary for selection of tiae most
suitatle xiln 2daptations and achievement of relatively maximum energy
conservation are thus obtained. The contributicas for energy conservation
are of non-investment character above all, and their implementation can be

pade step oy step with minimum disturbance of manufacture.
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The accomplisiment of both measurements on heating units is
technically difficult, but its price is negligihle in comparison with

the benefit achieved in energy conservation.
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IV. HEAT LOSSES ANALYSIS AND POSSIBILITIES
OF THEIR DECREASING

The basic vossibilities of energy comservation in driers and xilns
vwere mentioned in the previcus chapter. The detailed description is
necessary, as each modernization has to be in agreement with the trends
in the field of thermal power equipment. In accordance with the results
of diagnostic measurement we can, without any adaptation, improve the

heating process and energy conservation by:

The accurate adjustment of the firing ratio
Improved setting of the burners output
Waste gases flow control by the kiln exhaust

More suitable composition of the car tatch

Firing system

Drying equipment and firing equipment =ach have a different type
of heating process. The dominant neat courses of %he driers which are

1ot connected to the secondary power sources are as follows:

Recuperators with steam heaters
Firing chambers placed out of the driers

Recuperators with slectric resistance heating 2lements

The low prassure steam or hot water heaters were freguently used for
former driers. Thaeir successive replacement results from the necessity o
increase efficiency of driers and recuperators. The heat transfer Jrom

b0iler Lo heaters does not satisfy pireseant conditions.

First of all, a hot tlast air is suitable for drying from the energy
point of viaw. A mixture of open and drying air is rneated in exchanger
chamber to operating temperature and districuted by pipes to the drier.
The whole unit comnsists of the system driers-exchangers, and it is
possible to change the total output of the drier by fans and Jets.

Jdriars with elactric resistance heating elements nave similar advantazes,
but they have high energy consumpticn related to primary energy sources.

This adaptation is possibls without aigh investment cos+s.
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The using o7 secondary sources of energy, e.g., from the surrounding
kilns, improves energy conservation substantially. The heating air
recovered from the cooling zone of the kiln and used in the driers can

decrease the original output of drier firing chamber by 15%-20%.

I® the basic possibilities of the energy consumption improvement in
driers are summed up, we find out *hat the optimel way consists of using
neaters (recuperators) attached to the secondary snergy sources, high

velocity controlled circulation and automatic control of the -thole unit.

In the firing kilns mostly of tunnel type, attention is given to the
type of fuel and burner.‘ The use of liquid fuels (oils) is suitable in
cases when they can be easily obtained and are economical. 3But it is
necessary to check fuel guality with respect to the quality of product

(sulphur content ete.).

The industrial gases used in ceramic production are based on two %tyrves
- iow neating value (generator gas) and high heating value (town, coke-oven
and natural gases). A great number of kilns in cersmic production operate
with generator gas {rom their own generators. It is due to the traditions
and local energy conditions. Using of gemerator zas is cut of date now, and
it is replaced by gases of higher heating value. Using generator gas has

the following disadvantages:

Tow efficiency of the generators

Large dimensions of supply and distrivution pires

Tar sedimentation in Jlow control alements

Automatic regulation is excluded

Soft, radiating flame without required kiretic energy

Limited possibpilities of heat transfer iatensification

The use of pure zases witn hizher fuel efficisncy affords sssentially
diffarent chances. I% makes it possible to use partially or fully auncmated
control of burners, temperature control and air-gas ratic adjustment durin

the heating process.

More important is the choice of burners according to the characteristic
shape of Flame and with regard to the waste zases outlet velocity. I% makes
it possible to intengify heat transier and to replace simple heat radiation
oy the combination of radiation and convection. Development of burners

oroceeded frem turbulent systems of different desizns to injector toreh,
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important in ceramic heating units They are similar in high outlet
velocity of combustion gases and in s2jection effect on combustion gases

in burner surroundings.

By combining this effect with a suitable spacing of burners,
determination of their outputs and adjusted setting of ware on kiln cers,
so that the waste gases may flow through all zaps, an optimmm heat transfer
in the kiln is found.

It is useful to control an air-gas ratio at the burners in the kilns
with continuous operation. On the other hand the kilns with intermittent
operation (chamber, car—chamber and bell kilns) need fully.autcmatic control
of unit efficiency, including the control of individual burners for

temperature hcmogeneity.

For efficient operation of heating systems for Piring xilns, the

followi recommendations are given:
g

Introduction of pure gases with higher heating value instead of
. generator gas

l pulse, high-speed and iso-jet burners. The last three types are the most

Application of turbulent burners in muffle kilans or reconstruction
of muffle kilns to open fire kilns

Use of pulse or high-speed burners in open fire xilns

Tnstallation of full or partial automatic control

Application of high-speed burners onm xilans with intermittent
operation

Heat transfar throuzh iining

=

Jeat losses by heat penetration through the l.ning are Jully
influeanced by the heat insulating properties of the lining and i<s
thickness. At older kilns no attention was given to these losses, and
emphasis was laid on the kiln stability and lifstime. Therefore
predominantly dense, relatively ccnductive materials and insulating materials
of lower quality were used. The opinion on the fire-clay and wricks lining
has been changed, owing to the heat process intensification, temperature
increase and the necessity to decrease heat losses through the lining.
Therefore, medium temperature insulations have teen appliied %o the lining,
and development has been concentrated on the new lLight-weight insulations
for higher temperatures. In accordance with the 3tage of develorment, some

troisal materials, such as diatomite oricks, foamed fire-clay oricks and

R I I~=



- 42 -

masonry Were used. HNone of these lining materials were sufficient ror
increasing demands. Their relatively high conductivity hindered the
reduction of wall thickness and lining weight.

Increasing trends to reduce the energy consumption resulted in new
types of linings. Insulating refractory materials for 1,500°C with specific
weight of 1 kg/dm3, for 1,300°C with specific weight of 0.5-0.8 kg/dm3 or
light insulations for 900°C, with specific weight of about 0.3 ks/dm3 and

fibre-based insulations for TSOOC, were developed.

The following dependence of temperature~lining thickness shuws the
difference between classic and up-to-date linings for the same firing
tampereture of l,lOOOC and the same heat losses.

The insulating capacity of fibre lining with 17.5 cm thickness is
equal %o 62.5 cm of classic lining. The original weight of 1,100 kg/m>

was reduced to,17.5 kg/m3 (see figure II).

The last development in the field of fibre.ceramics has led to

~

503-820, Basis, which ere used Zo 1,260°C, and A1,0,
vased materials up to 1,600°C.

materials on Al

New possibilities were .thus prevared for lining structure.. The former
red and diatomite masonry linings were replaced by multilayer and sandwich
structure with minimum weight and thickness. The new type of linirgs

reduces the loss by heat penetration throuzh the walls to surroundings.

Relatively high losses of energy which are caused oty the passage
of heat through the large surfaces (walls and crown) of a ceramic xila require

the use of the new refractory insulations.

4 broad selection of bricks and fibre materials is available Zor these
external insulations. To determine their thickness, special calculations
which take temperature gradient and mechanical stavility into account are
carried out. These calculations are essential, bvecause additional ex%ernal
insulation may result in too much heat bteing confined to the interior of the
xiln, thus causing the failure of the origirnal lining. Therefore the performance
of the additicnal outer lining under graduated conditions of increased
vemperatures must Le carefully calculated. IF the amount of neat which 13
saved can be measured, then tae additional amount of heat inside the xiin

can be determined, and possiule negative erfects zo the interior lining can

ve guarded against.
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Arccumulation losses

The heat losses by accumulation are significant for kilns with
intermittent operation. Shorter heat cycles have higher heat losses.
lining accumulates a lot of heat during the heating period, and it
is wasted during cooling. The total accumulated heat value depends on the

wall mass, especially inner layers. .

The chamber and car-chamber kilns with dense lining react slowly on
temperature changes; heatiag and cooling take place gradually. The kilns
with dense lining are huilt for difficult firings only with regard to the

heat losses in the lining.

Modern refractory insuletions enable minimizing heat losses at kilns

with intermittent operation and make <this type of xiln advantageous.

Ceramic fibres and insulations of high quality allow a reduction of
the energy consumption to 60%-55% and a shortening of the operation cycles.

The kila operation is more flexible.

At first sight it seems that older kiln types witk dense linings cannot
te adapted to reduce heat losses by accumulation. However, it is possible to
improve the kilns with intermittent operation by additional insulating layer
on the internal lining surface in the same way as in the case of continuous
kilns, and also with additional external insulation. For these_purvposes the
ceramic fibres are used with thickness of 30-60 :m attached to lining by
anchors or cement. This layer creates considerable temperature gradient,
and original dense lining has lower temperatures. This adaptation results
in 20%-40% energy conservation. A similar problem is 2 xiln car lining.

For its improvement it 15 necessary to replace clder types cf linings by new

ones with maximum use of light-weight materials.

“himnev draught

Jeat loss by chimney draught is the incidental phenomenon of the firing
droces< which cannot be removed, but only lowered to such corditions which

would still guarantee the necessary chimney drauzht.

Chimney-draught loss i3 given oy the xiln and exhaust desigr, and it
can e reduced by incorporating eccnomizers Jor air or water preheating.
Careful burners adjustment, stabilization of waste gases circulation and
reliaple adjustment of dampers rank among the tasic regulations tending <o
aianimize this loss. ZIxcessive neat of waste zises -an Se used in recuperators

for air preheating.
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A built-in tubular econcmizer can he used for heatirs; of technologic
or sanitary water. It is suitable at kilns with waste gases temperature
of about 400°C.

Other losses

The other heat losses are of smaller significance and herdly measurable.
There are included heat losses by flowing and emission through noles, entry
and exit doors, leakage in the space under cars, leakage in the lining,
peep hole etc. These losses can te suppressed by iocreasing the care of
the equirment, e.g., using covers, improving channel packing, rcller

shutters etc.

Technologic losses are also included. These are connected with dhase
endothermic reactions of ceramic tody during firing. The heat amcunt

necessary for these reactions can be determined by latoratory tests of a

ceramic bvody.

Xiln tyve and structure

DiZferences in epergy consumption exist among new and old kilns during
the same technologic process, as well as amcig conformable kilas of diffzarent
producers. In spite of the latter being not so important, they depend om the
type of structure, equirment and technologic parameters of the kiln ard on the
oroducer's responsibility. Results of the heat power measurements serve Zor

comparing similar xilns and Xiln structure optimization.
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V. TRENDS IN FURTHER DEVELOPMENT OF TEE DRIERS
AND KILNS IN INDUSTRIAL CERAMICS

The world energy situation has influenced the views on heatiag unit

development, not only for ceramics but also for other industrial branches.

This was natural, since all the kilns and driers were built primarily
for single technologic process, and for long service life at the stage of A
industry develoumert when the emergy consumption did not influence the world
energy sources, and vhen energy comsumption was not ciucial to the whole
finuncial balance. The heat losses were of a smaller importance, and the
regular method of manufacture was crucial. Similar views of the kiln

functions prevailed in countries with relatively cheap energy sources not
long ago.

Sudden complications with 2nergy supply caused change in the comecpt
of kilns and driers design which was characterized by the two following

principles:

Maximum sutomation of aeat process

Minimiziag the heat losses regardless of production costs

This "technical philosovhy" is correct and in compliance with the
prognosis according to which the prices of energr will rise and the cost
of investment depreciettion will rise at a lower rate. Correctness of this
orognosis may te confirmed by the following comsideration: In case the
world energy crisis reaches a voint that it will be necessary to reduce
industrial activity, the ceramic industry will most assuredly e affactad.
Then the units w#ith minimum energy consumption will go on zroduciag.

Jeating units equipped by autcmated heat preocess centrol are fully
suitable for an energy-saving technologic process. 3esides, the detailad
«nowledge of used raw materials and tlended todies, iacliuding their
changes during heating and cooling, is necessary. This results ian recuirements

for develovment of blended bodies using new raw materi=ls which make it

possible to decrease the firing temperatures and cycles without decreasing .

the zuality.
To %kis purpose, measuring, calculating and verifying technigues of
ohase transformations, limiting temperature grzdients and limiting heating and

cooling curves have to e developed.
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In the future, the ceramic heating units will use largely pure
industrial gases of higher calorific value. Electric ceramic kilns
will be used only for special apolications and for kilns firing flat ware
in one layer only, where the radiation of heating elements wili he

effectively used.

The heating units will be incorporated in the production lines in
such a wvay as %o utilize waste heat effectively. The energy conservation
in such a line will be designed as a complex system aimed at a rational

energy consumption.
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VI. CONCLUSION

The ceramic industry is one ~f the leading consumers of thermal
energy. Its consumption consists of 86% productional consumption (22% -
drying, 64% - firing) and 14% overhead. This fact demonstrates existent
dependence of the ceramic industry on en<? Iy sources as well as on the constantly
changing trends of the world emergy supply. From this comes the necessity
to utilize all changes which may positively influence the energy consumption

and improve the chances of the ceramic industry in the future.

With respect to the most important part of these problems, the
organization of all activities has to be directed from control centres,
and it is necessary to establish the head committee assembled from specialists
in the field of individual branches of heat power technics. The role of this

committee should cover three areas:

Establistment of consistent inspection of energy consumption,
including all individual pieces of equipment

Determination of principles tending to energy conservatior

Preparation of trends in the field of power engineering for the
next 10-20 years on the basis of a complex analysis

The complex analysis of the heat system in the ceramic industry makes

it possible to determire the following arrangements:

Non-investment arrangements - improvements of heating units made
on the basis of measurements

Investment arrangements - decisions for new heating equipment construction
have to be vased on a complex analysis; new aquipment has to satisdy
the future trends

Research and development - to verify new technologic possibilities in
the field of raw materials and components, rew drying and firing
processes, fluid drying and firing, new tygpes of kilans for single
layer firing etc.

Energy diagnostic routine of heating units, which evaluates the existiag
stage and proposes mincr arrangements, will have an important influence on the
tasks of energy conservation. Its significance is limited by time, but it is
possible to start immediately on a wider range and in all countries.

Czechoslovakia has taken part in diagnostic measurements and in "Inergy Projlect

UNIDO" in the field of silicate industry through the UNIDO-Czechosloval.la
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Joint Programme for International Co-operation in the Field of Ceraxni'cs,
Building Materials and Non-metalliic Minerals Based Indust:ies placed at
®lzeh. The mobile diagnostic unit, which is the propertzy of the Research
Institute for Ceramics, Refractories and Raw Materials, could te used with
the team of specialists in developing countries for immediate reccommendations

for improvement in the industrial use of snergy.

In the above-mentioned considerations about the connection between
ceramics and power engineering, it was not pcssible to account for the
whole range of problems. Concentration was given +o enmergy ovroblems as
the limiting factor of further development in all industrial activities.
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Part two. Glass iudusicy

INTRODUCTION

The history of glass-making is marked by revolutionary changes with
impact on labour productivity and energy consumption. In ancient times
glass manufacture was very laborious and expensive. Such techniques as
casting glass objects, fusing small pieces and carving were used.

Glass -blowing was also known in the distant past, but it was not until the
first century A.D. that it was developed by the Romans as an

industry capable of considerable outputs. This change required also new
batch compositions, higher melting temperatures and larger pots, and even
small tank furnaces were inverted. The labour productivity increased and
the extent of the glass manufacture was not so large as to exhaust the

reserves of hurnable wood.

An energy crisis trocke out In London in the early years of tkh
seventeenth century. It was caused by spreading manufactories, especially
by glass manufactories, with the effect that an area of a radius of 8Q miles
around London was deforested, and James I had %o ban the burning of wood in
glass furnaces. This crisis initiated the traasition to coal firing, and

in a few years coal-fired furnaces were developed.

In 1867 the Siemens brothers invented the zas-fired regenerative tank
furnace. This invention caused a tremendous iacrease in the volume of Zlass
panufacture in comparison with pot furnaces and a wider introduction of gas
fiel. Consequently the labour productivity increased and prerequisites
were formed for the introcduction of machines, e2specially in the phase of

glass forming.

The introducticn of thke continuous furnaces zroper reduced the produc%ion
20sts by reducing dramatically <he cost of lapour; 1owever, the specific
cutput of glass per energy unit was decreasing. It was not until the end of
the nineteentk century that tne introduction of forming machines enabled full
utilization of continuous furnaces, which entailed increasing specific outvut
of glasgs per 2nergy unit. The a0st important iaventions of that period were
the cylinder glass machine and semi-automatic tottls machine, followed

closely by the sheet zlass machine and automatic tot%le machine.




- 51 -

The few examples of historical revolutionary changes in glass-making
show that while it took centuries to change the technology of glass
manufacture, the develovment in the period 1890-191Q was characterized oy
such crucial innovations as the introduction of continuous melting and
mechanization, which brought about the mass production of glass. Glass
became a commodity of mass consumption, and the rapidly expanding glass
industry participated in the exploitation of world's deposits of fuels.

The zlass industry develovment in the twentieth century has heen
characterized by electrification of machine drives, diversification of
produced glass commodities and automatic production control applied in
the last years. As a fuel-intensive industry it is sensitive to the

present energy crisis and is seeking measures to solve its energy proolems.

The present estimates of the participation of the main glass industries

in the world's glass production may be summarized as follows:

Containers 75%
Plate and rolled glass 10%
Sheet glass 3%
Technical glass T%

100%

The objective of this paper is *o review the possihilities of
energy conservation in the glass industry with special regard to developing
countries. In most cases, container manufacture has heen the first glass
industry established in these countries, and its percentage therein is
avidently hizher than the above average. Therefore the potential snergy

savings are demonstrated predominantly in container manufacture. Most of

them are applicable tc the other glass industries as well.
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The raw materials for glass-msking have always been cne of the
determinant factors in glass guality. Their range has increased and changed
with progressing technology and investigation of the nature of technological

processes.

The raw materials and additives enter the melting process and play
different roles in glass creation. The molten glass can be visualized as
a conglomerate of uxygen ions held loosely together by the tiny silicon
ions, each of these forming bonds with the four nearest oxygen ions and the
caleium and sodium ions scattered at random throughout, having lost their
originel share of oxygen ions to the general conglomerate.

Because of this picture, the silicon ion and others like it are often
called network formers, and the scattered ions are called network modifiers.
The raw materials introducing these elements into the glass are designed

accordingly.

An example of a soda lime batch and glass composition is in table 13.

Raw materials

Glass sand

Although sand and sand stores are widely'distributed, few sources are
suitable for high-grade glass with only elementary washing and sieving.
Graias possessing yellow surfaces with iron or titanium oxide must be beneficiated
by scouring, abrading the surface of each other. The grains with dark iron specks
may be removed by electro-magnetic separation. The sand and clay are separated
by elutriation (flotation). The most proper grain size for glass manufacture

is 0.5 mm.

This raw material contains 97.5%-99.85% of silica, smell percentages of AL0,,
Cal, MgoO, Fe203, Na20, K20, TJ.O2 and Cr203. The Fe203 content should be under
0.025% for clear glasses. Silica as the network ..rmer is the main constituent

of glass (50%-80%). Its melting temperature is about 1,810°C.

Soda ash

This natrium carbonate is the main source of natrium oxide for the glass.
As a network modifier it acts as a fluxing agent and decreases the melting temperature

of glass, which would be otherwise substantially higher (see silica). The fluxes

belong to the network modifier group, being all alkali metal oxides.
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Table 13. Example of the calculation of glass campositida
from batch composition
2atch composition Glass composition
Oxide contribution Eelative . Froportion
- weight Oxide of-‘otal
aw Zelative . Jeight felative & ( v )
ST A ?
material

Sexd 5L 2Co 5§10, 0.297 997

A1203 0.003 3

?e,0,  0.00025 0.25 SicC, 1099 72.5

. . Ya_3 21 14.6

Soda asn 335 a0 0.580 194 3 a2
sal: 5 3,2 1 0.7
Salt cake- 5 ;‘1:20 0.430 2.2 273
Zorax 30 Naj0 0,163 4.9 Al04 30 2.9

3,0,  0.365 11.0 CaQ 90 3.3
feldspar 150 S.‘.O3 0,630 102

23&20 0,130 20

bod Fe 3 o, & 0.04

3 020 3 0,001 0.2 273 °
Ssloaite 150 Cao 0.580 a0

180 0,400 B4

?e203 0.001 0.2
Totnl B

ac 1 516 1 516 100

Source: UNIDO, Glass and Glassmaking (ID/136), p.42.

Yote: The theoretical glass-to-batch ratio 15156/1830 = 3.502 takes into account
only the loss of gzas and water Irom the raw mataerials. In practice the weight
fractions determined by chemical analysis (fourth column) are adjusted for eaca
furnace to correct Jor volatilization losses z2nd for losses by iust carried over ty

=he flames into -he flues. These additioral losses usually amount =o 3%-12% in =he

aggrega<e and “he oractical glags-to-tatch ratio (meltad-weignt factor) may lie
cetween 3.30 and 9.35.
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Nense granular soda ash is produced nowadays and delivered to glass

fastories.

Sal* cake
The sodium sulphate is another important source-of natrium oxide.
Farlier it was used as flux; now it is added as a refining agent to help

in the dispersion of residual scum in glass melting.

Caustic soda
Scdium hydroxide is not contained in table 13, but it will be discussed

in the chapter on batch oreparation.

3orax

A small addition of borax evelving 3203 is added to soda lime glasses

%o increase both the rate of melting and refining.

Feldspar ((XQ, ¥e,0).A1,0,.6E,2)

This mineral is used “or the introduction of a certain quantity of
alumina into the melt where *this inhidits glass devitrification. The Zorm of
©alispar is used as being cheaper than pure alumina: its melting point lies
between l,lOOo-l,ZOOOC, and the silicium potassium and natrium oxides are

applicable in glass composition.

Dolomite (CaQd.MgQ.2C0.)

This mineral contributes to glass composition with calcium and magnesium
oxides. Calecium oxide is the most important stabilizing network modifier in
hizh tonnage glass prcduction and makes the zlass insoluble in water and other
licuids. Limestome is its most important source, Limestones including
dolcmite are the third largest constituent 52 glass batenes after sand and

seda ash., The ratio 4:4 between CaC and Mg0 inkerant to dolomi<e inhidits

zlass devitrification.

Additives

Fining zgen%s

3esides borax, meantioned above, arsenic and antimony oxides are refining
agents used at pregent, The affact 1is to enrich the dSubbles in oxygen so

~hey “hey dissolve more readily in <he glass.

Colouring and discolouring agents

This theme may be smitted, as it is doubtful %o what =xtent wrarious
application of these agents 2ould influence energy conservaticn. Their

applications require wvarisus melting atmosvheres. Some o <hem, however,

may be added after melting in the forehearth, which anables ~olourless zlass
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The above raw materials and additives refer to the batch and glass
composition in table 13. There are, however, further raw materials applied

in other glasses. Tt is not the point to describe theu ail. Importaat Ls

~he role of some types of them in further processes.
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nA DREDARATTON
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Some measures for energy conservation are taken already in the phase
of batch preparation. Two examples, the terefits of whick appear in the

phase of melting, are given below. -

The use of cullet .

It is well xpown that the use of cullet iIn the batch composition of
container glass has a favourable effact on glass melting. In Switzerland
considerable work has been done on the increasing use of cullet, and it has
been implemented in container production. They estimate that for every
1% of cullet increase starting at 109, the enmergy saving is 0.25%. The
main reasons for this fuel economy are: less humidity in the batch, lower
melting temperature, less heat absorbed oy C02 and a lower volume of exhaust
gases. In addition, there are savings made as a resuit of lower consumption
of soda ash. The relative saving is calculated to ve 0.29% per 17 of cullet
increase in relation to the basic fuel consumption of the furnace. A glass
container manufacturer in the United States of America claims that by using 60%
cullet it can save as much as 4 million of litres of oil each year in the
manufacture of 200,000 tons of glass containers. Increasing use of cullet
also reduces’the need for pollution control equipment since it reduces particu-~
lar emmissions, and it is claimed that at 60% cullet usage level electrostatic

precipitators would not be required.

Batch agglomeration and zreheating

While agglomeration of btatch components has been running on an industrial
scale in Japan since 1965, the agglomeration combined with preheating and
prereaction has been subjected to research in the last decade and stands

now on the threshold of practical applicazion.

The agglomeration proper of glass-making materials iavolves increasing
the gize of a fine mass of particulate matter by agitation, rolling or pressure,
or by chemical or neat treatment of {ines. The final product of agglomeration
processes is either In the shape or a pellet, 2 briguette, a granule, bead,
?lake, 2x*rudate or clinker. The two m0s5t frequently tested and applied

agglomeration methods have veen pelletizing and oriquetting. 2re heating

and prereaction of glass batct refer to the application of <emperatures atove
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5480°C to agglomerated bdatch prior to furnace feeding, in order to increase

rate of melting, reduce furnace fuel consumpticz, end utilize a hed of

sellets or briquettes through which furnace exit gas can be circulated,
iepositing condensated pollutants on the pellets. Hence, the bed of

vellets acts concurrently as a collector for condeusates, dissociated and carry
over products of furnace emmissions, thus combining in a single stage

vreheating, primary emmission control, and material recovery.

A review of agglomeration methods may be established as follows:

By method - pelletizing (granulation, balling) in dises, drums or
cones, briquetting in high pressure roll presses, extrusion in auger
extruders or pellet mills

By process - binderless (water or pressure only), binder additives
(starch, gums, lizrins clays), modified glassmaking additives (lime,
caustic soda, silicates) with or without size reduction of sand

3y post-tgeatment of sgglomerates - 210 Jcst-treatiient., low temperature
irying 95 -260°C, sintering, calcining, preheating above 3407C,
Trereaction

By types of driers and calcipers - conveyor drier, rotary drier or
¥iln, fluid bed drier, travelling grate, shat Jurmace, circular gzgrate,
vertical oscillating grate

A typvical agglomeration systeﬁ would ke an extension of a standard
batch plant. Instead of mixed and wetted lcose batch deing conveyed to
the feed hovper, an intermediate surge nopper receives and stcres the aix,
wnich is gravemetrically fed by 2 weight belt %o 2ither a palletizer or 2
dcuble roll driguetter. Moist or green pellets or briguettes are Zed <o 2
irier which hardens the agglomerates and removes a2ll or most of the free
noisture added during agglomeration. IZ the process does include 2 pre-
reaction step, the predrisd agglomerates are transferred %0 a calciner or
treheater Jor temperatures atove ShOOC. It =2as teen tested, and a zossibility
i3 sonsidered to combine drving and preneating in 2 siagls stage unit, such
3s a continuous travelling, straight or circular grate, a vertical shaf®
furnace or a modular vertical kiln. Practical research results for recent
years in the Federal Republic of Germany, Japan, Sweden and the United
States show that the advantages of <he a2gglomerated-patch trocess over =ie

loose-bateh odrocess are:

Reduction of meiting time 2L7% vo 28%
Increased melting output 32% to 38%
. . . . AnO o
Reduction of melting temperaturs 2y 1307 to 200°C




- 58 -

Radna+sinn AP anawerr Aanarmmmes an &
SSGnivava Vo LLSles SvasuaT vl -

W

Reduction of time for volatiles
dissociation 50%

Another benefit is that during the pelletizing process caustic soda
can be added for partial replacement of soda ash in the batch.

Advantages of preheated agglomersted bhatch consist of further reduction
of melting time and the other ensuing parameters. Concurrently the protlems
of stringent emmission control regulation are solved.
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ITI. GLASS MELTING

Batch and gzlass transformationms

The bacch consisting of raw materials and additives properly prepared
and mixed is prognrtioned into the glass melting tank, where it is
subjected to the melting process. The batch components are of different
melting temperatures, the highest one being that of silica (l,BlOOC). The
glass melting temperature of about l,SOOOC is achiaved becsuse of the activiz;
of fluxing agents. The melting temperature in the tank is not uniform, the
melt being heated from above and cooled by tank sidewalls and bottom. This
entails, if demonstrated on a continuous tank furnace, vertical temperature
gradients with the highest temperature ia the middle c: the melt surface
causing circulating flows. These flows combine with the main flow of glass
moving from the charging space of the melting chamber to the working end, with
the effect that the point cf the highest temperature is shifted nearer %o the
oridgewall and acts as a thermal barrier. Consequently all the glass casses
through this temperature maximum, which enacles a perfect refining and

nomogenization.

The refined zlass in the continuous tanik furnace flows to the.working
chamber, where it is cooled to a working temperature of about l,lOOOC to be
ready for further treatment. This temperature must de high enough above
the devitrilication soint of a particular temperature at which glass would

crystallize.

3lass meltinz furnaces

Before approaching the tossibilities of energy conservation in the phase
of glags melting, it is essential to say a fa2w words about the giass melting

furnaces and the furnace operatiocn.

The zlass melting furnaces may be sucdivided as follows:

Periodical pan furnaces

Day tanks

Continuous tank furnaces
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The contimuous tank furnaces are capable of high outputs and are
suitable for mass production of flat, container and technical glass.
They are fired by gaseous or liquid fuels, or heated by electric current

vassiang through the melt.

Gas-fired regenerative furnaces

As gas has been the most frejuently applied fuel, a gas-fired regenerative
tank furnace is oriefly described. It consists of a superstructure zad

understructure.
Superstructure

Supporting steel grid =nd tank gertaining to the melting charber and
working chamber. The two chambers are separated by a bridgewall
through the opening of which, a throat, the melted glass passes

to the working end. At the melting end a narrow axtension, called
doghouse, is attached for batch feeding

Cooling system of tank walls and throat inciuding tubing and fans
Suraners and purner shafts including dampers

Walls and crown of melting and working chamber
Understructure

Burner shafts (from dampers downwards)

Zguirment for heat recovery ‘rom waste gases (air and gas regenerators
1? need %e)

Collecting flues of regenerator chambers, flues for air and gas Jeeding
including reversal and closing equirment

Ixhaust flues from the reverssl esquipment up tc the stack footing

Stack

The melting chamber is as a rula of rectangular shape, the width to length

ratioc teing detween 3:5 and 1:2.

The bottom of the tank lies on a supportiag grid consisting of steel I
profiles and a grate of flat hoop iron. The layer of refractories is formed
by alumincus fire-clay 5locks 300 mm thick and reinforced %y plates 100 zm thick

of a hizh alumina material for higher <emperatures.

The walls of the tank are 2C0-300 mm thick. Rammed or cast blocks are

applied with regard to required “emperaturses. There ig a wide choice of

aluminous fire-clays, uullite, corundum or zirconium corundum materials.
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The walis and crown of the melving and working chambers are separated
from the tank walls by a gap of 30-8Q mm. These upper wvalls are fastened
to the steel skeleton of the superstructure. They must be heat resistant,
as they are facing the space or the firing zone over the glass heing melted
in the tank. The most frequently applied materials for them are silica and

silimanite. These refractories are alsqg applied for the crown. Lately
mullite is applied.

The burner chambers anc burner stcmes are comstructed of high refractory
materials, while for shafts a better grade of fire-clay bricks is

sufficient, as well as for regrnerative chambers and checkers.

Gas-fired regenerative furnace overation

The air, preheated in the regenerator to more than 90008, nixed with
gas in the mixing chamber is blown through openings in walls close tc the
glass surface and clear of the crown refractories. The comtustion originating
in the mixing chamber develops ully in this space. Waste gases are axhaustad
through opposite or otherwise placed burners that are not heing used for
firing during that reversal pericd, and ducted to *he other regenerator to
accumulate here their heat for further preheating. Iz this way, two
regeneratcrs accumulate the heat and preneat th - gk ternatively. I poor
gases are applied {under 10.47 MJ = 2,500 kecal, . -, zas is also preheated.

The efficiency of regenerators is about 30%.

The heat distribution in the melting chamber is affectad oy the posizioniag

of oburners and exhaust openings. Accordingly, cross firing may be appliad
w#ith more burners, longitudinal and U turn firing. The crover systam derpends
on the type cof furnace and applied fuels.

The temperature setting variss according to glass composition. The

-—a

glass is refined as voletiles are expelled. The refining i3 acceleratad uv

refining agents, subblers and doosting. The refined zlass vasses through

the cooled throat of the tridgewall %o the working chamter.

Gas-fired recuwerative furnaces

These furnaces are provided with a recuperative system. The hot waste

gases and the ailr to be preheated pass through parallel channels in a refractory

o . o nd
or metal recuperator {heat sxchanger). The 2ir i3 greneated <o 7007C, <he

P

v




efficiency being about 7S%. The life tima of 2 ceramic recuperator is
relatively short. The metallic ones made of heat resistant steel have

a longer service time.

Ligquid Puel-fired furaaces

These furnaces are in principle arranged like gas~fired furnaces.
Only the air is preheated, fuel oil injection burners are placed in underport

Or throughport positions.

-Potentials of energy conservation in the

phase of glass melting process

The energy consumption amounts to TQ% of tke total in-plant requirements
in this phase. The bulk of fuels is consumed by continuous regenerative or
recuperative furnaces. Their development in this century has been characterized,
from the point of view of energy conservation, by gradual reduction of
specific heat consumption per kilogram of products entailed by ianovations,
and measures such as construction of larger furnaces of higher daily outputs,
transition from fuel gases of low calorific value to fuels possessing aizh
heating value, application of increased melting temperatures, mechkanized uniform
batch feeding, desigﬁ of more efficient regenerators, introduction of fuel
0il and slectric boosting, control of melting process by measuring and control

equitment etc.

Particular cases of potential energy savings are descrived in fur<her
raragraphs. An example o a regenerative furnace heat balance dsmonstrates

the efficisncy and distridbution of losses in the phnase of glass melting

(figure ITI).

sontinuous zlass melting Befors
nergy erisis

Develorment trernds
h

the oufbreax of <he

.
i
2

As mentioned above, there were trends %o substitute high calorific Zuels
for low calorific omes. Ilatural gas, town gas, coke-tattery gas and provane-
outane as well as fuel o0il were introduced. These measures were ainmed at
aigher flame temperatures and better Keat transfer from the flame into %he

surface of the glass melt, at a nigher furnace efficiesncy. 3uch measures

are nowadays aindered by scarcity and high prices of most of these fuiels.
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100% heai input

\\ I 23% lozses

in waste gogses

41% losscs
6% tiaough

superstrue ture
i _ \ } with insulfi-

cient insulatia:

losses througn 30% )
undersiruciture utilized ncat

Figure III. Example of heat balance in gas-fired regenerative furnace
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Electric boosting was deing introduced io gas— or oil-fired Tur
insrease their thermal efficiency and specific output. This methcd has teen

successfully continued till now.

The application of refractories of higher quality and higher heat .
resistance for heavy duty parts of furnaces is still being attempted.
Satisfactory materials have not yet been developed to prevent tank
sidewalls from excessive erosion. Therefcre the parts exposed to erosion
must he cooled from outside, and considerable heat losses arise. Improved
technology of batch feeding is implemented by feeding the batch by means of
mechanical feeders. The operation is controlled by level indicators of glass

surface.

Control of furnace overation

The regenerative furnaces are said to have deen run reliably iIn the
last 50 years without any control =quipment. However, measuring equipmen
has been introduced in the last decades and designs of high capacity
furnaces cannot dispense with automatic control. The operation control
is expected to make further contributions to coping with the present

energy crisis.

Construction of high regenerative chambers

The design of sectional vertical chambers, with croums on the same
lavel as =he crown of the furnace meltirg chamber, shortened to 3 ainimum
the shafts of durmers. The effect lies in lower heat losses through

superstructure and higher furnace efficiency.

Aoplication of magnesite and chrome-magnesite
shapes for checikers

These materials of hizher thermal conductivity and aigher specific ]
hea’ accelerated the heat exchange; corrosicn and dusting lessened.

Jigher thermal =fficiency of regsperator chambers and furnaces was achieved. .

Measures <z retard reverse Zlcw of zlass in the tauk
and %0 iacrease temperature in lower 3pac2s
of <he =ank

These measures were implemented oy lowered throats and zrowns, bubdbblers,

and alectric toosting. A better melt gquality and furnace efficiency was

achieved.
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Many of the preceding

ds s540W thal mucu bas oceen done for improved

efficiency of furnaces and consequently for lower specific heat consumption.

Further examples shculd show the present endeavour to face the proulems

of energy conservation in conditions of the energy crisis.

Insulation of regenerative furnaces

The heat losses thrcugh the walls of superstructure and understructure
of regenerative furnaces still amount to 3C%-40% of the furnace heat input.
As long as fuels were cheap the furnace design was focused more on improying
refractory linings enablicg higher corrosion and erosion resistance, higher
outputs and longer service lives. The originally applied fire-clay olcocks
for internal lining of tank bottoms and tank side walls were replaced vy, or
combined with, mullite, corundum or zirconiumcorundum materials. The
crowns of tank furnaces made earlier cf silica bricks are constructed of
silimanite or mullite materials, providing a better axransion stapvili‘y
and a nizher refractoriness. Also the walls and crowns of regenerators
are provided with aluminous fire-clay oricks now, while basic tricks were

substituted for fire-clay bricks of the checkers.

The reason that the insulation of furnaces lagged benind the develoument
of refractory lining was not only the low price of fuel. Also a higher
investment cost of insulated furnaces was taken into account, as well as
an easy access to refractory blocks and bricks for inspection and repairs,
and the necessity of cocoling some critical parts of refractory blocks rom
the back side. YNowadays, the insulation is crogressively being applied,

and a few practical examples are given below.

The crown of the furnace is the most suitable and 2ccessiblz part and
can be insulated in many cases by factory masons. The firs:t axample is Zrom
a factory where the crowns of four furnaces were insulated with two courses
of high temperature insulating orick, aud 2 crne-inch blanket of mineral fiber

w#as laid to reinforce the insulating brick. Tc pro-ect the mineral fiter

from impurities and from being damaged, a heavy aluminium foil was placed over
T

block insuiation.

he entire area. The regenerator walls were insulated with ceramic fiter and
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In another case the crown made of silica bricks was laid by two
layers of insulating heat-resistant bricks and one layer of light insulating
bricks. Silica mortar was applied. The crown surface temperature was
reduced from 350° to lOOOC. The insulation of the other parts is morse

1fficult to be carried out and is usually connected with a reconstruction.

The tests show that the total of losses through superstructure, excluding
stack losses, amount approximately to 40% of heat input. The crown, the
walls and the tank bottom participate in this total loss by about 10% each,
leaving the remaining 10% for losses through burnmers, shafts otc.

Practical results show that additional insulation can reduce particular
losses by 50%-75%.

Practical example of settinz insulation on the crown of 2
~ank furnace and on turner shafts

The insulation of a silica crown is demonstrated in Pigure IV. It
consists of two stretcher courses and of bond layers between them and on

the surface.

In figure V another system of setting insulating shapes is shown

consisting of one header course and one strotcher course.

In installing the insulation the following rules should be observed:

Only a crown in good condition should he insulated
The arch should be properly cleaned

- . o] .. . .
For the heat-up up to 700°C a provisional insulation of glass wool
should ve applied

The new insulation should be installed at the temperature not
exceeding 700°C

A successive removal of the temporary insulation of glass wool, recleaning
and plastering of the upper surface of she crown (a layer of 3 mm) should
folliow

Ory setting of the {irst insulation course without the tod row
Filling the top row after 24 hours, the plastering of the first course
Setting the second course by the same method but with overset Joints

The upper insulating course shculd be provided with a plaster 10 mm
thick with admixture of asbestos fibres

Expansion Joints and opening for s2nsors should not ce insulated

Insulation of burner shafts is simple. Vertical parts should be insulated

with aigh weight standard oricks during the first phase of the heat-up. The
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Figure IV. Insulation of a silica crown by two stretcher courses

1 - silica

2 - oond

3 - insulating shapes

4 -~ bond wita esdmixbure

of f£ibrous agoestaos

L

Figure V. Insulation of a silica crown consisting of one header
course and one stretcher course

1 - silica
2 - bond
3 - insulating skapes
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brickwork is cleaned and plastered, then the bricks are dry set, either
as stretcher in 2 courses or as headers in cne course. Insulation is

fastened oy hoop steel; the outer plaster is not necessary.

The measuring of surface temperatures and respective calculations
indicate that crowns (380 mm silica) at the surface temperature of
240°-2909¢C lose without insulation L,400-5,800 W/ma, and burner shafts
(300 mm silca) at the surface temperature of 240°-260°C lose 5,100-5,300 W/ma.
By iasulatiorn these losses are reduced by 30%-40%, and the incurred costs

are repaid in a few months.

Before starting the insulation a thorough calculation must be prepared.
Detailed information must be procured regarding the state and condition of
the existing refractories and an insulation designed with respect to its
thermal conductivity and required surface temperature of the crown.

Some important data necessary to this jurmose are indicated in figure VI

and in tables 14 and 15.

Savings through melting urocess control

A very obvious cost improvement is available from tighter control of
nelting energy. It is logical to suppose that one would rather use a little
more fuel to Lo sure that a satisfactory melt is obtained than to try to save
a small part of the fuel and risk losing production. If the furnace is
operated at the minimum temperature needed “o melt the required amount of
glass, the slightest upset in the operation zmay cause unmelted material to
pass through the furnace., Therefore, it is ccmmon to run a little on the

hot side.

If controls are installed making upsets less likely, or waraniang of an
upset and thus enabling the operator to take preventive meusures, then operating
Temperatures can be reduced. It zay be 2stimated that on 2 “urnace using

upwards of 4 MJ per kg of zlass a 5% saving may ve realized.

Automatic temperature control on a regenerative furnace can result in
further savings. There is a rapid surface temperature loss during =ach
reversal, which can be recovered with a slight fuel increase at the

beginning of the subsequent cycls. During the rest of the cyclzs, a much

lower iaput will maintain the required temperature. The problem lies in
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Thermal conductivities of refractories

Figure VI.

[
e £ b
N B hid
.
—y YT
0 SRENHTOY




Table 1u.
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smpirical formulas for the calculaticn of

thermai conductivities of
some refractory and
building materials

Bulk density Thermal conductivity
Material pv Eks m-3] [w 4 1
Dense fibre-clsy 1 800-2 200 0.7 + 0.64 x 1073t
Dense silica 1 70¢-2 000 0.84 + 0.76 x 107t
Fire-clay high in A1203 3 000 1.69 - 0.23 x 1073
Mullite 2 160-2 909 2.29 + 1.7 x 1073¢
Zircon 1.3 + 0.6k x 1073
Magnesite 2 600-2 700 7.17 - 2.48 x 1073t
Chrome magnesite 2 900-3 00C 2.1 to b1
Silicon carbide 2 100-2 500 9.3 + 1.75 x 1073
Red brick 1 750-2 100 .47 + 0.51 < 107t
Concrete 2 Loo 0.92
Light-weight fire-clay 810-1 340 0.175 to 0.33
Light-weight silica £50-1 000 0:256 to 0.43
Asbestos board 90C-1 2C0 0.157 + 0.1k x 107
Crushed asbestos 300 0.106 + 0.18 x 107t

. . .0
g/ In the formulas, t 1s the temperature in C.
where to measure the temperature for such a control. It nas been found that the
oest iemperature control point for short-term effects, where reversal cycles
can be sensed, seems to be at the crown, about 30% of the distance towards the

throat.

For lenger-range effor+s it is useful to have a tcttom thermocouple,
esither in the gzlass or just below the top paving course. In relatively deep
furnaces and at very aigh rates of pull, a furnace operator will find that this
is a verv critical point. He will learn that there is a minimum boctom

temperature that must be maintained just ahead of the <throat.

digh output furnaces and these with good fuel efficiency tend <c have
~he surface almost entirely covered with unmelted material. Supersiructure

surface temperaturses tend to become meaningless. In this case the tottom

temperature is the best gzguide.

The rule is to maintain iz, keep “he Juel




Table 15.

Losses through refractories in various conditions

Internal losses through 1 m2

Ref'ractory material Thi;;?ess InsulationE/ tei;g::isre per hour

(°c) (kWh) 1 n° (kcal)
Monofrax M 300 None 1 4so 15.0 12 900
Corhart ZAC 300 None 1 k50 13.0 11 200
Corhart Stuudard 300 None 1 kso 10.0 8 600
Corhart Standard (floor) 150 300 mn fire-clay 1 koo L.y 3 800
Corhart ZAC (floor) 150 200 mm fire-clay 1 4oo 6.7 5 740
Corhart Standard (ficor) 150 180 mm fire-clay+120 mm B 1 200 1.75 1 500
Fire-clay 300 None 1 hoo 5.3 L 605
Fire-clay 300 None 1 300 k.9 4 200
Fire-clay 300 None 1 200 4.3 3 700
Fire-clay 300 None 1 100 b1 3 500
Fire-clay 300 120 mm B 1 250 1.6 1 360
Fire-clay 300 60 ins.B + 60 ins.C 1 100 1.0 860
Silica (crown) 300 None 1 4s0 6.0 5 200
Silica (crown) 300 None 1 koo 5.8 5 000
Silica (crown) 300 60 ins.A + 60 ina. B 1 400 2.0 1 720
Silica (crown) 300 60 A + 60 B + 60 C 1 koo 1.1 9L o
Silica (crown) 300 120 A + 60 B + 60 C 1 koo 0.95 830
Silica (crown) 300 60 A + 120 B + 60 C 1 300 0.88 T€0
Silica (crown) 300 120 B + 120 C 1 200 0.7 585

a/ Insulation material Conductivity A[y m"lK"l] Applicable up to
A a.ha 0.40 1 500°C
B 0.26 1 000°¢
0.12

c

0.12 8000¢
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steady and watch the checker temperatures for any upset which may be caused
by the fuel, air or pressure control or by a burrer uroblem. The lag from
the bottom thermocouples is prcbably too long to use them for short-term
temperature control to make up for reversal losses. Ia general, gcod
furnace temperature control can save between 5%-10% of the fuel

consumption.

Glass furnace rapid heast-up

After repairs the furnace should be brought to working temperature as
soon as possible. The traditional heat-up method used temporary natural
gas pipe burmers placed c¢n the tuckstones and protruding into the furnace.
The burners produced small., soft, luminous flames, and temperature was
increased by gas and air addition. At 760°C or higher the port turners
were lit and combustion maintained. Short furnace reversals were Trequently
employed %o elevate the temperature of relatively cold checkers %o operating

temperatures. The neat-up lasted 20-3C days, depending on furnace volume.

The hotwork method utilizes hizh velocity hot air to effect rapid
convection heat transfer to the furnace refractories. Special nigh velocity'
burners are applied with stable flame retention characteristics. A zortable
one-burner heat-up unit comprises burner, air blower, electronic controller
console, temperature prograrmer, air arnd fuel hosing, ultra violet flame
sensor and safety fuel shut-of? valve. The system is capable of heating-up
a glass melting furnace in a temperature range Trom apvroximately 90°C to beyond
1,370°C.

The heat-up vrogramme for <the furnace is established in advance, and the
temperature curve is automatically follcwed. The progremme includes also the
setting of refraciories =xpansion regulating elsments.

The rapid 3eat-up method reduces the heat-up time o 3-3 iays and leads
%o economic berefits in which energy savings also participate. 3esides, ]
damages to refractories such as cracks, breaks and spalls due %o zhermal shocks

are eliminated. -

Utilization of waste heat

The combusticn waste heat proper is the portion of 1eat contained in
combustion gases after exiting from the regenerators or recuperators. It can

-

5till ve vartly utilized, and the chimney losses amounting up =0 3C% of

'
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furnace heat input may be reduced. The percentage of savings achieved
in this way fluctuates between 8%-15% of the total fuel consumption of a
furnace. It corresponds to the reduction of 30%-50% of the value of

chimney losses. DPractical examples are given below.

Waste heat boiler

For melting 37.2 t of contairer glass per day natural gZas was appiied.
The consumption amounted to 365.1 Neu.m per hour, and the chimney ioss
according to thermal balance made 30%. Under these conditions the ratio
of the inlet natural gas and the humid combustion gases exiting from the
recuperator was 1 Neu.m/1k.555 Ncu.m. These combustion gases iaclude
carbon dioxide, water steam, nitroger and sxcess combustion air. The
inlet temperature of combustion gases at the entrance of waste heat boiler

was S30°C, the outlet temperature of axiting gases made 200°%.

Calculation of the quantity of utilizable heat of combtustion zases

based on their medium specific heats:

365.1 x 14.555 x 0.34k x 330
365.1 x 14.555 x 0.332 x 250

Difference

963,854 kcal/n
1,06k keal/h
527,790 kcal/h

If 3% of losses by radiation ard conduction of the waste heat boiler

are taken into account, the heat quantity for steam generation is obtained:
527,790 x 3.92 = 435,567 kcal/a

I7 the generation of saturated steam of gauge pressure of U atm corresponding
to the temperature of lSlOC and heat content 656 kcal/kg is taken iato
consideration, while the temperature of the feed wa*ter is supposed %0 Ze TOOC,
then the required heat for steam generation is 536 kcal/kg. “nder these

ccnditions the followiag quantity of steam is produced:
485,567/586 = 329 xg/h or 19.9 t/2L n

It has been proved that the use of combustion products waste heat for
ste2am production is very advantageous. The steam won in this way may oe
applied for varicus purposes, e.g., for technological process, steam heating,

heating feed water, 2ir saturation for gas producers, spraying fuel oil and

coosuing heating oil systems. An interesting application i3 the use of steam
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to generate electricity for boosting. It is a way to heat for lzer use in
the melting chamber for glass melting. This method has heen aspplied

successfully with kilns working without regeneration or recuperation.

Heat economizers

For smaller furnaces and for lower temperatures of ccmbustion gases,
as well as for periodic furnaces, it is more advantageous to use waste
heat for heating water which may be applied Zor social conveniences and

central heating.

For such cases a heat economizer has been developed recently. It
utilizes exhaust gases of a minimum temperature of 400°C and delivers them
with remaining 200°¢ to stack. The recovered neat is used for heating water
from the inlet temperature of 15°-95°C.  The equipment is furnished with
a fan (200-35C revolutions per minute) provided with a specially adjusted

rotor. It may be used for the heating of buildings.

lenaissance of zas oroducers

It is well known that gas produced on a coal tasis has been abandoned ty
advanced glass industry and replaced by fuels of high heating value. Apart
from the technological advantages of rich fuels in zlass manufacture, i% was
also the fluctuation of the producer zas composition and the ensuing impossibility
of establishing stabilized heat comnditions ia Zurnmace operation which contributed

to this substitution.

Jow, in countries possessing sufficient coal reserves, efforts are under
way Lo develop an efficient coal gasification technolegy on a higher
technical level without the drawbacks of the ocut-dated zas producers.

3elow is a2 description of such 2 zasifier developed in Zurope.

The gzasification process is a combination of the pyrolysis of coal plus
the gzasification of carbon by reaction with steam and carbon dioxide. 3oth
of the above steps require energy input at nigh temperature, which is supplied

oy zertial combustion of fuel with air.
The design represents a Two-stage fixed bed zasifiar. The upper stage

i5 the distillation zome, 2nd the lcwer the zasification zone. Clcal anters

the top of the vessel and sasses into the distillation zone. A gorticm of

the gas produced in the gasification zone is routed up through the
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distillation zone and provides the heat for the distilling operation.
When the coal has reached the bottom of the distillation zone, it

has been reduced to ccke. At the base of the gasifier, ash is removed
through a water seal, ani steam and air are Iatroduced thrcugh = grate

in the base of the coal bed.

After being preheated through the bed of hot ash, the steam-air
mix enters the fire zone (a narrow band 100~260 mm deep operating at
over 980°C) wvhere a partial oxidation reaction takes place. This
step produces carbon monoxide, some carbon dioxide and hydrogen, and
generates the heat for the balance of the gasification reaction to take
tlace above the fire zone.

The gzas leaving the distillation zone at atove 120°C is xnown
as "top gzas". The zas leaving the zasification zone at above 650°¢C
is called "bottom gas". The sensible heat in the bottom gas entering
the distillation zone provides the heat for driving the volatiles of?
the coal. This step is acccomplished slowly and gently without crackirg,
repolymerizing or otherwise forming undesirable by-products such as

tar and pitch.

When coal is slowly neated, only water vapour and a small amount
of carbon dioxide are driven off until the temperature reaches aprroxi-
mately 400°C. Above L00°C the coal becomes more plastic and the main
gases evolved are methane, ethane and oropane, followed by oils and
tars. I2 the temperature were to be raised rapidly, as in a siagle stage
gasifier, the oils and tars would crack and polymerize to heavy
viscous tar. The two-stage operation of the gasifier is designed to
heat the coal zradually, and thus the o0oils and tars formed are sufficiently

fluid to be handled easily.

Above 48C°C the plastic components resolidiZy and decompose,
vielding 2 4ry coke and gzas rich in aydrogen. 3Some of the hydrogen
reacts with carbon at these cemperatures to form a small additional amount
of methane. The top zZas containes almost all of the oil and tar and
the devolatilized methure, as well as all the residual water 2ntering with

~he coal.

The coke 13 reduced to ash in the fire zone. Ash noves down

onto the grate and out of the gasifier via the water seal. The 2ed of

ash between the Zire zone and %he zrate is used in the zasificaticn
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zone to cool the shell and generate the steam required for the gasification

reaction at the same time.

The purpose of adding steam to the process is twofold: the steam
reacts with carbon t: form carbon monoxide and hydrogen and alsoc acts
to cool the fire zone, so that ash will not agglomerate, fuse and form .
large clinkers that would block its flow out of the units.

The operation of the gasifier enables three alternmative processes

with three =nd products as shown below.

Heat values

Temperature o removed from
Gas tyve product gas (°C) the gas
Hot raw gas koo Base case
Hot detarred gas koo Some tar
Cold clean gas 38 Tar, oils,

sensible heat
Cold clean

desulphurized gasE/ 38 Tar, oils,
sensible heat, d
sulphur

&/ The variant for coal of very high sulphur content.

The comparison of the processes shows their thermal efficiencies

and approximate heating values:

Process thermal Approximate geating values
Gas type efficiency (3) (MJ/n
ot raw gas 35-93 6.78-7.51
ot detarred zas T7-87 6.357.2T
Cold clean gas 69-76 5.78-6.35

Tlectric melting

12

lectric melting, as an innovation in the glass meiting process,
leserves to e dealt with separarmely. If there was a great reluctance
3ome years igo to introduce electric melting, the toom in fuel oil
orices and the increasing scarcity of natural gzas in the last years zave

accelerated the introduction of this process. There is sufficient

theoretical literature on the electric melting nrocess, but there nas
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not been enough practical experience, and some failures have occurred
in furnace operation. Therefore, it is believed that an extract of
practical guidelines of an experienced furmace designer is a useful

contribution to energy coanservation.

Furnaces using electric power for melting may be classified as

follows:

(a) Furnaces with electric boosting are gas- or oil-fired furnaces
with additional electrodes postioned in the space of the batch servinag
for boosting and maintaining uniform melting

(b) "Hot top" furnaces are =lectric furnaces with gas boosting
and are useful for extremely difficult melting glasses;

(e) "Cold top" furnaces are all-electric furnaces.

Batch 5lanket
The thickness of the batch tlanket in the ccld top furnace is

important for maintaining heat iIn the glass to use less kilowatt input,
and for xeeping the volatiles in the glass. Usually a 3-15 cm thick
blanket is maintained. Bridging may occur i the blanket gets too thick.
The underside of the blanket forms 2 semi-melted crust which extends
to the sidewalls and will actuaily trap volatiles in a large bubble.
A too thick blanket puts more cold batch deeper and reduces the molten
surface temperature, thereby increasing resistance and producing
axcess stonmes and cords. 32ut the thick blanket insulates tetter and

recquently

retains more o9f the radiant neat deerer in the blanket.
there is enough heat to soften the batch, but not enough neat to melt
the materials completely, so that a semi-hard crust is formed. The
crust formed may actually »ridge all the way to the sidewalls, allowing
the molten glass level zo decrease and form a2 pocket of trapped gases.
The level will continue to decrease untii the crust is troken. 3ome-
<imes the forehearth nas been drained before this condition has been

noted.

To eliminate bridging, the batch blanket should not zover the
ccmplete surface area of the melter. The charger is adjusted so that no
catch is deposited within 3-15 cm off the sidewall all around. This areas

will remain red and hot, 30 that batch does not form a thick blanket or

secome attached to the sidewalls.
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Current density
Electrode size, placement and current density are extremely important
Tactors but are often overlooked or misapplied. Electrodes have teen
aade Zrom molybdenum rods and plates, iron and graphite bars, solid tin
oxide blocks and liquid tin. Molybdenum rods are usually preferred,

as they are easy to handle, install or push in when required.

Current density is normally considered as the amount of current
which flows from, or is applied on. each unit of surface area of an
electrode. It is believed that molytdenum can apply current to glass
at a maximm rate of 3 A/cma. Above this, the surface temperature will
start increasing towards its melting temperature. Glass convection
currents near the electrode surface will become hotter and move more
rapidly, causing excess erosion of the softer electrode surface. Excess
current density will greatly decrease the life of electrodes and often
cause them to needle-point, bend down or break-off, depending upon the
Dlacement and applied current. Therefore, 3 A/cm? is in reality too large
a design factor for a comtinuous operation. A more reasonsble design
factor of 1.5 A/cm2 should be considered. This factor will allow for
some normal erosion of the electrode during an operation and alliow for

the excessively high current sometimes required during an upset.

Positioning of electrodes -~ the following alternatives are used:

(a) Parallel electrode rods protruding from the tank sidewalls.
The position allows a straight path for currentl flow. <Cne aalf of the
surface of each electrode faces the other ome. The appliad current is
dispersed evenly through the entire length. Zlectrodes in this placement
will cause very little erosion;

(n) Zlectrode rods, each protruding from the opposite sidewalls
of the tank. This position is unfavourable, as the slectrodes face =ach
other only with their tips. The current flow is concentrated at the tips,
which causes themolybdenum rod %0 be exessively hot, almost %o its melting
Toint (2,600°C). The excessive 2rosion by abnormal convection currents
of the glass causes the alectrode to wear down %o a needle point. 1In

many cases electrode life has been shortened by 50%-30C7;

'y

(¢) The opposite positions of the electrodes are fa2asidble if

rods are replaced by plates fastened to opposite walls. Ia this case the

'_4
©
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alactric current is dispersed through the whole surface of the 2




The main problem in these ingtallationes hag keen the physical c¢oanac
to the plate itself. In case of failure, draining of the furnace is
necessary vefore all the glass freezes. In such a case the rod electrode,
i? broken or eroded, nas the advantage of being easily pushed more forward
into the glass. Most rods can be ordered with threaded studs and holes for
easy addition of extensions;

(d) One electrode rod protruding from a sidewall, the other one
vrojecting from the end wall. This placement is fairly common but also
increases the erosion of both the electrodes;

(e) One electrode protrudicg from the tank sidewall, the other one
protruding diagonally from the enc wall. This placement is preferable
to the preceeding one, as more surface area of each electrode is exposed
to the other one;

(f) Bottom parallel electrode rods projecting vertically from the
bottom. This placement gives a very good lifetime, but the electrodes

ar

1]

difficult to push in and create more danger of bottom leaks, if the

electrode breaks and causes excessive heating of the bottcm block.

Zlectrode holder

The main purpose of the electrode holder is to freeze the glasé
around the electrode, so that it will not be pushed out by pressure,
and to keep the surface temperature below the oxidation temperature of
the molybdenum. Some holders are {lush with the inside wall, scme 30 to
& step from tie inside face, and some are flush with the cutside wall
with only <he electrode through the refractory. 3ome holders have water
Tiowing directly on the electrode, and other holders are complete water
Jackets which extend through the sidewall or bottom to cool 250-38C mm of
the electrodes. A completely water-jacket-encased electrode, for 30C-LOCmm
from the glass interface, with the addition of Argon and Jitrogen o
the air space, appears to be the bYest answer or extended lifs if <he

electrcde is not often pushed in.

Refractories
Irosion of the refractory sidewalls of an 2lectric furnace 1is jquite
different than normally found in a conventicnally zas/oil-fired furnace.
In the electric furnace, arosion of the blocks lLelow the metal line is
yuite severe. The blocks tend to dish ocut in the centre while not greatly
affecting the joints., This i3 caused by the hot zlass below the surface

in the electric tanks as 2zainst “he aot zlass on the surface of 1

conventional furnace. The arosgion on the metal line is almost non-
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existent in the electric furnace. The hot glass deep in the electric
furnace tends to penetrste into the softer large-grained crystals of the
refractory blocks. The outside surface of all blocks is essentially
the same when cast and annealed, but after the hot glass nas attacked
the surface of the large sidewall blocks, the softer core is axposed to
attack. The joints, being together, are more resistant to attack, as

well as the fine-grained more dense section of the block.

To combat the fast erosion of the sidewall blocks, the wall should
be constructed with only 30 cm wide blocks or 2 maximum of 40 cam where
necessary. This type of comstruction will give a heavier and a denser
sidewall than possible with 50, &0 or 75 cm wide blocks. A comparison
of block weight as against theoretical weight indicates that the small
blocks are more dense. Although small blocks for a sidewall are against
standard practice in the glass industry, the change did contritute

to a 30% increased length of an operation.

The =conomics of sidewall insulation must be weighed against fuel
cost or savings with regard to the length of the campaign. A new furnace
with 30 cm wide blocks was completely insulated covering all joints.

Six months later there was a very definite and deep cut at each joint
extending almost 15 cm through the joint. The glass contact face of

the blocks was just starting to show some erosion or dishing out.
Therefore, all insulation was removed, and 25 mm open steel deck grating
was placed across the entire sidewalls. Wind cooling lines were also
placed to direct very light airflow on the centre of 2ach bleck. At

the 2nd of the operation the centre of each block was dished out so that

25 cm remained. The Jjoints were not damaged so deeply.

3locks for the electric furnaces should he deep cast with the
scar place downward during construction. Some of the casting voids extend
13-18 cm down iuto the block, and if the woid is on the top, the erosion
of the block just below the metal line {inally allows glass to gZet into
the void and cause pieces of the block to wash into the gzlass. Since
most furnaces have paving, the vot<om 3 cm of the bHlocks are protected,
and a downward placed casting void would extend only 3-10 cm above the
paving. Siace the dottom sidewalls of an electric furnace =rode only

slightly, there is no chance for the gzlass to get into the void area and/or

cause stones.
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The furnace crown of "cold top" furnace with superstructure should
be constructed with a mullite or mullite-type refractory approaching
60% A1203 instead of the normal silica brick. These bricks cost 3 to 5
times more, but their use will eliminate spalling, refractory stones and

the labour of adjusting tie rods.

Normally silica bricks are good during the initial heat-up with
gas burners, but after the glass becomes molten and electric current
flows, the burners are turned off. With the addition of batch to bring
the level up, the crown temperature will decrease from about 1,300°C
to 200°-300°C in 4 to 10 hours. The cold batch will absorb much of the
furnace radiant heat and rapidly decrease the temperature. The rapid
decrease of temperature greatly affects the expansion of the silica brick,
oftan causing cracking and breakiang off of the silica brick hot face.

The rods should also be adjusted for the decrease of expansion.

A similar situation may also occur during the campaign in case of

-~

a failure. Therefore, for any case, the mullite crown is preferable.
9 -

Process control
A combination of autotransformer with an automatic voltage regulator
or silicon control rectifier will give almost fully automatic control; namely
the kilowatt setting, current control, tap changes and constant
monitoring are eliminated or mianimized to just an occasional check or
recording every hour or two. An automatic voltage regulator or SCR will
increase of decrease the voltage <o keep a constant curreat tetween a

pair of electrodes.

Zlec*tric melting - conclusion
Tlectric furnaces utilize 55%-80% of direct heating energy, as
against 15%-30% efficiency of zas or oil-fired furnaces. However, if also
the low efficiency of power gzeneration is taken iato account (30%), the
total efficiency (power generation plus glass melting) cased on primary
source makes only 20%-24%. The specific heat consumption is 0.8 xWh
(2.88 M) per kg of melted glass. Zlectric furnace construction i1s less

axpensive, because there i3 no need for regenerator chambers, checkers,

flues and reversal =2quipment, blowers and fans. 3esides the expensive
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air pollution control equipment is not necessary.

The electric furnaces seem to be prospective with regard to future
o T g

trends. Electricity is the medium of transfer for nuclear and aydroenergy.

If coal is to be utilized economically and with csespect to air polliution
ccntrol, it will have to be converted in central power plants into

electric energy as well.
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IV. ANNEALING

During the moulding process glass has been abruptly coocled down
from its working temperature. Within this short peroid it has passed
safaly the point of devitrification - a temperature of atcut lOOOOC -
at which a crystalline phase may form if zlass is held there for any time.
On the other hand great stresses arose by the rapid ccoling which would
cesuse later breakage due to the stress. To avoid this, the glass must

be annealed. This process is performed in lehrs or annealers.

After the annealing had heen properly investigated, an efficient
type of the annealing curve was introduced. To follow this curve,
recirculaiing lehrs were developed. The lehr consisted of a “unnel through
ware was moved on a conveyor. In every section a2 ctrescribed temperature
was controlled. The tunnel comprised the aeatirg, annealing and zcoling
zone. Such annealers are in operation all over the world and guarantee
good quality of ware. However, their fusl and power consumption are
considerable. A series of measures has been taken to curtail their znergy
consumption. The heating section where the glass is reheated %tc a
uniform temperature slightly over the annealing point (Sho°-560°c.for soda-

lime glasses) nas not been subjected to any changes.

There nave been sgignificant changes designed and tested ia <ne
annealing zone, where glass vroducts are coolsd very slowly “rom +he
. . . . . . O 4 Y
annealing point to their strain point {(approximately 4207C for scda-lime

zlass).

For example, in a lehr with Jive annealing sections, taree
recirculating sections were replaced with plair sections, I.2., controls,
ourners and gas consu.ption in these sections were eliminated. A

considerable w2duction in power and zas consumption was achieved.

Another example is a new desigrn of a lehr ackieving the required
ccoling <hrough a system »f muffles incorporated in par<icular sections.
This design is characterized by the individual recirculation section
vlaced as the last annealing section for stabilizing temperature at

eritical strain point of the passing glass ware. 3esides, an alr curtaln
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produced in this section provides an effective barrier to forward draught,
particularly along the sidewalls where the passing air is detrimental

to the quality of ware. Tn this design, recircula*ting fans were elimipated
in all but the last section of the annealing zone as well as buraers

and controls. The energy consumption was substantially reduced. Side
benefits are simplified construction, Jecreased overating and maintenance

requirement and lower initial cost.

A further energy-saving design is featured by the application of new
high velocity buraers for air recirculation instead of fans. The burners
are placed in a staggered opposition pattern under the lehr belt in
the heating and five annealing sections. The high velocity combustion
oroducts entrain tunnel air to create sufficient turbulances for positive
temperature control. Also in this case power consumption for fans is
eliminated. A more effective cooling in the lehr is achieved by cooling
ware from above, using room air for recirculatioa instead of extracting

heat from base surfaces of the ware.

Quite a different comcept of lehr design embraces the following
principles: I- conserves the air recirculation with fans and temperature
control in all sections. The insulation of bulk rock wool sandwiched
between the inner housing of particular sections is introduced. It
reduces <he anvircnmental heat losses and aids in maintaining a2 =2ven
temperature within the section. Heat losses are reduced to «0% cf

conventional .2hrs.

The lenr belt returaning inside the lehr is accepted by all
designs. It performs the recuperative function. Up to 25% of the

telt heat load can be saved.
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V. MAINTENANCE

A scheduled system of maintenance is onme of the prerequisites for
energy conservation. Check lists should be established for machinery
and furnaces with frequencies of checking particular points. Reviews
of daily production reports showing defects of technological equirment
should e evaluated and consequences drawn for direction of maintenance.

It may be found surprising that, e.g., measured losses through pressure

air leakage constituted in some cases, 5% of a plant's power consumption.

Regular analyses of all kinds of energy consumption are recommended.
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VI. CONCLUSION

The presented series of practical exemples of energy savings should
show the apprecach to emergy conservation. Some of the measures are
feasible dquring operation, others between operations; some are applicable
in a reconstruction or in the construction cf a new plant. Also in this
context, the questiuon for developing countries with introduced or planned
Zlass industry arises as to which fuel base they should turn in the present

energy crisis. The approach will be evidently different in each country.

The entrepreneurs in the few countries with still sufficient

reserves of oil and natural gas will doubtless go on using these fuels.

Glass industry in countries with coal reserves and opened mines
should ccovert to coal as a primary source of energy. In the least
develoved countries, this change might proceed by means of coal gasifiars
dimensioned for the needs of particular plants only. The oil would ®e
applied Zor power gemeration in a glass factory where electricity is rnot
available. In countries with developed infrastructure and high fuel
consumption, large coal gasifiers and a gas distribution network could
be constructed ia industrial areas, or gasifiers-vower plants with
power distribution for larger areas could be established. In countries
with hydroenergy converted into electric power the only solution would
te a full:r slectrified glass plant. The same applies to the few
developing countries now constructing nuclear sower plants because of

lack of other snergy sources.

Countries with no snergy sources whatsoever for industrial purposes
nave no other choice but to resort to the cheapest available energy
source abroad. It should be emrhasized that in all cases the choice
of eaergy is a matter of economic calculation, taking into account 70Tl

tne production aad investment cost of the glass plant.
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Part three. Cement Industry

INTRODUCTION

The history of industrial cement manufacture is characterized by
the endeavour to achieve larger outputs, lower energy consumption and
lower operation costs per ton of product. The development of manufacturing
and firing methods and equipment resvonded o the demards of <he building
industry in various stages. Although the up-to-date prevailing technology
is the dry or semi-dry process, also some earlier techniques, e.g., the
wet process with rotary kilns and the semi-dry process with shaft
xilns, bave not flly lost their position, as they meet some special
conditions or correspond to certain stages of develomment of some countries.
Also the present energy crisis irtroduced new criteria of assessment.
For these reasons, this study presents the review of <he cement industry
in its develomment, thus offering a wide choice of technologies and
equipment suitable for various steps of industrial progress in relation

to the energy conservation possidilizies.
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I. CEMENT-BUILDING MATERIAL

Cement is ome of the fundamental building meterials manufactured

for inmumerable applications in almost every country.

Fortunately encugh, almost every country has more or less suitable
raw material deposits available to cater to its building industry
requirements. Fundamentally, all sorts of cement are hydraulic compositions
made as a result of joint milling of suitable raw materials, such as
limestone, lime marls, lime clays, chalks, pyrite cinders, bauxite,
silica sands, shales etc., which are weighed into a mill in an accurate
ratio. The rawv material mixture so obtained is homogenized and fired up
o a sintering state - clinker. fter cooling the clinker is milled
along with approximately 3% of gypsum into a Zine powder called Portland
cement. Portland cements may further be classified according to their
specific properties. For instance, current sgecifications of the American
Society for Testing Materials (ASTM) recognize Tive nmajor types of
Portland cement:

Type I - Standard (general-use cement) Zor use in general concrete

construction

Type II -~ moderate heat-of-hardening cement - for use in general

concrete construction exposed %o moderate sulphate action
or where moderate heat of hydration is required

Type III- Jigh early-strength cement - Jor us- ~ = high early

strength is required

Tyve IV -~ Low hneat cement - for use when 2 low heat of hydration is

required

Type V - Sulphate resisting cement - Zor use when nigh sulphate

resistance is required

The above-mentioned types of Portland cement can te zmanufactured
in almost all cement factories, as far as the ccmposition of the raw
material mixture has been suitably adjusted whereovy the fired clinker

iring process in the

o

'y

~omposition is adjusted, too. urtharmore, the
cement Xxiln, as well as *the cement milling process, 13 to he adjusted
to this raw material <o achiave the required Jineness.

Chemical compositions of <his, as well as other tyves of Portland

.

cements, are shown ir %Lable 15. Apart “rom the above-menticmned five types

2f cement, the table also Iacludes cements of 2x=reme ccmpositions,




Table 16. Chemical compositions of Portland cement
(Percent age)
Type I - Type [II -
Moderate heat high early- Type IV - Type V -
Type 1 - of hardening strength low heat sulphate resisting Ore Ferrari Kuhl wWhite Portland
Standard cement cement cement cement cement cement cement cement o
Typical Typical Typical Typical Typical
compo- compo- compo- compo- compo-
Component lLimits sition Limits sition Limits sition Limits sition Limits aition Example Example Fxample Limita Average
SiO2 19-21 21.) 20-24 22.39 18-22.5 20.0 20-26 24 24-26.5 24,46 21.92 22.92 17.00 20.62-26.68 21,29
AIIO] 5-8 6.0 3.9-6.0 4.60 3.6-9 5.2 3-6 5 3.5-1.9 3.1 1.99 3.92 8.20 0.77-9.19 h.15%
Fezo3 2-4 2.7 2.1-6.0 4.25 2-4 2.5 2-6 h.5 3.3-1.3 1.3 8.46 5.66 6.00 0.16-1.05 0.40 &
Ca0 62-66 63.2 £2-65 62.85 63-67 65.6 58-65 60.5 64-54.,5 64,3 64,11 64,19 64,60 60.,90-71,19 66,00 !
Mg 1-4 2.9 1.4-4 2.50 0.6-4 1.4 1-4 3 0.7-2.5 1.7 1.02 1.50 1,60 0,05-2,76 0.58
lgnition 0.6-2 1.3 0.3-1.0 0.60 0.8-2 1.0 1-2 1.0 0.9-1.3 0.9 0.40 0.30 0.30 0.85-9,06 2.89
loss
Res.

Ins. 0.08-0.2 0.2 0.03-0.2 0.10 0.07-0.01 0.05 0.01-0.,03 0.02 0.02-0.2 0.05 0.09 0.10 0.10 0.07-1.01 0.1
K50 0.3-1.0 0.5 0nN.I-1.5 0.55 - 0.44 - 0.3 0.15-0.3 0,22 0.30 0.15 0.50 0.04-0,79 0.09
N320 0.2-0.5 0.3 0.05-0.5 0.25 ~ 0.21 - 0.2 0.08-0.15 0.08 0.20 0.10 0.25 - 0.7
503 1.0-2.5 1.8 1.0-2.0 1.64 2-3 2.3 1-2 1.7 1.4-2.0 1.4 1.53 1.80 1.50 0.10-2.94 1.8

Tutal - 100.2 - 99.72 ~ 99.15 - 100.32 - 99.45 100.02 100.64 100,05 - 100,31
3Ca0.8iv, 33-65 45 29-50 44 52-81 60 10-11 20 35-50 41 56.39 47.09 64 .60 18-85 46,10
2C30.Si0; 10-3o 217 22-46 31 3-20 13 41-61 52 27-49 39 20.30 26,34 - 8-62 27.52
3CA0.A150, B-14 11 1.8-8 5 7-15 10 3-8 6 3-5 4 G2R-9,08 0.82 11,59 1-24 11,21
ACaO.A1203 6-15 8 b-18 13 6-11 8 6-18 14 4-16 10 9.47 172.20 18.24 0.5-2.7 1.
Fe203
CaSOl| 2.2-3.3 3.1 1.9-3.3 2.8 3.4-5.1 3.91 1.7-3.4 2.89 2.7-3.) 2,38 2,60 3.06 2.55 0,17-4.99 3.2
MgO -4 2.8 1.4-4.0 2.5 0.6-4.0 1.3 1-4 2.9 0.7-2.5 1.7 1.02 1,50 1.60 0.05-7.6% 0,58
Free Ca0 0.2-2.0 0.4 0.1-1.8 0.4 0.1-..2 1.8 0.1-0.9‘ 0.4 0.1-1.8 0.5 0.20 0,10 1.37 0,15-7.0 1.38

- s oo



particularly as far ac tha Al203 and F3203 contents are concerned.

The white Portland cement is particularly interesting and required
in the market. It is an ordinary Portland cement, coutaining only a
low proportion of iron oxide, manganese oxide, titanium oxide and
magnesium oxide. Either non-ferrous or highly abrasion-resistant grinding
media are used ir the production of white cement, and the firing process
in the kiln is s. arranged that the whitest possible clinker is obtained.
As a rule a reduction or inert atmosphere is used in the sintering and
cooling zones and even in the cooler, as the case may be. In some cases

the clinker is cooled by water.

Cements contining higher percentages of Fe203 are all resistant to
sea water and sulphate waters effects. Their production is very limited.
There are three exampies shown in the table: KlUhl Cement (called
after its iaveator - ProP. Hans XGhl) is a Portlaud cement of low silica
and high alumina and iron oxide contents, the strength of which
corresponds to rapid-hardening cement. Irom ore cement (Zrz Zement)
was a type of Portland cement once manufactured in the Federal Republic
of Germany. t originally had a high iron oxide content and was of
light chocolate-brown colour. It has been replaced by Ferrari cement

20w,

Another significant group of Portland cements is formed by mixed
cements. The most important mixed Portland cements are: (a) Portland
olast-furnace slag cemen¢ manufactured by joint fine milling of dried
olast furnacc granulated slag, clinker and gypsum; and (b) pozzolanic
Portland cement:s manufactured dy joint milling of pozzolana, Portland

clinker and gypsum.

The pozzolara word is usually brecadly explained, and in this group
there are usually incorporated mainly natural materials contairing active
silicic acid ia wvitreous state, 23 it is in case of volcanic ashes which,
according to their origin, are called Pozzolana, Santorin Zarth, Tosca,
Trass etc. This group covers also artificially made produc:s, i.e.,

industrial wastes, such as fly ash, Si-3tuff =atc.

3esides, a use is made of activated xaolinitic clays or shales and

. . . o}
diatomites fired at about 700 T temperature.

Portland blast-furance slag cements and pozzolanic Portland

cements are manufactured and used in wvater structures. Zxamplos of chemizal
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composition of Portland blast-furnace slag cements and of pozzolanic
Portland cements are shown in table 17. The percentage ratio of mixing
clinker with slag or pozzolana are specified in the respective national

standards.

Besides the Portland and mixed cemets, several tens ¢f types of
cement have been developed which are of limited use for specific purposes.
Though the production volume is insignificant when compared with the
total production of cements, they are important for a number of Jrunches
and deserve to be mentioned, e.g.:

Expanding or non~shrinking cements

Air-entraining cements

Jil-well cements

Masonry cements etc.

Just for the sake of completeness, it is necessary to mention
cements not manufactured on the basis of Portland cliaker. There are,
e.g., slag cement, manufactured by Joint milling of “last-furnace
granulated slag and hydrated lime, or super-sulphated cerent, composed

of slag, gypsum and a small addition of lime. The s.gnificance of the

two cements 1s more or less nistorical only.

In conclusion, an aluminous or nigh alwilipna re.w:nt should bve
mentioned hers which is manufactured by mel=ing, or :lectric melting,
of bauxite and limestone or lime. Tt has a remarkatlz initial strength
and resistance against sulphate water. It is usec¢ also for refractory

concretes.
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Table 17. Composition of various types of cement

(Percentage)
Portland Supersul- Lime- Pozzo-
blast fur- phated slag lana
Component nace slag cement cement cement
cement
Loss on Ignition - - 0.5 4.8
510, 22.8 25.2 29.0 26.0
A1203 8.1 13.1 15.5 5.3
Fe203 0.5 1.0 1.5 3.5
Ca0 59.0 4s5.0 L8.u 52.3
Mg0 3.5 3.5 2.5 4.2
503 1.7 7.0 2.0 1.8
S 0.5 1.0 - -

Fel 0.5 0.9 - -
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II. RAW MATERIALS

There are rather rarely occurricg rocks whose chemical composition
corresponds exacily to that required for the raw material mixture

intended for the manufacture of Portland clinker. Most often

it is necessary to use two or three, and exceptionally four,

or even five raw material components.

Trom the calcium carbonate content point of view, the raw
- - - - - ’
materials may be classified into high-percentage (exceeding 78% of CaCO3)

and low-percentage (having less than 78% of CaCO3).

The so-called "high-percentage' raw materials are considersd to
be fundamental ones. The so-called "low-percentage' ones are used Zor
correcting the high-percentage component. 3esides that there are
corrective ccmponents used for the adjustment of omne of the components of
the raw material mixture, e.g., the SiOS content cam %e increased by
adding diatomite, silica sand, the Al2O3 by adding bauxite, ?9233 oy

calcined pyrites, irom ore, ore dust etc.

Apart from the natural raw materials, industrial wastes are alsc

used. The most usual is the blast furnace slag.

Tor example of raw materials see taties 18, 1§ and 2C.

Taple 13. CaCO3 content of cement raw materials

(Percentage)
Material Ca.CO3 content
digh grade limestone 96-100
Marlaceous limestone 90-96
Marlstcne or calcareous marl T5-30
Mazl 40-75
Clayey marl , 10-40
Marlaceous clay U=i0

~ )

;
Clay N




Table 19. Chemical composition of calcereous raw materials used for the manufacture of Portland clinker
(Percentage)
Loss on
Material Source ignition  8i0, A1203 l'-‘e203 Ca0 Mg0 T102 MO K,0 Na,0 504 cl
Pure limestone Vitosov, 43,17 0.17 0.10 0.07 55.58 0.50 0.01 Trace 0.09 0.04 0.00 -
Czechoslovakia
Siliceous limestone Castelo, 34.66 15.57 1.60 1.10 45.24 1.67 - - - ~ - -
Brazil .
LLime rich coastal Jumeira, 42.28 3.53 0.45 0.22 51.36 1.08 - - 0.10 0.41 0.35 0.0]
dune Dubai
Pure chalk Benghazi, Libyan 43.17 0.27 0.48 0.17 53.60 1.36 0.01 0.03 0.12 0.09 0.22 0.02
Arab Jamahiriya ‘e
Coral sand Mauritius 45.02 0.13 0.17 0.06 51.70 2.62 - - 0.01 0.37 - 0.20 '
Oyster shell Sdo Luiz, Brazil 43.34 1.39 0.76 0.09 53.11 Trace 0.04 Trace 0.06 0.76 Trace 0.18
Limestone Mokr4, 39.20 4.30 1.75 0.41 51.51 1.32 0.12 Trace 0.19 0.08 0.04 0.02
Czechoslovakia
Cement rock Chimborazo, 36.69 13.39 .10 0.%4 44 .45 0.86 0.04 - 0.16 0.14 - -
Ecuador
Calcareous sand Big lake, 40.91 9.92 1.26 0.66 42.76 1.22 0.05 0.11 0.24 0.30 2.24 -
Edmonton, Canada
Calcareous marl HOSSOI’O, 37.70 10.34 3.64 1.42 44.172 0.72 0.23 - 0.75 0.08 Trace 0.0
Brazil
Marl Adana, Turkey 31.87 29.37 9.46 5.03 ] 35.83 2.72 - - - - - -




Table 20. Chemical compositions uf corrective ingredients
(Percentage)
Loss on

Ingredient Source ignition Sio Al O Fe O Ca0 Hg0 S0 K O Na O Tio PO cl MnO
Lateritic Tulukkpatti,
clay India 10.74 55.32 12.58 6.31 8.87 2.66 0.03 1.87 - 1.62 - - -
Loes Herat, 14 .24 51.55 8.41 4.04 15.09 2.35 0.13 .70 1.50 0.82 0.18 0.004 -

Afghanistan

1

Silica sand Leeds, Alabama - 92.48 2.69 1.69 1.50 0.83 - - - - - - -
sandstone United States )
Diatomite Auxillac, 4.01 91.61 1.53 2.22 0.18 0.29 - Trace Trace 0.10 - ~- -

France
lron ore India 4.78 3.30 3.40 86.80 1.03 0.12 0.22 0.13 0.08 - - - -
Low grade San Luis, 5.00 28.30 3.10 62.97 0.55 - - - - - - - -
iron ore Argentina
Bauxite Santo Agostinho, 31.16 2.94 64.10 1.29 0.02 Trace - - - 0.60 - - -

Brazil
Blant-furnace Vftkovice, - 37.99 9.13 4.00 42.14 4.43 0.19 0.48 0.28 0.29 - - 1.50
slag Czechvslovakia
Pyrite Pferov, - 17.28 4.60 63.35 4.17 1.10 2.35 0.47 0.30 0.55 - - 4 .44

cindres

Czechoslovakia
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III. BASIC FRODUCTION PROCESSES

The cement production may be basically divided into two types
depending upon the technical and economic conditions. From the
technological point of view, wet, semi-wet, semi-dry or dry processes

are appiied.
Wet process method of preparation

The raw material is blunged or milled together with water. The
well liquid slurry so obtained is put into silos, homogenized and
corrected, on t:e basis of chemical analysis, by slurry from other
silos to acbieve the required chemical composition. The slurry
80 prepared is transported to the storage tank above the rotary
kiln and dosed accurately into the kxilm. The slurry contains usually
33%-20% of water. In the case of plastic raw materials, it Iis sometimes
necessary to ovrepare the slurry with as much as 50% of water content
to achieve <the required fluidity of the slurry. In the case of aon-
plastic raw materials, however, sometimes a mere 28%-33% of water.

content is sufficient.

Semi-wet process method of preparaticn

the aim of reducing the water content in the slurry; this results in
less water to be evaporated from the slurry, whereby the amount of

heat consumption necessary for asvaporation is reduced.

Tacuum or pressure filters are used for the filtraticn of the
¢lurry. The cake so obtained is either supplied directly to the xiln,
or, vefcre being fired on the grate, it 1s to be strengthened scme-
nvizmes by raw naterial powder, unless the Zilter cake alone is pressed
sufficiently by the extrusion presses, or by some other suitable
presses or granulating discs. The moisture of the raw material obodies

supplied to the kiln amounts to approximately L1%-18% of water.

Dry process method o prevparatiorn

The crushed raw material is first dried in a drier and millad
in iry state, or it can be driad in a3 4rying circulating zall wube
mill. The raw material components are weighed into the mill or dosed

by volume iu some old factories,




The raw material powder is transported irto a system of
homogenizing and stcrage bins where It is homogenized pneumatically
or mechanically and corrected if necessary. Then it is transported
and dosed into the kiln. It is evident, of course, that the
chemical composition testing is more demanding than at the wet

process. The raw material moisture content is below 1% of water.

Semi-dry process method of preparation

Dry, homogenizéd powder is wetted in a worm or oa & granulating
disc or in a granulating drum, ind the wetted powder is then either
granulated or in wet state, in the form of irregular conglomerate
lumps, supplied into the rctary kilm, or, in case of graaulated
2orm, to the Lepol grate. The raw material moisture srounts t¢ 10%-

15% of water content.

Under this group belongs also the preparation of raw materi
for shaft kilns. Because the raw matarial {or the shaft xiln must
include fuel pressed in (coke or anthracite), there are two variants:

(a) Preparation of "white powder". The raw material powder
prepared by the above described method is weighed, along with a
currently weighed crushed fuel of 1-3 mm grain size. This mixture
is thoroughly mixed iz a mixing worm, wetted to 11%-1L% moisture
content and granulated or pressed. The pressings are supplied into
“he shaft kiln,;

(%) Preparation of "hlack powder". When klack zcwder is <o e
orepared, the fuel 15 milled together with the other components in
a raw material mill. Al the components must he¢ weighed accurately
Por the mill. The black powder is homogenized in homogenizing bizns,
wetted to 1i%-1U4% and granulated or pressed before being supplied %o
the kiln.
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IV. WET PRCCESS

The wet process is the most universal one from the technological
point of view. Though the vet trocess is being quickly replaced by
*he dry process in recent years, about 40% of the world production .

of clinker still comes from the wet process plants.

There are certain advantages to this process and, therefore,

it may seem more suitable under certain conditionms.

First of all, it is the preparation of perfectly homogenous raw
material blend. It is simple, and less labour is required ir all the
preparastory stages starting from the winning in a quarry to the supply
of slurry into the xila for firing. Power consumption is slightly
smaller than at the dry process, but the heat consumption is considerably

nigher.

The wet process in the cement production is better applied where
scft, porous raw materials are available having high moisturs content
when mined from the quary. The high moisture content is decisive,
since drying ia such a case would result in higher capital iavestments

and higher fuel consumption.

Because of easier homogenizing in wet process, raw materials with
fluctuating chemical composition, or those containing a high percentagé
of alkalis, can be processed this way into cement. The wet process in
<he production of cement is classified into three stages (see tiae

“low sheet figure VII).

All tae raw raterials are to be properly dressed before processing.
It devends on their chemical composition and hardness of components.
If a higher amount of aard components is in the raw material, more
criushing and milling operstions are required, resulting in higher
sonswmption of energy and wmter. Therefore, the availability and choice
of suitable raw materials is the firat prerequisite for determining I7
the valuable power, fuels 2nd water will be wasted or preserved as .
early as in the preparatory 3tages. I- goes without saying that the
iistance hetween the quarry and the cewent plant plays ar important

role, %o0.
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Typical technology flow sheel

cement manufacture

of wet-grocess
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of raw materials loading, trucks
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prehomogenizing hammer
of raw material ¢rusher
components
Grinding of Washing Wash mill,
raw materials storing ball aill
Homogenizing Slurry silcs,
»ins and
rasins
Preparation 0il tanks
of fuel
II.
Production Firing Rotary xilns
of clinker of raw
materials
Cooling of Mlipker
clinker coolar
Maturing and Clinker
storiag of 5i1l0s ancd
clinker »ins
IIiI.
Production Milling of clinker Cement mill
of cement and admixtures

Storage of caement

Packing and dispatch

Cement 3ilos

Packing
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Washing is another step in the raw material preparation. Soft,
zlayey and marly materials which cannot be crushed aie supplied to wash

mills in which they are mixed with water into a slurry.

Slurry is then supplied to mills mostly by means of centrifugal .

pumps, or by screw conveyer and bucket elevators via storage tanks.

Grinding is an important operation during which the raw material
of up to 25 mm grain cize is ground contimuously, and 80% of sround
material below 70 micron particle size is obtained. The finer are
tre particles, the quicker can be the firing process in the prodiction
of clinker that again results in saving fuels. When this process is
kept within optimal limits, particularly in case of high capacity =quip-

ment, the 2concmy becomes more significant.

Stability of the chemical composition.of the raw material suppliel
to the kilas for the production of clirker is vital for the smooth xiln
operation, life of its lining and guality of clinker. For this purpose
tue slurry must de corrected and well homogenized and, to reduce the

water content, deflocculants may be added.
The slurry having teen so prepared contains about 33%-38% of water.

The slurry, having been accurately and regularly dosed by & dosing
machine, 2 so-called Terris wheel, is supplied through an inlet pipe

into the inlet portion of a rotary kiln.

The firing operation in a wet-brocess rotary xiln

A wet-process rotary kilan is a2 st

1)

el %ute lipned with refractory
oriciks. Mcst often i* rotates at 1.1 rpm speed. Slurry is suppliad

at one end and fuel from the other (at the xila nead). Thae slurry

aoves slowly inside the xiln towards the xila aead. The movement is
supported ay a slight incline (L%) of the :ila. The slurry is dried up
in the drying zone in vwhich there are steel chains. The chains gzet
heated by the Flue zases and they vass tinis heat to tihe siurry. In

the chain zone also the flue gzases get cartially rid of dust, 2z2nd slurry
rings formation is oprevented. The raw material comes from the chain
zone in the form of nodules with remaining 5%-10% moisture content. The

nodules gzet guickly dried up and procead to the calcination zons,




- 101 -

where the calcium carbonate disintegracion takes place at 900°C
temperature. This reaction is strongly endothermic and comsumes

most of the heat in the clinker formation. In the sintering zone,

where the material is l,350°-l,h200C hot, a series of reactions takes
place, and tricalcium silicate, dicalcium silicate, tricalcium aluminate,
tetracalcium aluminoferrite, magnesium oxide and about 0.5% of free

lime are Zormed.

About 23%-28% of this mixture forms a melt in the sintering zone,
and the material gets sintered. The product of sintering called
Portland clinker is quickly cooled in a satellite grate, grate or drum
cooler from where it comes out being only 80°-150°C hot. The cooling
medium is air, which gets heated up to a high temperature (as much as
85¢9C) and is used as secondary combustion air for the combustion of
fuel. 2rimary air is supvlied into the xiln together with the fuel
and represents merely 5%-15% combustion air in the combustion of ratural

zas and oil, and about 25% in the combustion or coal.

The temperatures and individual zones in the wet-process rotary

¥iln are shown in table 21.

Deveicument of long wet-brocess rotary kilas for reducizg *the

heat consumption ard raising the output

It is obviocus from the heat balances +hat the majority of heat in
the wet-process xilns is consumed 2or the evaporating of water from the
slurry. In case of short wet-orocess kilzs, however, <he naximum :zest
losses occurred in the hot flue gzases (more than 40%). Thersfore, the
eadeavour of designers was first focused cn 2longating the xilni3. While
the first rotary kilas' ratio of their diameter o their length was
1:12, the present optimal ratio of their diameter to their length is
about 1.40. Inside heat exchanges were buil? in the xilas %o reducs %the
temperature of the outgoing #lue gases and to utilize more neat. The
heat exchangers have not only ensbled the exchange of aeat, but they
have also teen useful in reducing the dust occurrence ia the kilns by
sreaking the formed 3lurry rings, helping the material novement through

the ¥iln, and assisting mechanicall:r in <he Pormation of nodules.




Table 21. Temperatures of particular stages oI the

wet-process rotary kiln

Zone Temperature Temperaturse
of the ma- of zases( C L
terial o
being fired (°c) Approximate length
Begin- end Begin- End of of zome relative to—
ning of of aing of zone the total kiln length
zone zone  zone (%)
Dryiag 40 1c0 200 700 20
Preheating 100 550 730 1 250 21
Calcination 550 1 100 1250 1 3500 33
Tiring
Exothermic 1100 1 L4s0 1500 1750 13
Sintering 1Ls5c 1 300 1 750 350 ' 8
Cooling 1300 1100 9c0 300 5
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Of the well-known inside heat exchangers in the rotary kilm, let
us mention those which are most frequently used:

(a) Chain system - formed by chain curtains or chain garlands
suspended freely in 15%-20% of the total length of the kiln;

(b) Cross-shaped internal heat exchanger - or, less often,
trifoil ceramic heat exchanger, for quick heating of nodules from
about 90°C-300°C, while the flue gases entering the inner structure
have stii. 700°-800°¢C temperature. (The most common steel inmer structure
is the cross-shaped one, although others have been developed, such as
the shovel lifter);

(¢) Slurry preheaters with heat exchange compartments were
especially developed. They used to be situasted orly several metres
from the kiln inlet. Therefore the siurry preheaters were also
effective dust-removing equipment. They were increasing the resistance

? the kiln and, sometimes during an unskilled handling with the xiln,
they caused sticking of the material, whereby the slurry flew back
<0 the flue-gas uptake. That is why they were removed from some

factories because of the heat schedule c¢f che kilnm.

fxternal heat exchangers for wet-brocess votary kilns

Concentrators (or calcisators) of slurry

In the efforts to reduce the specific heat consumption at the
short wet-process rotary kilns in the 1930s concentrators, called also

calcinators, were installed behind <he xilas.

The equirment consists of a norizontal drum, the jacket of which
i3 formed of zrate bars with 7C mm gaps. The drum is filled with
ring-shaped small cast ircn piaces. dHot Zlue gases leave the kiln

at about 500°¢ temperature. The druz rotates slowly (i-2 rzm).

Slurry is supplied into the drum from the top. A substantial part of
water evapora*tes from the slurry in the drum, and the flue gases are
cooled down to 2 mere lSOOC at the same time., The first concentraters
were installed in the cement facctories in Zngland and in the Federal
Zevublic of Garmany, and they soca spread to the whole world. In

cagse of wet-process kilns the specific heat consumption, which

smounted %o 2,100-2,2C0 ical/kg of clinker (3,7%2-3,121 kJ.kg-l) sefire

reconssruction, Aropped down 3o L,300-1,50C zcal/kg of clinker(Z2,23C-5,720
%J.4g = 2f%ar -he calcinators were installed. The output was increased 3y
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adout 10%-25%, too.

Besides the reconstructions, new, moderm units with the concen-
trators were built. Their specific heat consumption was distianctly
lover - about 1,350 kcal/kg of clinker (5,652 kJ.kg°l) and even less.
(The peak ones zonsumed even 1,230 kcal/kg of clinker (5,150 kJ.kg"l).)

High dust content was the disadvantage of the equipment, though
under the present level of electrostatic dust separators the flue
gases can be freed from the dust perfectly. Nevertheless, it is a
fact that long wet-process kxilns with a system of built-in structures
are simpler from the operational point of view; they require less
personnel and less electric power, and they do mot suffer from the
harmful inrluence of false air, whica always plays a significant role
at the additional heat exchangers.

Advantages of the wet oJrocess

1. Preparation o perfectly homogenized raw material is simpler,
and therziore the winning, storage and joint dosage of raw material
components are less demanding. The additioral ccrrection of composition

and homogenization is very simple.

2. The machinery is simpler so that it does 2ct need so many skilled

personnel for overation and maintenance.

3. In case of blungeable rawv materials - soft clays, chalks and earth
in wet state - very simple dressing methods may he applied to remove
undesirable rock contaminations such as silica sand, vebbles, flints,
remainders of weathered grimary rocks, gypsua ¢ “ystals etc.

]

4. Wet grinding is much easier than dry grinding. A particularly aigh
saving of »rinding work is the case with raw materials which can %e
tlunged, where in scme special cases the grinding process can be
omitted altogether (when fine, completely blungeable chalk and marls

are used).

s. In case of jorous, 30f% raw meterials of high moisture content
in winning state, it would e necessary %o build expensive driers in
dry-porocess plants with additional hearth, because the waste heat from

the 4ry-process xilns would be insufficient for the drying.

A. Yery fine chaiks which cause an axcessive fly-off Zrom the heat

axcnanger in case of the drv process are, to the contrary, very
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.advantageous for the wet prccess because they form solid nodules, so
that not only is firing easier, but also dust content in the kilns

is substantially reduced.

7. Wet-process preparation of the raw material does not require dust

separators.

8. Wet-process cement factories employ substantially less labour in
the raw material preparation vlant, lzboratories, plant operation and

in the maintenance.

9. In the case of the wet process there are lower investment costs
of both technological equipment and buildings (but not for the kiln

proper).

10. There are more favourable hygienic conditions of work in the

wet process that substantially decrease the accident rate ete.

1. The wet process is substantially advantageous due to the lower

consump.ion of elactric power.

12. Wet-process rotary kilns enable the production of clinker of
nigher quality. Even though the powder could be ncmogenized as well

as the 3lurry, tnerae remsins the fact that clinker from the dry-process
xilns contains 60% more alkalis than the clinker from the wet-process
¥ilns, because powder absorbs the alkalis in the disversion heat ex-

changer almost completely.

13. 3y the wet-process even such raw materials can be processed vwhich
cannot be processed by the dry-process (with 2 dispersion heat exchanger)
at all. Here, e.g., sea shells, which contain more chlorides as well

as other "salty" raw materials belong; furthermore, very fine-grained
raw materials in natural state, raw materials of high moisture, the

winninz of which often takes place under water level etc.

1k, The life of a lining of identical quality in the sintering zone
is almost double. That i3 why the wet-process kilns show a higher degree
of time utilization than the dry-process xilns with dispersion heat

exchangers. Thereby the aconomy is substantially influenced.

15. Raw materials containing more 2lxalis and chlorides can also ope

fired in the wet-process kilns.
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16. Easy homogenization and correction of raw materials enable the
processing of raw materials consisting of four or more components with

high f£luctuating chemical composition of the individual components.

Disadvantages of the wet orocess

1. The wet process always consumes more heat for the firing proper
than the dry process with a dispersion heat exchanger. The difference
is so great that the increased costs outbalance all the other advantages
of the wet process. The world energy crisis, along with the spiralling
costs of fuels, has condemned the wot rrocess to extinction. It may

be supposed that only in perticularly reasonable cases will the long

wet-prcress kiins be used.

2. Difficulties in the wet-process firing occur when highly plastic
raw materials are used which consume too much water (often more than

S0% of water) to achieve a normal fluidity of the slurry, and therety
an increased calorific consumption, while the output is decreaseu due to

the evaporation of superfluous watar from the slurry.

3. Less suitable raw materials are those containing an increased
provortion of bentonites, because they tend to the formatioz of réar,
so-called mud rings in the kiln, vhich are difficult to be removed.
Thixotropic slurries may also cause troubles during the transportation
and storage in the bins. 7o the contrary, however, completely non~
vlastic slurries {such as slurries from limestone and slag) tend *o
separation and sedimentation. All these physical and chemical properties
of the slurry can be foreseen and determined by laboratory testing of

binding raw meterial samples.

4. Consumption of non-returnable technological water is another
substantial iisadvantage of the wet process. Industrial water is very
scarce in scme parts of the world and is zllowed to e consumed for
agricultural purposes only, e.g., in some areas of Mexicc, Irag 2cc. Iae
zovermments of these countries do not permit construction of wet prccess

cement factorisas.
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V. SEMI-DRY AND SEMI-WET PRCCESSES

The semi-dry production process is used for the firing of a retted
and granulated raw material powder of 8%-15% moisture content. Similarly,
the semi~wet process is used for the firing of raw material pieces
obtained by the filtration of raw material slurry, and by granulating or

pressing the filter cake containing 15%-18% moistuce.

The raw material prepared by the semi-dry or semi-wet processes
may be fired either in long rotary kilms with inside structures, or
in short rotary kilns with grate calcinators (Lepol system), which are

the most economical in view of the heat consumption.

Rotary xilns with zrate calcinators (Levol xilas)

Dr. Lellep in the Federal Republic of Germany was granted 2
vatent in 1927, the realization of which significantly influenced the
development of kiln systems. Dr. Lellep proposed to calcine granulated
cement raw material on a grate by mneans of hot waste flue gases ccming
out from the short rotary kilm. Partially calcined nodules enter the
rotary kiln, where they become sintered. The patent was adopted, and
the kiln was called a Lepol kiln. The first kiln was built ‘n the
Federal Rerublic of Germany in 1929-1931 and another one in Switzerland
soon afterwards. Low heat consumption and nigh verformance of tie Lepol
xiln helped it to spread gquickly in <he period between the <wo World
Wwars. About 53 xilns in 13 countries went into overation as sarly as
by 1937, and another 12C were commissioned within the next two years
(vy 1939).

The design of this Yiln was improved after the 3econc World Yar.
The so-calied double flue duct was developed and led through the
celcinating grate whereby the heat of the flue gases was utilized more
efficiently, and, moreover, the calcination on the zrate and dust
separating of the gases ia the cold chamber were improved. While Zilns
wita a 3ipgle flue duct were achieving the heat consumpticn of
1,350-1,300 cal per %z of clinker (-,400-3,440 x5.kg™ ), the xilas
with the double flue duct of gzases dropred below 3UC %cal/xg of clinker

{3,770 kJ.kg-l), and at large units even to 740-780 xzcu.l/kg of clinker
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(3,090-3,266 kJ.kg'l), whereby they still rank among the most perfect
kilns for the firing of clinker.

The largest Lepol kilns capacity is 3,000 t of clinker a day.

The favourable results in reducing the heat consumption have deen
enhanced by a number of further technical improvements, e.g., drum
granulators bave been replaced by granulating discs, and grate coolers

have been sutstituted for drum coolers etec.

There were as many as 290 Lepol kilns in operation in 1G6bL.
The corstruction of these kilns slowed down in the 1970s; this was
quite a natural consequence or the competing kilns with dispersion heat
exchangers, because apart from lower maintenance, they stilll have hot
flue gases c¥ 3600C at disposal, which can be utilized for the drying

of raw materials either in the mill or in the drier.

Firing of clinker in the Levol kiln

Raw material is transported to the Lepol xilmn either as a homo-
genized powder of 0.5% remaining moisture (A), or as a filtered slurry

cake of 15%17% moisture (3).

In the (A) case the powder is fed to the granulating disc, where
it is wetted and nodules of 10-15 zm and 12%-14% moisture are formed.
These nodules are supplied to the calcicuting grate. It is a semi-dry

method of preparation.

In the (B) case small pieces or pellets are also to be made of
tre slurry cake, and they should nave suitable size, geometric shape
and rigidity. In case of solid cakes oltained from the pressure filter
the use of extrusion presses is usually sufficient. Iz case the cakes
are too sort, they are to be scmetimes mixed with dry powder or with

fly—offs, and then only the granulation may follow.

These processes are of a particular suitability when wet-grocess
xilns in cement factories are reconstructed and where moist and soft
raw materials are processed, e.g., chalks. In such a case it i3 a
semi-wet method of producticn. This process can als~ be appliad in the
processing of soft raw materials with higher content of chlorides. A
substantial vart of chlorides is removed during filtration, and ancther
tart can be removed by using so-called by-passes for leading a porticn of

flue gases out of the hot chamber of the calcinating grate.
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Pieces of raw material are fed to the calcinating grate. The
space of the grate is provided with a masonry wall, and therety it is
divided into a cold (drying) chamber and a hot chamber. A layer of
nedules (140-200 mm thick) is carried by the grate first to the drying
chamber where it comes into contact with the flue gases of BOOOC temperature;
wher they pass through the layer of the wet nodules the flue gases get
cooled dowm to 90°-l20°C. Flue gases, having passed the layer of the
nodules, flow then through the gaps between the grate bars (3 mm -wide
gaps). Dried up and preheated nodules are then carried to the hot
chamber, where they are calcinated by hot gases from the kiln (as much
as 1,100°C hot).

The firing process of the clinker comes to its end in a short
rotary kiln vhere the nodules are sintered. The optimal ratio of length
of the Lepol kiln to its inside diameter is lh:1. Due to the therm=l
prevaration of the raw material on the grate, the final phase of the
firing in the rotary kxiin is very intensive, which is proved by the
specific output of the Lepol kilns, achieving in peak operation as

much as 2.2 t/m3 of inside space a dsay. -

The grate moves at 25-50 m per nour. The material passage through
the kiln takes 80-100 minutes. The disintegrated nodules fall thrcugh
the grate of “he calcinator and are, too, transported by a2 bulk
conveyor and elevator into the kiln. The fired clinker centers

cocler - most oftern a grate cooler.

Raw materials suitable %o be fired in the Lerol calcinating zrate

I* is essential to choose a suitable process to form tiae raw
2 terial nieces to be fired in the Lepol grate. The pieces should have
sufficient strength and resistance to thermal shock and abrasion at
the same time. Tor this purpose, more suitable are plastic raw materials
containing zlayey material montmorillonite. Hence, an extraordinary
care is to be given %o the choice of raw material components, varticularly
to the sialitic one, usually to clay. The nodules should be 30lid =nouzh
not to get deformed luring the transportation from tae granulator <o
the grate, so that due passability of flue gases through the nodules
layer should te secured. It is an essential condition for normal run,

not only of the zrate out of the kiln as well. Too 30lid nodules of poiat
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strength exceeding 1,500 g at 15 mm diameter are of low porosity. and
are less resistant against thermal shock by hot gases, which results

in their disintegrating or explosion. To the contrary, ncdules of

a strength lower than 60C g get deformed. The method of forming is

very important, too. Raw materials of low plasticity are less resistant
to abrasion. Undersizes falling through the grate in the quantity up

to 5% may still be considered acceptatle from the operational point

of view. Out of the facts menticmed above, a conclusion may be drawn
that an extraordinary attention should be given to the choice of raw
materials and their testing which can only be done in close co-operation

with the supplier of the technological equipment.

"Automatic" shaft kilns for the firiang of Portland clinker

So~called "automatic shaft kilns" invented by Mr. Hauenschild, Jr.
(1912) may be considered to represent the greatest progress in the design
of shaft Xilns. The name is not ccmprehensible enough. There was
namely no autcmation, but a continous removal of clinker by using a
rotary grate at the shaft cottom. Since the grate crushed and removed
clinker almost uniformly over the entire cross section of the kiln,

the material descended uniformly, too, in the kxiln.

The flat rotary grate manufacture was started ia Berlina, and the
first kiln was commissioned as early as in 1917, ia Blaubeuera in
Tmperial Germany in what i{s now the Tederal Republic of Germany. The
xiln was easy to be operated and put an end to the hard manual removal,
improved the quality of clinker, and the firing zone was successfully
keot in the upper part of the shart. 2 addition, the fuel cansumption
was substantially lower than in the contemporary rotary kilms. The

¥

cutout of the "azutomatic shaft Xilas" amounted to a mere 30 or 40 =/day,
sut after their improvement it was soon raised to 7C t/dey and even

nere.

How much favour was paid to the "automatic” shaf™ kilns with rotary

gZrate can Ye shown by *he following Zfigures:

Yagr Yumber of kilns constructed
1917 1
1919 43

327 50N




The Gruebter shaft kiln consisted of a vertical shaft formed by

steel jacket lined inside with a refractory lining.

The shaft was closed on the top with a steel sheet cover of the
shape of truncated cone provided with a peep hole. The cover was
connected to the chimney. Pressings of the raw materials powder with
coke {or anthracite) vice wetted to 8%-14% moisture were uniformly

distributed by means o7 a rotary distribution disc.

The flat rotary grate was situated in the bottom part of the
shaft, and it was provided with anumerous lugs by which the sintered
clinker was crushed and fell down through the grate openings below the
grate, from where it was discharged by tripla-chamber closures into a
conveyor. Air was forced in the space beneath the grate to support the

conbustion of fuel.

Quick firing process and a narrow sintering zone erabled the construicticn
of xilns with a lower shaft. Optimal ratio of the shaft height %o 1its

inside deameter is Z:iD = (3 to 4):1.

The kiln resistance has increased from 50C mm of water column
(4,900 Pa) to 1,500 mm of water columr (15,690 Pa) during the past

60 years of develomment.

In the range of grates design, the most widely used has tecome the
rotary grate, but even cylindrical grates were used (Maanstaed~®
or Stehmann system) and Thiele traveling zrate system.

The upper part of the modern shaft kxilms is made troader into she

shapre of 2 funnel.

The shape of the grate Is to de adjusted, oo, for fine nodules
to prevent spontaneous emptying of the kiln through the grate holes.

The Spokn conical grate is very suitable.

Spohn implemented the technology of '"black powder" in 1958
to improve the quality of clinker. Under this method the fuel is ground
<ogether wizh the raw material, while in the method of "white powder”

the fuel grains are mixed ia sefore granulatizg only.
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Table 22. Dependence or output per hour of shkaft kilns on the size

of the raw material lumps

Diameter Kiln Depth Speed of Time of dwell .

of a output of material in the firing Peroid

lump fire movement zone

(mm) (t/n) (a) (m/n) (n)

120 L.15 3.0 2.60 5.00 1%20-1930
70 5.40 2.0 0.78 2.56 1930-1940
35 6.25 1.3 2.71 1.43 1340-1950
25 7.30 1.0 1.09 c.91 1950-1960
17 g.45 0.3 .23 C.65 Y

1960-1980
10 10.7C 2.5 1.56 9.39
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In the case of "black vowder" method the graias of ash are very

fine and can react perfectly with the raw material.

Tne present output of the cement shaft kilans is 150-280 t/day,
while the specific heat comsumption is 380-1,050 kcal/kxg.

Raw materials for the firing of clinker in shaft xilns

Only reactive, eesily burnable raw material powders are suitable

for the firing in the sbaft kilns.
Required chemical composition of the raw material powder
sia

Silicate modulus Ms = Se = 2.4 max.
A129329203

Saturation with lime degree in clinker is usually xept withina thc

value of 39%-91%

Silica grains exceeding 40 micromes may be present in the raw material

in the maximum quantity of 1.5%

The fluid thase should be long enough to allow sufficient fixing

of clinker. Therefore, the aluminate modulus Alz“g _ should be
La 3
withia 1.5-2.0. %273

Iz is possible to adé fluxes and mineralizers intd the raw
material, such as Zluor-spar (atout 3.3%) or waste fluorosilicates
(0.5%-1.0%), which, however, make the production costs higher, and
such admixtures are not available esverywhere in the required

juantity.

The raw material zowder zhould te zround to max. 127 resiiue on

(92N

4,30Q mesh sieve (170 IS5). The optimal fineness is £%/4,30C. The powder
should be well tomogonized and mixed in an accurate ratio with the zalculed

Juantity or fuel,




The raw material should have also a mineralogical composition
suitable to form nodules resistant against thermal shock, snd solid
encugh so that while coming from ths granulating disc they should
neither get deformed zor form an impermeable layer during transportation.
Presence of clay minerel of nmontmorillonite is suitable for the purpose.

Some of the illite minerals are undesirable.

Addition of fuel into the automatic shaft kilns

The nomogenized raw material powder for the shaft kilns is mixed
with ®ine grained fuel (1-8 mm) of low veclatile combustibility (up to T%),

i.e., with coke, anthracite or oil coke, wetted and grsnulatead.

Advantages and disadvantages of shaft xilns

When compared with the rotary kilns, the shaft kilas investment
costs are lower by as much as 2/3, their design is comparatively

simple and they require less construction area.

The heat consumption is low and, moreover, mostly coke of 1-8 mm
Zrain size is burat in them. Such coke used tc be an inconvenient
waste. The grindability of the fired clinker is better. ITf results

in electric power savings in the cement milling srocess.

Cn the other hand, even the largest shaft kilns have been rather
small units, and in the sconstruction of medium-sized factories <hey
nad to be btuilt in parallel batteries. Ia such a case it is xore

diffizult to watch and control the Jiring process.

The work of the xiln operator is physically nard hecause the
molten clinker sticks %o the lining, and it should be pushed off oy
neans of steel pars. The clinker quality is usually worse than that

from the rotary kilns.

™e firing in shaft kilns is still %eing done even in the industrially
developed countries, sut its share ia the tcotal production xeeps
decreasing. I* is an obsolete technology which will be graduall;

raplaced hy iry-process rotary kilns with zeat axchangers.
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VI. DRY PROCESS

Dry-vrocess production method with dispersion heat exchangers

The first cyclone heat exchanger KHD was commissioned in the
Federal Repbulic of Geramany in 1951. Nowadays, hundreds of kilns
all over the world are equipped witb dispersion, either cyclone
or countercurrent, heat exchangers. Low heat consumption and high
specific output, as well as the possibility of utilization of waste
heat frcm the flue gases for the drying of raw material, are advantages

lacking in other firing systems.

Firing of clinker in Xilus wit%i disversion heat exchangers

Homogenized powder is weighed continuously into the shafti
dispersion heat exchanger (or into a four-step dispersiom cyclcne
heat exchanger). Hot gases of l,OSOOC frem the rotary xilan enter
the heat exchanger and heat up and partially pre-calcinate the raw
material powder. The raw material powder 1is hOoC warm while sntering
the heat exchanger, and its tempefature reaczes SOCOC at the cutlet.
The hot gases transfer their heat to the raw meterial powder and leave
the heat exchanger at 3hO°C. These gases are cooled in a conditiovner,

and dust is removed from them in an electrostatic dust separator.

The preheated powder from the heat exchanger enters the shorw
rotary kiln (L:iD ratio is 17:1) where the calcination Trocess is
completed. Clinker is formed then in the sintering zone, arnd it is
cooled down on a zrate coocler. It is dossible, of course, <0 use

other types of coolers suca as satellite, drum or shaft ccolers.

The preparation of raw material powder for the dry srocess Is
rather more complicated, but the fuel corsumption is so lcw tihat <his

methcd i3 a prospective one.

Kilns for the dry-process production with the dispersion neat
sxchangers are zonstructed for 300-5,000 t/day outputs, while <he
calorific consumption is 360 kcal/kg of clinker, i.e., 3,132 kJ.kg'l
to 720 xcal/xz of clinker, i.e., 3,715 xJ.xg -. The larger the xila,

the more economically it operates.
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The dispersicn heat exchangers are either cycloge-type dnes,
or shaft countercurrent-type ones, or they are a combination of
cyclones and turbulant shafts, while the gases are divided into iwo
branches.

A technical description of all the systems of the dispersion
heat exchangers would be beyond the framework of this study. However,
suffice it to say that heat exchangers for xilas cf 3,000 t/day cutput
can be easily built; some heat exchangers with an output of more
than 4,000 t/day have already deen duilt, and iz one case a heat
axchanger of more than 5,30C t/day bas been built. As far as the
specific neat consumption iIs conceraned, all the heat exchanger systems
are capable of achieving specific comsumption of 300 kcal/%g of clinker
(3,345 kJ.kg-l and even less. It also devends on “he kiln capacity.
A lower heat consumpticn may %e achieved at larger units-for the cclone

heat exchanger.

Tatle 23. Dependence of specific heat consimption on kiln capacities

(kilns with cycione heat exchangers)

Svecific heat consumption

Xiln capacity (xcal/kg) {(xJ/xg)
(£/4)
300 3690 3 400
4Co 350 3 559
Sels) 3ks 3 533
600 335 3 4gé
800 310 3 391
1 000 300 3 349
1 2ce 785 3 287
1 Lco 770 3 224
1 3ce 755 3 182
1 300 765 3 203
2 900 760 3 132
2 500 75C 3 140
3 ¢co 7LS 3 113
3 500 750 3 298
4 C00 730 3 356
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Some more details about the most well-known heat exchanger systems

Humboldt heat exchanger (sometimes indiceted by XHD).

The four-stage c¢cyclome dispersion hect exchanger was first
commissioned in 1951 in a cement factory at Bremen-Oslebshausen

in the Federal Republic of Germany.

The Humboldt heat exchanger is the most well-known and oldest
dispersion heat exchanger.

As it may be seen in figure VIIJIa, the cyclones are installed
above each other. They are interconnected with a piping of square
section. The heat exchanger is made of steel sheets with a refractory
lining, and the whole assembly is built in a supporting structure

made of reinforced concrete.

The raw material mix is fed into an eltow of the pi.ing leading
upwards from the top of the IInd cyclone into the pair of parallel
cyclones being the first stage (see the figure). The velocity cf
flue gases at the point of entrance of the mix into the piping is
sufficient to entrain the raw material mix into the pair of cyclones
in the first stage. A portion of the flue gases heat is transferred
%0 the raw material mix at the same time, whereby the mix is pre-
heated. The preheating process of the mix goes oc in the head of the
pair of cyclones in the first stage. The mix gets separated from
the flue gzases in these cyclones and descends through the ccnical
portion of the cyclones and a pipe into the eltow of the »iping connecting
the IIIrd and IInd cyclone stages. The process nere is repeated. The
aix is entrained into the IInd cyclone and preheated. The mix separated
?rom the rlue gases in the IInd cycione descends from it intc the piping
hetween the IVth and IIIrd cyclone ete. + from the I7th cyclone,
then, the mix is led through a refractory piping iato %he xiln. The
passage of the raw material mix through the exchangar takes merely
20 to 30 seconds, while the paussage of the material through the kiln

takss at least %C minutes.
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The temperatures of tlue gases and of the mix in the individual
stages of the Humboldt heat exchanger are as follows:

Stage Mix Gases
First s ;s o
Second gﬁiizt gig ggg
mizd e B0 o0
“ourss cwies T80 B

The raw material mix at the inlet to the heat exchanger aas
been partly precalcined. Therefore, to complete the calcination
and sintering processes, a rather short kXiln is sufficient, its specific
output reaching 1.L-1.8 t/m3 of its inside volume per day (max. 2.3 t/:n3

in peaks only).

In case of kilns the capacity of which exceeds 1,300 t of clinker
ver day, there are two parallel heat exchanger towers situated behind
the kiln.

Hot gases from the heat exchanger are utilized for %he drying

of raw material, either in the raw mill or in the drum drier.

A kiln with the XHD exchanger operates with an excellant heat
efficiency, particularly in the case of large xiin uni%s. The specific
teat consumption ranges vetweern 720 and 34C kecal/kg of clinker

(3,015-3,517 %J5.kg ).
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Except for flaps .here are no movable parts in the heat enchanger.
Nevertheless, the heat exchanger must be inspected during the general
overhauls, and its packings must be repaired to prevent excess false
air intake that may result in an increased heat consumption, nd even

in a reduced output.

The XHD hea: exchangers have considerable losses in draught -
about 600 mm of water column - and to make their lining is rather
complicated. The heat exchanger does not have a selr-supporting

structure.

Dopol heat exchanger

The Dopol system is the second most widely used heat exchanger.
As it may be seen in figure VIIIb, the raw material mix is divided iato
two branches of cyclone exchangers in which the mix is preheated in
the first and second stages. The two streams are joized in the third
stage into a counter-current turbulent shaft. The mix falls from the
turbulent shaft into the uptake piping of flue gases frcem the Xiln,
where it is entrained into the pair of cyclones which are the last,

fourth preheating ‘stage.

Dividing the raw material mix into two branches of cyclones
enables using cyclones of smaller diameters and enhancing
their efficiency. 3esides, a single heat exchanger is sufficient for
kilas of up to 5,000 t/day rated production of clinker. Xilas of
4,000 t/day capacity are in operation. Xilans with Dopol heat
exchangers operate with an excellent heat efficiency up %o the limit

of 720 xcal/xg of clinker (3,015 kJ.xg‘l).

Wedag raw mix suspension dreheater

The Wedag suspension preheater, (illustrated in figure 7TIIIc)
overates in four stages. The first and third stages are formed oy
pairs of parallel cyclones. A vortex chamber is situated between
+he tair of cyclones in which 2 counter-current neat exchange takes

vlace. The raw mix enters the vortex chamber, out of which it passes
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tangentially into the pair of cyclones of the first stage. The raw
mix is separated from the flue gases in the cyclone and. led into the
connecting piping of the main cyclone, which is the second stag2 of
the heat exchanger. The connectipg pipirg is comparatively long, thus

enabling a prolonged contact of the raw mix with the hot flue gases.

The raw mix i1s led from the main cyclcne into the vortex chamber
in the third stage of ‘he heat exchanger. Out cf these cyclomes it

enters the rising duct of the fourth stage and the rotary kiln.

In addition to the type of the heat exchanger described here,
two other modified versions of the heat exchaager are made which

are applied to suit the size of the kiln.

A Wedag heat exchanger was built in Japan; its daily output
reaches 5,400 tons, which aakes it the largest conventional (without

precalcination) dispersion heat exchanger ir <he world.

The heat consumption is commensurahle with the other described

units.

Miag heat axcranger

This heat exchacger is illustrated in figure 7VIIId. Its {irst

stage is formed by a pair of cyclones, while a single cyclonme is in

its seccnd stage.

Raw material separated from the flue gzases in the second stage
is led into the upper part of “he tapered countercurrent shaft
{14 degree angle). A portion of the raw material descends into the
lower part of the shaft in the countercurrent of the flue gzases, which
entrain the remaining portion of the raw material and take it into
the third stage. The so-called cyclic stage. The separation
afficiency of the third stage is hizh (it is said %o be 95%). Trom
there the raw material is led into the upper third of the shaft where
it stays (dwells) for a certain %ime, gets preheated and "rains” slowly down

%0 the inlet part and into the xiln.

The cyclic quantity of raw material and, hence, its preheating
and decarbonizing, can be changed within certain limits by the adjustment
or closiag of inlet pipes of the upper part of the shaft, practically from
a doubla gquantity of the raw material veing fa=d up %o 2s much as sight

“imes more.
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Depending upon the required sizes, these heat exchangers may te
supplied in modified versions. One of the well-known versioms is
the one consisting of three pairs of cyclones situated atove each
other, thus forming thrue heat exchanger stages; the fourth stage is
formed by the shaft described already in the former case.

Miag heat exchangers are built in Japan.

The heat consumption in these hcat exchangers reaches as low
as about 750-800 kcal/kg of clinker (3,140-3,349 kJ-ks-l)-

Dispersion shaft conuntercurrent heat exchanger (PM)

This heat exchanger has a completely welded self-supporting
structure with a refractory lining. Yor its schematic illustration

see figure IX.

The rawv material is fed into the narrowed part of the shaft,
usually thrcugh an air filter. The raw material is entrained into
a pair or quadruple of thickening cyclones where it is preheated and,
after separation, it descends to the distributing taper, which
spreads it over the inner circumference of the shaft. The raw
material descends in a spiral motion, while being preheated by the
®lue gases entaring tangentially the bottom vart of tk: shart just
above the taver. Toe raw naterial mix, having been preheated in
the heat exchanger, concentrates in the tottom part of the shaft,
from which it falls down a pipe, made of special refractory steel,

intc the rotary kiln.

The PM heat exchanger structure and operation are very simple,

with a very low draught loss. Lining is simple.

Xilas of 2,000 t capacity and more are provided with two heat

excliangers.

The largest kiln with two heat exchangers has 3,000 t capacity,

'
<t
w

. . . -1
heat consumption being TLO kcal/kg of clinker (3,098 xJ.xg ).

-~

. . , )
The raw material mix enters the heat =xchanger at +C C temperature,
. c wanQn o
and when it loaves the heat exchanger it i3 preheated to 780 °C temperature
. . , ) R 0
and nas reached 45% of calcination. The inlet flue gases are of 1,050 -

0 ) )
1,100°C temperature, whereas they leave it having 3h00C temperature only.
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Countercurrent heat exchanger

The design and operation of this heat exchanger ( igure X)
are different from those of the PM shaft heat exchanger. Raw material
mix is conveyed intc two cyclones situated in the upper part. It
falls from the cyclones into the upper pre-heater compartment, in
which it descends and then whirls in the bottom marrow part, through
the flue gases supplied there, counternurrentwise. The raw
material mix descends from the fourth compartment into the kilan. The
flue gases are supplied by the same route.

Flue gas temperatures measured:

In the cyclomes 340° to 360°C
In the first compartment 150° to 470%
In the second compartment 3250 to SSOOC
In the third compartment 600° +o 650°C
Iz the fourth compartment 700o to TSOOC
At the outlet from the kilm . l,OOOOC

Heat consumption amounts to about 300 kcal/xg of clinker (3,350 kJ.kg-*).

Xilns with dispversion heat erychanger and precalcination orocess

The suspension flash (SF) process has been developed in Japan.

In Japan a kiln of 3.9 m in diameter and 31 m long with Lepol
g-at: wasg reconstructed in 1671. Its original output of TOC t was

increased to 2,000 t/day after the reconstruction.

The chart of the SF process is in Tigure XI. The chart shows
a combustiorn chamber situated between the xila and the heat exchanger.
Owing to the additional heating into the heat exchanger, the calcirnation
degree of the raw material mix was raised to as much as 85%-3C%, and
the kiln gpecific output from 1,522 t/m3 nf inside volume a day
to 3,384 t/m3 s day. Hot air of 5000-6SO°C ~emperature for combustiorn

i3 led from *the zrate cooler to the :zombustion chamber.

This system has spread not only in Japan but all over the world.
About US kilns {16 of them in Japan) were in operation iz 1979.

The largest xiln reaches the osutput of 7,730 t/day.




igure X. C(ross-sectional view of counter-

1)
4

current heat exchanger
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Fus: 40%
310 ccoi/ng

Figure 0. Skaetch of the SF heat exchanger
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Favourable features of the system are:

(a) Low consumption of heat - T40-830 kcal per kg of clinker
(3,098-3,475 kJ.kg™);

(b) High degree of calcination - 85%-30%;

(¢) Low conient of NO_ in flue gases - about 100 pmm
only at 10% of O,;

(d) High specific output of the kxilm - 3.6-4.1 t/m; a day;

(e) As much as 30% savings ia linings;

") It enables building individual kilns of up to 10,000 t/day output.

FLS dispersion heat exc er (see Pigure XII)

This system differs from the others in principle by supplying
two separate streams of hot gasecus medium .rom two different sources

(two-stream arrangement) into <he two heat :xchanger tranches:

(a) The first gaseous medium being hot gases generated in
the calcination combustion chamber in which hot air from the grate
cooler was used for the combustion;

(b) The second gaseous medium being the flue gases from %he

rotary kiln.

The cyclones of the heat excnanger Sranches overate on a similar
principle as descrided at the Jumboldt heat exchanger, with the only
difference being that the raw material mix is led into the calciner
at the bottom part of the heat exchanger, i.e., from the fourth cyclone
of the kiln branch and from the third cyclcne of the calciner branch.
After havi~, been serarated in “he Pourth cyclone of the calciner

branch, the raw material mix is feod into the rotary kiln.

3ince the two dranches nave different pre-pneating cupabilities,
68% of the raw material is to te dosed into the calcirer branch
and 32% into the kiln branch. Both Sranches are controllatle indererndently,
and their output can be changed within a consideratle range. The
specific neat consumption of <he kiln with the FLS heat exchanger

amounts to TS0 xcal/xg (3,14C kJ.xg 7).
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MFC susvension pre-heater

The system most often consists of a conver*ional heat exchanger in
combination with & fluid bed reactor. (Figure XIII shows this system

in combination with the Humbold* heat exchanger.)

Either a portion of the raw material may be fed intc the reactor,
resulting in partial increase of output only (particularly suitable
for reconstructions), or all the raw material may be led through the
fluid bed reactor.

Even coal can be used for the firing. The dwelling time of
the raw material mix in the reactor is 5 minutes cn the average.
The largest kiln unit output is 7,200 t/day. The combustiou air for
the fluid bed reactor is led from the hot chamber of the grate cooler
by means of a fan. The system makes it possible to achieve a high

specific output of the rotary kiln - as much as 3.9 t/m3/d3Y~

X8V and NKSV systems

The calcining fire vox consists of a vertical cyclindrical vortex
chamber, into which the hot combustion air from the cooler is led by
an independent branch, fuel by means of several burners, and the

vreheated raw material is fed from the heat exchanger.

The situation of the XSV fire box is shown ia figure XIV. The
system has made it possible %o achieve 3,500 =/day kiln output, which

is the highest output of a xiln unit in the world at present.

In Zigure XIV also the change in the share of the NKSV chamber

and hurners situation can be seen. Since 1379 the YKSV chamber aas

heen used in two plants already. The new concept of arrangement stezmed

Prem the effort to cut out the pressure loss and to reduce the Jormation

of mud rings above tte inlet chamber, where the velccity of flue

Zases has been slowed from the original 80 a/sec to 35 a/sec.
The design of the reinforced sustension pre-neater (RSP)
2ire pox 1s successful, too.

Lately, .fforts aimed at reducing the content of scme harmful
volatiles in flue guses have been met with more frequently. An

example is given by the dual combustion and denitration calciner (D)

'
{3

. . {ae A\ - .
recalcining system \Jigure T7,, The combustion method in tha

recalcining champer enables reducing the content of aitrogen oxides MG,

ke
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Tigure XT7. Fire box of the flash-calciner system
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Raw Meals - lnduced Dratt Fan
N\

-——Gas Flow

—-——Materic! Flow

»

‘\l]
cm : "‘”3-‘ De-NOz Surner

‘ Sumer \(J \ J_:
y ——— - ~—~\

\ Kiln -
\-C£9'£L ‘Clinke r

Tigure X7. DD flash-calciner system (iual combustion
and denitration calciner)




-133 -

in the fourth stage of the heat exchanger to a mere 50-150 pam. This
is achieved by adding an auxiliary burner as well as correctly situated

main burners in the bottom part of the calcining chamber.

The system is in operation in two cement factories in Japan
of 500 t/day and 3,600 t/day capacities. The degree of calcipation
from the heat exchanger reaches 85%.

Some more data and comparisons of the main precalcining systems
are shown in tables 24, 25 and 256.

Simple precalcinations

In scme cases it is more advantageous to increase the kiln
outputs less, =2.g., by 10%-15%, only, because the capacity
of the other equipment would not allow any larger increase, or, in
such a case, it may not te useful to make extensive reccnstructions
including clinker coclers, conveyance of cliner, heat exchanger etc.
In such a case the combustion air requried for the firing in the
orecalcining chamber can be additionally heated at a suitable point
directly in the heat exchanger, or at some point of the flue duct

tetween the kiln and the heat exchanger.

Raw materials suitable for the dry-orocess oroduction in kilas

7ith disversion heat exchargers

During the preparation of technology for the dry-process production,
an increased attention is to be paid to the overall contents of alxalis,
sulphides, sulphates and chlorides, both in the raw material and in
“he fuel.

There is a standing requirement that the content of alkalis
(320) in the raw material should not exceed 1.5%. The content of
chlorides (in terms of Cl) should be J.0L% maximum and sulphur content
from the raw material as well as from the fuel calculated <o 303 should

ve 1% maximum.

Dispersinn heat exchangers are unsuitable for raw materials with
an increased content of alkalis. Alkalis cause sticking of material
both in flues and in the heat exchangers, particularly when combined
with sulphates and chlorides. Therefore serious Zreakdowns and 2ven

stoppages of xilns happen gquite often.




Table 24. Comparison of dry rotary kilus with dispersion heat exchangers
and flash-calciner system

Characteristic MFC SF . RSP KSV FLS
Specific heat consumption (kcal/kg) 750 750 750 750 760 1
(kd/kg) 3 140 3 140 3 140 3 140 3 180
Cutput of the kiln (t/d) 7 200 7 700 3 100 8 500 4 150
Specific dail{ output of .
the kiln (t/m?) 3.9 3.8 5.2 3.2 3.7
Temperature of gases after
kiln (°C) 1 150 1 030 1 050 1 100 1 100
after exchauger (°C) 390 340 260 340 380
Temperature of raw neal
into the kiln (°C) 850 830 830 860 870
Tewmperature of gases after
calcining chamber (°C) 860 880 830 860 870
Percentage of apparent |
dissociation (X) 90 93 88 91 90 [
Temperature of secondury air &
(vc) 800 800 680 950 800 '
! Awount of fuel into the calciner
(%) 59 62 60 55 57
Number of calciners 2 2 1 2 1
Calciner diameter (m) 8.0 7.4 3.6 6.8 7.1
Type of heat exchanger four - stage cyclone ty,pe
Speed of the kiln (rev/min) 3.0 . 3.0 2.7 2.0 2.3
laclination of the kiln
(degrees) 4.0 4.0 4.0 4.5 4.5
Kiln dimensions
diameter x length (m) 5.4 x 95 5.5 x 100 3.45/3.75 6.2 x 105 4.75 x 715
x 75
! Ratio of length to inner
diameter 19.4 20.4 23.4 18.4 17.6

Note: RSP = Reinforced Suspension Preheater

MFC = Mitsubishi Fluidized Calciner

KSV = Kawasaki Spouted Bed and Vortex Chamber
FLS = Dispersion llear Exchanger <
SF = Suspension Flash Process
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Table 25. Summary of maximum output achieved by preheating and
precalcinating systems

Maximum output

Type of system achieved (also
kilas under

construction) (t/d)

SF 7 700

NSC 7 200
Mitsubishi
Fluidized
Calciner Prepol C

RSP
Reinforced
Suspension 5 200
Preheater

Ksv
Kawasakl Spouted
Bed and Vortex 2 500
Chamber

NKSV

New K8V 500

&

DD
Dual Combustion
and Denitration 4 000
Calciner

FLS 4 300

400

=~

GG

500

=~

S
H
U
Pyroclon 3 200
Prepol B 4 200

Prepol AT

Prepol AS 700
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Table 26. Comparison of the two precalcimation systems

Characteristic SinglLe precalcination Complete precalcination
Calcination Burners are installed in Separate chamber with
chamber the aajustea flue duct or Durmers with combustiom air

in the bottom part of the intake
heat exchanger

Combustion led directly through the Lea through a separate
tarciary air rotary kiln (so called piping from the clinker
superfluous air) cooler (from anocther source

only exceptiomally)

Fuel proportion in
the precalcination 30 to 50 : 4> to 85
(%)

Degree of decarbo-
nization of raw 60 to 75 70 to 90
material, (%)

Usability up to the

output of: t/day 5 000 10 000
Technical feasibility Simple Complicated
Usaocility ot All cypes Except sateilite ones

coolers
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It is also necessary to be careful when raw materials from zrid
areas are used. They usually contain a considerably higher proportion
of soiuble alkalic salts (chlorides, carbonates, sulphates). This
applies particularly to Middle Zast and Near Zast countries -

Egypt, Iran, Kuwait, Saudi Arabia and to Argentina.

Reaction of alkaline salts with reactive aggregate in concrete

It would be certainly incorrect tu think of the effects of
alkalis only from the point of view of the problem of mud-ring forma-
tion in kilns. It is also necessary to notice the influence of alkali
salts on the quality of cement, particularly of concrete. This
interest, however, is directly related to the rotary kilns and their
dust-separating system. More sophisticated firing systems provided
with perfectly working electrostatic dust separators, frcm which the
dust is returned into the xilas, produce clinker with double content
of alkalis when compared with the former "wet" %ilmns, which were not
equipped with a proper dust-separating system, and thus enabled the

alkaline salts to escape into the open air.

The harmful effects of alkaline salts in concrete with the
presence of reactive aggregate was noted, and laster on even studied,
in the concrete of the Buck Dam body built on the New River in
Virginia. The investigations made in 1922, i.e., 1C years after the
dam had teen completed, showed that the concrete affected by alkali-
aggrogate expansion developed typical random pattern-cracking at <he

surface.

Professur R.J. Eolden ccncluded this case in 1335 by a setro-~
graphic study and proved that the reaction of cement compozents with

the aggregate nad been the cause of the cracks.

At about the same time cracks in concrete were found on other
significant structures in the United States. For instance,
the bridge on the river Santa Clara (construction in 191L-1915), the
oridge in Xing City (Californiea) (comstruction in 1319-1520) and others.
Only the serious cracks that occurred in the concrete dams of
significant works, such as the Parker Dam, Gene Wesh Dam, and Copper

3asin Dam in Colorado, necessitated 2 detailed investigation.
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T. Z. Stanton published two essential works on this subject
in 1940. They cvoked extraordinpary attention all over the world,
but particularly in the United States. Suitable methods were elaborated
to determine alkaline content in active aggregates, and extensive
research was made first in the United States and subsequently in
other coutnries. (See the ASTM Standards: C 289 - 6L test for
potential reactivity of aggregates (chemical method) and C 22T -
64 test for potential alkali reactivity of cement aggregate combination
(Mortar bar method).

Alkali reactivity of aggregates can cause deterioration of
concrete containing high alkali cement through production of alkalic
silica gels, which subsequently absorb water osmotically from the
cement paste, developing hydrostatic oressures in excess of the tensile

strength of the concrete.

The minerals opal, chalcedony, tridymite, cristcbalite and
heulandite, zeclites rocks such as glassy or crycto-crystaliine
rhyolites, dacites and andesites {and their tuffs), opaline and

chalcedonic cherts are deleteriously reactive with cement alkaiis.

It became apparent that alkaline-active aggregates occur in at
least 14 states of the United States. Similarly active rocks were
found in Australia, Brazil (comstruction of Jupia Dam), Demmark,
India, the Netherlands, New Zealand, Scandinavia and in meny other

countries. The only exception was the United Xingdem.

The studies alsc proved *hat the alkali content, i.e., the total
of KZO% and Haoc% in Por+tland cement converted on the hasis
of Na,0% (i.e.: % ¥a,0 + % £,0 x 0.83%), would not cause any haraful
axpansion in the coacrete due to the reaction with the reactive aggre-
gate, as long as it woulé not exceed J.4%. Accordiang to the 3ureau
of Reclamation, the limit of 0.5% conteat of Naég is ctill acceptable.
These cements are called low-alkali cements, and they can bve used in
the construction of dams in the United States. Admixtures of some
pozzolanas or fly ashes from the 2lactrostatic dust separators used
in the cement may also aave a stapilizing effect. It is quite
understandable that the United States and some other countries lesitated
to start with the construction of rotary kilas for the dry production

orocess with dispersion neat axchanger. Clinker produced in these kilas

containg more .2 + ¥a.J zhan that produced ia the Jormerly used wet-nrocess
2 2 :
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rotary kxilns without returnable dust particles from the separators.
Besides, there are fears of possible formation of mud rings and

build-ups which might hamper the Ziring process.

Circulation of alkalis in & rotary kiln

Alkalis, chlorides and sulphates are contained in the raw material
mix, in fuels and partly even in the dust particles from the separators
(as far as the latter are returned into :he kiln). They vclatilize
at the temperature above 800°C, and particularly in the sintering zone,
and proceed along with thé flue gases towards the end of the kiln,
where they come iato contact with the raw material mix. The temperature
of the raw material mix is lower by 250°C than that of the flue gases.
Besides, there are also the effects of the flue gases narticularly
due to the contents of SO2 and 303, resulticg in the formation of
alkaline suiphates and calcium sulphate.

Smelted salts cause the particles of the raw material mix to stick
together and partly share in naking mud rings in the flue ducts and
in cyclones'of the heat exchangers; the greater part of them proceed with
the raw material mix into the sintering zone, where they wvoliatilize

again ard return into the vottom part of the heat exchanger.

The concentration of alkaline salts in the kiln may be balanced
to some extent by discharging them along with the clinker. As soom as,
nowever, the alkali content in the raw material exceeds certaia limits,
it results in so heavy a concentration of alkalis in the cycle chat
it zay cause serious problems in the production, and often aven choking
of the flue ducts, or of some parts of <he heat exchanger with sticking

raw material.

3y-vass system

To prevent %he problems caused by the formation of excessive mud
rings, and “o reduce the alkali content in clinker, additional devices
have been desigred - these may be descrited as alkali "ralves”.
3asically, it is a =y-passing of a portion of the flue zases Zrom the

kiln, cooling them down by an additional intake of cold air and injection
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of water, whereby the gases are cooled down below 3OOCC tem; erature.
The gases are subsequently dedusted. Thereby the alkali content is
kept low in the kiln inner-operation cycle. Gases freed from alkaiine
dust are then led either to the upper part of the heat exchanger or

let out into the open air. -

The three most well-known design versions of this by-pass system

are shown in figures 16, 17 and 18.

The quantity of gases led away through the by-pass amounts to
3%-10% of all the flue gases. It may reach, however, 25% maximum.

The by-pass system increases the heat consumption in the firing
of clinker by 4 to S kcal per kg of clinker (17-21 kJ.kg—l) Ter each
1% of flue gases volume. It also increases the electric power consumption
by about 2 kWh per ton of clinker (regardless of the guantity of

the flue gases). Alsc the iavestment costs are distinctly higher.

When the alkalis and chlorides volatility factor is xnownm,
such a by-pass can be desigrned t~ suit the particular nest exchanger
and the raw material of a known composition to produce clinker of

the required and acceptable content of alkalis.

Dispersion heat exchangers witk precalcination

[{]

The advantages of dispersion heat exchangers with precalciratisn ar

wm

(a) The groportion of fuel 2urnt in the calcining chamher - sunt

to as much as €0%, whereby the calcination degree is zbout 35%;

"3

eration

O

(t) Short start-up of the kXiln and its putting iato full

(5-20 nours);
(¢) 3Ixtended life of linings by 25%-30% due to zhe iower thermal
load iz the firing zone of the kiln and due %o the relatively smaller
xiln diameter;
(d) Zasier transportation and erection of the rotary kilas for large .
units because the kilns carn e substantially smaller than in case of

classical kilns with hLeat exchangers;

(2) Zven coal or other waste and low-grade “uels 2an te used “or the
additional heating ia the heat exchanger, wher=by high- rade fuels can

be preserved,
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(f) The construction area is by 25% smaller;

(g) Lower ccotent of xox in flue zases, particularly at special combustion
chambers (DD, GG) - a mere 150-3CC ppm at 10% of O2 is considered;

(k) The clinker grain size is usually finer;

By
(i) The heat consumption of the high-capacity lines aktove 3,2QQ -

t/day is about 730-T90 keal/kg of clinker, i.e., 3,056-3,308 kJ.xz™";

Disadvantages are:

(a) In case of some older types the heat consumption was slightly
higher (by 0%~5%), while the consumption in the latest units is

commensurable with the classical design without precalcination;
(v) Slightly higher corsumption of electric power. It may e assessed
by 1.5 K¥h/t of clinker in average;

{(¢) Despite the fact that a rotary kilan is of smaller diamet:r for
identical output, the system is more complicated and the economization
can be seen at the kiln of more then 3,000 t/day cutput, and
more distinctly with outputs exceeding 4,500 t/day.

Long dry-ovrocess rotary kilns

The long dry-process rotary kilmns are those whose ratio of their
inside diameter to their length is 1:30 or more. This ratio at modern
xilns is 1:33 up to 1:38. These kilas were developed mainly iz the
United States because they were reliable, required few overators and
minimum maintenance, and the electric power consumption Zor the xiln
drive was 6-3 XWh/t of clinker, which was the lowest one of all the
%iln units. Slightly higher heat consumption, when compared with the

Suropean kilns, was negligible until the outbreak of the energy crisis.

There were 31lL of these kilns in operation in the United States
in 1562/63, and they still produce 1/3 of clinker in the United States.
These xilns in Zurope and in other parts of the world can ve found

only rarely.

The long dry-process kilns were origirzally constructed «without
any inside or outside heut exchangers. 7Tlue gases at the end of the
%iln were 700°C and aotter, aad they had %o be cooled effectively,
most oftan by water spraying, so they could be axhausted by an 2xhzuster

or dust-sezarated,
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In the 19503, however, we can generally deal with the systems
of the inside heat exchangers. First there were systems of chains made
of heat-resistant steel. Later there were tried ceramic cross-shaped
internal heat exchangers in the calcinating zone, then even steel
cross-shaped inner structures. The temperatures at the end of the
kilns dropped to h300~530°C, and the heat consumption in the kiln
vas reduced to 950-1,170 keal/kg of climker (3,377-4,900 kJ.kg o)
according to the technical level of the design. When hot flue gases
are used as a drying medium in the drum drier, as much as 13% of the

moisture P2rom the crushed raw material can be dried up.

A distinct progress has been made in the development of the long
dry-orocess kilns by adiing cyclone heat exchangers. Thereby not
only partial dust removal from the flue gases was achieved, but the
temperature of the flue gases was reduced, and <he heat consumption was
cut to as much as 850 kcal/kg of clinker (3,559 kJ.kg‘l).

The following combinations are used most often:

1. Long dry-process kila with two cyclcne heat exchangers installed

parallel (i.e., single-stage neat exchange).

2. Long dry-process kiln with one neat excharnger in the first stage,

snd with two other smaller heat exchangers in the second stage.

3. Two-stage heat exchanger, consisting of an outside brick-lined

cyclone heat exchanger and one inside cyclone heat exchanger.

All of these arrangements are attractive in view of the
reconstruction of the long wet-process rotary kilas into long dry-

process kxilns.

The long dry-process xilas have heen constructed for 3 maximum
output of 3,000 t/day. Since the heat exchange ia the long kila is
very ineffective, the specific output is low, too, and the dimensions
of these kilns are gizantic. From the designing point of view the
lonz dry~process xilns may be of as much as 5,000 t/day capacity.

The dimensions of the jacket of 3uch a kila have been calculated as
?ollows: 1l2ngth 260 m, diameter 7.5 m. Therefore, ita iavestment
cost 15 457 nigner than that of a short kila with “he dispersion

countercurrent heat axchanger.
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As far as the production reliability is concerned, the long dry-
process xilns are less sensitive to sticking of material due to alkalic
salts, aand they have low resistance that results in lower electric

pover consumption of the kiln fan.

in some cases it is more advantageous to increase the kiln output
a little less, e.g., by 10%-15%, because the capacity of the other
equipment does not permit any larger increase. It may not be advantageous
in the particular case to make large scale reconstructions, including
clinker coolers, clinker transportation, heat exchanger etc, evoked
by a large increase in the kiln output. In such a case the combustion
air can be led through the kiln and make addifional heating at a
suitable spot in a heat exchanger directly, or in another suitable
vot of the flue duct.




- 1b7 -

VII. ENERGY CONSUMPTION AND CONSERVATION

About 85-135 kWh of electrical energy and 800-2,000 kcal of
thermal energy are consumed for the production of 1 ton of cement. The
energy consumption depends not only on specific conditions prevailing
in each factory, but also on the choice of a suitable technological
equipment and proper *echnology, on the technical condition of the
equipment, and on Its professional maintenance and its correct

operation.

Fuel savings

Possible fuel savings may he classified into three groups:

(a) Savings in the sxisting equipment by its correct operating
and meintenance;

(0) Savings in the squipment by its suitable reconstruction;

(¢) Savings achieved by the construction of an entirely new,
up-tc-date plant and closing of the obsolete and uneconomical cement

factories.

t is quite obvious that steps mentioned under (b) and particularly
under (c) would require considerebly high investment costs. Realization
of the intended investments is a time-consuming matier because it

devends on too many circumstances.

Thermal epnergy saving in a rctary kxiln

From the fuel consumption doint of riew, it is suitable to divide
the technological method into dry zrocess . wet process methods of
production. Characteristic ipdices of rotary kilns applied for different

production methods are indicated in Tables 27, 28 and 29.

‘“hen an analysis is made of a large number of plants operating
with dry process and wet orocess production, the following average

internal division of fuel consumption will be obtained:




Table 27. Comparison of wet-process rotary kilns
Shorty Righy System Kiln with a
rotary Long rotary kilns with Injection of slurry concentrator
Characteristic Unit kiln a chain zone into the chain zone (preheater)
Specific heat consumption kcal/kg 3 100 1 375 1 228 1 180 1 220-1 600 1 236 1 220~1 730
kJ/kg 12 980 5 760 5 141 4 940 5 108-6 700 5 175 5 108-7 243
Kiln output t/d 24 732 1 560 568 100-800 700 125-1 000
Specific daily kiln output per uanit
of inner volume (t/m?) 0.72 0.74 0.58 0.48 0.63-1.00 0.99 0.63-0.89
Moisture content of raw material b4 35 40 30 37.5 34-40 32 34-40
fed into the kiln X 35 40 30 37.5 34-40 32 8-12
Gas temperature behind the kiln °c 800 212 290 130 500-765 233 500-750
behind the heat
exchanger oc - - - - 100-185 - 100-185
Temperature of raw material
entering the kiln oc 40 40 40 40 90 40 90
Ratio of length to
inside diameter 12 41 43 40 25 24 18 to 25
Electrical energy
required per unit of output (kWh/t) 11 8 11 14 14 18-10
regidual solid, solid,
Fuel - oil coal oil coal fiquid, coal liquid,
gaseous gaseous
Cooler - without Fuller satellite Folax various drum various
cooler one designs one designs
Kiln dimensions, 1.82 x 18.2 3.8/3.2/ 4.65/4.15/ 4.0/3.6 - 3.75 x ™1 -
diameter x length (m) 3.8 x 132.5 4.6 5x 175 x 135
Year - 1896 1968 1957 1957 - 1957 -

[
[as]




Table 28. Characteristic indices of dry-process votary kilns
Dry-process kiln
Long with 1inside
structure With a boiler
With a for waste
Units Short Short cyclone heat
Specific heat consuwption kcal/k 2 200 2 000 950 850 1 500-1 85037
kJ. kg™ 9 211 8 374 39N 3 559 6 280-7 746
Kiln output in tons of clinker per day t/d 35 150 630 1 000 80-3 300
Specific kiln output in metric tons
of clinker production a day in 1 md t/m3/day 1.02 0.868 0.6 0.7 0.80-1.32
of inside space
Moisture content of suprlied raw material X 0.5 0.5 0.5 0.5 0.5
Raw material to the kiln X 0.5 0.5 0.5 0.5 0.5
(Gas temperature: bohind the kiln °c 950 650 450 400 700-1 000
Behind the heat exchanger oc - - - - 180
Raw material temperature when
entering tha kiln °c Lo 4o Lo ho 40
Degree of apparent dissociation of raw
malerial entering the kiln b4 - - - - -
Ratio of length to inside diameter
of the kiln L : iD w/m 12 21 : 1 Y 38 : 1 17 : 1 to
25 2 1
Electric power consumption in
the entire thermal unit in the kWh/t 10 8 7 12-15
production of 1 t of clinker
Kiln dimensions D x L mxm 18.2x1.82 2.5x45.7  3.753/3.45/ - various
(diam. x length) . /3.15x144
Year - 1887 1903 1963 1973 1930~-1980

a/ Of this 500 to 700 kcal/kg will be utilized for generating electric - ower.




Table 29.

Characteriatic indices of semi-dry and semi-wet rotary kilns and sintering grate

Long rotary
kiln

Kilns with Kruy p~
for nodules lLepol kiln calcinators Lurgi
with irside leading of gases for wett | sintering

Units structure simple double 3 chambers powder arate

Specific heat consumption kcal/k L 180 1 050 850 760 1 100-1 200 1 240

kJ. kg~ 4 940 4 400 3 560 3 180 4 605-5 024 5 192
Kiln output t/d 338 250 400 1 920 100-1 000 340
Specific kiln output in metric tons of t/m3/day 0.58 1.62 2.09 1.41 0.8-1.1 15 t/m?
clinker production a day in 1 m® of of grate/d
inside space
Moisture content in the supplied 4 13 14 . 14 13 12-15 14
raw material
Gas behind the kilmn * 250 900-950 1 000-. 100 1 120 700 240
temperature ) panhind the heat exchanger ° - 120 90 120 240-400 -
Rawv material temperature when entering ‘c (nodules) 760 . 800 850 250 20
the rotary kiln 20
Degree of apparent dissociation z - 40 45 45 - -
of raw material
Ratio of length to the inside diamcter n/m 28 : 1} 15 ¢+ . 14 : 1 17 : 1 20 ;1 -
of the kiln ! : iD
Electric power consumption of the
entire thermal unit for the clinker kWh/t 9 9 13 17 18-19 25-30
production
Fuel - coal oil oil heavy oil various cake
Type of cooler - satellite drum grate grate various -

designs
Kiln dimensions D x L W x m 3.4 x 85 2.8/2.6/x 36 3 x 36 4.7 x 75 - 26 w?
Dimensions of the calcination grate wil m x m - 2.42 x 12.5 3 x 12.5 4,76 x 37.5 - -
Year and countvy - 1958 1954 1963 1966 - 1952
Yugoslavia Jordan Jordan Japan FRG FRG
Manufacturer Miag, FRG Polysius, FRG Polysius, Kawasaki Miag, Krupp Krupp, lLurgi
FRG Japan FRCG FRG
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Production method
Dry process Wet process

Heat consumption

in the rotary kiln

operation (including 83% 96%
accessory equipment)

Raw material drying 1L% -

Drying of coal (if it .
has been used as 3% LY
technological fuel)

It ensues from the above-mentioned figures that the first possitls
saving of thermal energy in the dry process method can be achieved
by using the waste heat for the drying of raw materials without the
use of an auxiliary combustion chamber. This possibility appears
varticularly at kilns with dispersion heat exchangers where hot gZases

-

of 350°C ere available. Jence, at least 120 keal/kxg (502 xJ.xg )

can be utilized for the drying of raw material, as far as the drying
mill or drier are in operation at the same time. Otherwise, these

flue gases would have to be let out into the open air without usiliziag
their heat. A similar situation is at the long dry process rotary
kilns. When the correct drying scheme has been implemented, raw

material can be dried by flue gases.

In some cemen® factories producing mixed cements, even slag c¢an
be dried by flue gases. The heat of the waste gases from the grate
cooler can be properly utilized for the drying. Use of the waste
gases depends on tne specific conditions of a factory. They can be
used Zor techrological purroses (drying of raw material, slag, coal,
partly as preheated primery air stc), or in countries with coid

climates these dust~geparated gases from the ate coOo0lers are led %o
J g Ir

the heat exchanger for hot water, which is then used for heating in

tuildings. About 40-50 xcal/kg of clinker (167-209 xJ.xz ) are
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avallable for these purposes.

Selection of suitable fuels

Rotary kilns, being the principal part of a cement factory, can
be fired either with gaseous, liquid or solid fuels. Gaseous and
liquid fuels do not usually need special preparation. When coal is
used, however, it must be properly stored, mixed, dried, ground and
dosed accurately to ensure a high degree of burning stability. Oil
must be duly preheated (to 2° Engler viscosity) so that the oil can be
perfectly atomized and, hence, perfectly burnt. Fuels used in rotary
xilns must develop & temperature as high as l,350-l,h50°C oY the baked
material in the firinz zone tc enable the formation of clinker. The
clinkering process is completed when lime has been converted into
silicates, aluminates and aluminoferrates. The clinker then proceeds
to the cooling zone of the kiln and down to the cooler. The heated
air from the cooler is led back o the kiln as Secondary air <o suppors
complete burning of fuel. The more carefully the erection of a rotary
kiln is made, the less power is required for its drive. The rotary
kiln shell must be perfectly round and fitted to increase the
%iln lining life and kiln stability, and to minimize losses in power
drive due to am inappropriate resistance. When due care iIs paid to
the erection, less refractory material can be consumed for rasrairs,
which results iIn less idle time of the kiln and prevents wastiag of

energy in kilan stoppage and start-up.

By analysing the remarkable world-wide development. a considerable
growth in canacity can ve aoted. The size of kilns and aeat exchangers
is limited by the fact that the life of the kiln lining rapidly
decreases as the diameter of kilans is increased. Some manufacturers
solve this problem by pre-calcination, and it may be said that the way :
into the most intensive process in cement technology has thus been
vaved. A *temperature of 900°C required for it can be achieved by

>,

using aven low=-grade fuels. It also =nables utilizing <he waste zeat rom

the cooler,
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In principle, good kilns have been built with a specific heat
requirement ranging fram 3,180 kJ to 3,260 kJ per kg of clinker at the
daily production capacities from 2,000 to 8,00C metric toms. In terms
of specific fuel consumption it may be expressed in 142.6 kg per tom of
cement. When optimum conditions are created to achieve about €0% thermal
efficiency, the value of specific heat consumption may be reduced to
2,930 kJ per kg of clinker.

Comparisons of heat consumption in using different fuels are shown
in “ables 30 and 31.

Great attention should bYe paid to the coal quality ard compocition,
as well as to its preparation. Coal used for the firing of clinker
should be of uniform gquality. Its calorific value should exceed
6,000 kcal/kg of dried coal (25,000 kJ.kg™ ). The lower limit of
the calorific value should be 5,000 keal/kxgz of coal (21,000 kJ.kg-l}.

As the coal calorific value decresses the kiln output also drovos
quickly, and the specific heat consumption increases, and the clinker
quality gets deteriorated due to the excess quantity of ash. Zven

ash rings may occur.

The content of volatile matter should usually be determined daily,
as soon as the coal has been supplied. Optimal content of the volatile
matter is 138%-25%. It pays to ensure this content by blending two

or even three sorts of coal.

Coal conzaining too much volatile matter has too high a flame but gives
less heat. Such coal alsc starts burning very near to the buraers.
However, coal containing littlse volatile zatter hurns with a very short,
concentrated flame, burning toco far from =he durners. Such 2 discrerancy

can be improved to some extent »y finer milling of coal.

Coal should not be dried excessively because it is difficult %o
light it. In the case of black coel, it is always suitable to l2ave 2zout

1%-1.5% of moisture in it.

Fineness of coal: It is recommended to mill coal t¢ the grain
size of 12%-15%7 rest on 2.085 =ma (35 microns) sieve. To assess it

approximately the following formula may ve useful: /5 of residue cn 1.035

mm sieve = (C.£ times % of volatile matter.
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Table 30. Additional heat consumpticn for clirker burning in preheater
kilns using fuel oil versus coal

Jest consumption Jeat consumptiqn
Rotary kiln capacity wilen using coal when using fuel Qil
(t/) (kJ/kg) (kJ/xg)
180 L,187 L. 396
250 3.55¢ 3.894
380 3.768 3.978
1 500 3.496 ' 3.559%/

a/ Mixed firing of fuel ofl and coal.




Tahle 31. Additional heat consumption for clinker hurning in preheater
xilns when using natural gas versus fuel oil

Heat consumption
Rotary kiln capacity <when using fuel oil

Heat consumption
when using natural gas

(t/d) (xJ/xg) (kJ/xg)
Loo 3.475 3.768
810 3.768 3.936

1 6C0 3.433 3.559

1 600 3.140 3.596%/

3 500 3.098 3.266

a/ In this case, when switching to natural gas the kiln capacicy
iropped frem 1,500 *o 1,50C +/4.
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i1

A perfect combustion Ls one of the imporhant reguirements for an

optimal technological nrocess. When combustion is imperfect carbon
monoxide is developed, and ahout 30%-35% of calorific value only

is utilized. Excess air during the combustion process should range
from about 3.7% to 17%, i.e., in terms of oxygen from 0.77% to 3.56%
o1 O2 in the flue gases. However, at a well-adjusted kiln the value
should be moved around 1.5% of 0,-

The majority of new kilns are provided with an electrostatic
dust separator. To prevent explosions the carbon monoxide content
must be checked. When the CO content exceeds 0.4% a danger warning is
signalled, and the filter should be switched off. Therefore, it is
desirable to increase the O2 content in the gases behind the kiln
by 1%, and the CO content is “n be kxept at 0.0%-J.1% value.

It is also important to avoid all leakages which may cause
penetration of excess air into the xiln, because this results in
imperfect combustion and mal-functioning of the cooler as a heat
recuperator, which indirectly increases fuel consumption.
when the penetration of excess air is reduced by 1% only, about 42,134
kJ per ton of clinker in wet process and 34,269 kJ per ton of clinker

in dry orocess can be saved.

Following the foregoing analysis, different approaches towards

a significant reduction in fuel consumption are as follows:

{a) Reducing the heat losses due <o radiation - these losses
may amount tO as much as 10%-25% of the <otal heat consumption.
Such 2 reduction can be achieved 2y suing an iasulation course
07 fire-pricks of kigh alumize ccrntent. Cne inexpensive way To
reduce radiation is to Xaep a zonstant layer of zlinker on the
xiln lining ia the firing zome. LlLately, it has been possible ®o
use an iasulation layer of 2-3 mu thaick paper made of high purit;
alumina and silica fibres between the 4Xiln shell and the refractory
lining;
(v) Reducing the xiln cooling Zan =emperature oy installing izner

Y

neat exchanging 2quipment, suck 28 filters and chains. Particular

ttention is %0 be paid to the chain zone. The trying of the hest
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water evaporation from the slurry but also the transportation of

raw naterial and removal of slurzy cings. It decreases the fustiness
and reduces the temperature of the flue gases, whereby it 2nkances the
output and decreases the specific heat consumption. Therefore, it

is necessary to determine the optimal length of the chain zone for
avery xiln, density of the chains in the individual sections, weight
of the chains and method of their suspension. Iz casa there is no
sufficiently experienced expert available in the factory, it is
advisable to request an engineering company or an expert to do this

engineerineg job;

(¢) Reducing the slurry moisture in case of the wet process
from 35% down to 30%. This way cbout 336,948 kJ per ton of clinker
2an e saved. This saving can be achieved only in compliance with
the adjustments ar the-other-inside structures-in the kiln,
particularly chains, otherwise a portion of the preserved heat would
ce lost oy the flue gases of an Increased temperature. The moisture
can be reduced oy substituting flue ash Zor clay, or oy using deZlocculants
(ligninsulﬁhonates,~tripolyphosphates, silicates, carbonates stc.) or

mechanical devices.

It is to be noted that whatever steps are made towards =he
optimal use of a %tecanological process, under the presenti condition
of =echnical progress no radical reduction in fuel consumption can e
achieved. Yevertheless, such steps as a whole may contribute considerably

<0 the reduction.

Other measures in neat energy conservation

I+ is obvious that the firing affects most significantly the
specific energy consumption value. Therefore, the energy rationalization
in zhis section is being implemeated in a broader context with the aim
to reduce the specific energy consumption, 20t only dy an absolute

reduction in fuels consumption, but also ty an iuncrease in the

efficiency of the calorific value of fuels.
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The following steps are recommended for the cement industry <o
meet the present requirements of heat conservation:

(a) JYew construction of dry process or semi-dry prccess xilns only;
(b)] Automatic process control;

(¢} If possibhle, the cem:nt factory should choose the most reactive
raw materials. Xeduction in silica modulus and alumina modulus,
as well as in the lime saturation factor, always results in a decreased
fuel consumption. Nevertheless, the lime saturation factor cannot
be reduced due to the quality reasons, and the other moduli must be

kept within certain narrow limits, too.

(d) Cogper slag - when 2%-3% of copper slag is added as a mineralizirg
agent, the heat saving may amount to as much as 3,945 kJ against the

former 4,209 kJ per kg of clinker.

e} Reducing moisture content in the raw material (jeflocculants);

—~

(£) Improving the coefficient of heat exchange at the wet-grrocess
kiln inlet;

{g) Utilization of hot flue gzases either by improving the inside
structures (particularly the chain zorne and neat exchangers) or
by installing outside heat exchangers;

{a) Reducing hot zases in the cooler (recuperatiog of a zart of the
outlet air for raw material drying, utilization of heat frcm the

cooler for heati“;.wa .2 primary air or Zuel or for municipal heating,

st

industrial or ag-;iagigéa; use);
(i) Modifi.s !:a of linings to improve the kila insulation;

) Jtilization of solid el (coal);

(k) Prevention o xiln stoppages due to breakdowns on mechanical
and electric equipment or for tecnnological reasons;

(1) Optimal use of the Siring process.

Reconstructions connected with 2hange of -he oroducticn method

Ixamples of plant reconstructions aiming at “he reducticn in heat

consumption and an increase in output at the same time:

|
|




Examole T

Country
Production method
Kilu DxL (m)

Jeat consumption
&J.kg-1

keal/xg
Output +/é

Moisture content
in raw material %

Measures taken

ixample II

Country
?roduction method
iln DxL {m)

Zutput </é

Specific heat

Consumpt.ion
kJ. kg1
xcal/xg

Measure taken

Before reconstruction

After reconstruction

Switzerland

wet process

2.8 times 124

6,175
1,475
3c0

Japan
wet process
3.3 times 15¢

1,400

5,443
1,300

semi-wet process
2.8 times 124 +
cyclone, two-stage

heat exchanger

4,100 to 4,200
980 to 1,000
550

15 to 22

filtration +
two-stage heat
sexchanger

dry process
3.3 time 150 +
Polysius heat
exchanger

2, 925

4,379
1,046

addit on.l

installation of the

neat exchanger and
raconstruction of

raw material preparation
slant into dry-process one




Example III

Country
Production method
Kiln D (m)

L (m)

Qutput t/d

Specific heat

consumption -1
kJ.kg
keal/kg

Measures taken

Example IV

Country
Production method
Xiln D x L (m)

Output t/d

Specific heat

zonsumption
kJ.kg
xcal/kg

Measures taken

- 160 -

3efore reconstruction

After reconstruction

Japan
wet process
5.2/4.9/5.3
187.5

1,800

5,43
1,300

Japan

wet process
3 x4 x 80

31z

dry process
5.2/4.9

94.5 + Polysius
heat exchanger

2,800

3,22
770

shortening of the
¥iln, addition of
heat axchanger,
reconstruction of
raw material
oreparation plant
into dry-process
one

semi-wet process
3 x4 x50 + Lapol
Zrate

540

3,978
950

shortening of kilns,
installation of Legcl
grate, satellite coocler
nave peen reconstriacted .
into grate coolers,
racuunm filtration
adéded, filzered
cake mixed wizh

raw naterial powder
inl:l ratio supnliad
frem a new plant
and zrenulation
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Before reconstruction After reconstruction
Example V
Country Greece
Production method wet process dry process
iln output t/d 2 kilns: 750 each 1 xiln 1,500 +
KHD heat exchanger
Wedag
Specific heat
consumption
xJ.xg 5,850 3,260
kcal/kg 1,400 780
Measuras taken removal of 2 wet-

process kilns and
congtruction of a
new one for dry-
process production,
reconstruction of
the raw material
porticn to dry-
orocess method

The above examples show clearly enough that there is no uniform
recommendation on how to reconstruct the wet-process plants with the
aim of reducing the heat consumpticn. The choice of an optimal
alternative of the reconstruction must come from the specific

conditions prevailing in a particular plant.

Other examvples of reconstriuctions

3efore reconstruction Measures taken After reconstruction

Rotary Specific Specific 7 of
kiln neat heat increased
consumption consumption  output
1, r o1 -l ERP) 1, T 1 -l
Wet kJ.kg Additional xJ.xg
orocess 6,700 construction 5,23k 25
¢t a3
xcal/xg
kecal/k 2 r
[kg oncentratar 1,250
s 2 § N =1
et LAY ¥-4 Additional kJ.kg
process 5,362 construction 5,158 30
cf dust srray t
kcal/xz ipier xcal/xgz !

1,400 1,230
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Dry kJ.kg‘l Additional k..;'.kg-l
process 71,536 construction 4,019 50 .
with a of a heat .
boiler kca}/kg exchanger and xcal/kg

1,500 960 3
for waste in the kiln removal of the
heat n vhe £ waste heat boiler

proper

Fuergy conservation in the field of electric power consumption

The electric energy represeants less than 20% of the total energy
required iu the cement production, but it is wostly more expensive
than the fossil emergy. It is necessary to realize that it is generated
frcm thermal =nergy in thermal power stations (except aydro power
stations and nuclear vower stationms), and there are considerable losses

in its generation.

Thermal energy required for the firing of clinker stands first
in energy consumption, while the electric power required, beiag slightly
less, is in second place, and its maximum consumption lies in crushing

and grinding of raw materials, coal and clinker into cement.

3asic factors in electric power savings are as Tollows:

(2) Smooth and uniform operation;

(o) Reducing stoppages and idle rums;

{c) Xeeping to thne prescribed technology and overation rules;

(d) Correct compensation of power factors and optimal gearing;

(e) Correct calculation of drive;
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(f) Skilled maintenance;
(g) Choice of optimal technology;
(h) Elaboration of standards of consumption and evaluation of resulis.
The most demanding process is the grinding of raw material and
clinker. These processes represent about 60-75% of total electric

power consumption in a cement factory.

Electric power consumption in zrinding orocess

B8all mill designs at present pave almost exhausted all their
Tossibilities, and it is the roller mill which now offers an interesting
alternative to grinding raw materials arnd consuming hal? of the electric
power when compared with the ball mill. The roller aill allows quicker
withdrawal of raw material from its milling path, whereby sxcessive
milling can be avoided to some extent. The roller mill can be fed
with a larger bvatch than the ball mill so that no power is consumed

in terciary grinding. Only fans require a little more power,.

Power saving at the roller mill, as against the ball mill,
amounts to 6 xWh per ton of clinker. 1In case or coal milling the
roller mill power consumption is 5.5-8.2 kWh, whereas the ball mill

rower consumption amount to 15.5-2C.3 XWh.

The following table 32 shows the comparison of power consumption

in the milling of raw material (12% residue on the 90 mm mesh sieve).

The above-mentioned advantages, however, apply only to soft and

nedium-hard limestones and marls. When nard and very hard limestones

are ground the results are quite cpposite, because the output of the
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Table 32. Comparison of energy consumption - raw material grinding
(Raw material grinding - 12% sieve residue on 90 mm
mesh sieve)

(in kWh)
fnitial Grinding Fans and Total
crushing auxiliary
equipment
Ball mill with kWh kWh ¥Wh AWh
pneumatic 0.4 15.9 L.b 20.7
withdrawal
Ball mill
double 0.4 12.8 5.3 13.5
rotating
Singie
chamber miil \ \
with bucket 0.4 12.8 5.C 18.2
elevator
Roller mill 7.6 7.0 1%.6
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aill drops perticularly in case or fine grinding. It is, Lherefore,
necessary to subject the raw materials to grinding ability tests
pefore the final decision on wha*t type of grinding equirment is to

ne used.

Energy comnservation in the process of grinding clinker

1. Experiments have proved that more porous clinker is easier to

be ground. It is, therefore, necessary to determine the litre weight
of the clinker and to prevent the clinker from an excessive firing.
While the litre weight of the clinker is being determined,

due attention is also to be paid to the content of free lime in it
and its compressive strength. Optimization of the litre weight

of the clinker always results not only in the saving of slectric power

in the grinding orocess »ut in fuel savings, too.

2. Dependence of grindability on the mineralogical composition of
clinker; vurittleness of grains in clinker depends on the ratio of CBS
(alite), C,S (talite) and C AF in clinker. If an optimel ratio, stable
kiln operation and optimal cooling process are achieved, it may result

in 10% energy saving in clinker grinding. This finding, however, is

of academic significance only, because when the proportions of minerals
in the clinker are changed the cement properties are changed, too.

It is opossible, however, to payvdue‘caré;ﬁo these findings withia certain

narrow limits,

Grindability can be increased by 2 higner content of free lime,
hereas when Mg0 content is higher than 2% “he grindability is decreased.
This finding, however, may pe applied only partially in a cement
factory. The content of free lime in a clinker manufactured oy wet

process should not exceed 0.5%, and in case of dry crocess 1%.

Grindability can be improved by iacreased content of CBS

C.5 is decreased.
-~

‘When not clinker is suprlied for grinding it does not reduce

Zrindability, but the grinding process output is decreased oy

electrostatic charge.
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Sometimes, due to commercial reasons, cements of excessive
fineness are produced. For instance, when cement fineness is increased
frcm 3,100 to 5,000, according to Blaine, it results in increased
energy consumption by 200%, while the ISC mortar strength after 28
days is increased by a mere 130%, strength of concrete by 110%
within the same period, when cement 3,100 g/cm2 is taken as a o0asis
of 100%, according to Blaine. Very fine cements are required for
special purposes only when high initial strength is required (1 to 3
days).

3. The largest power saving in the grinding process can be achieved
when the grinding machinery is correctly operated. It is quite
currently known that an experiencad specialist may save as much as

15% of electric power on the grinding machine which has been amended
after years of unskilled handling. It is necessary to notice the
following factors which can increase the output of the grindirng =machine

and reduce the specific energy consumption:

{a) Grain size of the material to be ground - coarsely ground material,
most often due to broken grate bars in the crusher, reduces the grinding

mackine output, particularly the operation of the first chamber.

It is advisable to grind clinker after it is well seasoned; that

itsel? may increase the grindability by as much as 10%;

(o) The length of the grinding machine cannot be changed in a cement
factory, obut the number and length c¢f chambers can be changed by
shifting the partition walls. 3uch a modification may be made only
after a prolonged watching of the grirnding machine operation, on the
bagis of gzrinding curves prepared according to sieve analyses of samples
taken from the inside of the grinding machine;

(¢c) The quantity of grinding balls in the individual chambers (degree
of filling) and their mutual proportion influence the fineness of the
grinding as well as the output. The test results, including

rindability tests, grinding machine output, fineness and granulometry

of the entering material, must be carefully registered;
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(d) The moisture content in the material to be ground is important.
Slight wetting up to 2% of moisture content usually supports the
grinding process, whereas a higher moisture content, to the contrary,
reduces substantially the output of the grinding machine, or it may

even cause its choking;

(e) The shape of the plates is very significant. Raising plates
should be installed in the first chamber, while sorting plates are
to ve in the last one. They sort the big balls towards the inlet;

() The degree of filling with material to be ground is important
and may be checked either by an electric semsor or by the operator

aimself (%y listening to the grinding machine »un);

(g) The slots of the partition walls must be kept clean and they
should allow enough space;

(h) Grinding intensificators are successfully applied in many cement
factories. They must be dosed accurately and uniformly into the
grinding mill. They are suitable both for wet grinding of raw
naterial and for grinding of cement. Their high cost preveats their
general use. About 3%-12% of electric power can be saved. These
matters must neither affect the cement guality sdversely nor must they

te polsonous;

(i) Correct ventilation of the grinding mill is one of the fundamental

requirements of gocd grinding process and should ve checked;

(J) The required fineness of the grinding (to achieve gzood quality
cement or good firing of raw meterial) must te adhered %o, but

excessive grinding process always entails superfluous emergy losses.




VIII. MAINTENANCE AND MEASUREMENTS

It is a well-nroven experience in all factories that a sound
maintepnance programme always results in reduced energy consumption,
increased production, extended life of equipment - particularly xilns -

and sometimes in better quality of products.

Anyone can build a good kiln and use good insulating materials
corresponding to the latest knowledge. 3ut the energy conservation
programme becomes more effective when a proper kiln and other equipment

maintenance programmes are implemented.

Measuring excess oxygen or excess fuel in flue zases is the bpest
method of determining air/fuel ratio in the combustion process. It
really pays to use at lesst a portable oxygen anaiyser to monitor
the kiln firing process. Such a measuring unit does not need any

maintenance and can oe used even under difficult working conditions.

IZ, however, a ccmplete set of instruments for messurements,
registration and evaluation of combustion processes can be used, for
instaice in a mobile unit, which is the latest trend in the world,
and if this unit can be engaged in mezsurements and diagnostics Jor
zmany plants successively, such 2 3ystem may operatively detect many
discrepancies in the firing orocess. 3ased upon such fizndings,
remedial steps towards more economical and fuel-saving processes

can be made.

Tollowing proper diagnostics performed on the important sroduction

units, e.z., the firing process, efficiency can e increased by:

(2) Reducing the combustion heat down %0 a guasi-stoichiometric

combustion;

(o) Increasing the combusticn aeat by preheating the comtustion
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IX. NOTE OF LIME

All types of lime-firing kilns can be met with nowadays in
developing countries. In the vast rural areas sitauated far from
any industrial centres, lime is fired in very primitive field and
shaft kilns, which operate periodically and consume a rather hig
amount of heat. These kilns are built by the owners themselves.
They fire lime without comnsuming any electric power, atiliziag local
fuel sources (wood, charcoal etc) which, provided that the forests
are re-cultivated, would be restored again. These kilas are of low
output, but there are a lot of them in operation. They exploit
both large and small limestone deposits and supply local markets with
minimum transportation costs. These kilns cannot be replaced ia the
foreseeable future. The latest shaft kilng or rotary xilns need

relatively hizh investment costs, larger marketing possibilities

and fuel transportation over long distances, in addition to a specially

trained labour force and pure limestone deposits which are many

times larger.

dowever, in the industrial centres of <he developing countries 2
modern foundéry and chemical industry can be Jound which consume a lot
of lime of first-class standard cuality. Therefore, modern kilas Zor

the lime production may also be found there.

Shaft xilns for all sorts of Zossil fuels, as well as rotary

Xilns, are built in aizhly industrially develcred countries.
J -

The enclosed tables, 33 and 34 show clearly the differences iz

2iln outputs as well as in the specific consumption of fuels.

The parallel flow regenerative shaft xilas are most economical
‘rcm the specific Zeat consumption point of view. Lime is Zurat
soft, being thus particularly suitable for <he duilding industry.

Lime burant in long rotary kilms is also of a wvery good qualizy.

The heat consumption of these kilns, however, is 2-2.5 times aigher.
Therefore, “he rotary 4Xilas, particuiarly ia Surore, are provided
with shaft heat exchangers (or grates) in waich the heat of hot rflue
zases is used. The rotary x2ilns are particularly advantageous Ior
swining even very small fractions of limestone which canrnot Ze surnt

in the shaft xilns. Hence, when the comtination o shaf*t and
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rotary kxilns is used, the limestone supplied from the quarry can be

hetter utilized.

Limes intended to be used in foamed concrete are hetter to Dde
burnt ia sha®t kilas of the Beckenbach system, in which coke or
anthracite are fired, and the lime obtained is hard and overburat

to some extent.

There are also kilns with outside hearths for long-flame coal

or producer gas firing.

When compared with the firing of Portland cement clinker,
much lower-grade fuels may be used for lime burning, because limestcone gets
decomposed into lime and carbon dioxide as early as at 8o4°¢ temperature, and

the burning temperature of white lime practically amounts to 1,350-1,200°c.

~

It may be stated in conclusion that out of the latest xilas lime
is better to be burnt in the regenerative shaft kilmns, where the specific
heat comnsumption is as low as 3,360 kJ.kg_l. That is why
these kxilns should be preferred whenever a new lime factory i3 to

be constructed.

Some technological reasons may chﬁnge the choice of xilas. Agart
from some of the already mentioned reasons, a rotary kiln may de
chosen due to the disintegrating vroperty of chalks and of scme
coarsely crystalline limestones at ar elevated temperature. Such
materials would get disintegrated completely during the burning
rrocess into small crystals or dust, choke the shaft and make zhe

burning precess impossible. That cannot happen in the rotary xila.
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Table 33. Comparison of modern shaft kilns for lime production
Characteristic Regular Cross flow Annular Parallel flow,
regenerative
Shaft shape round rectangular round round
Cross .
section. L0-30 3.9 9.2-17.6 2.3-16
area (m“)
Capacity
(tons) L5-L50 180 90-2T0 100-600
Feed size £9-200 20-75 20125 90-4500
(zm)
Fuel coke oil oil oil
oil gas gas gas
gas
Tuel rate
kcal/kg 3L0-1 250 1 100-1 220 1 950-1 160 350
of lime
ki/kg 3 930-5 230 4 650-5 110 L 396-k 860 3 560
<Wh/t 2.7-3.8 22-33 9-33 22-27




Table 34,

Modern lime

rotravy kilns

Characteristic

Kiln size
D1 ameter metres
Length metres

Internals
Type m

Cooler type
Capacity T

Fuel type

Specilic kcal/kyg
heat con-
sumption kJ.kg-1

Feed size mm
Power kWh/t

Preheater
type

Long kilns without

Kilns with

preheater preheater
3.2 3.2 3.5 4.1 3.9 4.4 5.2
91.4 135.6 123.7 121.9 20.1 89.9 6:.0
Trefoil ¢ Lifters Lifters Trefoil 4 DAMS
27.4 19.2 52.4 12.2 - -
Metal-
vane
19.5
'
Contact Satellite Grate Contact Contact Grate Shaft '
Polygon ~
455 420 430 1 000 390 1 000 900 ‘
coal oil coal coal oil gas coal
gas
1 990 1 910 1 556 1 767 1 472 1 489 1 306
8 330 8 000 6 515 7 398 6 163 4 181 5 468
20-45 6-50 10~-65 25-60 20-50 13-45 10-50
25 15 23 33 25 39
- - - - Shaft Grate Contact
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X. CONCLUSICN

There cannot be any universal recipe prescribed for all the cement
and lime factories on how to achieve an optimal manufacturing process.
Wrich solution to chocose so as to prevent losses and to achieve an
optimal process depends chiefly on local conditions. To sum up,

the following hints may bhe recommended:

(a) The supply of comstant and uniform composition of raw

materials must be ensured, and the grinding process must be intensified;

(b) Utilization of the kiln operation time should be increased,
and stoppages should be reduced;

(¢) A maximum reduction in heat consumption in the firing process
can be attained by removing all deficiencies, and by a perfect

control of the firing process;

(&) The technological process should be strictly adhered %o,

and fluctuations should be reacted to quickly and carefully;

{e) A sound maintenance programme of the plant machinery, and

of the xilns in particular, should be implemented;

(2) Autcmatic controls to eliminate the human factor in the

production process should bve implemented;

(g) Plant emplcyees should be provided with more know-how and
experience, and be acquainted with the latest developments in this
?ield.

As the progress at the 2ngineering and machinery producers gces

ey

on hand in hand with the research in the fi=2ld of non-metallic minerals,
there are promising views to vetter and more effective technologies

and machinery - particularly kilns.

As the machinery and equipment become more sophisticated - and
in the technologies of cement and lime production any profound changes
and hetterments cannot be a2xpected in the foreseeable future - aew
methods (ways) of esnergy conservation should e sought in the existing

vlants.




The presented review of potential energy conservation in selected
non-metallic industries is concerned directly with the manufacturing
processes. The measures aimed at evident cost savings are incentively N
effected by the entrepreneurs. £, however, energy conservation
provisions require considerable investment costs the industrialists
are reluctant to invest. Such situations have arisen in many countries,
and the intervention of the Govermment is necessary, as the energy
crisis is too serious a problem, influencing pational economics directly,
to be left without attention. The Govermments' intervention will vary
according to local conditions and will comprise, e.g., a tax holiday
for producers investing for turning to another recommended source of
energy, regulations protecting the residential users by giving them
the highest priority (e.g., in gas. delivery), regulations of imports
of fuels, planning of development of local energy resources, subsidized
research programmes for increasing the efficienmcy of electric power

generation etc.

~The table 355/ gives a review of the potential world production
of energies. It has been published to be discussed at the llth World
Srergy Conference convened at Munich (FRG) im September 1580.

According to this forecast the peak in oil production should be
reached ip 1985, and in natural gas in 2000. A great develorment is
expected in mining solid fuels and power generating in nuclear as

well as in hydro-electric vower plants.

The present shortage of fuels should be bridzed over by increased
coal production before the extent of nuclear, water and renewable
energy resources ceccmes effactive. However, the increase of coal
sroduction in many industrialized countries does not fulfil the
axpectations, because favourably situated coal deposits have been
axtracted, and the geological and mining conditions grow worse,
which is reflected in groving mining and investment costs. Iu this

context it should he emphasized that at present scme 50 develoving

a/ Weltenergie Xonferenz 1330 in Minchen, Glickauf, 115, 1375, Mu. 5.




A1}
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Table 35. World production of energy

(Exajoules )
Primary energy 1972 1985 2000 2020
resources
Coal 66 115 170 259
0il 115 216 195 106
Natural gas L6 7 143 125
Electricity from auclear 5 23 88 314
energy
Electricity from , ,
hydroenergy L4 2)4 3’-" 50
Unconventional oil o 0 N 40
and zas
Renewable, solar,
geothermal and
25 33 56 100
Total 269 138 £90 1 09y

a/ 1 exajoule (EJ) = 1Q77J.
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countries are known to have coal resources, and only 30 are currently

exploiting them.

In view of the present circumstances, the developing countries
without oil and gas deposits should focus on exploitation and utili-
zation of coal, water and renewable (especially solar) resources.

This should be taken into account in their long-term planning regarding

the development of energy resources and silicate industries.
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