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1, iLrod

ihere 1 hardly anyone in trne world who does not krnow the exyresrsion
"lire", with the help of lime one can build houses and whitcwash
walls and it is also well ¥nown that 1t can be spread cn soil as a
fertilizer thereby improving the rrowth of plants because of the

chemical or rhysical reactions.

There are certainly several other application possibilities for lime
but these may well te either too complicated or not necessarily of

interest tc the non-profescional to ue discussed hers,

Low is it produced? Ycu caleine it,

This simple process is nething more than i

Limestone + heat = lime + carbon dioxide

The follewing guide should give all interested persons, rrivate as
well as governmental organizatiions and institutions, & general
impression of the most modern techiology for the production of
quicklime -nd its by-products, as well as indioations of the
possibilities which exist to satisfy the growing demand for this

product, particularly in the developing countriss,

Hed a patent bureau existed thousands of years ago, the people who
lived 1n Mesopothamia (over 4CCO years age) could have claimed the

rights to the invention of the manufacture of gquickline,

Ia this centwry gquicklime and its By=products belong to the most

ingertant materiale of treditional and nesern preduotio” methede

il/noo




in the inductrialized countries, Trigs nas forced the marufacture

of lire 1r theae countrieax to Anyslop from 1te tr ditinnal stare =
ae wae still practised in the past century = to the most modern

techniques with a suprisiny sreed,

It 18 no wonder then that this development has not run parallel with
the non-industrialized countries becnuse of their lack of greater

vroducticn and quality requirements,

Tre need to catch up on industrialisation because of the population
exrlosion 1n most developing countriee, the fact that this development
is being concentrated within a very short period of time, and the
amount of fully detailed offers of very modern indusirial equipment

has led, in many cases, to hurried investment decisions,

The task of someone involved in the sstablishment snd sspansion of
industry in developing countriss should be, therefore, to adapt the
recommendations to the individusl need of the recsiver to prevent

incorrect investments being made,

A further aim of this publication is, therefore, to give information
as ‘0 hew an sdapte‘ion of the recemmendations suggested oan help
overceme one of the develepment stages of thin indwstiry e.g. &
sdaptation to the present requirements, to the iapers possibilition
and to the wvailadility of rew meterial and fwel, This ocould
preforedly o asccemplished by meking use of the repeated possibiling
of intreduoing cemprenises to modernising elder predwstion methede
and/or bW sinplifing medern technelegy.
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‘o Wkale

Only when one roaliges how versatile the utilisation of calcium 18
as an inaispensabic element in our soclety will tais guideline be of

specific imjortance,

It is for this reascr that the follewing scnematic swuary of the

utilization of lime and dolomite is given,
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Limestone, dolomite limestone

(Blart furnace chips, foundry limestone)
Limestone, crushed

Quiok lime, 1n lumps (steel works lime)
and orushed (agglomerating plant lime)
Sintered dolomite, in lumps and crushed
sintered dolomitic limestone

g 13 {o1] i —
Limestone, dolomitic limestone, in lumps ‘
and crushed, calcite, in lumps and

crushed, semi-acid dolomitic, calcined

lime and dolomite, in lumps and crushed i
calcium hydrate i
eintered dolomite, in lumps and crushed |
sintered dolomitic limestone

Noaly pot
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-
;
. 16
i 1
l
29
| |
i i
‘ i
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Limestone, dolomitic limestone, calcite,
in lumps, grains and crushed

semi-acid dolomitic air hardening and
hydraulically hardening lime

sintered dolomitic limestone

T -

Limestone, dolomitic limestone,

a8 rubbls, ballast, ohips, sand and flour
caloite and terrasso ohips

tar macadem, asphalt macadem

seni-acid dolomite

air hardening and hydreulically hardening
1ime

foed lime, poultry grit

Amisulture

Lime marl, magnesia marl

manuring limestone and dolomitic limestone
in lumps

manuring lime and dolemitic lime

slaked lime and dolemitic lime mimed lime

+ No, 51 Pel

> Noo17, psd

» ¥0.30, p.5

> No, 36' p.‘

[ '.042' p.‘
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Toe censtruction lnduwntry iu of :rimary 1w ortance becaune of 1tu
vitiding agent reguirenents, AB a result, this irdustry 1s tue
primary consumer of line, Lowever, in such developing countriex
wrere lime nas as yet not been yprouuced nnd wnere in its place for
instance cement has beel used as a binding agent, 1t 1s uvecoming
sncreasingly obvious tnat there i1s a tendency tc work towards an

independerce of cement or clinker import,

In countries where cement 1o alread; being rroduced and where there
is tnerefore no douct about the availabilit; of limestoue dejosits
tiere is a clear tendency to establisn lime industrics, the jurpose

teing to ottain a cheaper tinding agent than cement,

Since the establishment of steelworks, chemical industries and
refractory industries§ since the discovery of scil de-acidification
through lime; because of the advantage of addition of lire to animal
feedstuffsj and in ;articular since tie start of construction material
industries with lime as raw material, the induetrialization of the
lime industry has developed, taking these new consumers into

congideration,

It 15 oonsequently of the greatest importance to market policy te
realize that the development of an industrialised lime manufacture
is not, as in the industrialised countries, growing organically with
the growth of the potential of the ocnsumer industries., 1t is

rather emerging sporadioally as a newly founded industry.

The trend towards large kiln units with the purpose of obtaining

a more favourable depreciation of the invested capital and thereby

nnunin./. ve




remalilngs conpetitive tnrewth corresrorndingly low sales jrices should
onily be ajplicd to develoring counwriec after careful investifration,
in ospite of the validity o! this corsideration for industrialized

countries,

The pre-rejuisite for tne ratiinal operation of high cajacity lime
kilre is a correscponding cornsumer market wiich should be divided
preferably amony; a number of differernt consumer industries. With
regard to continuity, steel works and the chemical industry are
normally more stable consumers than the construction industry which
is liable to reduce 1ts activity during the winter }eriod in the

polar and temperate zones,

In sub-tropical and tropical zones significant variations in the
consumption of the construction industry can be registered due to

the influence of rainy seasons and tie like.

When oonducting market surveys, and espeoially when a sismnificant

part of the production of the new or expanding manufacture ia meant
for export, it is recommended that market surveys alsc be conducted
in the importing countries, in cooperation with the autherities of

that country.

While it is relatively easy to obtain the consumption figures of the
lime consuming industry, it is generally more difficult to get exact

information about the requirements of the construction industry,

At all times over or under estimates should be avoided and it is
recommended that use be made of the help provided by governmental
offices and institutions,

'ﬂ’lil/ooo




- 10 -

[hie jroviacs, at least as rar as jublic censtruction jlane are
concerned, a jors.viiaty o f asscssing relatively accurate consurptlion

fiyurea based on *te amount of anticiyated congitruction works

calculated as cubic netres of wall,

anen tne ;rivate cons ruction sector is jredominant, estimates of
the volume of walle .o Le constructed within a certain unit of time
can ke calculated bty the application of multiplication factors

adgJusted with cue regard to future tendencies,

wooo
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The methed of calculation of tre ceonsumption of lime can be

geer. .. a l'ew actual fisures .. tne ollowing iable, Tie mortar
required for u ¢iven wall siruciure is calculated by reans of factors
B.0Wl.y the rat1o vetweer congum; tion of roriar and wall area or wall

volumne,

‘ne amount of iiie used for masonry ortar or ; laster work mortar is
finaiiy c.lculated on the basi® of u.e tiickuess of the plaster coat
For .uternal wid external wailc cnd for ceilings, tne mertar

requirement for the ;laitiring, 'nad tuc wsMal proportions of B.iid ung

lare .

It isy of course, impossible to deal witi all iypee of buildirg stones,

Tiie following table gi.ows the moriar consum;tion of nasonry of fuil

bricks,
walil Brichk Format Building rmaterial requirement
thickness dimensions 8y 7bol
o om per 1 n2 per 1 m)
L “ i pieces litres pieces 1litras
I 4 -3y 7.1 Ny 3 a4 - -
24 11,5 1,1 &7 50 24 - -
12,0 2% 12,0 6,5 RpF 52 4] -— -—
24,0 24 11,% 5,2 Dr 132 64 550 270
24 11,5 1,1 W 99 60 412 250
36,5 24 11,5 5,2 190 105 541 285
“ 11,5 1,1 xr 149 96 407 261

Bxarisc plastariag

Farticularly in trepical countries with heawy reinfall attempts are
being made to pretect the masonry by mesns of exterior plastering
of greater thiokness, an average being 20mm, It can be assumed that

the/eee




The methed of calculation of tre consumption of lime can be

Beer. .. a l'vw actual figsures oo tne Jollowings .able, Tie mortar
reguired for u ¢mivern wall siruciure is calculated by reans of factors
6.0Wl.g the rat1o vetlweer consum; tion of roriar and wall area or wall

volume,

Tve amount of iiie useu for masonry nortar or ; laster work rmortar 1s
finaiiy c.lculated on iLe basis of ine tiiCkuess of the F-auter coat
lor ..ternal aud external wailc -nd for ceilings, tne mertar
requirement for the jlautiring, 'na tiuc wsual proportions of s.:nd and

line ™

It isy of course, impossible to deal witi all iypee of building stones,

Tne following table gi.ows the mortar consum;tion of nasonry of fuil

bricko.
wall Brick Format Building material requirement
thickness dimensions 8; 7bol
om om per 1 m@ rer 1 m)
L " L pleces litrss pieces litras
1Y 4 il,5 5,2 D¢ 3 Y] -— -
Tel d 1,5 7,0 Np EY | a4 - -
al,t  1ig8% 5,2 DF 66 26 - -
@ 1,5 1,1 N¢ 50 24 - -
12,0 25 12,0 6,5 RP 52 25 - -
24,0 24 11,% 52 132 64 550 270
“u 11,5 1,1 W 99 60 412 250
36,9 “ 11,5 52 Dr 190 105 541 285
a4 11,5 1,1 % 149 96 407 261

Farticularly in trepical countries with heawy reinfall attempts are
being made to pretect the masonry by mesns of exterior plastering
of greater thiokness, an average being 20mm, It can be assumed that

the/ese
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Dol LLBCRLEEL A5 AVOPa U JOPR Loe da@ieling ol Cxtersor - wilag e
IV Lo werenliatic Lo onave oo Laios a laeor iy Lt tOolnelr
CXCEREIVEe Weaptoly sUCL lajers fa)y beCuit delaCeow TPOR el e andadi i L

LeCiabde ©F VILratioit,

;Ltvrlor ilas:cr-uf

‘he tiicries: of tne jlaster .o ¢ererally related to tne sroothless of
the placter backing wut cah, 1 tout cases, we &usumed tc have ar

avera-e of l5nn.,

Lie jluslerine of interior celiince soaould not exceed Jun., Lot even
lu cuges wiere tire=selardlny or rireeresistant ceilings are reguired,
The plaBtorinys trnicrness 1S 8s5.uska L0 e tue layer of rortar from the

Surrace of ine ;4:8terong 0 LLC LACKiNg

In e foliowiny luble some refererce fisures ror mxing prejrortions

vetweer line ant cand in rasonry and plastering moriar are quoted

Xas nry mortar

(hixing proportions in vclumetric units)

.. - o Gt SESENESSIREE

Lime jutty Lydrated Hydraulie liighly Sand e
lime lime hydraulic (fine
hyarated natural
lime sand
Homan
lime
1,3 ¢ 0,6 ¢ 0,6 » 1,0 ¢ 1,3 ¢
1 35
1 ]
1 3
1,% 8
2 8
1 3
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*  Litre weignt (kg/l) which should not te exceedsd by calculation of
the mixing projortions.
*» The figures stated for the sand component are only meant as a guide,

Variations of up to 2(f. are rossible derending or the type of sand

used,
[lastering mortar
i T
Type of mortar Lime Hydrated | Hydraulic Highly % Gand
putty lime lime hydraulic |
| hydrated |
) lime f
|
| Roman ;
i lime :
litre weight of 1,3 &) 0,5 0,8 1,0 | 13 3)
components 1) |
(kg/dm3) i
|1 | 3,5
Lime mortar or 1 i3
i
|
Hydraulic : 1 I3
lime mortar :
Roman mortar . ) P33
i !
Standard mortar '
for further | 145 or 2 i l 9

coment addition L |

1)  Litre weights in kg/ém’ which are used as the basis for the celculation
of weight unite frem volumentric units when the actual litre weights are
wnkngwm,

2) At & moisture content of appreximately 50X based on the wot weight.

3) A moisture centent of 2=9K by weight.

”/oon
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Soo RANLLAMSLAILE e

It e protacs) teceaeary to mention n whia jerieds of tne Earthte
b }

cactory explottade deposite of limestone and delemite were found

Siree Ve eves neme anforration ateout the raw iaterial uaped jnothe

1o ourtry,

it variour formatlons of limegtone, dolemite, cualk, tufaceour
liveatore and travertine were created dufing & jeried f arproximately
Cormiiilen years legsinniny an tne toried of irec ntpium nd cxtending

trrouen the Talepzolo i wnd Fosomoicu: . jeriot: 1nte the |pesent time,

Limestoue 18 a fine to coarse crystaiilne prock, Lne main c. netitueat
'

of W.lCr 18 mineral cuiClle,

when A new line industie, 10 to te egtablisied 1t is reconmets
atle to searct for such .imestone dejosits whaiot net emiy
riave cremlcal comiresitions whicu srew tie rnigheast pessivie

yercentase of

Calciun carbonate, CaCl , Lut alsc have & j.ysical structuse whieh
saticfies the static wid dymamic requiPements of the

celeining i rocess,

If calcium carbommte is feund in the sembinntion saleiwme
magreslum carbonste, M, w’. the matertal 1o oalled

Jelemite, Delemitic limestone ecrnghete of saleliwangnesiwm
oarben-te compeBbtions vith verying quantitiee of “)
and ml.
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Tne caleination of sucr mate tals often reseuts many diffaoultios
sirnce 'ne temjeirntire sl wnlen tre Mgl 3 cemporent atarte e releuse
0. i velow O()(‘“G‘ anc tre jroceas 1 lerninated at & lewer terperature

tner triat of the repe statle Call X

Cualky whick has been dejesited frer a slurry of calcium whelle of
Mall creatures, 1s ol'ten feuha in a very rure fomm,
However, becauce of ite extrevel: »ert jAysieal strutture
probleus often aflis duriny the calciiabion, rarticuiarly
W lime shaft Riliuw of lar;er cimensions where SAe Mmiting
Wresion causes diftic lties 1. the tranapert of the mues

soauae of tie ferwat.on of dust,

Martle, o soareograinsd, very ..ofd raterial, is 1R every respest s
0004 ran matertal fer the nuwfacture of 1.00 a9 is

Bell Limeetens Which consists largely of sheils, Sesanes of ite
demeity, ie Faw material treate wil and nse on oves
1ousr abFaoion pcrecctage 1han martle GuPing e srushing
@l esalesaing prevess,

N the limetense of Jow Gensity and Migh pevenitly Wiag @

Toavertsns & tefesssss Limnetens waish, i particunler, prossats
napert preblams ia eemncetion vith cantiansus firlng
JPON0NNNS Gulh @ ia o4l or gae Fired shaft Mine.
IUSwar, en e 0thor hans, sesouse of 400 pERERSYY it
gisee lete Somn for caleiaation Wan @0 GENS Gempint
wpoe of lissatens.
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neane of Biasting,

The three wsual metteds afe 1§
canrber blasting
blasting i1 .ori0e

blasting 11 large defeholes

Of thesn, LiStAAE LR sofies and Ik lafee boveheles Muleng to
We blastings witl somealled 23tended cnargee bosouse of the Wy
H Whisk they afe CaPFried SN, Nhile caamber Biastings are perferwns

sith soneei lod demelation charges,

Bves though \ho applioation of ene or other ype of Blanting ie
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bascd on thc etrwture]l cherscterintic of the paneif, the chamber
bleagting 17 aluo oftan used ir nuch cases whers this meathed, bestume
of & loese strucivre, creater an outwards direoted exploasion eof

the wall combined with & high percentage of shattering of the resk,

Tre resson for $hie 1r that the preparation of borsholes is
onarlicated ard sxpensive, particularly in smller werks whish
doperd mainly or. manual oper:tiear or ohly have tasuffieleng
oguigment at their dispeanl.

In thas connection the fact that chamber bdasting corsures o larger
meunt of explesives with & lower degree of sfficiensy then 4e the

"hor blasting methede should be takem into conniderstiem.

Nowover, whon the structurs of the maseif 10 ollewe, the

mltirle charber dlastinges car nevertheless prove quite coenemisal
21000 tha pleld of mteria. lies beiween 25 and )% tone por mam por
hour,

MNe o noumption »f ex;lesives is sstirated st 0,)0 te 0,39 hg ror
00114 oudi: wtse in susk blactings. In this case, hewevee, o
hghowr auder of large boulders are o W oipeeted a8 & reoult
ont further cuplosives will have to b used for the re=blasting of
0

astong ia eariee is goneral ly preferset in spite of the higher
ugn Antensity and the lower 340 ld of maly 310 tone por aan por
houp.

e soasee for Wie 18 the lower congmpiion of cuplostives which
genls oo e usture of e mesif, o the depth of Sersheles
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and on the distance of the boreholes from each other as well »n

from the guarry wali,

A quarry which 18 lald out 1n terr:ces rrovides sasy access and
of *ery good and rafe positions from where the miner in charge of

the blasting can conduct and eupervise the work,

Farticularly in developing countries frequent electric power
failures should be taken i1nto acrcount as these render electrical
squipment somewhat unreliable ani compressors driven by explosion

engines are no! always part of the equipment of the mining companiss,

Hammer drills, driven by gmeeline engines, are often used but these
are difficult to move around and to operats due to their large
volume, In spite of these shortcomings, blasting should be carried
out as blastings in serise in & quarry of well laid=out terraces

whesnever presible,

Blestings in large borsholee are performed in & manner similar
to those of blastinge 1n series but making use of drilling equipment

which can be sharpened and is moveable,

T™he diameter of the borehele can reach 300 mm and the length is

uowally 2545 metres or mere,

A speration with large berehels bdlastings will require & miniowm
sutput of 1000 tone per day in order to be profitable and presuppesse
londing snd srerspert facilities of a correspendingly lasge esale,

mwuc
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Lxplosiv

Lynamite has been .na still 1e often usen ag an explosive, ac 1s
occasicrally smurn powder, 1n many parts of souther: rurope and in
developlny countrir:, DSince the 19%'s & rixture of armonium

titrate ang carbon known under the name of ALX ha- been used in

increasin;s amounts,

The so=called slurries which are a mixture of ThT, ammonium nitrate,
sodium nitrate, water and a binder are used particularly in the

United States,

The advantage of slurries 18 that they can be loosely filled into
the boreholes, However, now, as before, the use of dynamite
ignited by detonators and fuses or by electro=detonators and a

dynamo 18 a widely used method,

Nany possibilities exist betwesn the dressing of the raw material

s T it

with mallets and the hand picking of the right sises of stones,
and meohanised and automatio orushing and screening equipment,
Apart from the sise of production, other factors such as the
depreciation period of the invested capital, various social cone
_j siderations and the available source of energy play an important
! role,

These considerations are olosely comnected to the required stock

of dressed rew material prepared for calcination,

™e degree to which the calcining unit of & partly or fully mechanised
plant is necssearily independent eof the crushing and screening
oquipment, determines the sine of the rew material siles.

ﬂ'l./ooa
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This, trunslated into terms of a predominantly narual plant,

means that tne extraction of tne rock, tne amount of labour enployed
in the crushing operation, th= hauli:sg of crusrned materiai to ne
vicinity of the Kiln and tue piling cf the raw material prepared

for calcination, shoule be re.ated to tre sesired independerce

of the calcining un.* of the preceding operations,

ln both cases certain 1mportance must be attached to the influence
of weather conditions on thce prepartory activities as well as
leave days (especially several in a row) although these do not

effect the calcining operation,

A mecharical crushing and dressing plant consists fundamentally of
& crusner wnich is situated below street level and 1s fed by means
of @ chutes, The material crushed to the maximum required gruin
size 18 trancported by means of a conveyor belt to a multiple

deck screen, or several deck screens, which is normally situated
on top of & battery cf silcs in such a way that individual grain

fractions fall into separate silos,

The various fractioms can now be extracted from the silos by chutes
and, depending on their size, be supplied to the individual consumer
as stones for calcinaticn, ballast for road construction, chips

for road surfaces, etc,

4. Ercass tecinology

It would prove far too detailed to list and describe all the existing
technologies within the limits of this guide, Simultaneous development

in various countries and i1n particular the geographic distances

beiween such places of development has resulted in older tcchnologies
being further developed, in many cases rather well, without their becoming

haoun/...
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knowr. outside the houndaries of these are g,

T ke 0 P S o AR SN

Ine prerert Manufacturin, Juide to the Lime Industry will rot be

limited to one jrocess but will give a universal evaluation of the

application of modern calcination technologies in developing countries,

The followins technologies are listed alphabetically according

to the names of their inveitors or kiln manufacturers

Azbe Corporation, 5t. Louam, VNisrouri , UsA

: The most important feature of this kilm is that the ower part
of the shaft 1s divided by & vertical wull of refractories,
Installed in this wall is a fuel oil gasification chamber into

which a hot mixture of exhaust gas and air is injected,

The mixture is produced by extracting the hot exhaust gas from

the shaft at the base of the precheating sone and by adding to

it the required amount of cold primary air, 6% of the air rises
through the cooliny sone while the remaining )% reaches the kiln
together with the exhaust #ms by means of a circulation fan, A
large proportion of the atomised 0il evaporates in the gasification

chanber but because of oxygen deficiency is only a fractien of the

041 burned within the chamber,

The oil gas emerges from the chamber through the poris and enters
the column of material where it is burned in the calcining sone
of the kilm,

Type of fuel 1 heavy fuel eil,

Beckendach/, ¢ o
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Backanbech systss

Dipls Inge Karl Beckenbach, 4009 Biderich, Fed, Rep, of Germany

Wikl R R i

The most important feature of this kiln is an internal shaft in

the centre of the round shaft which gives the effective volume

LS e

of the kiln an annular cross section,

The combustion chambers are radially situated an the sxtermal shell
and open intc refractory bridges whioh connect the internal with
the external shaft, Two levels of combustion chambere are situated

on top of each other,

The spaces below the connecting bridges are free from material whioh
facilitates the smooth entry of the combustion gases inte the saterial,
It is aleo noteworthy that the two combustion levels create three
individual calcining sones of which the two upper enes operate in
counter=flew while the lower ens eperetes in parallel-flew,

e

™e pareallel=flon in the lower part of the shaft is oreated L
moans of injecters, The air which eaters the kila through thess
injectors is pre-hented in reowpereters. A mimture of ceeling air
umxnmummmmnmmcqmu
o is returnd to the shaf't below the cesbustien chambers,

Trpe of fuel : heavy fusl oil and gas,

Dadler_sxaies

Piedler KG,, 6360 Dad Vilbel, Prenkfurt, Fed. Rep, of Oerwang

T™he most japertant feature of the kiln in this aystes is the

mm/no
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il PaE voluhee

Ceeling sd cambusticn aiF 16 blews Ante Lhe shalt at 108 09,
Ir. 1110 way She cemburtion of e il gas talws plese 10 d400ed

centact with the material,

Tyre of fuel 1 howwy fuel 01l o sme

nalieacand) Anseamaeaation bl n0ten

[rotueed By 1 Poverfest Gon.tobdolls, $57) Nishel/iuar, Mud. g of Goranny

The sest 1npedtant featwre of thie RiLR 40 that She reastien gasee
de ot reash the material in countersliow or paselled=flien W
poes ‘htough the apterial ia tranavers~-fiey fren left %0 Pig
LA the wppor padt and fren right %0 loft 12 e lowee padt of Ve
shaft,

Por thio purpese the restamgler bila shaft (o dtvided hertosmially
sAte clhanst and ourtien gne chambere with partition walle constirwted
15he o grate, Thio ollowe gasee Warough e anterial oftunted
Sotmen the grate, I pETling the @20 chanbere o agpTeniaptely
the siddle of e chaft i4 0 poantbie %0 Gvide e gae FAED t0te
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90 and trur let 1t pass troush the matefial Trew Peth FL 008y

Type of fuel | heavy furi otl snd o,

sisdeindialefion. Lamasialine Aida
Misitalinler saias

I rodussd by | Maers (fendau, dufien, ettseriand,

The nest important feature i1a that t .1 muitipie shaft Miln sensimte

of at lewst twe ahafta,

Toe shafte, interconnseted by o ohannel, are Tilied with stone,

Theos shafts are fired altermatively in paralicielionw frem the

furnace mouth at the tef of the shafts at intervals of severel

M8 The enhauet geses pase LATough the conmeeting chanmel

and \hrough the sevend .afired shaft in countor=flew, pre=heating

She matertal, and retum te the Musmace asuth, e oharging is sarvted
out altermately during tve revermal Poret iens,

e diosharging of the Liae frem otk shafts 1o SOMA LN,

e seoling oir is biewm 1nts both shefte simultancously fren the
Sotten,
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Ay B Kilu gheftr

3. Pixed lover seciion of threat

2. Lifting and 1otziing revereing bell
Cover plate for 1
Inlet port for air amd materials sad exit port
for wvast: gases
Intake line for air of combtusmtion
Stack
Nydraulic cylinier feor 2
Commecting piece to stosk
Feed hopper
Drop tottoms eof 1)

Al. Weigling bunker

12. 13. Dischargere for 14 ani 1%

14. 15. Limcstome ccrtainers

16. Limestonc discharge Waker

u. Joint faces

+ lgenition arch

Supply pipe for eveling air 19. 20, Admisnion pipea for ceoling air
Conmecting dvets betveen 21, 22. Double push truoks for limestone iiachars
A and Q
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11.

)2,
13.

14.

15.
16.
1.
).
19.
0.
2.
2.
23,
4.
2%,

ftnterofcn

Latbmt,

K T

Kiln baee

Celicctane Fovper
Hopper diuciuiige

Inlct Youvr, : feo-
co0ling al1r =r.. g€ un-
dary air of ceabue.ior
Kiln shafe

Reactors for gasiflice-
tien of e1l

Peed pipe for priman oo

Ring main for procucis
Feeu pipes for clemna...
ons

Ring conduit fer civr.:

ae
Scai-gircular coruiy
for carrier .o

Carrier g£a2s ticuer
Rising pire {cr carme:
gan

Space for accuwrulatior
of wocie gsc

Putterfly valve

Vaste ges stec
Carrier gas feci pire
Kiln throat

Charging valve

Del)

\iacte gns suctior durt
Pown pipe for verete pas
Amergericy stark

Salety valve

Yaste gas exriuetep

This example shows & sheft kiln Cired with hawy fuel ofl with § gasification
reRCiore
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Proc rovt arjortant te L orve of tue piln 0 Lo L uten 1 Lot o
atter woebtrer L fued e 0ld or ,us Lae vAlisant creae ol Tnt Ko
ale carburotted anto combuclon iy o cogres, ondin,  Low calorific

vialue widcn el be suppdied directly 1o e Kllile

I, pe,aratc control o volume ani pe.udle O L. ¢ CUBLLLLIOL |, oD
#g well as of e calinuct gases whilcn infiucnce Lie Kiih a4lrog; nere,

4 w.irorm tlow ol paces through the material 1. aclleved,

Thepougsn tne techrique of producing a ccubustion gas of arny uesireu
calorific value, tue process temier.ture can te contpeliicd a.. tre

preduct manufictured witn varisble de,reep of calcination,

Type of fuel t heavy fuel o1l -rnd gua,
Snian Sahiie_aiiee
The momst important feature of this cystew 13 that the fuel 18

sujpplied to the centre of the shaft throug: wateregoeled bLurner

beamna.

By means of this technology it is pessiocle to construct kiln units
preduoing up to 600 tpd., The burner beams of this technology
should be particulariy emphasised since it is their design whicr makes

the setablishment of shafts for such la.ge outjuts per unit possible,

It is, of course, necessary to 0ool the burner veams coutinucusly
a8 particularly the ones situated in tihe upper caleining sone are

exponed io the full reaction tempersture,

T™he gae exit partc are replesed by small buriers when oil is used
o & fuel,

Type of fuel 1 heawvy fuel ¢il and me.
1 23V 0Y)
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Guot 9" ﬁigm

sest's (Manchester) Lirited, Manchester, United Kingdom,

e most importart feature of this o, ster 15 that the neavy fucl
o1i 15 brought to gapifization in (ipe-shayed charmbers by being
sprayed on the wall of the chamber througn a circular rotating nozzle

which extends into the chamber »nd yoints towards its exterior,

The pipe=shaped chambers 'uich are pointing downward at an
inclined angle are heated to the crackirg temperature of the oil

through radiation from the glowing material in the kiln,

Suction in the shaft results in the gases being drawn out of the

gasifioation chambers into the material in the kiln,
Type of fuel : heavy fuel oil

All these kilns have several things in oommon, Some of the features
are similar, nothing is entirely different and the degree of
effioiency of all is high, low the efficiency of & kiln is

oaloulated will be shown in the following notes,

The specific fuel consumption is low and falls between 900 and
1100 kt':.l/h3 depending on the actual efficiency.

The quality of the preducts oorresponds in every respect to the

high requirements demanded because of the sophistiocated processes

whish are contrelled by the most modern measuring and oonirol equipment.

A result of the high degree of automation is that the labour requirement

is extremely low (ome or two men per shift). As is the structure of

’3’/- e
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all of these calcining units similar so0 ic the material required for
their crenstruction, and because of equalized produztion coats the prices

of the kilns are gencrally comparable,

The following graph (pase 37) shows & comparison of the prioes of several
kilns and demonstrates Low the establisning cost of a kiln compares witn

ite daily ouiput,

This comparison establishes the fact that, with complete 1independence
of the price structure of mutually competing products, the purchasing
ooste of all large scale caleining kilns become increasingly favourable
with the rising s;eoific caleining output. This circumstance is in

adverse proportion to the requirements of the developing countries,

BDetter than all prios informetion, which is of no validity when not
confirmed by the manufacturer, is an analytical expansion of standard
prices whereby the price per ton of daily output is shown as a function

of the daily output,

T™he greph shows for instance that the cost of ons of the emamined
kilae with an output of 20 tons per day, here called "x", amounts to @

B

s W 40,000 per ten of lime capacity,

Siailarly, the eeet of o kila predusing 200 tpd as an offect of the

. pestitive influsnee of the daily eutput en the soensny of the erection

0ot will amowmt Vo !

L

= IR 15,000 per ten of lime capesity.

Pren thie it 10 obviens that the deoveleping countries will heve te

depreciate/..
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depreciate high investment corts wher purchasing small kiln units
larger
b cause they only rarely require kiln units for already

ment.ored ard ¥nown reapons,

It hes beer. chown by UNIDO experts in market surveys and assessments
as well as by statistical bureaux of variour povernments that the
upper production limit of required kiln units still lies in most
casges below 20 tons per day. Only 1in scme cases, particularly in
such. countries which require lime as a raw material for industrial

use, are kiln units with a iarger daily output demanced,

The oentre of gravity of the consumption lies in the geographically
widespread construction industry which is occasionally reluotant to
ray high freight rates for lime produced in distant industrial plants

because of an already existing low markst price,

In such countries whers lime is produced in field kilns or by the
similar cottage indusiry, the price of lime Las been fized at such

& level that high depreciation costs cannot be covered,

As only quality requirements are gradually increasing, it is impossidble
to base higher prices of lime produced in highly industrialised plaats
on the higher quality ef the predwet,

Pinally, should the sooial viewreint be considered an impertant

fostor in conneotion with the establishaent of festeries with & high
level of sutput since sush plants operete with & lew dogres of intensive
labewr,

T™hie mny-gided problem has in specific cases been sucesssfully approached
through subjoctive and individual treatment whiech will be deseridbed in
the fellowing chagters, Cortain terms, vhieh agply Ve all types of

xi1na/ees




kilnm, such as eprcific thermal coneumptien, kiln efficienesy and

digeociation depree of the limeutore, anould be espiained,

Me 8- ecific thermal consumptier. i1+ defined as the arount of caleriee
surplied to the kiln within & certain unit of time, divided by the weignt

of juick lime preduced 1n the same unit of time, 1.0,

ke (quie »e

The caleulation of kiln efficiency is LAtOresting o8 & Dasie fer further
calculations particularly in cennection with feagidility etulies or for
sintlar investiment oriemted puPposes, It can be defined 0o the PRbie
betwesn the theorstical heat requirement and the speeifiec Sheranl

consumption and 10 uewally expressed i1n perceniage.

The follewing fasters are used in the ocaleulation 1

Sresifie thermal conomption (heal/hg quicklias)
froe 000 oontont in quickliime (hg G20 fvee)

residusl 00, eentent in Mh(hﬂ')

S—
foster 7.9 o -‘-*-‘.w

wrsevmes 6 - PRSI - =
.n’. (“‘M-l.m!w. .m

Ne diasssiation dagree of the @uichitan o aalouioted a0 Sullame ¢

Siensntatteny/s o




Messsiation dagres (£) m o IO o

« CaC setal - 1,22 OO

—wrner— "

18 may intareat the reepensible goveramert bodice a0 Wil 4 itavesting
banks and the lime predusers thenmives te study & somparioon of the

yreduction costas of one ton of quick lLime weing varisus fusls,

T™his eenperionr: 18 valid fer the Pudesrnl Nejublic of Germeny under the
sorditions provailing befere the 1108 of the ol erists 197)/M and has
Wen cupplensnted by o otudy shown in the foliowing sable, Thie study
ononatreies the fast that the adveantage of utilising the cheaper @il
aleries vill 4ienpponr s the oil price inercanse tewasde, wnd obeve,
‘he lovel of the eshe periee,

A further stuly choua the dovelepmant of Sie prefit wder conditions
of 1nomensing ccle and fusl otl pricss ot various sales priese of e
miok lime,

It Ao olieady slear Wt e intermaticonnl price dovelepment will ohew
S SaBtANuing wpuard SO0ad boeanes of the desrvaniag oil vessrves of the
wedd, iatependent of e present of) ertets,

1% wil), shovefere, B0 n0ceesnry ia cash speeifte cage of & aww
\westasMt, aeoerdiag te the estunl tian end lesetien, te enter inte
congidesniions follentag the doasribed pattern (or othor siniler patterns)
1a ePEeP to aPPive o & Pesliotie end fensible caleulotien,

e clovaly ctovsend REeeeity % give iadividual rentasnt to cash
N0 WS entsonnd wiSh Wis prebien (o aind and oles considering

wooo
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he differences in oumblabi ity of fusl ia \he individunl doveleping
ouURt P00,

Ia o Weet Africon doveleping countoy plans vere mde fur the ansufusture
of 1m0 %o b0 wiiliaed a8 @ Dindiag agent in erdimnsy anrter oo Wil
Sa & mw type of nbldiang blesh,

Pusl oll e mil oo csnl and osnl prefusts, oll of which had %0 W
saperted, had 0 bo Gbavagasdnd as Pwel,

T chondaney of fovente 10 the countey i the sndeavenr ¢ ePuate
aew territeries for eattiomaat Wrengh tefessstatien boought abowt the
sdon of mbing wee of hie wesd, if pessidie ia ite groen stats, &
fusl ia the lies sammiasture.

e foliwing doteh chaue %he eslutien of the prebian,
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Another example 18 worth mentioning because of its completsly opposite

nature,

In a South Bast Asian developing oountry, favoured by an abundancy of
orude o0il, the predominant tendency was {o oonssrvs the forests in order

40 avoid erosion and to inorease the utilisation of oil as a fuel,

The assignment was to design a standard kiln with industrial charectsrie-
tics which oculd be oonstructed in larger numbers, independent of

importation of instruments and equipment parts,

The attached skastch shows that the shaft wall was dssigned as & briok
oonstruetion, Feeding and discharging is performed manually, The
firing is performed by means of an injection system for heavy fwel oil,
and the imjectors are designed in sweh & way that they can be mamufastured
in lesal wethshepe.

An injestien tube installed in the shimmey and fod by & cold fan predused
An the oountry iteelf is woed instead of o cenplicated and sensitive het
one exhanst fan,

!’umotﬂomu:otMcuum-u&lomnr-’ma
hours,

e seet interesting festuse of thie kila i, owever, the inwestasnt
008t por ten of daily predustion congared with the same sest figwre for
the smallest of the conventional kilns dessrided carlier in this mamual,
I¢ amsumte %0 appresimately BN 5,000 per ten of doily predustien ao
opposed %o MR 40,000 por tem of datly predustien,

* m/ooo
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In the first example concerning & wood=fired lime shaft kiln, no special
emphasis could be put on the import free construction of the kiln as at
present no manufacture of etesl parts, machinery or refractories has been
established in the country. The opposite situation influenoed the
planning of the oil-fired standard kiln - described in the second example -
where & kiln which could be manufactured exclusively in the country

iteslf was designed.

The estimated prices are oorrespondingly di:iferent : approximately
BN 300,000 for the wood=fired kiln and DM 50,000 for the oilefired
standard kiln,

There is, of course, mere than 100 difference between the preduction
capagities of the kilns. Thie condition does not, however, have any
signi ficant influence on the final price, For instance, an oilefired
kila constructed according to the demonstrated pattern with two firing
levels and s correspending free shaft diametsr as well as & corresponding
offective shaft may cost more tham the original figure abdeve (DM 50,000)
Wat less than DN 100,000,

These twe emamples prove clearly the individual manner in whieh ths
doveloping countries must be advised, particularly censerning the design
of lime plants, in order te creats realistis projects whioh serve their
partisular purpeses,

e T —_—

The firing is in most cases still perfermed sscerding te the prinsiple
of sounter current which moans that the oolwm of material sinks in the
direstion of the shaft feot while the fire burns in the direction of the
shaft top. The shaft 1o divided inte theee senee whiech, accerding te

their/...
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their functione (etarting from the shaft top and moving in the direction

of the flow of material), are defined as follows i

Pre~heating sone
Piring sone (reaction sons)

Cooling sone

The shaft dimensions, i, e, the effsctive working shaft height and light
shaft dismeter, result from the dssired output per wnit of time wheredy
the height and the diameter must be proportionatsly related to one
another, This proportion is caloulated on ths basis of ths heat transfer
conditions which depend on the time the product spends in the firing sone
a8 woll as on ths particls sise of the line stone feed. Ths firing
temperatures can vary between 850°C and 1200°C depending on the physieal
and chemical properties of the lime stone,

Asouming that a correct choice of the dimensiens of the shaft and the
isdividusl somes has been made, the exhaust gas tempereture will lie
ia the regiom of 200'-300'0 when liguid or gasecus fuels are applied.

The temperature of the lime dissharged at the feet of the shaft sheuld as
anumm.un”c.

The liaiag of the shaft should cerrespend to the prevess tenperetures
which means that a reguler commersial quality of fire clay refresterics
ook bo weed Af the fire is evenly distrituted over the tetal eress
ssetion of the shaft and ne wneonirelladle heat concentrations ecowr,

e alunintiun enide centent of the lining in the firing sene sheuld met
envesd 60, In the pre-heating and eeeling senes fire clay brichs with
30408 sluninium ozide content are nermally fully sstisfastery.

If the aysten functiens wll the lining in the firiag seme sheuld hawe

dooo
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8 life of two to four years depending on the wear caused by the

abrasiveness of the raw material. The life of the lining in the pre-
heating and cooling sones is as & rule twice as long as the lining in
the firing sons, These estimates refer to refractories which comply

with recognised international standards,

5 Lrecans apd @ualitx ceatrel

Control of the firing process,

Acoording to technology a recorder—conirollsr for a high capacity lime

shaft kiln often costs as much as & small semi-mechanised shaft kiln,

The price always depends, of course, on the number of specifio process
variables which must be measured, recorded and controlled,

The measurement of the volume of gases is nermally carried sut by means
of & dotermination of pressure difference socerding to the Jermoulli
oNeTgy eguatien,

The equation fer the flow can be expresesd ae

‘.C“—'

where ¢ Lo & faster vhich depends on the design of & \hretile arrenge-
et in the pipe (masuring diaphragn or & venturi nessle), the dimensien
of the pipe, the dencity of the mediwm and o fow ether variadles.

he whele msasuring squipment for ene flov msasuremsnt nermally consists
of the thretile arrengement, & meamring diaphregn acouretely samufastured
ssosrding to the saleulations of & spesialist, & ring Wlance and seme
asires of plastic tube, The ring dalanee perferms the caloulatien

Wou




according to the above mentioned formila.

liowever, 1f one is willing and able to calculate the pressurs differencs
can be read from a Krell manometer (similar to a U=tube) and the resulting

cost of the instrument for a flow mcasurement is reduced by 60-80%,

It is, of course, also possible to record ths measuring results by wmeans

of a recording ring balance,

Nsasurements of pressirs

As in ths care of volumtiric measurements positive as Wil as negative
pressures can be measured by means of indicating or recording inetruments

as well a8 by simple U=tubes,
Here again it is a question of money as to which instrument is cheeenm,

The necsssity of measuring volume as wll as pressurs is related to the
firing technology, i.s. ths rartiouler kiln in question, However,
under other oircumstances to be desorided belew, cemplicated instrumen~
tation ocan, as a rule, be waived,

Meamuresenta of teassratuce

A moasurement of the process tempereture, called direct measuremsat,
is impossidle due to the diffioulty of plasing a shermecowple in the
firing chamber, All seasurements in the kiln shaft are, therefere,
indirect measurements which means that the the therme ¢lements enly
protrude to & oertain positieon im the kiln lining s thet they cammet
be damaged by the descending lime,

The measurin; results oan be shewn en indicating instrwents or ean Ve
registered on & recorder with oms of severel eoleurs,
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Such types of equipment consiet of compensation ingtruments for
compensation of the variations in the external temperature at the
reference point, as well as eo-called compensation cablis for the

connections between the thermocouples and the instruments,

Regarding the necessity for measurement of temperature, it should be
pointed out that information abcut the temperature in pipes for hot gasen
or in the lining of the firing er sinter sore can warn about super heating
ard consequent damage of material or equipment, A certain minimum of

instrumer.tation should thersfore always be provided,

Buhaiiat gas aialises

It is indispensable during the start-up period of & kila (and later
recommendable at certain intervals) to carry out anslyses of the exhaust

s, The purpose of such an anslyeie is to deteraine @

a) Te 00, content in the exhaust gus whish serves as a contrel

of the efficiensy of the diesocsciation precese;

The 02 content which shows whether the disscciatien process
rane as stoichiometrically as pessible, i.e. with neither too
Mgh ner tee low a prepertien of oembustion air, The
salevlation of the air valwe oemsiste of & multiplication
dmmozmuntm fastor 1,76, the ratie detwesn
he smpgen and the nitregen in the air

T™he 00 content which is & contrel of whether a ecerrestly
choson air faster dees in fact result in complete cembustion;
If required, thltulﬂ‘mmmucto the fuwel
wiilised, in ewder to dotermine whother the cembustible gas
osnpenents have bosa conplotely wtilised in the firing presess,

M/ooo




Very exrensive electrical instrumsntes for ges analyeis which operate
astematicsiiy on & puysical basis are availeble, as well as less expensive

Sutoratic inetrumentas wilch operats on & chemical bamis,

Tre 1importance of Froper maintenance dquring continuous operation 1is

equal for beth tyjes cf inatrumentation,

The so=callod Orsat-apparatue for manual opsration 1s & very satisfectery
riece of equipment for gas anslysie which is indispensable 1in any lime
calecining proceas, provided 1t 1s operated and meintained by trained

personnel,

Whenever & new lime kiln is put i1mto operatien, be it even in the
cmallest plant, it sheuld be done with the co-operation of & spesialiet
who oould &t least adjust the kiln aceerding te the dee)red predustion

capacity by means of an Orsat-apparetue .

The fellewing rules are generelly valid for and agplicable %o any firag
seshnelegy

Raw mterial

™he cshossn granuiemstey should bo lept withia & RAFPEN Fenge sinem
SRy grein which is larger than the otandasd Femaine wnealesnsd 18 ite
SRt aasuning an oqual time of caposure to the tenpesetuse of We
fizing seme. Mg gvain vhioh is Voo amll will, e Whe comiresy, W
et @ Af aet sbatered,

M mterial and fuel

afese e sev matesdal be Mol tate We Bile §¢ chendd b0 weighed or 100

mwmmumuummv
of he kiln, and 1oee of ignitien conctdered. e same applies %o the

Wuo
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fuel s, Lecause of & rnewledge of ite calerific valwe, its quantity is
doleTRINSd by gravimetric oFf velumetPic messurement and must be brought
into sccordance with the quantity of rew meterial in ofder to regulate

the develepmant of hLeat 1n the kiln,

With reference to the chapter abeut the contrel of the firing rrocess
it can be said that good firi:g results can be obtained even without
complicatec measuring and cointrel i1nstrumentation if only the above

mentioned basic rules are obperved, cembined with a minimum of aquipe

ment and know=hew,

Salihc sanizal

A rengn of investigation pessibilitios for detormination of the qualivy
of the quiokliioe ouiet in the sentinmation of the poussbéiities fer
oonirel of the firing Provess ¢oenridbed in the previeous chapters.

e seranl gulity somtrel ensiste of

8) Goterninstion of the residual ecatent of nem=1ibeseted

00, ia the caleined predust
b) éotermtnntion of the G20 comtent
o) remstivity test of the salesnnd pretust,

o  taEnMaAe.al the. 00,.aeatend
hmn,mmx-n«:m ia orer to ovalunte
e firtag precess o8 woll os with & view e the prastiesl wiiliemtien

of the predwst, Mis dotorimtion can b degerided as the fired step
$a the saloulations of She kila officienay and dicssstation daghee
clsealy Goeorided ia & proviess chapter,

400ording %0 ¢ testing procciuse cstabliched iy the Unden of the Gormmn

w"o




Lime Industry (Bundesverband der deutechen Kalkindustrie o.V,), the
water of hydration as well as the residusl ~arbon dioxmide content oan

be determined during one procedure,
The analysis requires |

1 slectrical muffle furnace with s firing range to 1100% and
oquipped with & temperature reading instPrument

1 analytioal balance, accureey 0,01 g

1 desioceter with a drying medium

Various crucibles

Procedure : 5 or 10 g of fimely pewdered quiek lime ie acourately weighed

in & previously weighed orwcible and heated te 3580°0 in the furmese permitiing
tue hours osaking time at this tempereture. M sample is then ollewed

te ooel to reen temperature in the desiccater,

™e wight less te determined by woighing. The result is the content of

water of hydration in the original sanple and ie expreseed Yy the per-
oontage of the sriginal tetal weight,

Aftervards, the same semple is heated %o 1050°C and csabed ot Shie
tonperature for three howre,

m-mammmmmmu,mmxumum
ms-«muw.tunmmmmmun-m
ia the desiceater, N“.mt.o”hhm.t

dohpéreted wbight of the eample.

) Intemnisatien. sl tha fef ssatest

mm«xm.nmsmwmm.mmm
mmm,m..m.utmummm“

om/...




content of the lime, The method of determination consists of the solution
of lime im hydrochleric acid and neutralisation with sedium hydregide, a

so=galled t° tiom,
Thir amalyeis requires |

1 analytical b.lance (as abeve)

2 50 ml burettes

& mumbsr of conical flasks with 500 al velume

1 n hpdrechlerio acid

1 n sodium hpdroxide

phenel phtalein selution (0,1 g per 100 ml ethanel)
distilled water

Prossdure ¢ 1,00 ¢ finely powdered quisk lime, asewretely wighed, is
ained vith 30 al diotilied water in & conical flask, Appresimately
40,00 al 1 a Ndrechloric asid is added frem & Durette and the flask
with it oontents 10 heated to Miling, 100 ml disti liled water is added
after three ninutes of Yolling and the whele minture ccoled dom %0 resn
‘enpereture. )5 drepe of phonel phtslein sslution are then atded and
‘he canple titreted with | & ssdive hgdveshlertde wiil the colour changne
‘o red,

o drep of | » hpdreshlorie asid is afded a0 & oantvel, wheredy the red
coleur should dimppear agnia.

e povesntage of 0ad I 0,88 5o calonioted by the fesmmle |

g o 20 (ea)
where

e = eaown of | n hgtreshleris wid adted (0,05 nl ssownny)
b o anount of | & eodiun hgdrenide added (0,09 al ssousery)
MV oee




°©) Hesetivily tegt of the caleined yrodugt

Rasically tne same equipment is ured for the reactivity tert of the lime,
Thie test 1s required as a safety suarantce by various consumers and is
used furthermore to give information about the rroduct's rate of slaking
or affinity for moisture for the pur-ose of good utilizition of the lime

rnydrating plant, if suct 1s available,

There are several pgraduations between soft-burnt and hard=burrt 1lime
and the safest met: od of determination described in the following is

based on the reaction
Ca (0}1)2 + 2 HCL & c.c12 * u2o

Procedure : 50 g calcined lime of 2=5 mm particle sise is added in one
portion tc 1 litre of water at 4o°c and stirred, A number of drops of
phenol phthalsin 1s added at the same time. A red celour appeurs as the

slaking (formation of Ca \OH)Z) takes place.

4 n hydroshloric acid is then tritrated frem o 500 ml buretts until the
red colour disappears, Additional hydrechleric asid is added at any now
sign of red colouring in such & way that the solutien always remains
colourless, This continues for ten minutes and the consumption of
hydrochleric acid 1s recorded every mimute, The values are entered

into a diagrem on time,

50¢c.oom.mtomuu00n4au1.nm.um-—-
time, extremely hard-burnt 1ime consumss only apprexzimately 20 ml Wi,

™e reactivity of the predust sheuld be of intermediate value as agreed
with the consumer,

IxAraation of ssnles

All amalyses should 3o earried sut on se-ealled reprossntative samples

e
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taken from the production over an extanded jeriod of time, Before the
extraction and weighing of the laboratory sample the individual samples
should be intimately mixed, crushed and then divided into equal parts,
One part of each sample should then he mixed once more and the sample for

analysis should only be taken from this representative mixture,

6 Pulalive cost

It seems to be difficult to extract some valid basic factors from the
previous chapters on which the example of a calculation of production

costs can be based,

This should, however, not keep us from showing the readers the guide as
to how such a calculation ca: be composed so that they may be able to
perform the calculation themsslves, using the individusl ocoet figures

relevant to the actual conditions.

T™e fellewing emample is based on a manufacture of 14,000 tonnes of lime
per yoar,

The present sales price of quiek lime in Germany (1973/74) is approm-
imately BN 70,00 per tem. A further analysis of the profitability
based en this sales price and the caloulated production costs would,
however, lead to & false conclusien since the besic factors vary frea

SOURLPY te country,

T™he cmample is based on & 100f utilisstion of the mamufusturing plant,
100 4% is cosumed that the planned yearly predwstion ocapeasity is
resshed and the tetal preduction seld.
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The calculation of the production costr based on German figures lead to

the foilowing result ;

Cost component price per per ton production total costs
unit quantity costs per year DM
- .
A) terial ¢
Lime stone 8,00/t 1,875 15,00 210,000
B) Manufacturing copts
Wages 10,00/h
6 men, 2400 h/year 144,000
Additional cost to
cover leave .m
12,00 168,000
Puel 109,00/t 0,104 11,30 158,200
Elestricity 0,07/ 2) 1,60 22,400

Miscellaneous costs:
consumable stores,
transporation
mainterance and
repair
analyses

sdainistration L0 .0

46,20 646,800
C) Zinahgial ceats

Depreciation 10f
of 1,6 mill DN

(capital investment) 160,000

Interest 0% of 0,8
mill, DN (50€ of the
capital investment) Shef08

5) Zaial acatusiiss sests » G0 70,000

Aafocs
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Az & furt.erl example of a summary putative costing calculation for the

production of burnt lime in & West African developing country, the

following list of putative costings is given ¢

1)  Lime stone from Kompina, france factory Doualas,

hand crushed and sorted

2) Wages for wood=felling and cutting (the wood can be

obtained from the State, free of charge), charging

and discharging as well as transportation fremce

factory Douala
3)  ourrent per kwh
4) wages for a worker per day

Sasta._for.harnt )ise ser tes

limeetene 1730 kg z CPA 1,400
wood 340 kg x CPM 3,000
teshnioal ourrent 40 hg x O 20
wagee ( 2 werkers)

oapital oot

produstiion cents for burmt 1ime por tem

mlon

CPA 3000/te
CPA  1400/to
o 20
e 350
M 422
cm 1000
oM 800
om 100
a8
om 4900
L]




After havin referred in general terms to the application of lime and
dolomite tne present guide deals in the chapter on "MARKET™ with the
craracteristics of the part.cular users who, because of their growing

demand of jquick lime, require an accelerated industrialization and moderne

ization of tne production methois,

The recommendation is made not to over or under estimate the potential
of the market when pianning new investments or expansions aimed at

lucreasing the production capacity,

In view of the importance of tie construction industry which, particularly
in developing countiries, accounts for the majority of the market demand,
special emphasis is placed on describing in detail the fundamental backe
€round of the requirements of this industrisl branch, supported by

figures.

The chapter on "RAW MATERIAL® lists various naturally occuring lime stones

with reference to their performance during the caloination process,

Preotical information oonoerning sample drillings, sample quarrying and
the investigation components of the complete analysis is given in the
chapter on "LINESTONE DEPOSITS™,

The chapter on "QUALITY OF THE RAW RATERIAL® deals with the various
quality requirements of particular users of lime, and it 19 conclusively
demonstrated that even lime for the less demanding censtruction industry
imposes limits on the feasidility of exploitatien of v material with
& large impurity centent,

Lepecially when planning new lime mnufasturing plants the lesatien of the

’1.‘/ [TX]




plant 1n relation tc the main consumers is of great importance as well as
the distance from the quarry to the rmanufacturing plant, The fact that

these conditions should not be uvverlooked even when planning small plants
is deacribed in the chapter, "FHCRLEMS AND ECONOMIC ASHECTS OF TRALSY ORTA~

TION",

In the chapters on "MINING, DRILLING AND BLASTINO'and "EXILOSIVES" an
introduction is given to the rlanning of a quarry and the normal methods
of blasting as well as a comparison of the Yields of the various blasting

methods,

Finally, a mechanical dressing plant for the raw material as well as

sorting is discussed under the title "DRESSING AND STOCKFILING",

A total of eight different kilns are described in the ochapter on "PROCESS
TECHNOLOGY"., This does not mean, however, that any of these technologies

can claim to be better than other technologies not mentioned,

All firing teshnelegies which are not utilising liquid or gaseous fuels
have purpessly been emitted. The ressen for this is that in spite of
the deorease of the crude oil and naturel o8 resources of the world,
the probability of substituting thewe fuels with coal or coke is parti=-
cularly limited in developing countries,

Kilne of the kind already deseribed or enes belonging te similar technel-
ogies are therefere eenstrmted where the merket requiremsnt makes them
feastbhle,

mmwnuwummummu«mmu
the kiln's purchase price in addition 1o the lecal availability of fuwel,

uuuumunmuuﬁume. further greater investment

intentiens/..,




intentions in developing countries are often influenced by the need for

smaller kiln units,

It ia shown in a diagram that the prices of industrial kilns expressed in
terms of investment cost jer ton of daily production caracity can be

four to six times as high for small kiln units as for larger kilns,

Ths result of this collection of observations is that in the absencs of
& ccrresponding range of offers of small, standard shaft kiln units of
simple conetruction but still of advantagecus kiln efficiency, the kiln

suppliers are often replaced by individual engineering efforte,

The independent consulting engineer is required to create & suitadble
production unit tailor-mede to suit all requiremente whers, because of the
Fotscns mentioned above, & etandardised product does not fit inte the structure
of the established economic and industrial system,

T™he same chapter then explaine some technical terms which are of importance
for ths technician as well as for the sslseman and the industrial omomint,
namely specifio thermal consumption, kiln efficiency and disesciatien
degres,

A cowparisen of preduotion coste PeT tonne burned lime wsing variows fuwels
is supplemented by two tablee which show the development of the fwel cests
48 Well as the grees profit at variows ssiee prices wnder the influence
of rising coke and fuel ci) prices,

Two ezamples of individwal design of lime plants in twe develeping
ocowntries with tetally different infre~structures, illustyated | )
shetohes, ferm the final pars of this chapter.

n.ou.m.mmuuﬂw-m-wm
of lime mamufecture in view of the considerable imvestment occets
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necessary and in spite of the very frequent but false asnessments of ite

relative appropriateness and necessity,

The chapter of this title, therefore, describee the most important
procedures and instruments of the recording and control equipment used
for the control of the firing rrocess, ard liste the requiremente in order

of merit,

This chapter aleo mentions the most important and universally valid
pre-requisites for attaining a good quality of calcined product namely,
good control of the particle size of the rew material, and co-ordination
of the rav material foed rate and the fuel input in order to meintain
constant temperature conditions in the kilm,

™he most frequent teets of the ocalcined produwot, i.e, determination of
residual (:02 content and total Cal content, and resotivity test are
descrided wnder the heading "QUALITY CONTROL",

T™e neceseary ladoretory equipment and chemioals as well as the test
procedures are descridbed,

An emample of the caloulation of productiion ceets is finally showm in the
chapier "PUMTIVE COSPINGS”,
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