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forevord

This paper is reproduced in the same terms and form as presented by the
authors, As will be observed, the paper deals largely with modern tecinology
evolved in the advanced countries, The introduction of such methods ir Loth
feasible as well as timely in several developing countries.

However, there are a few oountries in which, it ic believed, suoh mechanized
processes will not be suitable. Accordingly, it is proposed to issue a seoond
part of this Paper, dealing more extensively with the simpler, labour-intensive
methods of manufacturing building lime,

Part IIT of this paper will cover The Winning and Benefioiation of Caloaresus
Materials,

Division of Industrial Techmology
United Nations Industrial Development Organisation
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EREFACE

This paper deais speciiicelly wi'h building lime = its properties, uses,
methods of manufacture, and economi: factors, such ac oosts, involved in its
manufacture. It iz intended {oo* this information will help overseas countries
to develcp their own building 'ime induetry. Due to its high plasticity, water
retention, and bonding power, build ug lime offers so many advantages in construoe~
tion - for mortar, plarter, masonry units, ete., that every country should have
adeqw?te supplies availatle at rassonable cost,

No country, however, should enter the lime business solely to produce
building lime. Lime ir alno a vital chemical and agricultural material, having
a multitude of uses. Thi: has to be emphasized at tne outset, because the type
of plant to be selected will vary, depending on the type of lime 5 be produced,
For example, in the United States of America the majority of building lime is
made from high-purity Jolemitic limestone, but as the uees for dolomitic lime are
not as extensive as highecaloium lime, it may be betier to utilize a high oaloium-
limestone, partiocularly wvhen caleining and hydrating techniques can be adapted %o
enhance the lime's plastio properties,

In addition to structursl lime, other important potential lime uses whioh
developing nation: should consider ares stabilization of olayey soile for low~
cost road base construction, agricultural liming and insectioides, water and
sewage t;reatment, emeliing of ores, manufacture of sanc-lime briek or stabilised
sarthen brick, whitewash, leather tanning, and sugar refining. Lime oan aleo be
used as a major industrial raw material, partieularly in manufacturing steel,
alkalis, calcium carbide, pulp and paper, and aluminum. For these industrial
uses, lime's chemical properties are much more rignificant than its physical
(plastic) properties, .

Although throughout thig baper the main emphasie will be placed on ways to
produce good building lime, the authops will nce' lose might of the Froduction of
satisfaotory lime for the host of other potential uses in the developing natioens.

Necesaari{y, this treatise encompasses only a guideline type of presentation
on building lime; it is not » manual on how to build or operate a lime plant,

For more detailed informatio: on these nspects, the peader is referrcd to several

well as to trade Journals such as *Pit and
Quarry" (Chicago, Illinois), "Rock Products" (Chicago, Illinris),
and Gravel" (London, Englend) and "Zement-Kalk-Gips" (

valuable books on the subject, au

"Cemant, Lime
Wiesbaden, Germany).
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W? The principal raw materiu)] for waking 'ime 1p lirecteny, . sedie

mentary rock consisting coiefly of enlciunm carbonate (‘:acci‘,; it may alo0 be made,

however, from dolomitic }imestene (¥:1ch aloo containg Rragnesium corbenate), and

from chalk, marble and marine rhalle. After crushing and ‘oreenins, the clean
caloareous material is caleined in kiins at about ELX,}{*GE} iriving off eurbon

dioxide (cci,). forming quicklire (CaC), Pollowing cooling, this product ean be

used direotly ac building lime (after slaking on the 1o0) and many cther purposes

or it can be hydrated at the plant through the ddition of sufficiont water to

form caloium hydroxide (f}s(&%)?}; This sooond predust can alse b uped for building
purposes, as we.l as for many Stﬁ@ uBeu,

REARL.CF LANR - It has been surmised that lime was firet discoversd during the
latter part of the Stone Age, bLafore recorded hiatory, Ome popular and eredible
theory 15 that primitive man, who had previously learmed to use wtone to oometrue.
orude shelters, make tools and weapons, and 1o confine hie fires, “stumbled en®
lime by ohance. Blooks or elabe of limestone empioyed in building his orude fire-
Places were calcined into lime (at least partially) by the heat from his fires,
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Later, rain caused the lime to hydrate (slake) into a plastio-lixe putty, resulting

in disintegration of the original limentone, ‘heu this plastic pulty wac ueed
"neat®, or orudely mixed with a sandy soil, he feund that ite adhesive, plastioc
qualities were useful in bedding units o. utone sogether securely into nonelithio-
1ike walle, representing poseibly the earliest farme of masonry. \l'o, he round
that when this wet plastic twos wac spread over the roug: surface of 1 poek
assemblage that, after drying; .t adhered ell and fopmed relatively amoo.h
surface; thus, plastering was protaciy riret oconcejved, Consequently, lime is
one gf the cldest inorgunie buildin,; materialer, only antedatad by stone nnd mud,

Its firet recorded use wae in the construction of the Leyptian pyruride,
about 4000 B,C., as a mortar material.  Archaeologirts havo doourentod sther
ancient applications of lime in the form of piecst of twowguat line plontop
oontaining hair, which wos used asp a backing; the plaster wis wiearthed from the
ruins of the Palace of Tuourys in Crete, built abeut 1170 1.0, “rom tae Cretar
civilisation, it spread to the Groek era of Homer and from there te the ‘toman:,



™ MG, 0/

f e

Lime ir cited in sever:l panseges of the Old Testament, and the Great Jali of
China was largely laid with lime mortar., However, it was really the Romans who

fully developed and exploited lire s astructural uses,

Before Chrint, a wilitary rngincer under Julius Caesar - Vitruvius - wrote
npecifications on lime quality and its u.es for mortar, plaster and road construo-
tion, During this period, lime ranufacture must have flourished in many parts of
Rome, and even in some of its outlying semi-civilized territorial possessions,
Proof that the Romanc introduced it during their oocupation of Ingland is found in
some old Roman ruins (100-200 A.D,).  However, probably the most significant Roman
development with lime was their discovery that a mixture of quicklime, voloanic ash
and suggregate would hurden under water and develop higher strength than a straight
lime~sand moprtar,  This hydraulic or pozzolanic characteristic, imparted by lime
and voloanic ash, led to the de - alopmen. of so-called "Roman cement" or 1ime=
pongolans (artificial highly hydraulic lime). This earliest form of cement was
mixed with coarsc and fine agaregates to yield a crude type of conorete for slabs,
pavements, piers, jetties, and also (wish sand alone) for mortar. Thus, the
renowned Appian Way oontained lime in three of its four courses (36" total pavement
thiokness),

With the fall of the Roman Empire, mrch of this technology was loat to mankind,
and conntruetion deteriorated badly in tne ensuing Dark Ages, However, a surpris-
ing amount of the old Roman ecifices that incorporated lime mortar and lime-
poszolan mixtures, and which eluued the ravages of the Hun and Vandal, endured for
Bany centuries, some even up to the 20th cantury, weather-heaten, but still
struoturally seuid, providing mute testimony to itc durability,

With the Middle Ager and Renaissance periods, its use as pure and hydreulio
(impure) iimes or lime-pozzolan mixturee was revived., In fact, until the latter
part of the !19th century, when portland cement wos first introduced, these
materiale comprised the 8Bl available cementitious materials, at leaat for
exterior uses Consequently because of this prehistoric heritage, and the fact
that limestone, the rav material for lime, ocoura at least to some extent in nearly
every country in the world, it iz not surprieing that lime in varying degrees is
(and hae been) used over tie last hundred yeazre for building construotion in all

developed and most developing countries,

|




QOther Lime Uses -~ Although !ime's first hictorical applications were for construc=-
tion, its alkaline nature and certair useful chemicul propertice gradually led a
myriad of other functions, largely identified with the inductrial revolution and
the 20th'oentury creation of vast chemical process industries. iu a result, in
the United States, “anad' , Japan and the most industrialized Duropeun nations, a
greater tonnage of lime is curiently employed as a chemical alkali (czleium oxide
or hydroxide or caloium-magnesium oxide or hydroxide) than ac buildinz lime. Its
mos¥ important chemioal applications are for fluxing (purifying) steel in open
hearth and oxygen converter furnaces; as a causticization agent in suifnte paper
pulp, aluminum, and olkali chemicals manufacture (soda ash and caustic voda ), to
make calcium carbide (an important source of acetylene), to aseis{ in the
peneficiation of non-ferrous ores, and to make the important intermediate, magnestia
for megnesium metal manufacture; to purify water by ooagulation.and sterilization,
to soften potable and industrial process water; in beet and cane sugéf rcfining
for neutralization of aoide in many chemical processes, fof industrial trade waste
treatment; to manufacture autoolaved calcium silicate building products (brick,
blook, and insulation, in which lime reamots with silica to form oalcium silicates,
strong cementing oompounde); de-hairing hides in leather tanning; and many other
lesser funotions. A large new use in soil stabilization, called "lime stabiliza-
tion” (in road base and sub-base construction) haz been developed in the United
States since VYorld War II, and is spreading gradually to other countries throughout
the worlde There is also extensive use of ground quicklime and hydrated lime for
agrioultural liming of soils, although the predominant liming material is pulverized
limestone,

MRes of Line - Besides comprising quick and hydrated types, lime is also classi-
fied according to its ohemical somposition, particularly with respect to ite
relative proportion of oaloium and magnesium oxides (CaO and MgO), If the quicke-
lime is ocomposed primerily of Ca0 and oontains less than 5% Mg, it iu further
defined as a high caloium variety; if it ocontains between 5 and 205 g0, it is a
magnesium type; and if the Mg0O oontent is between 20 and 41%, it iz » dolomitic
lime. Calcined dolomite itself has about 537 Ca0 and 427 Mgl. The same
relationship and nomenolature on these basic types of quicklime aluo apply to
hydrated lime,

Table 1 summarizes the above informa*<nn on lime types, and Table .* presentc
typical rangee of chemioal anclyses, including CaO, Mg0O, and the major impuritiec,
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Sommop. ligme

High calcium quioklime
High calcium hydrated lime
liagnesian quicklime
Hydrated magnesian lime
Dolomitioc quicklime
Dolomitic lime monohydrate

Dolemitic hydrated lime

SR
* Contains 5 to 20% Mg0
#*  Contai s 5 to 104 Mg(OH)

Typical Ranges of Chemical Analyses of Limes

Summary of '.imec

ks

2

Cal 92,00 - 98,00
Mg0 0630 = 3,00
S‘AO2 0,20 = 2,50
F'0203 0410 - 0,50
A1203 0.10 = 0,70
002 0e50 = 3,00
803 0.01 - 0,10
P Trace - 0,05

lable

v

Calcium Oxide

Caloium Hydroxide

Caloium Oxide

Calcium Hydroxide

Calcium, tagnesium Oxide

Calcium Hydroxide,

liagnesium Oxide

Caleium, Magnesium

Hydroxide

dakle Ml

76.00 - 92,00
5000 - 20.00

0s25 =
0s10 =
0610 =
0450 -
0,01
Trace

3400
0450
1,00
3.00
0,10
0.05

ey
Cal

Ca('i)i'i),‘2
Cal *
Ca(GH)z #
Cal o Tig0

,%'0 . 0&(0!()2 bl

chioﬁ)e . HU(GS)E

Crer, ]

54,00 - 65,00
30,00 - 41,00
0,10 = 2,50
0,05 = 0,%
0,10 = 1,00
0025 = 2,00

0,01 « 0,10
Trace = 0,05
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W - As disocussed ecarlier, W rmay te oithier tae gule: or

hydrated type; it may ..180 be high=ocalcium, mesmesian, or dolomitic, However,

the use of thim term might ve restricted locally te the hydrated type: 1y some
areas or countries where only hydrated line i cipltoyed for consirustion purposes,
T™e only possible dietinguishing characteristic o1 ouilding iime ir thet e putty
produced from it has high rlasticity and water retentivity, two physical properties
that net all limes, even the purest types, alw.ys possesa. fany building limes
(of relatively high lime assay) may also be employved for many or moet ciemical
user of lime, except whure only one type (high calcium or dolomitic, ete.) is
specificd. Building limes can be freely employed for agricultural liming or

road stabilisation, By the same token, many so-called chemical limes will
qualify as satisfactory to good building limes, On the other hand, wirefined
hydrated limes, like agri}:ultml lime hydrate, or poorly burned quioklimes
generally will not develop adequate plasticity for structural use, _ Consequently,
the term building lime is Lelakiyes dependent largely on the physical properties
of the lime, rather than on its chemical propertiea; and ite quality evaluation is
established empirically by building artisans rather than by laboratory tests,

The above diecourse is definitive for the relatively pure or "fat’ limes with
at least 920 quicklime and 957 total oxides (non-volatile basis); but it doees not
inolude the impure types, called bxdraulic limes of widely varying degrees of
hydraulicity, Unlike the above pure types, hydraulic limes are derived from the
calcination of impure calcitic limestones that contain 8 to 23/ silica and alumina,
largely the former, as impurities, These limes will develop greater strength and
set faster than "fat" limes, but generally they do not possess as much plasticity
or water retentive qualities, ihen pure limes are gauged vith a small amount of
portland cement (20 to 40/ of the lime by volume), they will at least equal and
usually exceed the strength and rate of set of the hydraulic limes, Also, unlike
the pure building limes, the hydraulic types can only be employed for structural
purposes; there is virtually no other po;sible application. As a result, they
do not offer as much marketing versatility as the pure limes.

The oonsensus of opinion is about divided on whether hydraulic lime is a type
of building lime or not., 1In the United States it is not rezarded as such, but in
some Buropean countries. like France and Cermany, it is connidered a: a megment of
the building lime family, Certainly those hydraulic lime manufacturers vho blend
it with portland cement and/or pozzolans should not be rogarded as building lime
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producers becau.e of the propPictary caaracter of their material. A common
clagsification of hydraulic iimes 1o as followng weakly hydraulio, moderately

hydraulic, and eminant!l: (or hizhly) hydraulic,

Since (¢ term “hullding Jime' 1 often rnot sufficiently definitive, more
specific terms are cemnloyes Jor more preeise delineation, liany of these terms
are repctit.ous and overlapping. The folloving are in common uge und zre
described briefly:

w iy o special, premium~priced form of highly hydrated dolomitic
lime, largely utilized for structursl purpescs, that nae been hydreted under
pressure in an uutoclove, It develops plasiicity quickly vithout soaking and oan
be introduced as a dry powder directly into the mixer with the other mortar
ingredients,

SLLigg connoter 2 nure lime, quieck or hydrated, that yields a plastic
("fat”) putty or mortar, distinguishinz it from an impure or hydraulis type or
other limes of inferior plasticity.

W is a hydrated lime used exprecsly for tne finish coat in
plaster or stucco. It usuaily is a special, "ighly refined type of hydrate that
comands a premium prines It is adaptable for any structural appliocation,

W ic a form of lime hydrate in na wet, plastic naste form that
cont.ins about 20-30/ free vater,

WBR LAES is a physiczl shape of quickiime, 23" to 10% in size, that is
produced from vertical “ilus, It nucst be alaked into a putty and soaked for
16-24 hours Lefore use,

lagon's Jime is a hydrated lime uced in moptar for masonry purposes; it may
be highly refined or of ordinury quality.

. JGale ic cynonymous with autoeclaved lime and is the moet common
variety of A&’andeaignate& Type S hydrated iiue,

bebble dimg is a physic:' shape of quickliune, I* to 25" in size, that is
derived from rotary or speciul kilns, or by crushing lump lime,

Dulyerized lime iv o finely ocomminuted quicklime passing 100 through a Ne. 20

mesh sieve and 85-954 through a Ho. 100 mesh “ereens It is made by grinding any

size of quicklime, slaking 1t into a putty, and aging it for 12 vo 24 hours before

use,

- _



Rgﬁy—mggd Lime morior iv o factory-proportioned nxture of line, cand, ani

vatar in nortar form, ready for use in construction, and ir senerally produced .t

central mixing plants, similar to ready-mixed concrete operitions,

W is generally synonymous with highly hydraulic hydrated lime, but it
can also refer to a lime-pozzolan, an artifically compounded mixtura,

Slaked lice is a hyirated form of lime, either a dry powder or putty.

mmm (also called "normal hydrate) is an ASTM designation,

meating certain specified provisions for structural uses,

Jxpe S hydrated lime (21so called "special hydrate) is another ASTI decig=

nation for a specification lime for all structural purposes. It constitutes the
highest general quality for structural hydrated limes, Al1l autoclaved or
pressure hydrated limes are Type S, but some noneautoclaved hydrates also qualify.

Unalaked lige is any form of quicklime,

: v g - Lime may be supplied to the building trades in quite a
mhcr of diverae foma and manners, which are outlined as followss

: ; MAGELIRe may be slaked at the job site in pitu exvavated in
the earth or in large metal drums or tanks, After slaking, the putty ie oured
or aged for one day to a wcek before usey since some aging iz necessary to attain
the desired high plasticity., With some limes tie longer the ocuring period of up
to a week or two, the higher the plasticity, The putty may be used even after
aging for months, providing that it is oovered (to impeue recarbonution) and water
i added to maintain the desired coneistenocy, For best construction results, the
putty should be soreened through at lesst a No, 10 mesh screen (preferably No, 30
mesh) to remove coarse perticles, such as core (uncalcined carbonate forms of
lime) and impurities, primerily silioca.

Dalxerizad qudgklime is also jobmslaked and oured in much the same manner as

above; but because of its fine particle size, eleking is much more rapid and
simpler, and the necessary curing period can usually be shortened.

g : Jyarated lime is soaked overnight or up to 24 hours in order
to yield a pla.ano putty. Vith oertain limes a longer duration of soaking may be
required to obtain the desired plasticitys, After soaking, the putty is then

blended into the mortar mixer with sand and other mortar ingredients as necescary.
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Type ¢ 1: Areaated 1ans nttaine naeboplaataicity quiciily, io 1,=130

minuter, =0 that proloasen coukines to form o putty 1o unnecessary. Consequently,
it ic fed dry 1nto the -ortar muder,
[t

that purchase bulk quic:li~ or hydrate, ucually the former; und o.fter proper

Comoirtary are provided by commercinl centruli-mixing plante

slaking and aging, the pulty is delivered to thc job=site in drume or tan: trucke,
Altematively, it may be wived with cand et the plant and delivered = . canded
lime mortar, ready for use; then, o~ the Job, the rortar ir usually gaured with
portland cement. Similarly, the putty may be used for finish coat rlagter, but ie
usuilly mixed with other proportioned ingredientrs on the job,

LELoRDietary o patent zortars often coniain varying amountr of !ime ulended

with portland ér natural cements andfor pozzol wne that .re Lull 11lled at a lire,
cement, or independert plint in dr; form. Almoct winvariaely such plantc use
bulk commercial hydrnted lime; rather than quicklire, eince it ig - dry process

in which the prepered mort.r is packaged in paper bagu for delivery to the jobesite.
Qiocklime may be employed, Lut it must be “drated into a dry powder inctead of a
putty, and this procesning utep antails more contrel and nore elaborate equipment,

W = Il wer cited earlier that in industrislized countriea,

building lime har cen surpaseed vy chemical lime in tonnage. Yot lime's utility

a8 a structural materi.] oo continued over the years, in apite of countless

architectural vogue:, intresuction of many never buiidang materinls, ond changing
economios - and doubile s alwye will, [¥2 bailldang applications are desaribed
briefly ac followst

W - Lime i owployed az an ineredient in mortar for laying masonry
units - olay brick .nd tile, conorete brick ard block, sand=line bhrick, large
cellular coneretc bloeic und vlabey ~tone, including decorative eut facing stone,

e R

and even glass block. iz use encompaeses all types of exterior and interior
walle as mortar for facing unite and/or back~up in brick vsneer, curtain, load~
bearing, or partition walls,  The original and sinpleet mortar {s 2 aixture of
lime and sand in a volunctiric proportion of one Port lime to three to four parts
wellegraded aands  ‘ireater ultimite maptar rtrength +*nd - much faster setting time
ies obtained by submtituting rorti.:nd ecement for u rortion of the limes Such limee
cement mortars are aipioved in » wide range of proportiore, depending upon temperas
ture, job conditions wmad o-d requirements, of 114115 to 431312 (cement, lime,
sand, respectively, ty voluw),  flovever, provatly the two most frequently used

proportions on an internationn! iasie are (el and Yg2g9,




Slight increasec in ccmpressive and tensile strength of the mortar and in its
setting time are achieved vy the addition or such proven pozzolene (siliceous
materiale) ae volecaniu ach, diatomaccoue earth, iripoii, milic. flour, pulverized
blaet-furmace slag, fly sh, grotad burni cley (also called gurkhi ), and certain
types of finely pulveriz.d sha.e, The e wdditives ure employed usually in lieu
of portland cement in sucl volumetrio ratios ov 2:1 to 1:2 lime¢, pozzolan,
respectively ine desies of roactivity of these pszzolons with lime and the
optimum proportions to he used oan be deierumined empirically or by tects,

The greatest valums of lime in mertas is the high degrec of plasticity that it
imparts, The other mortsr maiamiale contribuic little or nothing to plasticity,
Yhen a morter is vory plastic, the meson's productivity is increased, ac the
moPtar is more workible and spreads mor: sasily, thus facilitating the embeddins
of the blocks. lMoieover, iha watertighiness of the masonry ie markedly improved,
Mortar joints are muol more completely filled than with hareh-working mortars, and
¢ more intimate extent of hond is achievad 2t the mortar-block interface, thus
rendering the walls impervious to driving rains. The bond strength is further
enhanced by tlc aihesiveness of lime in contuot with the blooke and ite high
walsr retentive property, that resizts the moistur> suction of the masonry blocks.
Lime oontributes i1 modesy amount of strength to moriar Ly carbonating through
absorptio. ! carbon dioxice from the atmospheres ‘hen pozzolene are used,
furthes atrength is gained by lime reaoting wish the availsble silica present,
forming oomplex caleium sflicates. Hevever, fcr most masonry purposes and except
for special oircume*ances, sich us abnoraally hiavy loads or below-grade construce
tion, Ligh sirength in morier is annece: sary, -nd sometimes even undesirable,

The low 1o modest coupressive s.rengthe, ocharacterisiin of high-lime mortars, are
generally oompletely cdequate; «nd the mortarc exhibit a 8light degreec of
resilience, in ocontras*t to the very hard and rigid, but brittle mortars of high
portland cement oontent that arc prone to vart (break bond) at the mortar-block
interface.

Plagter - Closely related to the use of lime in masonry is established usage
as an importaut comnonent for intezisr and cyterier plaster. Again, the lime is
generally employed in a wei; plastic sanded mortar, either in proportions similar
to the masonry mortars previcusly described or with other modificationse.  All
plastes is applied in at least two sceto and usually in three coats, tnowm as the
soratoh, brown, and finizh ceais,
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Jor interior plasterings 123 to l:4 (lime -nd cand) mortars are employed in

which hair or fiber is added for extra reinforcement. Such plaster setc extremely
slowly, and to accelerate the set, carbon dioxide it introduced into the atmosphere
from salamanders or oil hurners to hasten the carbonation of the Timc, In gypsum-
sanded plaster it may be admixea with the gypsum to improve plasticity of the base-
coat (scratch and brown coats), but it is more commonly used in recent years ae the
finish coat, neat or with sand, in which vurying amounts of gypsum, sauging plaster
or keene's cement arc often added to accelerate tie set of the finish coat, Other
countries employ standord lime-cement morturs, cuch ac 13136 and 1:2:) for interior
plastering, There is a good deal of variation throughout the world in plaster
composition and practices and in the type of pluster backing that is employed. 1In
some countries all walls are lathed and often furred out from the wall; 4in others
the plaster is applied directly to the masonry wall, providing the wall posseasses
adequate porosity and is cored or contuins enough irregularities to develop a
strong keying action, Llaths employed are wood, metal (of different gauze), and
gypsum "rock" lath (wallboard type).

For exterior plastering (which is nlso called stucco or rendering in some
countries), the composition of materials is limited to sanded mixturos of lime and
ocement in varying proportions. Gypsum cannot be employede  The mortar proportions
are very similar to thoce used in masonry, except that they tend to oontain slightly
more sand, eeg- 2 ratio of one pert lime and cement to four to five parts sand or
lightweight aggregate. Both two- and three-coats are employed, but generally the
coats are slightly thicker than for interior use. Such plaster is applied with a
smooth surface or with various types of textured, mottled or roughened finish

ocoatas, often achieved by the addition of coarse aggregate to the final finish coat
(pebble~dash finish),

W - There has been a omall, sporadic usec of pure lime hydrate as a
5 to 10% additive to the portland cement content of concrete.  Itas virtuee for
ooncrete are claimed to ve improved workability, iucreased density (because of ite
mioron size partioles), and mduétion of segregation (honeyoombing).
concrete mixes or where high strenth concrete

In lean
is not necessary, it hias served aa
a cement saver, with or without pozzolan edditives, or ar 4 means of produoing
so~called "lioman Cement®,
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Building produsts - lime can be used to maie three types of masonry unitss
autoclaved ccncrete blocks, calcium silicate (cand=-lime) brick ind b oc: ; and crude

adobe-like brioks The calcium silicate products are made with 7-8 lino, gradod
sand, and finc silica,

The adobe-~type unitc are made in small primitive plants or even at the Jjob
site. Generally, 5-67 of dry hyd ated lime is admixed thoroughly with certain
pulverized plastic clays or loams that are devoid of organic matter, Ucter is
added up to the optimum moisture content and mixed in intimately. ‘Mhe pixture is
fed into molds and compacted by ramming or tampings The ‘green bric.c thus
formed are permitted to owre for two to three weeks, during which tine they gain
considerable strength (magnitude of 150-300 peseis compreassive strength, whioh is
five to ten times greater than ordinary sun-dried clay brick)s Admittedly, such
unite are definitely inferior in quality to specilication-controlled f:wfory—
produced burnt olay brick, ooncrete block, or caloium cilicate unite, but nay
prove 10 be adequate in dry, wamm olimates for low=cost construction where economy
is the keynote.

. siAkilisation - 'I‘here are ourrently many burgeoning application. for
lime in etabtlization of clayey soils for base construction, Its efi icacy has
been clearly proven in the United Stutes, having been used in the construction of
every oonceivable type of highvay, including about 1000 miles of intu'stnte con=-
struction in fifteen states and involving a wide variety of climates and s0il
types. Off-highway uses are also developing, including airport runwayn and
taxiways, parking lots, hard stands for heavy military and construction equi pment,
temporary acoess or oonstruction roads, stabilized foundations for building
oonstruction, and reilroed subgrades, GOenerally, 3 to 5% of hydrated lime by
weight, with water added to reach at least the optimum moisture content, is mixed
into the soils with mechanical equipment, ranging from disc harrows to rotary
mixers. This lime addition eorresponds to 15-25 lbs, of lime per square yard
per 6 in. of depth, or about 100-150 tons per mile of road. After curing a few
days, the lime-soil mixture is mechanically compacted t0 maximum practical or
Bmifﬁd density, such as 90 to 100% Proctor dénsity.y After further moist
curing for one to five days, depending on job conditions, a succescive layer, such
as base course material or paviug surface, is appliied,

l/ 100% Proctor density is the maximum compaction possilble with th:t material,
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The lime reacts slowly with the available silica in the soil, forming calcium
silicates that exert a bLinding or cementing action, Only cl ys, loame and most
siltc that contain lees than 5% organic matter will react with lime ii, this manner.
Sandy soils are unreactive unless a pozzolanic additive is also introduced. The
lime greatly reduces the plasticity index of the soil by increasing its plastio
limit and deoreasing its liquid limit. Through a base exchange mechaniem the
caloium ions from the lime displace the sodium, potassium, or hydrogen ions in the
80il and alter the physiocal character of the scil by aggzlomerating the fine clay
particles into silt and sand sizes, As a result, the lime-treated soil possesses
little or no swell or shrinkage tendencies, Construotion is greatly expedited
during or after grading, since lime will quickly dry up a ratureted subegrade, and
after compaction the lime-treated sub-grade is rel.tively impervious to subsequent
downpours, pemitting construction to proceed with minimum delay.
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To give a clear understanding of building lime, the raw mcteri:l frew whieh
it is derived, its method of manufacture, and it utiligatism, 1t ic desirable to
re-state the principal chemical and phyeical propertics of lime,

Chomical Pronarties - Both quick and hydrated lime are reasonably stable
compounds., Up to almost any ocommonly=-attainablc temperature, tuicklime is
completely stable, but hydrated lime will decompose and revert back to quioklime
at about 540°C (or about 490°C for dolomitic hydrate). Quioklime's main vulmere
abllity is water; even moisture in the air ocnuses destabilisation by slakirg the
oxide to its hydroxide form. Highly reactive quioklimes will hydrute with
explosive violenoce. Comsequently, quicklime ir a desiccant. In a sense,
however, hydrated lime is more stable than quioklime, since water does not affect
ite chemi.al comstitution, Yet, lime hydrato is most vulneraile to carbon
dioxide, and will usually carbonete rapidly by absorption of 902 from the atace-
phere, thus reconverting the hydmte bdack to the chemical ocomposi*ion of ite
limestone antecedent, This largely explaine it: hardeming action in mortcr;
even the 0,03% 0O, in the atmesphere is readily absorbed,

Both quicklime and hydrated lime behave :s reuctive chemicals when in contaot
with acids, effecting neutralisation that yields ocaleius and magnesium) saltc,
In this role they are strong alkalis. They will absorb and ncutralise most acid
geses and will resot chemically with silica and alumina under certain moint
oonditions, with temperature, pressure, and o mpaction acting is acoeleratora,
It will readily convert other carbonates into hydroxides, Minute amounts
added to water will inorease the pHl of the w~irr sharply up to 12,5, thus
providing sterilisation action agninst bacter: .,

- Quiocklime i2 generslly whits in oolour irn varying degrees of

tntauiy. é' upon its purity. Invariably, the purest types are the

vhitesti; less pure or improperly ocaloined tynes may possess an ash gray, buff
or yellowish oolour, Quickline is generelly ruoh whiter than its limeetone
antecedent. Similarly, hydrated lime is characterized by 2 high degree of
vhiteness and is also invariably whiter than its cuicklime parent, Impure types
will possess s faint gray cast., IMinute dark flecks that oocur in the "snow"
white hydrate are usually silica. For Luilding lime, usually . high degree of
vhiteness is desirable and aesthetically essentisi for finish cont placter work.
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Joth quicklime rwd the hydrate possese 2 (alnt, but distinctive, musty or

"aarthy" odor that ic dif., ult to define but in inoffensive.

Both of theve form: of lime are crystalline, lith some limes the crysials
are 30 mirute that the limc appeares to be amorvhous, but high-powered mioroscopy
reveals them to be cryptocryctalline. In ot.er limes the crystals are visually
relatively coarse, ‘mieikline crysials are cubic, whereas hydrated limes are in

the hexagonal system,

The porogity of guicklime varies Metween > and AC: depending upon the
oryctallinity of its porent limestone and the calcination oonditions.

The gpggific grayjty of -« pure high-calcium quicklime is 3.34, but such a
value presupposer zero porosity, a oondition that is unattainable in manufaoture,
Impurities will affect this theoretical value slizhtly; dolomitic values will
range slightly higher - up to 349 to 3.6  The gppargnt specific gravity of
quicklimes ranges between 1.6 and 2,3, Values for ohalk limes are less. True
specifie gravities for commercial hydrated liues will range as followss

Highecalcium 2.3 to 2.4
Hirhly-hydrated dolomitioe 2ed t0 246
Normal-hydrated dolomitic 2T to 2.9

The high value for the normal dolemitic hydrate is attributable to its high
peroantage of unhydrated oxide,

T™e bulk dongity of quicklimee varies beiween 43 and 70 1b./0u.ft., partially
dependent upon the physical size of the particles. Similarly, values for
hydrates vary cotween 25 and 40 1b,/cu.ft., lorgely dependent upon the degree of
entrapped air that these flulfy rutcriale containe Values for dolomitic grades
average 3 $0 5 hicher than for high-caloium types,

In handnegp quiciline lies between 2 and 3 on the Moh's scale; dolomitio
lime i3 generanlly slightly harder than high=calcium lime, Values for lime
hydrate are similar,

T™he galiing BRiBts of rure Cal and HgO are 2570°C and 28000!3, respectively.




In/ag, oy
Fama 73

The gpecific heats of limes are shown in "ig. 1 and range as follows,
depending upon temperatures

High caleium  C,17 o C.32
Dolomitic 0,135 to 0,319
1ig0 0.195 to 0.216

The gngle of repose varies considerably, particularly with hydrates, because
of their propensity for absorbing an electrostatic charge; however, 50° to ‘350 for

pebble quioklime is an average value, and for lime hydrate it averages rbout 70°.

The W of pure forms of calcium and magnesium hydroxide ares

03(03)2 15,300 cal./g. mol, or
27,500 B.T,U./1b, mol,

h@(ou)z 8000 to 10,000 cale/g. mol, or
14,40 to 18 000 B.TsU,/1b. mol,

Hsat 8L gelution for high calcium hydrates approximates 2790 cals/mol, at
18°C; the values for dolomitio hydrates are 30 to 40% lower,

The golubility of 100% caloium hydrate is 1433 g Ca0/1 (0,133%) of saturated
solution at 10 C so that it might be characterized as slightly soluble, 'This
value decreases steadily and sharply with increase in temperature, ae Fig, 2
depicte, The presence of most extraneous soluble salts, down to fractional
percentages, inoreases the solubility of lime in varying amounts. llowever, the
presence of even traces of a'lkalis depresses its solubility markedly, Such
soluble organics as sugar inorease its solubility many-fold, Dolomitic hydrate
is usually slightly lecs soluble than high calcium; Hg(OH),‘, is almost insoluble,
about 100 times less soluble than Ca(OH),.

Dlagiigity - However, the mopt significant property of lime for structurel purposes
is ite rheology, speeifiaally ite degree of plagtiojty when mixed with water into

a moldable putty or a sa.ndod mortsar., All producers of building lime oontinually
strive for uniform and maximum plasticity, regardless of whether they sell quick=-
lime or hydrated lime to the building trades, since limes of poor or inconsistent
plasticity are not as saleable., Acstually, nearly all limes possess some degree
of plastioity, but its usefulness to the building mason can be greatly enhanced by
even seemingly modest improvements in plasticity. In fact, many builders will
pay 10 to 20% more for a highly plastic lime than for one of moderate placticity.
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Figure 1

Lpec.tic heats for calecium oxide, magnesium oxide
and Dolomitic quicklime
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So there is a definite profit stimulus in striving for high placticity, cince such
limes can be produced at little or no addition.l cost. A gencral ouservation here
is that the use of lime in construction frequently declines vhen only limest of
indifferent plasticiiy are procurable; builders will simply switch to other

construction methods and materials that do not require lime.

The major obstacle confronting the manufacturer in quality control of
plagtioity is the lack of a universally accepted, foolproof, and reproducible
method for measuring plastiocity. In the United States and Canada, thc ‘diley
Plastioimeter test, described in A3TM specification C 110, is generally employed
and accepted, although it possesses some limitutions, because ol questionable
reproducibility and its intiricate, time-consuming nature. Thic test simulates
the application of lime putty plaster finish coat to an absorptive bascs Yet oven
oritios of this test will (although reluctantl;) usec and acoept it as being the
most realistic test yet propounded. This test is rarely employed in Durope and
other countries, and is never used as a specification requirement. But in North
Amerioca, the United States Government and the American Society for Testing and
Materials will require a minimum plasticity-irdex value of 200 by the prescribed
Emley test in some of their structural lime materials spacifications.

In the United States, Emley plasticity vulues of over 5C0 have been reported,
but generally a lime hydrate or quicklime putiy that possesses a value of 20C is
oonsidered quite satisfactorily plastic for all structural purposes. . Values as
low as 80 to 90 for hydrates have been reported, but such limes would possess no
saleability in North Amevrica. Generally, Buropeen hydrated limes have leas

iplutieity than American hydrates. In 3pite of this, in some sountries (for
example, Germany, Austria end certain East Puropecn countries), there is propor-
tionately a much greater consumption of lime pep capita than in the United itates.
Plastioity index values of 100 to 150 generally prevail, which would be regarded
in quality as unsaleable or submarginal in the United States. This niomaly can
only be explained by the greater promotional erfort of the lime industries of
thess oountries, and either a chortage of other tuilding materiale or wenk sales
effort by the competing hbuilding material producers. The quicklime putty used in
most countries, if adequately cured, will possess higher average plasticity than the

-dry hydretee, .soaked .or unsoaked, and will attain plasticity values of 200 or more.
Hydrates derived from come quicklimes appear to be inheremtly of inforior
plasticity, yet the slalked and aged putties from these same quickline: vill often
be of superior plasticity. Thus, a lime manufacturer hac two opportunities for




D/4t, 20,1

r ~
FYLCr I f,

producing a saleable huilding lime - as quicklime slaked at the joo-site, or as a
dry hydrated lime. Ideally he should strivc to produce quality products of both
types.

Another laboratory methiod for measuring plasticity is the non-absorbent flow
table method that is uced in the United Kingdon. A trunocated cone of putiy of
atandard prescribed con:irtcnay is placed on ihe {low table, The table is
bumped, and these impactc of the table gradua!ly flatten the cone of mortar. The
number of bumps is recorded when the cone is flattened to three times its original
diameter. In this test the British will require 2 minimum of 10 and 13 for
hydrated lime and quicl:lime putty, respectively, values that would be regarded as
substandard in the United States, A highly plastic lime should be able to under-
go 16 to 24 bumps,

A very simple indicative test (but of questionable reproducibility and
accurecy) is the so-called plotter test. A glob of putty of standard oonsistency
ie placed on a specified thickness of filter paper or blotter and is spread evenly
over the surface with u spatula. The number of strokes roquired before the putty
loees its moisture and "balle up" under the spatuls is a very approximate measure
of plasticity.

An indirect measurement of plasticity of exocellent reproducibility is the
Saker retentivity jest (desuribed in ASTH C 110), This method measures the
ability of a mortar of specific consistency to retain its moisture ageinet artie
ficially imposed moisture suotion. The extent to which a lime mortar resists
this absorptive force und retains its moisture is measured as its percentage of .,
water retentivity, An almost invariable characteristic of a highly plastic lime
is a correspondingly high water-retentive property, It is still controversial
whether these values can be correlated in a precise direct proportional manner,
but a high water retentivity value definitely indioates a high degree of
plastioity, Values us hish as 94% have been reported, Certainmly U5 or higher
would be regarded as satisfactori.y plastic. But some lime mortars vill test as
low as 75%; a ocement mortar will measure only about 60%, so in lime-cement uﬂm;
ag the cement proportion ie increased, the water retentivity value decreaces. ]

Another indirect indication of plasticit, is the Ww,

Actually this test measures quantitatively the imount of sand by volum: that a

given volume of lime can "oarry" withoui becoming oversanded (or the sandecarrying

capacity of a mortar).  Since 1t has been empirically established ior centuries




that the higher the plasticity of lime, the sriater i iis sand-carrying capacity,

a value on the volumetric ratio of lime to san. is revezling as to 1tis de 'rec of
plosticity, as a stardard Ottawa sand is amploy.d. An extrusion energy wachine,
called a plastiometer, is employed which meusurss the pressure exerted in extruding
> oylinder of mortar under confined conditions. If the mortar extrudec easily and
quickly with little pressure, it is ad judged plastic and workable; ir it is harsh
and of low plasticity, it stiifens in the machine and considerabie prescure and time
are neceseary for complete extrusion. As much as 20C p2i pressure hur been
recorded for moriars of poor plasticity, whereas one of high plasticity requires
only 3 to 10 psi. 'Tus, by n process of trial-and-error, the optimum amount of
sand can be determined for a given lime, or the plastometer can be used to compare
two limes using the same sand,

Soundpegs - A structursl lime should be sound and not subject to diusruptive volume
ohange ( shrinkage or expansion) or the disfiguring effect on a plaster surface caused
by pitting and popping. Under certain circumstances in construction, some limes
have caused plaster, particularly the finish coaty to expand and bulge, with ;
failure, resulting in the form of a spalling plaster coat. This is due to the
expansive force of delayed !iydration; such hydrated lime is not completely
hydrated, and contains an appreciable amount of oxides, However, most of these
failures can be attributed to such extenuating circumstances as faulty oconstruction
design and workmanship, since this expansive force is of a low order of magnitude,
An incompletely hydrated lime is not as foolproof or ac trouble-free ns o.e that is
fully hydrated, and consequently a manufacturer should strive to produce o
commercial hydrate that contains no more than %7 unhydrated oxidec. Ihis limit ie
contained in most American specifications., This problem only anplies to dolomitic
and magnesian limes, eince it i the NgO component, not the Ca0, that resists
hydration under atmospheric conditions. Methods for complete or substantial
hydration of dolomitic ~nd magnesian limes are discussed in the chapter on
hydration. A proposed American test to determine the expaneion of a lime oconsists
of subjeoting a lime-cement bar to 295 pei pressure in an autoeclave for one hour,
and then measuring the linear expansion, If tlie expansion exceed: 15, then the
lime would be adjudged unsound. ‘his accelerwted test is regarded 2c unreasonably
harsh, unrealistic, and not easily reproducible; it hss not beer adopted; except
for research purposes,
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The other form of unsourdness ch.r.cterizcd uy pitting und popping is now of
little consequence, duc to irproved milling practices that yield hydrates of more
uniform and finer particlc ize, “fficient air scparation of the hydrate that
remcves most of the llo, 2?00 mesh particles is nearly a guarantee agoinst popping and
pitting, ascuming reasonable workmanship and the absence of -leleterious foreigm
matter in the mixing water and .and. A tediou. l.boratory iest of questionable
value for pitting and popping is contained in 0T specification € 110, This test
is now rarely employed, Instead, » gradation licit of no more tixn 0,54 retained

on the No. 30 mesh sieve snd no more than 157 retuined on the No. 200 mech sieve is

ooncilered an effective srieguard against pitting ond popping. Vith quicklime
putty, somewhat the same ond result is obtaineu by regquiring the user to soreen
off the coarse fractionc frow the putty.

Furity - As a control on the purity of building limes in North Amerioa, meterials
specifications require th-t hydrate contains ot lcast 955 total oxide content
(Ca0+Mg0) on a non-volatile basis and that the carbon dioxide oontent shall mot
exceed 5%, when testea at point of manufacture, or 77 when tested at other locatiens,
Most Buropean structural hydrate specifications are more libaral in varying degrees,
such as a minimum of 90% total oxide content :nd ¢ and 107 CO, content, respeotively,
This is probably due o the fact that wort Buropean limeatcne'deposits ere not as :

pure a# in North Americaj but it also reflectr poorer miiling tcchniques, since
modern air separation, when efficiently applied, effects the removal of much of
the impunties in the form of coarse particles, thiereby elevating the total oxide
content of the hydrate.

With respect to the purity of quicklime ior structural purposes as u slaked
putty, che American standard also ~eqiires n total minimum oxide content of 95,
wich maxima of 5% for total silica, alumina, and iren oxide and 3% of €o,, if

SR T

sanplel at point of manufacture, If sampling oocurs at any other place, the
mavimum allowable CO, content is 10%  Again, Turopean standard: are much more
liberaly, permitting a mininum of 0% total oxi'es (in some cases 857 total oxides
aro even tolerated),

A a generalization, however, the deagree of plasticity (fatnaas) and particle
fineness are frequently in direct proportion to the chemiocal purity of the lime,
as reflected in ite total oxide content,  Som~ arorican hydrates vill assay over

987 total oxides, non-vol..lile baais,




CHAPTMR 111 = JAIUFACTURT CI' ButtDIre ot

To produce a gond tuildits lime having gticfactory plnpt) g

tvy voter retern-
tion, soundnese, etc,, thc manufacturer muz+ ALt oare #ttentior o ol

HiEee

of production, starting with quarrying and /sing through to the mxll;n, 3 ¥
th: hydrate. Althourh thore ir some direrreement on th- exact pracessxn;
raquirements and the desired physicel prop rtice of th. regultant lime to

achieve this end, prenonderant opinior :dierer 1o the tollovir, epiteris
'

1. 2 j on Com: limestoneg nre ot Aifficult to culecive
uniformly and completely- it decrepitates into cnell piacce 1n the kiln
during calcining. Other stons ic too impure* the imruritier, primerily
silica, alumina, and iron, are chemically combinzd with the lime durin; caler-
nation throuwrh & fluxing action. Congecuent): , limestone of ecertain rhysion}
anc chemical properties is a ncceseary requirite for hich plasticity. Purther
elucidation on the cuality of limestone neednd is comtained in chapter 1Y,

. geverity of igr, The limestore should be moft-burned
and of high ehenieal ranctivxtv - not hard-burned or over--burned, with gl gish
reactivity. The depree of recctiviiy is easily obgerved by me.curing the rote

of slaking with vater. Cloe» control over calciration temperature crd its
duration must be exerciwed for ontimup mality. Turther elaboration of thi: f
requisite ir contained in chapter V. |

3. : Aplekin ) of the guicklime
the responsibility for obtainxrr a plaﬁtxc lime 15 trareferred to thc user,
KO%&W!‘, the manufacturer can cerigt the user reatly hy recommending the

"her muictlime is employved, 3

optimum amount of water for sleiing »rd v 4 sravld be applicd, The exact
amourt of water for maximum plasticit-- een orly be estatlished empirically

by tests, and the method of applicatior frequentl: varice with different limes,
If too little water is added, the lime can be ™ _pnud 1f too much water irc
added, "drowming” of the lime car result. In both cases complote hydration

ie impeded and & poor ~uality of putty results, thnt may contain coarse,
rounded and a;plomerated particlig.

In case of commercial hydretion by the lime marufacturer, the amount of
vater to be added is .ust w8 eritical, ar!l ghould be ecarcfully cortrolled,

flaling temperaturee arc also crit.ca! for optimum hydrete auclity.
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In both of the above methods, the hydrate produced immediately after
slaking should be cooled ae rapidly as ie economically possible. This practice
will assist in yielding hydrete particlee of greet fineness and high surface
area that arc invariably fourd in all highly nlastic limes.

4. Nilling of the hydratc, Immediately following hydration, the dry

hydrate should be milled further, preferably vith an air separator, which vill
remove ooarse particles, including almost all + IFo.30 mesh material and some
of the + %0.200 mesh particles. The coarse fractions separated are largely
core (uncalcined limeetone) and impurities that are free or combined with the
lime. Otner supplemental milling practices that enhance plasticity include

various grinding and agplomeratin; techniques which tend to flatten the particles

into laminar shapes.

Fig. ) contains a schematic f1:w chart of an integrated lime operation,
comprising the above four essentials. Fig, 4 shows a more specific flow shest
of a modern medium-sized rotary kiln lime plant. Reference to both charts is
suggested in the following three chapters on limestone preparation, caloinstion,
and hydration,

i
:
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Figure 3}
Simplified flowsheet for lime and limestone products
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Several types of carbonate material may be used to produce lime, but limee~
stone (including dolomitic limestone) is the moet imnortant Other calcareour
raw materials used are marble, chalk, oyster and clam ehells, and coral.

Limestone ocours in abundance throughout the world, and practically every
country has deposits. Yet, not all countries have depostie that are economically
available -~ some are covered with thick overburden, some are rot extensive
enough, or too badly deformed, to exploit, some are located in remete areas,
etc. PFurthermore, not all limestones can be burned into satisfactory lime,
and not all of these stones can be made into food building lime, Consequently,
the starting point for developing lime industry is to find a suitable limestene
with adequate reserves for supporting an economically sound venture. The suitade
ility should be determined by a thorough sxploration rrosrax and with extensive
caleining teste being made.

Vhat propertiss should be sought in the limestone? Piret, the stone should
be exceptionslly pure, containing 957 or mere carbonate content (caleius and
magnesium), It is true that the more impure limeetones can be aads into
hydraulic lime, but these invariably lack the plasticity of the "fat' lime.
Furthermore, s high purity lime vill lend itself %o SEmuSiPUEe chemical and
industrial uses, giving the lime industry a much broader base for development.

Secondly, for Bailding purposes, o high purity dolomitic stone may
offer some sdvenisges over high oaloiue, 1In the U.F ..., over 75" of the building
limes sre dolomitic,

Thirdly, the stone should be denss, finely orystalline, and sufficiently
haed (nos friable) so that it will not bresk down readily during intraplant
transfer, or decrepitate during caleining, This is particularly true with
shaft kilns, which normelly burn stone in a size range of 4" - 10", If fines
are generated during transfer to the kiln and durin; calcining, the even flow
of gases in the kiln is impeded, and improper burning and low fuel efficimncy
result., A further requirement with sheft kilne is that the stone particles
should be reughly cubical in shape, and not elongated, in order to produce
uniform quicklime' this preclwdes the use of thin-bedded limestones.
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1f only modcrately coft rinae is availeile, howcver, malzing the production
of shaft “iln fced Aifficult, then two principael alternatives are availabla: use
of rotarv rilns, vhiclh normalily burn " - . ir. sive c£tone or one of the newer
types of shaft :ilnc vhich re cpecirlly designed to rurn emall stone, e.p.,

the doubla~incline (Germer\) »iln and the multinle-ghefted (Austrian) kiln,

If only eoft limertonc is zvailable, or if the stone dccrepitates during
burning, the Fluo-Tolids Miln could be used for producin; lime, A second possi-
bility is a ew process dcveloped recently in FVev Zealand, usging a mixed feed
of pulveriged limectone and conl, The materials arc interground to a fine
powder, then pelletized, hefore Lurning in a speciel vertical kiln, American
experience pained with the Tluo-Tolide units, involving merble, indicates thet
an excellent building lime car be made.

: cg - limeetone is a consolidated vodimentary rock, pri-
mily ef wine aragfm, gonsisting of calcium and mafmesium carbonates and
impurities auch ae silice, alumica, iron oxide, otc. The principal earbonate
minerals in limeetone are calcite (CeCOB) and dolomite (the double carbonate
Caly (c{)})g,). % third carbonate mineral, araponite, is found only in geologically
recent limestones, particularly those in arid areas.

If the limestone corteine over 9% CaCO., it ie termed high-calcium. It is
& high purity dolom: e if 11 containe over 0':)" of the mineral dolomite (approx-
imetely 41-45" EFC&;B « A ronfc of intermediate megnesian limestones occur in
between, but in the U.5.4. erly hirhecalcium or high-purity dolomitdc limestones
ar¢ used for matins lime, Ir other countries, hovever, irtermediate types
are also burned, some of vhich are used for buildins lime.

iimestores are clessified Iy peolorists into threc ;roups, namely:

1. Autochthonouc (or accretionrry) limestones, thosec chemical bio-
chemical precipitates which rrew in place.

2. Allochthonous (or detrital) limestoncs vhich were mechanically trans-
ported and redeporited.

3}, Metesomatic limestonee, hich were profoundly modified by various
postdepositional ciawnrer (such as replacement by dolomite, silica,
phosphate, etc, ) 8o th.t the oririnal characters are obscured

The first ;roup are formed by direct extraction of calcium and magnesium

carbonate from sec vater M cither orranic or inorranic means, and include
such rock types ac conquira ord challk, Also included ere calcareous tufa end
travertine, vhich are localired chemical precipitetcs from supersaturated

solutions formed in sprin¢e, lier, and caves. The second group, the detrital
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limestones, are composed rrimarily of broken picces of reefrock, and fragmented
and worn siiell end other fossil debris, which may alco contair varyvings amounts
of chemical and biochemical precipitates. 4ll these materialc are current-
sorted and deposited and have the textures and structures of normal clastic
rocks like sandstone and shela. Typical examvles are colitic limestone,
lithographic limestone, and some typee of coquina. After deposition,

thess calcareous materiale ere cradually consolidated into rock by compaction,
crystallizution, and cemer.tagion.

As with all sedimentery rocke, impurities like silica, clay, phosphate,
iron oxide, carbonaceous matter, etc. were often deposited with the calcareoys
material, or were introduced later through secondary replacement, Accordingly,
there are siliceous, cherty, argilleceous, phosphatic, ferrugious, and
agohaltic stones, to name & few. During calcining, these impurities generclly
combine with the celcium, thereby reducing the available 1lime content, but
during hydreting and milling operations, the impuritiee are larpely separateq
out and discarded.

Since calcite and dolomite are the key minerals in limestone, here arc
their principal physical characterigtics.

rhombohedrel form: molecular weight, 100,1; lulk
specific pravity, 2.72¢ hardnese, 2.0 ronerally vhite

rhombohedral form: molecular weight, 104.4° bulk specific
cravity, 2,83 herdness, 3.5 - 4.0° generally vhite, but
often tinted pink or tan,

The above charscterietics sre reflected in the limestore, although the
presence of some impurities mey have a marked effect, particularly on
color, Vhereas most limestones zre generally vhite, slight tracee of
carhonaceous metier nroduce 2 &rey or even blackish appearance: the presence
of iron oxide produces & ten or huff color, occasionally brown or even red:
end dolomite gives a pinkish cast to the stonc.

Textures vary from coarsely crystalline down to microecryetalline or
aphanitic. Bulk density varics from 140-175 1b./cu. Tt., with dolomitic stone
being about 2.57 higher then high-calcium. A noted exception to this is chalk,
a soft, friable, porous limestone coneieting of microskeletons of plant and

enimal organisme, which has 2 lul density of 90-175 1bs, feu. It
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Field Tegte - To cistinfuish limestone from other esimilar sppcaring crystallinc
rocks, the hardnesc tcet io very simple and practical. iimestone, with a hard-
ness of 3, +111 scratch rypsum (H= 2), but not ruerte (H=7). For making come
porisons, a lmife blade har o heardness of 6, # coin J, and the thumb nail,
¢.5. Consequently, n ‘mife blade vill scratch limestone, but a coin or thunb
neil will not. To determi:w the ,resence of crleite or dolomite in a carbonatc
rock, e eimple field tert rith dilute hydroci:loric ecid is vscd. Calcite vill
effervesce stronsly in the ecic, vhereas delomite will effervesce only if the
acid is heated. .. Horber; (Ffweden) has ¢1so developed & steining test to dis-
tinpuish the %10 minerals, involving a 307 solution of Al(HOB)B): caleite vill
become etched and stsined bluz, “hile colomite :il) not be effected.

Other Carbonate Sources for lime - larble, » motcmorphic rock produced by the
reorystallization of limestone ot elevated pressur:s end temperutures, is cleo
ured as a source for lime. The stone closely resembles limestone, althowgh

it is nearly always co~rsely orystalline and usually containe colored streaks
due to the presence of such imnuritiec ag granhite, quarts, tremelite, etc,
Fossile are virtually non-e.istent, having boen destroyed during metaw
morphism: bedding planee arc alro usually contorted.

Oyster shelle end clom chells are aleo uscd &5 & minor sourece for lime.
The shells are usuvally waghed and sized before heing burned in rotery kilns,

Generally, shells are not es mritable for producing building lime as lime~
stone, altiough hirtorically they were used ir coloriezl Americe for buile-
ding purposes,

yrrene limestone - limestone is one of the most common rock types,
occmine thwnphout mort of the vorld. Deposite vere oririnally formed

on the ocean floor, durins each of the five peoloric epas, from Pre«Cambrian
to the present: and .ow, dve to uplift, the limectonc strata underlay much
of the land masses, oven ocourrirs on mountain tona, Some of the limestones
heve chenged little since denesition -« the strata ere etill horisontal,

of hirh chemical purity, cte, Cther limestores, conversely have been altered
freatly oince deposition -« soni: through recretallirzetion to form marble,
throush postdepositional re-locoment by rilice, dolomite, etc., or by

extensive foldirng and favliing Mwring periods of mountein-tuilding,
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The Pre~Cambrian end Cenczoic erac ‘enerally have Yov petential for lime-
slones, even thourl: limectonecs sere formed Jdurin, 4

1082 gaolofic times., 1In
the Pre~Cembrian, for examnle, tie na lority of rocks, are of the complex, cr)s-
talline igneoun and metamornhic types (rranite, schirt, slate, etc.), with
a paucity of limestone. Corerall:, the limestoner that vare formed have
been marbleliged, contair. impuritiee, and arc rreetly folded znd faulted,
nalking quarrying difficult, !ost continente incorporate so-called Pre-

Cambrian shield areen, 1iich vanid ropreegcnt

nerative arers for limestone,

The Cenasoic limestonec tend to be s0c% and frisble, due lercely to their

younger geolosi. age. In addition, they ere (enerally not as pure as the older
Feleosoic formaticns,

w « The first and perhupe most important ster in developing a
mineral operstion, 2..d lime iz no exception, is the proving of the deposit,

This means determining both the Quality and quentity of the limestono present
vhen substantial production is the aim, -8 both are of equal importance in
the economics and feasidbi lity of the plant. No short cute in exploration
are advisable, since even a smell, modern interrated plant involves too
large an investment to be Jeopardiged by an inadequatc exploration study,

A preliminary study should u- made firet of r11 peolorical mepe and
reports available, vhich will delineate the bort potantial areces to begin
the exploration. Preferably & qualified ceologist should be in charge of
the rroject. For acourate analysis it ie desirable to enploy core or churn
drille for obtainin; stone samples: thesc should then be analyzed chemically,
phyeioally, and mineralosically, .f possible.

In determining the quantity of the deposit, the followiiy informetion is
needed: thicknese and lateral o:-tent of deposit, attitude of bude (horimtal,
steeply dipping, folded) and presence of faulting., This may necessitate the
developaent of an acourate €e0losic mep of the denosit
ie the goal,

y 1 lony=~term nlanning

In determining Quelity, a cufficient number of scmples should be obtainod,
both laterally and vertically, vith particulsn attortion being paid to the
occurrence of interbedded shale, sendstone, impure limestone:, ~ud chert beds:
of clay seams, fissures, and pockets* and also of the noscibility of high-
calcium streta €rading laterally into dolomite or other sedimentary rock, The
gpacing of drill holes will ver: with the degrcc of wrifornmity of the deposgit,
laturally, more holos will be needed vhere the reolo;; is comple.,
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A third important consideratior i the aconomic availebility of the depo-
sit. Here the amount of overburden ie criticel, ealso the remoteness of the
location, particularly with reepect to haulare of tr. rav meterial and finished

. product: end, of course, the desree of complexit) of the deposit. Regarding
the latter, if the limestone 1s interbedded with impure strata of shale, atc,,
gselective quarrying or benaficiction may be required- thie muy prove to be
too costly. On the other hand, vhere labor is cheap, hand picking or cobbing
may be a practical eolution. If the depositi is contaminated vith clay,
extensive vashing may be required, vhich aleo may be costly in desert areas
it may be impractical. If the overburden is exceptionally thick, underground
or sidehill minin; may be required, vhich, of course, means hicher stone costs.

Following the reological investigation, the quantity of limestons reserves
oan be determined mathematically. Sirce largc etone suxd lime plant faecilities
represent a bif capital investment, the reserves should be smple for at least
a 25 year operation.

Besides carrying out an extensive exploration program, the prospsctive
lime manufacturer would be well advised to conduct 2 etudy of the burning bee
havior of the limestone involved. This could be done with differential ther
mal analysis, as well as with special laboratory kilne and furnaces. In addi-

G e

t.on, most kiln manufacturers arc prepared to perform more elaborate pilot plant
tests, and some even actual field tests, Shipment of a carload of the crushed
stone to another lime manufacturer for caleination in a commercial kiln would

be most revealing, if this can be arranged. Mot onlr would information be gleaned
on the stone's thermal characteristice hut alsc on vhether the particular tyve

of kiln utilized would be suiteble for the stone in question,
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’I’heon of Caloination - An essential prerequisite to successful lime manufacture
is a practical comprehension of the theory of calcination. Although this is one

of the simplest and most fundamental of all chemical reactions, in practice lime
burning can be surprisingly complex; and often numerous empirical modifications
are necessary for efficient performance., Stated chemically with molecular
weights, this reversible reaction is diagrammed below for both high ealcium and
a true dolomitic lime,

100 56 44
Ca00, (high calcium limestone) + heat &2 Cad (h.o. quicklime) + co,
100 84 56 40 88

Ca00,+ HgCO, (dolomitic limestone) + heat& Cao'ﬁgﬂ (dol.quicklime) + 2c0,

There are three essential factors in the themmal decomposition of limestone,

ls The stone must be heated to the dissociation temperature of the carbon~
ates,

2, This minimum temperature (but practically a higher temperature) must be
maintained for a oertain duration,

3+ The carbon dioxide gas that ie evolved must be rapidly removed,

Zhesmal Degonposition ~ The dissociation temperature of pure caicitic lime-

etone is well established ~ 898°C (1648°F) for 760 mm, Hg. pressure (1 atm,) for
a 100% 7 CO, concentration, With dolomitic and magnesian iimestone, however, thers i
is no general agreement on the exact values. Their Mgco component dissociates
at a much lower temperature than Caco3. but values reportod range between 500 to
750° Cy contingent upon the crystal size in the stone, the coarse crystalline
types requiring the higher range of temperature and the dense, fine~grained the
least, Complicating this value further is the widely varying percentages of Mgco
that oocour in the stone - from 5 to 454, A good average value for a dolomitic
stone would be 7?5 C at one atm. pressure, but initial surface dissociation will
usually commence at about 100°C less than this. Of course, the Ca(!O3 component
of these stones does not dissociate until the above higher dissociation point is
reached., Thus, dissociation of these stones is » two-stage phcnomenon.

Fige 5 illustrates how changes in pressure and Cogconcentration will alter

the above dissociation point for Cacos. At fractional atmospheric pressures, the
dissociation point ie less, and at pressures greater than one atmosphere, it is
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mcres  This same proportionate relationship applies to those 1i. :stonce containing
i«]g(‘,Oy If tue temperature and 002 pressure arc in equilibrium, regardless of
their values, dissociation is static. But if there is a minute change in one of
these variables, such as a decrease in 002 pressure and concentration or an ine
crease in temperature, dissociation immediately proceeds with the evolution of

002 gas and the simultanecus formation of oxides.

It is obvious from the above that caleination of dolomitic and magnesian
stone is more complicated than with the high-calcium type. 'ith the fomer typos,
in order to calcine the 05093, the tigC03 is necessarily hard-burmed. The objec-
tive is to minimize thic hard-burming 'y discharging and cooling the lime as
quickly as possible after the 03003 oonstituent calcines.

At calcination temperatures of 1700 to 2450°F, dissocistion of the limestons
proceeds gradually inward from the outside surface of the stone particle, like a
"growing” vemeer or shell. However, for dissociation to penetrate into the in-
terior of the stone pobble or lump, kiln Semperatures considerably higher than
the dissooiation point are often necessary. Generally for a fixed duration of
calcination, the larger the diameter of a lump of ,stone, the higher is the re-
quired temperature to calcine the center of the particle, The reason is that the
002 gas %o be expclled has a longer distance to travel, and often considerable
internal pressure is exeried before the gas cdn force its escape, If dissocia~
tion of the lump is incomplete, there remains in the cenier of the lump a "core"
of uncaloined carbonate inat may range in sise from a miniature rice~like grain
to the sise of an acorn; contingent upon the linear dimension of the particle and
the extent to which calcination is complete. Altnough "core" is not deleterious,
it does vitiate the quantity of quicklime. After the quickiime is hydrated,
however, all of the vore except the very fine graine is removed by air separation
or soreening as waste ('iailings"). Its presouce ig inevitable with under-bupned
limes Thue, an obvious objective is to produce a lime of zero to ) maximum oore,
if at all possible. Hydrating quicklime of high core comtent (5 to 157%) ie too
wasteful, although the lime that is calcined may be of good quality.

On the other hand, if the stone particles are calcined under severe thermal
conditions (i.e., high temperaturs and long retention), the lime may become hard-
turned (or even dead-burned at very high sintering temperature). Under such
conditions the particlees shrink by 25 to 50% of their original size. This shrink-
age densifies the resultant lime, narrowing and occluding its micro-pores and
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fissures, so that hydration reactivity of the lime is reduced in varying degrees
and even extinguished (for all practical purposes) with dead-burmed lime, Water
simply does not penetrate into the constricted pore structure nearly as readily

as with softer~burmed, porous quicklimes, Thus, the rate of hydration is retarded,
On slaking, thie type of lime tends to yield coarser hydrate particles that con-
tribute to inferior plasticity. The above principle applies proportionately with
either high calcium or dolomitic or impure (possibly slightly hydraulic) limes,
the latter two of which are inherently slower to react than the former. In fact,
with the latter two limes, closer conirol over time-temperature conditions is
essential to avoid over<burhing tham with high calocium,

A practical range in kiln temperatures for high calcium lime is 1900 to
2450°F, and for dolomitic, 150 to 200°F less (1750 to 2250°F), depending upon the
" sipe, unifommity, orystallinity, and purity of the stone and type of fuel and
‘kiln utilised, Obviously, to secure the desirable soft-burned lime, the lower
temperature levels au-; indicated., Yet, unless a small sizse of kiln feed is
chafged into the kiln of 2" maximum size, preferably less, such temperatures
would be impractical because of necessarily long retention periods that drastio-
ally reduce throughput. Under most circumstances, caleining at the dissociation
point would be hopelesely slow and impractical. Therefore, frequently optimum
quality oconflicte with maximum economy, and a compremise may be the only feasible
solution, particularly when there are limitations on the size of stone that the
kiln can accommodate,

In acoslerating the rate of calecination, an increase in temperature exerts
s much greater influence than prolonged retention. Even a 50°F rise in tempera-
ture with some stone can reduce calocination time by three to four-fold,

For-suparior calcination control, the favored practice ie to preheat the
stone gredually up to the dissociation point and not subject it to thermal shock.
The %cupiutm can be clevated gradually to a predetermined optimum caloining
temperature adjudged to be most efficient for the given stone, and then retained
at this level until calcination is complete., The two extremes of under~ and over-
bapaing should be avoided, A soft-burned, porous, highly reactive, thoroughly-
oalcined product that has shrunk only 5 to 20# is the objective. This means that
the lime should not be retained in the kiln after calcination is eomplete, but
that ideally it should be discharged to the kiln cooling zone just as it is fully
calcined and then cooled as rapidly as possible. IUnfortunately, considerable




"trial and error” methods, with adequate instrumentation, are necessary to es-
tablish the condition for coordination of this delicate time-temperature relation-
ghip. The importance of operating skill predicated on extensive experience is
also evident here,

Reoarvonation - Another hazard in lime burning, that fortunately manifests
iteelf only under poor caloination conditions, is recarbonation of the quicklime,
the reversidle phase of the calcination veaction, diagrammed earlier,- Naturally,
this oondition reduces the content of quioklime, just as core does. Recarbona~
tm ean ocour when large (+6 inch) lumps of limestone sre calcined, As the

£Ier tenperat heat inflow penetrates well into the lump w itt mtw; ,
dissoe aﬁ ﬁ! an atmosphers of pure GO will start to i]ﬁf[' - considerable pru—
sure, The temperature rises as this p:nmr. increaser and m ﬁh already
cai .ned surface to be over-burned. This tends to shrink the pores of the pare
ticle more, therely, impeding the escape of €O, and genersting move preesure. 1If
this lime is discharged to the cooler before sll the core is caloined, thﬁ i stll
MnWwofcﬁafmtkMeehwehmbeWMeamf
of the lime. Use of smaller sised stome, complete dissociation in the caloining
soney fast oooling of the lime, and rapid venting of the 002 gas up the stack are
the hﬁ preventatives against thic malfunction, Slight traces of recarbonation
are m unavoidable in most kilns; that is why quioklime of zero 002 content
is almost unattainable. But in efficient operations, reabsorbed 602 will not
exoeed 0.5% Inadry atmosphere quicklime will not recarbonate except at high
temperatures of the order of 700°C,

1888 10 aight ~ With a pure high=caloium stone, there is a theoretical loss
in nw of 44 usually in practice 1 to 2, less than this figure with commer-
ciu& stone, because of impurities. With magmesian and dolomitic stones there is
1 to 47 greater loss in weight than with high-caloium, depending upon the 1ig0
content (since 1%gC0, contains 52, 2 coa).

Dagrepitation ~ There are types of stone that can never be successfully cal-
cined or are difficult to calcine unless special kilns are utilized. Such stones
simply ocannot withstand the preheating or calcining temperatures, and they will
decrepitate and fraoture into fines., The heat causes their orystalline matrix
to expand or stresses will ocour in these larse individual crystals, causing
disintegration. There is no dependable rule or formula or test for predicting
the suitability of a given stone for calcination. Usually those types that are

| S
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most prone to decrepitate are the coarsely erystalline and certain soft, chalky
:atones. The fine-grained dense limestones and other fairly crystalline types
resist this thermal expansive force. However, these are simply generalizations.
There are other stones that n.ight visually appear to be susceptible to decrepi-
tation, yet may be honeycombed with many microscopic fissures that act as expansion
joints, therehy preserving their coherence.

Influence of stone migze - Possibly the greatest influences on calcination

are stone (kiln feed) size and gradation. Generally, the larger the size, the
more difficult it is to calcine properly. Heat penetration into the center of
the lump requires much more time. Too often the resulting long retention period
causes the exterior of the stone to become hard-burned, or if this is averted,
then the lime is incompletely calcined with a high core content. With large stone
the "ealcining effort" is much greater. A safe rule to observe on calcination is
that the calcinstion time is directlv proportion 0 _pail the gton:
Abiskmage (or average diameter for irugalurly s&upod utcno). 'ﬂlin fomh means
that it would require about four times as long for stone A of 4 in. thickness to
be caloined as stone B of 2 in., asswning both are cubic in shape, although the
thivker fraction contains eight times as muoch volume and the heat has twice a8
far to penetrate, Stated another way, the emall stone absorbe heat twice as fast
as the large ones, but the caloining effort is only one-fourth. hisknang of
stone rather than width or length or total volume (in irregularly shaped stone)
is the main oriterion in determining the calcining rate or effort,

The shape of the limestone particle ies also somewhat important. Cubical
stone rather than flat or laminar pieces are most desired. The type of ormushing
equipsent or ad)vstment in orushing influence thie desired shape. =

8tone up to 12 in. is calcined into lime, tut for the abové reasons 6 in.
maximun size is reccmmended and if possible even smaller sizes down to 1 in. or
less, assuming that an appropriate kiln is available. Theoretically, sises of
Ny, 8 to Nre 40 mesh would be ideal for calcination, but such emall fractions are :
most diffioult to burn, except in epecial, usually costly kilns., 8o, probably
top sizes between 1 to 3 ine may be the most practical to calcine under average
conditions.

Production of kiln feed of the same uniform size would he prohibitively
costly. But ideally, the stone sizes should be as uniform as can be economically
produced, for marimum lime quality. Assuming an even distribution of heat in the




kiln, stone of the same or nearly same size will te calcined cvenly, leading to
great uniformity in quality., But if there is 2 broad gradation of Bayy, 1 to € ing,
the larger stones will be under-hurned when the smaller size is soft-burned and
vice versa. Furthermore, in all vertical kilns there must be ample voids (about
354) between the stone for adequate gas circulation, lide sradations tend 1o
reduce the voids; whereas close gradations enlarge these voids, Thus, gradations
of no more than 1007 spread should be utilized, such as 1 to 2 iney 149 to 3 ing,
3 to 6 in., ete,

=IAMISRSS. OC ANRUELSACE - Impurities in lime are derived primarily from the
stone and secondarily from certain fuels. For building lime, concemn regarding
impurities is more quantitative than quali*ative; for chemical limey on the other
hand, there are tolerances on specific impurities for certain uges 8o that quali=
tative considerations are usually of equal importance. The typical impurities

in lime in order of their approximate magnitude are silica, carbon dioxide,
alumina, irom, sulfur, manganese, sodium oxide, and potassium oxide, Nome of
these would be deleterious to a building lime, except !%&29 and K?G, and that, tog
if the combined amount of ihese exceeds 0,2% Limits on these alkaline salts are
desirable, since their presence in lime-based mortars in excessive amounts will
contribute o efflorescence in masonry. This ie ome of the disadvantages of
impure or hydraulic limes, since the argillaceous or silicious limestones from
which they are derived, t‘roqmnth possess much greater amounts of these salts
than the purer limestones. The many trace elements that ocour in limestone are
of no concern.

The reason it is desirable to utilize a stone of low total impurity is that
at caloining temperatures the Cal in particular and the i'g0 to 3 lesser extent
will combine chemically through a fluxing action to fom calcium and magnesium
silicates, alaminates, and ferrites. The formation of these slag-like compounds
tends to reduce the calcination process by clogging the mioro-pores in the r! e,
therety impeding the expulsion of 002 a8, This retards calcination and conpel:
higher temperatures that induce hard-burning and ultimately yields hydrates of
inferior plasticity, From a chemical standpoint, it markedly reduces the amount
of available lime, 4s a generalization, an impure limectone of, uvay, 6/, impure
ities that is subjected to severe calcination conditions, will yield a lime with
nearly double (12%) the content of impurities, cince the weizht of the 002 that
is evolved is nearly half of the weight of the oalcium carbonate, But if thece
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impurities combinc with the oxides, then the ragnitude cf loss of Cal could be as
much as 244, In contrast, a stone with only 27 impurities would vitiate the lime
content by no more thar o, by the same reasoning —- a vast difference. Even if
an impure limestone is calcined skillfully sr that it is not relatively harde
burned, its reactivity with water is lower, and it tends to behave like a hard-
burned pure lime. Furthermore, the color of the resulting lime hydsate is
adversely affected by excessive impurities, tending to be slightly grayish instead
of the desired sharp white color.

The secondary source of impurities from fuel occurs mainly with direct firing
with solid fuels or in mixed-feed kilns. Silica, carbon, iron, and alumina cone
tained in the ash contaminate the lime in both a free state and Jy forming
silicates and aluminates, and sulfur is of'ten absorbed from the combustion gases.
Generally, any appreciable inpurity .pickup like this discolors the lime. Sulfur
is also absorbed from coalederived producer gas, o0il, and natural gas, but gen=-
erally the quantity involved is no problem with building lime. Of all fuels,
wood has the least potential for contaminating lime, In fact, wood, when econome
ically available, .s ideal for lime burning, since it ie almost imposeidle to
hard-burmn lime because of its innately milder heat generative qualities,

e Medificationg - Research with certain limestones have revealed that
the addition of salt (NeCl, CaCl,y or Na2003) to the limestone kiln feed improves
calcination by accelerating the reaction at the same temperature or by permitting
calcimation at lower temperatures, leading to softer burned lime, The amount of
salt added ranges between 0,2 10 17 in dry form, or the stone may be simply ime
mereed, or doused with a salt brine. Since there is a virtual absence of adverse
reports on this poasicle additive, it might be worthy of' some investigation,

In etriving for high quality and a soft~burned line, control of temperature
is essential. In order to pravent temperatures from rising unduly, empirical
methods of tempering the flame have been developed by the judicious application
of foroed or induced draft and/or injection of steam, Such practices contritute
to higher thermal consumption tut may be economically justified when applied in
wmoderation, Often some steam is “enerated in any event from use of moist stone
or coal, but some plants will inject artificial steam into the kiln as a supple~
ment, Use of artificial steam would appear to be most applicable to those limes

that are most difficult tc calcire without over~burning, isesy hig. magnesiem,
dolomitic, and impure or weakly hydraulic limes.
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; Heat Requirement ~ To determine the theoretical calorific requirements for
. lime burning, it is i'irst necessary to calculate the thermal units required to
preheat the stone to the dissociation point. ~The following formula is uged for

this calculation:

Caloculation:
Q = 2000 x Cp x (TZ-Tl).

Q Heat required in Btu/t,
Cp  Specific heat of limestone in Btu/1b,
'I'2 Minimum dissociation temperature stone in °F,

'1'1 Sta.rtingostons temperature, atmospheric temperature
about 50" in P,

2000 Conversion factor from lbs to tons,

e PR

Assume that the specific heat (see Fig, 1) for CaCOB i8 0,255, that the
starting temperature of the stone is 50°F, and that the minimum dissooiation
temperature is 1648°F; thens 0.255 x 2000 x (1648 - 50 op 1598) = 814,980 Btu/ton
of limestone. DBut 447 of the limestone is volatilized as CO, so that theoretio-
ally 1,79 ton of kiln feed is required to produce 1.0 ton of quicklime; thus
814,980 x 1,79 =~ 1,458,814 Btu/ton of high calcium quicklime,

The same formuln applies tq dolomitic limes, but because of their lower die-
eociation point the themal requirement is slightly less, in spite of the fact
that s greater amount of CO, iz lost, The heat requirement for dolomite would be

about 1,250,000 Btu/ton of lime. Vagnesiam limes would be intermediate betweon
this value and high calcium,

However, there is another larger thermal requirement for quicklime production,
This imvolves the retention of the diseociation temperature wntil all of the co,
has been expelled and consequent heat-loss in the kiln, General consensus is that
the theoretical values for high calcium and dolomitic are 2,77 and 2,60 million
Btu/ton, reepectively.

All of the above theoretical values are predicated on 100% pure oarbonates.
As_ impurities in limestone inorease, these thermal requirsments are reduced per-
centage-wise 8lightly, since there is less carbonate to decompose,

To determine actual thermal efficiency with ocimercial limestone, the follow-
ing formula can be employed:

Wm_:.gm mm’sf_wmx « % Thermal E
">tal Heat Requirement % The F1ctenay
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Thusy if a lime has a 93,) available CaO content and total fuel requirements
are 6 million Btu/ton, then ‘

210105000 X = 43, (efficiency)

100% efficiency is unattainable, for three reasons: first, there is no
commercial stone available that is 100% pure; second, it is impossible to calcine
lime without some dissipation of heat; third, production of lime with gero core
and zero recarbonation, without hard=burning, is virtually impossible, The
initial themmal requirement of preheating the stone to the dissociation point is
not included in thermal efficiency studies, since theoretically such heat is only
required once, i.e., for the first charge of stone, Heat recuperation at the
cooler recovers much of this heat for calcination and preheating of successive

stone charges.

Significant improvement can be gained in thermal efficiency with heat bale-
ance studies on each kiln that reveals the individual heat losses in various
stages of calcination, In the order of their magnitude, heat losses ocour as
followst

1. Heat in products of combustion (exhaust gases) == if only 1 each of CO |
and O are present in the exhaust, there is a resultant oalorific lose .
of 220,000 and 40,000 Btu/ton of lime, respectively., Better cowordinw :
ation of fuel input with sources of draft to achieve complete combustion
reduces this loss,

2, Heat of radiation and convection == this covers the inevitable loss of

some heat through the kiln lining. Increasing the thickness of the
refractory brick lining can reduce this loss,

3, Heat in discharged lime «= potenti-~lly this can be a severe loss of heat
, Af the lime is discharged from the kiln red=hot, Efficient coolers can
reduce this loss, .

4o Heat to dry stone - most kiln feed, since it is stored outside, cone
tains varying amounts of moisture, from 1 to 10/5% Thermal units are
required for volatilizing this extraneous moisture,

S5« Heat in dvast and lucoobistities —= due to 2itrition from the movement
of $he stone through the kiln‘ there is an acowrulation of lime, spone,

esh, and refractory lining waste that absorbs and wastes a smdll;
usually inconsequential, amount of heat.

6, Heat to dry coal = there is a very small calorific requirement for the
heat of dehydration in irying solid fuels,
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Lime kilns are operated with widely divergent thermal efficiencies, depend-

ing largely upon kiln design and operating skill, from as low as 3.35 to 3.4
million Btu/ton of lime up to 12 to 14 million. However, most modern kilns fall

into a range of 4 to 7 million Btu/ton, At one time thermal requirements were
desoribed interms of fuel ratios, such as 1 ton of coal to 4.5 tons of lime, etc.
For aoocurate heat balance studies such ratios are too loose. The coal could
possess a fuel value of 12 or 15,000 Btu/lb. Therefore, Btu/ton of lime is the
most dependable measure to use, since it is more specific and aocts as a common
unit for comparisons of diverse fuels, like coal (tons), oil (gallons), natural
gas (ou.ft.), and wood (cords). Calorific value ranges for common fuels employed
in lime buming are contained in Table III.

dsgapiiulation —— Thus, there are numerous oritical variables in lime burn-
ing, which are summarized as follows in the approximate order of their importance:

1. Stone size and gradation,

2.  Physical characteristics (orystallinity) of stone and tendency to
decrepitate.

3.  Quantity of impurities in stone.
4, Rate of caleination.

5+ Caleination temperature.

6. Duration of calecination,

7+ Possibility of recarbonation,
8. Quality and type of fuel.

9¢ Quality of impurities in stone.

However, there is one more very importart variable, {he kiln, vhich is the
mainggring of the lime plant., ITven nli}h% modifications in the design of most
kilns can exert a marked influence on the oalcination performance, Yet many
kilns are only adaptable to certain sets of conditioﬁa and are relatively useless
with other kiln feed or fuels or because of ecomomic ciroumstances.

ARA ~ Although lime caloining is chemically a simple operation, there
are lueh & vast number of commercial kilns available that the prospective lime
manufacturer will have to make a careful study to determine the best type of kiln
to install for making building lime., This initial study is also vital, consider-
ing that the kiln investment may represent as much as 50% of the total plant
cost. The kiln finally sglected will depend primarily upon the type of stone
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and fuel available, zlthough other factors, such as labor supply and lime market

requirements may have a hearing.

The followins discourse will consider the major kiln types available; these
uill be described briefly, but no attempt will be made to go into details of
aciual kiln desien ani operation:. This information can be obtained from ihe
various lciln manufrciurers., It would seem to the writers that because of the
goneral lack of skilled workers in the developing countries, emphasis should be
placed on the nimple», less sophisticated types of kilns. Of course, regardless
of kiln $ype, a premium unould also be placed on producing a soft-hurned reactive
lime, which is required for gocd building lime.

Lime kilng ore divided into vertical (or shaft), tunnel and rotary types,
but in recent yoars a growing number of radically different kilns have been
introduceds This wide variety of lime kilns repreeents a striking contrast from
the portland cenent industry, which mainly utilizes rotm.kilns.

Generally, the vertical and horizontal static kilne have the following ad~
vantages over rotary kilnr: lower oapital investment, lower fuel costs, sim-
plicity of comstruction and operation, low attrition loss of stone, lees
refractory wear, and greater flexibility (can be shut down over weekends). On
the other hand, the principal advantages of the rotary type aret ability to
burn emall stonc rcalily and to produce a wide range of burn (from soft to dead-
burned), more uniforn lime quality, greater capacity, and higher output per
nanhoure In tho T3.A. and Canada, more than 807, of the total commercial lime is
produced in rotary kilnc. whereas in [Durope nearly 95/% is produced in shaft
kilns,

Yertical Kilng - RMevelutionary changes have taken place in vertiocal kiln éioiga
in recent years, and a large number of types are now available: mixed-feed, gas
rrodnser. natural gas (with sido and center burners), oil-fired, dual- and
triple-shaft, donble-incline, to name a few. Nearly all of these kilns burn only
large stone (over 3 in. and up to 12 in, size); however, some of the newer ver-
tical types are designcd primarily for small stone (1 to 2 in.)., Generally, with
vertical kilns, the use of smnll stone is more conducive for producing soft-
burned lime, although there are exceptions,

Mg. 6 chous a geaeralized view of g simple vertical shaft kiln, The most
widely used kiln has a refrrctory-lined steel or hoiler plate shell, although
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Table [11

Calorific value ranges of fuels for lime calcination

Fuel type Calorific value Unit
: Solid fuels
; (other than wood) 11,000 - 16,000 Btu/1b.
i Natural gas 900 - 1,200 Btu/cu. ft.
i Fuel oil 16,000 - 18,000 Btu/1b.
! Wood 3,000 = 6,000 Btu/1b.
% .
Figure 6
Diagrammati: _gection of vertical kiln
changg
goor N, oy
Storage
Kiln Prehesting
shalt
Caicining
! i meu"’[’
1T ¥Fies box or
fuel ports b
Cooling
\ 4 / L
Ovcharge
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stone masonry and reinforced concrete have also been used for the outer shell.
The kilns are usually circular in cross-section, although they may be oval,
rectangular, or a combination. The most typical diameters vary from 9 to 14 fte
and heights from 50 to 75 fte (“ome kilne are as high as 125 ft. and a8 much as
24 ft. in diameter, ) Capacities vary widely — from a low of 10 tons per day to
as high as 500 tpd.

There are four basic zones in a shaft kiln —— storage, preheating, caloine
ing, and cooling, although the boundaries are not often distincts The exact
proportioning and contouring of these zones constitutes the "art" of vertical
kiln design.

Charging to the storage zone ie usually accomplished with skip hoists; oz;
in the case of modern mixed-feed kilns, a epecial bucket device is used, Some
kilns are also charged by a belt conveyor tripper system and cireular distributor
plate, In most vertical kilns an airtight geal is provided to climinete fluotu~
ations of draft, The storage zone serves primarily to insure continuous operation
of the kiln in the cvent of breakdown in the stone handling systemj it generally
holds about 2 hours supply of stone.

In the preheating zone the stone is heated ic the dissociation temperature
by utilizing hot gases rising upward from the calcining sone. In come kilne the
exhaust gases are drawn off by an induced or foroed draft from the top of the
preheating zone, with some of the gases then being recirculated to the caleining
gone (primarily to tempor the flame); in other kilns the hot gases are exhausted
through the storage zone. In areas where exhaust gases may present a problem,
the gases are drawn through a dust collector (&Fy or wet) before discharge to the
stack.

Te calcining zone is the most critical segment of the kiln, Too high a
temperature in this zome, or too long a retention time, will hard-burn the lime,
making it undesirable for building purposes, Seoveral types of firing are utile
iged in shaft kilns, including mixed-feed, directefiring with solid fuel, and
indirect firing from Dutch ovens, gas producers, and gas or cil turners. These
methods will be desoribed later.

The cooling zone is also oritiocal, and most vertical kilne are designed so
that practically all of the dr for combustion is drawn in through this sone, thus
both cooling the quicklime and preheating the combustion air. In modurn kilns,
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the quicklime is cooled to the extent that it can be held without burning the
hand == down to 110-125 F.

Dipcharging methods vary considerably with shaft kilns; the older units
still utilize manual methocds, the lime being discharged intermittently into carts
or wheelbarrows., In ocontrast, mechanized kilns are discharged automatically and
continuously, using pre-set iime cycles, vibrating feeders, and weigh~hoppers.
The timer actuates a feeder, which operates until a pre-set weight is reached;
the feeder then shuts off and the weigh=hopper discharges to a conveyor, Several
feeders serve each kiln, working in sequence, thus effecting uniform discharge
across the kiln.

K41y o ine Stone - Nearly all of the shaft kilns calcine large
stone, gonerall.y exceadine 3 ine in dismeter, and in some cases ranging up to
10=12 in, These include the following types:

Nizgd-feed —~ There is a great diversity of kilas in this category, ranging
from the_mors primitive pot kilg to t&aea.émﬁkighamitym
kilge The former are oconstructed of field stone, charged with altermate mm
of limestone and anthracite (or coke), and produce up $o 15 tpd.§ they are oper~
ated striotly empirically with no instrumentation. For further discussion on
early type kilns refer to the end of this chapter.

The modern coke=fired kilns, on the other hand, are built with refractory-
lined steel shells; and they are equipped with automatic charging and discharging
devices, reciroulatory fans, and various instrumentation controls. Capacities
average 125 tpd, although they are as high as 400 tpde In one German kiln, a
modified Beeger, the mixing and charging of the limestone-coke feed is handled hy
a bucket-like device called a kubel, which has the same diametor as the kiln
shaft. As it rotates, it is charged with precise weights of coke and limestone,
thus effecting intimate mixing; the kubel is then hoisted to the kiln top, where
the feed is discharged uniformly and q%uekly by the collapse of the bottom by
means of radially-hinged doore.

The high capacity mixed-feed kilns have the best average themmal efficiency
in the lime industry, opsrating as low as 3.25 million Btu/ton. Invariably, how-
ever, the lime is hard-burned and contains up to 54 core, as well as impurities
from the coke, Mixed-feed kilns are often employed captive in the alkali and
sugar beet industries, where 002 gas from the limestone and coke is recovered for
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use along with the quicklime in the chemical process. By using coke, it is pos~

gible to recover more 002.

Direct=fired kilns — Largely due to contamination from fuel ash in the early pot
kilns, lime manufacturers developed geparate fire boxes or Dutch ovens for burning
coal, ooke, or wood, with firing done initially by hand methods. Several plants
in Ohio still utilize kilne of this type to produce a highly plastic dolomitic
lime which is especially suitable for mortar and plaster. These kilns are approXx-
imately 12 x 50 ft. in size, and are equipped with four Dutch oven fire boxes
which burn 2 x 4 in. soft coal; the heat enters the kiln through six ports located
around the periphery. As a means of insurinc the production of soft=burned lime,
the flame is oftentempered by the introduction of artificial steam bqnq;th the
grates in the fire hox, These kilns are operated with natural draft and produce
up to 15 tpd, with a fuel consumption of approximately 7,000,000 Btu/ton (3 tpd.
of coal per kiln), The kilngare drawn every four hours.

W - Two types of lime kilns are included here — IROQUQSE.ANE and
agtusal gas, The former, developed historically after the directefired kilns,

were onoe popular in the U.SeA.y but are seldom used there now; however, they are
still prominent in other countries, Natural gas firing, on the other hand, has
gained much prominence, partiocularly in the Us S.As§ and soms of the largest capao~
ity vertioal kilns are of this type.

ProdNgck. £a8 is gonorated by buming coal (soft or hard) or wood in a fur-
nacc adjacent to thc lime kiln, the hot gasos being drawn or blown into the kiln
through numcrous ports or through 2 cantor bonm. (See Fig, 7.) Wost producer
gas kilns arc emall in capacity, although onc plant in Brasil, which dumms wood,
oporates at a 130 tpd, rate.

Fig. 8 depiets ~ simple, unmochanizad, and inoxponsive producer gas kiln de=
signod bty Asbe, It can be hand firod, using coal or wood, although wood is
proforred for goft burning. The kiln is 47 ft. high, vith a suporimposod 12«f%.
chimnoy} tho oxternal diamcter is 10 ft. but intormally it is 6 fte 3 ine at the
caloining sonc and 7 ft. 9 in. at thc preheating nnd storage sonos, indioating
thiock insulation at the hottost zonc, The hot combustion asos fyom the adjoinin
gae producor entor the kiln through 1 conter burncr beame Stone charging and
lime discharging are handlcd manuaily, although cable-oar charging mny be adaptod
It operntos on the following principle, with thce stonc nd limc moving down cven-
1y and with frequent oharging and discharging At about half-hour intorvals. It
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is provided with poke holes to prevent "hangin". Althoush it can be operated
with natural graft, installation of induced draft {ans vill markedly increase
throughput, about doubling capacity from 20 t» =4 tpde Kiln feed of 3 x H 1ine
18 required, and thermal efficiency is reasonably <ond., This kiln could probahly
be converted to oil firing, by installing oil burners in the us producer,

Early natural gas-fired kilns utilized side burners, but the more modern
ones, such as the Azbe, are also equipped with center burners for more efficient
distribution of heat acroes the entire kiln cross-section. (Lee Fige 9,) When

side burners are used, they are located aronnd the kiln periphery at twc or
more levels in order to effect uniform heat distribution. However, unless high
gas velocities are sustained, the gas tends to rise up along the sides, thus
causing less heating in the center of the kiln., It is mainly for this reason
that ocenter burners have been developed to supplement or even replace the cide
burners,

One of the latest center-burmer kilns is the Unjon Cerbide Kiln, which
houses the burner pipes in water-cooled H-beame extending across the kiln. The
burner beams are located at two levels in the calcining zone, with two or three
beams per level, depending upon the kiln capacity. Each beam is divided into
four burner compartments, each compartment in turn heving its own set of burners
and a separate air inlet to ocontrol the amount of air that combines with the
fuel. Tis kiln is reported to have the largest output of vertical kilns, pro-
ducing up to 500 tpd.; the larger unit requires a 500 hp. fan to effect a forced
draft of 28 in. water-gauge pressure.

Qil-Fired Kilpg — A recent vertical kiln innovation, developed largely in
Europe, is the oil-fired kiln. The development has been prompted in Turope by
the increasing cost of coke and coal, coupled with the general unavailability of
natural gas. Of ocourse, the fuel oil has to be vaporized before contacting the
gtone in the kiln. The main advantage of oil firing over mixed-feed is the
production of a more reactive, uniform lime, with the possibility of using a

wider range of stone sizes.

One of the most advanced oil-fired shaft kilns that is favoured by the larg- %
est European plants is the Bogkenbach ring-kiln developed in Jermany, which has i
the largest capacity — up to 325 tpd. for an 18 ft, diameter x 80 %, high unit.
Normally heavy fuel oil (Bunker C) is used, although lighter oils can also be
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purned. Kiln feed is L' x 3 in. and thermal efficiency is reported less thw
4 million Btu/ton,

Two other oil-fired kilns have been developed in :ngland: Vest's kiln using
the Catagas system and Tsb jornsson-type kiln using the Urquhart cacification
system, The Catagas unit (Fig. 10) comprises cil injectors mounted on the side
of the kiln and refractory-lineu chambers inside the kilne The vil is injected
as a solid jet (at 220°F) around the full circumference of the chamber, where
it flash vaporizes from the radiant heat; the oil vapors, together with the
primary air also introduced through the injector, then rise directly into the
calcining zone where combustion is completed. The West's kiln ie available in
50 and 100 tpd. sigzes; 3 x 5 in. stone is used, with 2 heat input reported to
be lese than 5 million Btu/ton. Oil consumption (heavy 0il) ranges from 24-23
gals./ton.

In the Urquhart system, gasification occurs in the unit itself, which is
mounted at the lower firing levelj the heavy fuel oil is first atonized, then
converted to a gas at about 140000. Before entering the kiln, however, the gas
is cooled to 100006 hy means oi water spray jets located in the duct between
the gasifier and kiln. The gas enters the kiln at two levelc through a total
of 16 ports, Fuel consumption for this 50 tpd. kiln, utilizing > x 8 ine stone,
is 27-30 gal./ton.

W - luch research and experimentation has been car-

ried out to utilize small stone (2 in, size and wnder) in vertical kilns, bui
only a few kiln designs to date have been successful., Tv of these which suc-~
cessfully burn small stone are the double~incline (cascadc) and the Wopfing
parallel—flow regenerative @ouble- and triple-shaft) type. Doth are of European
development and of moderate capacity; the former hurnc a combination of coke

and fuel Cil/or natural ges, and the latter utilizet natural ras or fuel oil

(no coke ).

The double incline kiln, developed by Warmestelle Steine : Evde (Germany),
ie rectangular in crogs-gection and widens into twn “irins chambers, arransred
one below the sther. (See Fige 11.) The feed consists of a mixture of coke
and limestone (generally 1 x 1} in. size, although tne uteoluto size range is
3/8 to 2-3/8 in.). The coke provides about 40, »f tar fucl requivement, and
fuel oil, the balance, Two hizh pressure oil burne:ss 27€ mounted at each firing

level, each pair being opposite one of the two vrelinru beds in the shaft. The
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kiln works on the following principle: as the material leaves the storage zone,

the coke ignites, thus preheating the stone; :hen the materiai layer flows down
the first inclined bed, meeting the gas flames from the top oil burners. Next,
the material passes to the second inclined bed, where it turns over (cucades)
due *o diametric position of thc bed; thus the remainiug limestone now faces the
flames of the hottom oil burners (by this time the coke has been congumed ).
Leaving the lower firing chamber, the lime enters the cooling zone at a temper-
ature of 800°C.

The kiln ie about 7% ft. hi,h and has a capacity of 150 tpd. The fuel con=-
sumption of about 4.1 million Btu/ton is higher than modern coke-fired kilns,
due largely to radiation losses at the oascade sections. The lime is of good
quality — soft-burned and minimum core.

The -f ' was dev>loped hy Schmid (Aussria), and
comprises twoeshaft (Fig. 12) and three-shaft units with capacities of 100 and
150 tpd., respectively. Next to the modern coke-fired kiln, this vertical has
the lowest heat consuuption = under 3.5 million Btu/ton, Another sdvantage is
production of soft-burned lim:, utilizing kiln feed of 1 x 2 in, in the triple
shaft and 2 x 4 in. in the double shaft. Either natural gas or oil can be used.

The high fuel efficiency is due to a novel heat regeneration system which
permits burning at relatively low tempsrature -~ the shafts are interconnected
at the lower end of the burning zone, and while one shaft is being fired, the
other is being preheated. TFuel and combuetion air are supplied to the burning
ghaft from above, ignite at the upper end of the burning zone, and calcine the
lime in uniflow. The exhaust gases then pase into the gecon’ (adjoining) shaft,
preheating the ctone in counterflows. After a 10-15 min, interval, the shaft
firing is reversed. Cooling air is blown into both shafts simultaneously. In
the three shaft units, one shaft is operated as the burning shaft, while the
other two are being prehcated. The length of reversal time is determined pri-
marily by the production le el desired (the kiln can be operated as low as one
fifth of capacity). An indisation of the high fuel efficiency is the low ex-
haust temperature — only 100°¢.

The kiln is almost completely automated, and all reversal, charging, and
discharging devices arc hydraulically operated. Power oonaﬁmption is about 15
kwh per ton at full capacity.
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Rotary Kilns - Unlike shaft <ilns which operate essentially fully charged, the
rotary kiln has about )0,. of its volume filled with flame and hot gases. As
the kiln rotates, neu surfaces of gtone are constantl; exposed to the hct gases,
but ihe aren exposed is rclatively small and there is little passage of gases
ghrough the solids; hence, the heat exchange is relatively inefficient. In
spite of the lower fucl efficiency, however, rotary kiln installations have
increased greatly during the past quarter century, particularly where fuel is
cheap, labor is costly, and largre production of uniform, soft-~burned lime is
required,

The rotary kiln has the advantage of burning stone as small as 3/8 in., but
can also handle stone ac large as 24 in. Generally, however, the stone fed %o
any one kiln is confinad to fairly narrow limits, e.g. }(b X ;‘3 523!‘3‘5‘3
14 in., etc.j othervise segregation would occur and the finer stone would sift
to the bottom of the kiln and remain largely uncalcined.

Rotary kilns vary greatly in size, ranging from 6 ¥ 80 ft. to 12 x 450 ft.,
with capacities from 25 to 600 tpd. The most typical sizes in North America
are between 8 to 10 ft. in diameter and 150 to 200 ft. long, produciag 200.250
tpd. (See Pig. 13.) Rotaries are mounted on two or more tires, elopes from
3/8 to 3/4 in. per foot, and operated at 40=-60 rph.; the speed of rotation is
determined primarily by the production and degree of burn required. Types of
fuel used include pulverized eoft coal, natural gas, and fuel oil, or combina~
tions., In modern kiln installations, instrumentation is highly developed, ene
abling one man to operate two or more kilns efficiently.

When rotary kilns were first used in the lime indusiry, fuel ratios exceeded
12 miliion Btu/ton. This has sradually been lowered to a minimum of about
6 million Btu/ton, largely through the use of shaft or grate-type preheaters,
internal heat »xchangers and dams, recuperative-typc coolers, and elaborate in-
strumentation. The modern trend is away fron the long kilns to the use of
medium-gized kilns incorporating various heat-saving devices, particularly the
preheater,

One of the most videly uced preheat2rs is the Kernedy Van Saun shaft type,
whicl. is a 7 ft. high rect-agular box mounted below an enclosed raw ston; bine
Fxhaust gases froi the kiln are drawn through the stone, preheating it to about
1600°F. The vetention time iz about 2 hours, during which time about 10%
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calcination is accomplisheas ha stone ig tnen fod e tac Kuln at a pre=deterw

mined rate by means of a reciprocating bar fceder and feud bije,

Several internal devicee for improving heat trans. or within the kiln hava
also been developed. The most promanent ar: the trcfoil, quadrant, or sexpar-
tite recuperator cections, generally mounted at tho feed end,y whach turn over
the stone more effectively and inorease tne turbulence of' the hot gages, (e
Fige 14.) One or morc dame may 1180 be usecd, primarily in the caleining zone,
which slow the passage of thc stone and algo creatc turbulence of the flame and
hot gases.,

Three principal type. of coolers are used with rotariee -- the shar't or con-
tact, the planetary, and the rctary cooler, In each type, hot gases are
returned to the kiln as rocondary air, thus increacing fucl efficioncy. The
moot prevalent type ie the contaoct (counterflow), which is mountod beneath the
kiln hood, The Narblehead-Miems cooler, one major typey .8 a refractory-lined
steel bor incorporating four cissharge pockets; ecooling air is provxded by a
nediwmesized fan sufficient t~ reduce the lime temperature to 159 Fo or less.
The KVS contact coolar is comic.i shaped, and the Krupp (German) cocler utilize
double cross—current action.

The planetary cooler, including the Unax and “arner tvpes, consist of eight
or more approximately 4-ft. dio. x 20=ft, tubes, mownted at the discharge end
of the kiln (Fig. 13). The lime is noved in ocach tubc by integral conveyor
flight.. countexrflow io the cooling airy chains may nlso be used for heat trans-
fer. The rotary cooler is uo% as effeotive as the other two typese, and a
further dissdvenicga is siiviticn loss caused durings rotation.

Orgte=Kilu Suitenm . A fairly recent calc.ning development by Allis=-Chalmers
is known as the —ate-Kiln gr'stem, which insorporates three unites a eingle
pass, down-draft, cucloved traveling grate preheaiovn) a relatively short, larre
diameter kilnj and = revolving courterflow contact coolers A feature of the
system is the calcining of the finer stone and prehcating of the cvarser stone
in the grate sentior (at about 1500 °F), Thi ‘. mede poesille by means of a
conical chute cistributor which places the coarsest stone on the rrates and the
finer sizes on top. The snaller sione begine to calcine by dircet contact vith
the hot gases thai pass downward ihrough the grate.  The coarser pizec are then
calcined in the rotary kiln, while the smaller Gizer -pee protacted from over—

turn.ng because thes sink irto the rotary Lile load due to the sifting uction.
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Figure 13
Medium—sized rotary kiln equipped with satellite coolers
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Figure 14
Croge-—secti of rot kiln showing trefoil section for
effecting better heat distribution
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Grate~Kiln uysieris in opersiion include ¢ i) tno. plant incorporating. n
12} x 60 ft. grate aud 114 x 100 it. rotary, which burns pulverized coal, and
two 300 tgd, plants incorporating 6 x 46 ft. oreater aud 10 x 110 fte rotarics
(one gas--fired und onc cil-iired). These kiln.: operate at avout 5,500,000
Btu/ton of lime, produ:ing & unifoum, soft-burned lime. “ne distinct disadvan-

tage of this system has becn the excessive welnveaance on Jhe grate castings.

other Kilus ~ Cre of the most revolutionary ot ‘he new lime kilns is the Cal-
simatic, which coneicts of & prehsater, cirsular hearth; and coolery all
refractory-lined. (S-e ¥iz. 1%.) The etone is carriod on the hearth in a thin .
layer, and one revolution oi the hearth congcitutes the calcining cycle; an
avcrage cyole i3 aboul 90 min. Stone from 4 in. down to cdust can be burned,
although a gradation of not greater than 3:1 (e.g. L x 11 in.) is recommended
for optiaum resulis., The kiln is fired from 20 to 32 burners located inside and
outside the hearth. uiilizing netuval gas, fuel oil, or coke-oven gas. Exhaust
gases pass through the proheater, heating stone fewd to about 1000°F. The
hearth, driven with only a 3 hp. motor; rotates within the limite of the sta~
tionary walls. There ia little hearth maintenance nequired since the walls and
roof are mot in contact with the stone, and there is no attrition loss.

Seversl kilna of 100 and 200 tpd. capacity are in opsration. Fuel require-
ment avaorages 5 milliou BEiu/ton. The key feature of the Cnlcimatic is the
controllability available to %the operator, which paumitc the production of a wide
range of lime quality. Among the controls are spued of revolution, temperature
in the various zoner. hickacss of bed, change in foel size, etc. The kiln can
also be shut down and statod up in a mattar o7 howede Another advantage is the
compactness of the uait, requiring a rulatively amall amount of space. (The
100 tpd. unit Las an C.D, of 52 f%. and I.Ds cf 20 ft.)

Corzan Riln - 4 rotenilially irtepasting 5C to 100 tpd. kiln is the patented
Corgon inclined-vibratcry kilp that is undcr comm~wecial development. It it a
very oompact unit nod oifers the prospact of low capital investiment per ton of
lime ocapacity. Further details oun this kiln are pronrietary at this time.

Kilns_Burping P 'ecized Signg - Tor limestone that ig friable or decrepitates
during calcining, the I'rrco FluoSdolids Kiln has Lnen used nuccesafully for
producing reactive, soft-burned lime, In this procest the material is maintaired
in dense sucpension in « risiny current of hot cases., The system incorporates

a Tluo~Dry unit, whicn dries th: 6 x 65 mesh kiln feed, and a2 FluoSolids reactor
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Figure 19

Calcimatic circular hearth kiln
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or caloincr. T .: lati:r, resemt..ng a verti~al kilny, i app. ximately 19 x 90 ¢,
in sizey it is divided by parfor:ied comed 1 “rac tory constriction plates into
five compartmeni:, ircludir:s thre- prelieatin;. zones, o wleining zone, and a
cooling zone. The reactor ie fiwnd with Bun'-cr C 0ily wivh the calcining temper-
ature being maintaincd at ibout 1'5oo°re', thercity insurir.: a soft-burned product,
Fuel consumption is ahout .0 gal /ton, or a..at ©,200,000 Btu/ton. The system

is completely automatic and peraniis clcse ca.a2iniag corntol; *t has also been

used for caleining weicr softenin, sluige,

Another version ¢’ the {luof _ide kiln, cilled the Fluo=ii~diation, has been
installed ct & lime ."+at in Calicornia. I. alsc has » 200 trde capacity.

Another system fo1 calcining friable stunc ha: reccnuily been developed in
New Zealand. where the fine material is mixed wit: coal «nd pelletized before
caloining, Soft limesione :icreenings rre first dried, then mixed with 3 in,
soft coal in a rctio o 39 ibs coal to 450 1b stone; the mixture is then ball-
millet to 85% peusing 100 mesh, ©-llowed ky prlletizing into ! in, balls, The
kilnisonly 73 :: 18 f.. high, yetv it is reported 4o produce 7% tpd. The pre-
heating level is very critical, since too low a teompercture causes condensation
and the pellets stiok, and too h'.zh a tempereture bursts the pellets. Combustion
is completed within 6 it, of the %op, and the lime is discharged cold, with the
pellets showing very little attri‘ion loss. his kiln, as well as the Fluo-
Solids, may also nave otential for burning limestone spalls.

Sumpprization oy Kilns - To facilitate consiceration of the maiy kiln types just

reviewed — their oros und cons, limitationg, attributes — a summarization in
contained in Table IV. The values and ratings contained therein do not necee-
sarily represent absolu‘e minima and maxima, oat more of typical ranges, The
summarised items are wefined belcw and should be reviewed for proper comprehen=
sion of the tabulated d.ta presented,

M = Tals indicales the range of cupacities in short tons per day
that have Leen authenticated for currenily opcrating kilns and does not neces-
sarily represent absolute extremes. Some kil designers and manufacturers are
planning larger capacity kilns than indicated.

Sige of stone - Tne valuen indicate the approximate range in minimum and maximum
sizes that can be calcined -- not necessarily the gradation of the ctone. For
example, with the rotary kiln, actual gradations would tet 3/7 to 3/4 in.,

1 to 2 in., etce; and not 2/3 to 2-1/4 in., the runse that ic -iteds
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":rﬂgt; on o;; Kiln feed -~ This indicates vhether the gradation nust be restricted
or can be broad for efficient operation, "Nairrcu" would be defined as less than

a 112 ratio in size, such as ) x § ine, or a particulate distritution such ae
“re 6 x Nr, 65 mesh, "edium" would be about a 1: 2 ratio plus or minue 10=15.0,
except for pulverized kiln feed: and "broad" tould be more than a 132,25 ratio,
such as 1/4 x 2 iney etc,

w - This indicates whether the kiln has some fexibility in using more
than one type of fuel, and also which fuels can be useds Those that are listed

as "varied" can be operated efficiently with three or more different fuels;
naturally such latitude offers an advantage,

w - These values simply indicate an approximate range of fuel

consumption in millions of Btu/ton of lime that have been authenticated, These
values do not necessarily encompass both extremes. Two major reasons for the
range in values are variations in kiln design and operating skill,

w = Controllability in calcination is important for lime

quality, and this indicates those kilns that can be controlled most readily to
produce uniformly a soft or hard-burned lime or intermediate calcine or so
called "tailor-made" lima. %ith certain kilne it is difficult to produce other
than a hard-burned lime or a lime of high core content, Thus, control has a
great influence on lime quality,

Sapiial.gogt ~ On the basis of tons/day of lime capacity, there is a $remendous
difference in capital equipment costs. Yet, as a generalization, the lowest

cost kilns are frequently the mosi costly to operate in spite of low depreciation,
and they tend to produce the poorest quality lime, thereby impeding its salee
ability. So by no means arc the lowest cost units necessarily the best to
purchase, The many other pros and cons should be carefully weighed, in arriving
at the wisest choice for a sp.cific situation,

W - This pertains to the degree of mechanization that these kilns pos-
sess and its relation to manpower, specifically the amount of tons of lime per
manhour that can be produced. In areas of low viages this ratio may be irrelevant,

Lloxibility - This refers primarily to continuity of operation. If' kilns must
be shut-down due to lack of demand, accident, or maintenance, certain kilne can
be started up again faster and more inexpensively than others, reduoing "down"

tine, This also refers to the.ability to produce lime economically at reduced
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operating rates — anothcr dictinct advantage,; sone kilng unly operate efficient-

ly at near to maximum capacity.

Tarly-Type Zilng -~ For thore notions that lacv ti: crritil to build modern

lime kilng and vhere lavor if nlontiful ard very ~leep, 1t 18 possitle to build
irexpensive type kilrr vhich cai be opersted i termiticntly or cortinuously.
Ie & peneral ruls, hovever, the lime cuality ic coneiderably below that produced

in the more modorn kilne. Three such types are the ficld kiln (intermittent)

the stone vertical (mixed feed) ~iln, and the horizontel or ring kiln (Hoffmeu ).

Figld Kiln -~ This kiln, dericted in Fig. 16, is operated intermittently,

each production cycle consisting of pllacinr the stonc, firing, coolins, and re-
moval of the lime. The kilnh stone is built up as an arch within the confincs

of the refractory-lined circular kiln wall., Creat car: is takern in placing the
large pivces to fesm the arc. .nd also to form a type of ' chimney” leading to
the top of the kiln char;c, Thc rtones are placed individuelly to give a key-
ing action so that the structurc will not collapse during calcining. The firing
is accompliched directly below the arch, using wood, corl, or coke. For the
purpose of increasing drati, the kiln is eaquipped with a sheect iron ring which

acts as a vindbreak,

The production cycle rewquires 1 - 3 days for charging the stone, the exac:
number dependirp uron the kiln sir¢ and number of vorkere: eeveral days of
firing: and one day of cooliry. “hile the kiln walls are etill hot, the kiln
ie emptied of the hot lime, this operation also teking several days. After
the walls cool off, the cycle is repeated,

One variation to the above involves the combiration of firing from below
witih the uso of mixed faed, {,e., the kiln charpe is built up vith alternating
layers of fuel (vood or conrl) erd stone, with supplemertal direct firing from
below, 1In some field lilwn oncratione the tep of the stonc cher;e is plastered

with mud (211 but the central ' chimney! section) to increase the natural draft.

The principal disadvartaje of the field kiln i¢ the preat care and time
needed to tuild the rtonc arch and the balance of the ctone charge for each
cycle. Cenerally, rkilled moson: were required for thie operation, The waste

of fuel is also evceeorive, eirec the kiln valls must be cooled down during each

cvcle to permit -cebhareirng,
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Although field kilns were popular in the U.S. prior to the 20th centuyy,
they have teen renlaced by moder: rilns. However, they are gtill used in many

other parts of the arld.

}ixed-Feed Stone Kilr —-- The intermit+zat field kilu was followed in

history by the continuous stone %iln, utilizing the mized feed principle,

with wood, coal, or coke being ueed a8 fuel. This kiln it a solid stone
structure built of field stonc, preferably a refractory gtone like sandstone,
quartzite, or granitc which obviates a refrectory lining. If limestone is

used for the outer shell, however, then a refractory lining, up to 12 in, thick,
is desirable. Unlike the typicul verticel kiln depicted in Fig. 6, this kiln
hae an open top, ard it aleo lacks fire boxes or fuel ports. It is generally
built along & hillside to facilitate charping of the layers of stone and fuel
fron the top. 7

Ae with lime kilns in generel, the early stonc shaft kilns vary consi-
derably in size, desism, type of fuel, atc. In one eactern U.S. plant spe-
cialiging in apricultural lime production, these stone kilns are about 12 ft.
dia. x 50 ft. high, with the lower 10 ft. interior section being tapered to
a diameter of 4 ft. at the discharre opening. A< in. boiler plate lining is
incorporated in the lower part of the conical discherge gection, Dinchargt.
is effected with e manually operated, inclined shaker grate bolted to the
boiler plate.

The stone feed i 7 - 7 in, sire, and the fuel ig 3/4 - 1 in. coke.
Fach charge coreists of a 5CC0 1la. layver of liuestone end 600800 1b, lsyer
of coke. Charfins end discharsing are handled by one worker operating & front
end loader,

Each kiln produces about 10 t.p.d., vith the lime being drawn and charged
intermittently, Osnerally, the passage of stone through the kiln requires
about 7 daye. Nearly all of the combuetion 2ir is drawn in from the top.

Tunnel or Ring Kiln -~ Txtensively uced in "urope and some parts of Asia
at one time was the so-called Holiman Kiln, a tunnel-like, ring kiln. Since

V'orld Var 11 this kiln har largely disapreared from use in Turope due primarily
to the ¢reat amount of manpower thet is essenticl to its operation. Its use ia

only feasible in areas of very lou wages -- 25¢/hr. or less.
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Although there are many modifications in its design, esscntially it is a
horizontal process consisting of a refractory-lined tunnel, circular or ellip-
tical in shape, in which hot gases from the direct firing of solid fuel slowly
travel through the tunnel circuit, prehsating and calcining the stone charge.
The tunner of 3 to 10 ft. in height is divided into 12 to 20 imaginary or par-
tially constructed chambers ¢ atout 10 tu 12 ft, in lengths The kiln feed is
charged into each chamber through openings in the roof of the tunnel, forming
piles. Layers of small sized coal are added to the stone piles, and through an
intricate network of flues the hot gases ignite the coal in succeeding chambers.
Fans induce cool air into the tunnel for cooling the red-hot, calcined lime,
and the resulting hot air preheats stone in the adjoining chambers in a regener-
ative manner. In a 20-chamber kiln, under ideal conditions, one chamber will be
empty, one chamber will be charging, seven chambers will be preheating, four
chambers will be under fire (caleining), six chambers will be cooling, and one
chanber will be discharging 4y hand from side openings in the tunnel. The hot
conbustion gases move through the tunnel at 2 to 4 ft./hour; the hearth is
stationary.

It ig obvious from the above that a tremendous amount of manhours is re-
quired for charging and discharging; also extreme (strictly empirical)_ operating
skill is necessary to produce good quality lime. Yet, in the first part,of the
20th century it was regarded as the most thermally efficient kiln in use —

4.5 to 5 million Btu/ton., Capacities of this kiln ranged tetween 25 to 80

tons/w. Capital ocosts for the kiln were considered very expensive.
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MIAPTER 1 — YDRATION AR KILLING

As pointed »nub in “harter 1, quickiime can be used 15 building lime
simply by slaking it into 2 nutty, oreparatory .o making mortar, plaster, or
ptucco. But uicklime alone chould not be the sole objective. During lime
caloining and handling of the yulcklime, a certain amount of fines are in-
evitable, which may not be marketable. The next logical step, therefore, is
to hydrate thece fines, producing the 3econd important lime product - hydrated

lime,

In modern building construction, hydrated lime is generally preferred,
mainly because it can be used directly, i.e.,without slaking. It is alsc a
more refined product (due to air separation) and it stores better, In
addition, hydrate is much less caustic and, thereforc, easier to handle, with
less chance of workers setting burneds This safety problem is pariticularly
aggravated during hot weather, when workers normally perspire profusely. Sinee
many of the developing nations arc located in tropical rogions, this is all
the more reason why hydrated lime (and not quicklime) should be made availe

able for building purposcs,

Theory of Hydration - Miicklime s strong affinity for moisture is the basis
on whieh hydrated lime is predicated, Accompanying hydration of the lime
oxides is the avolution of considerable heat, called heat of hydration, This
exothermic reaction which is alsc reversible, is diagrammed chemically as
followat

drate

56 1R 74
Ca0 (hec. quicklime) + Hy g Ca(OH)? + heatT
Normal dolomitic hvdrate
9643 16 74 40.3
Ca0,Mg0 (dolequicklime) + H0 =73 Ca(0H . . MpO (mono. hydrate) + heaq\

Higzhly hydrated dq}omitic lime

»7

9643 o o 74 58,3
Ca0 . Mg0 (dol. quicklime) + M0 + pressure g:j Ca(OH)2 . Mg(OH)z + heaé[
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As ceen cbove and mentionci previously, the nigh oleian ‘ynes will
hydrate more complotely and with greater crlerity than dolomitia products, (b
mora reactive high calcium limes will -etually hydeato explosively., As the
water penctrates the pores of the qiicklime frament, the ranid rise in tem-
peraturc exerts great internal axpansive force within the particle and causes

it to fracture und disintegi<.v compicicly into countloss microparticles, either
as a orystalline powder or as a colloidal suspension, the difference being con-
tingent on the amount of water added.

Amount of Water - For oomplete hydration high calcium types require thooroticnlly
24, 3% water; dolomitic monohydrate, 16 ¢o 1¥5; and highly hydrated dolomitie,
26-27%. This water is chemigally combined and adds about onesthird more woight
%o the quicklime, but the volume of the res-.ltant hydrate more than doubles.
Praotically, however, more wat<» is required than the theoretical values cited
above, since considerable water in varving amo wts is volatilized as steam due
to the heat of hydration, For a reactive high oalcium muicklime, the minimunm
amount of water that must be added would be about 50-3%%, indicating that over
50% of this amount is cvaporated. MHormal dolomitic and manesian quicklimes
will require less water, sincc not as much is chemica:ly combired, and less
moisture is evaporated du» to the slower, less turbulent hydration. The exn:t
amount for a given lime should be dotermined cmpirically bocause of limo'n

varying capacity for water,

With respect to the amoupt of watoer used, ‘wo exircres should be woldc .
If a large exocess of water is added rapidly (or ~t onec time), an ndvers: “e-
action may ocour in whinh the lime is “droyngd"s ollowing initial hydration
of the surfece of the particle, vheve is n less in slaking temperature. his
impedes thc expansive forec that shatters the particle. The result is in-
completo hydration or long delny~d hydration, and the resulting putty after
some drying roscmbles a thin, watery pastc of poor plasticity, Such hylrates
would also be unsound bocause of the danger nf delwyed hydration., Thia
malpractice would apply more to slaked quicklime patties for structura%

use and occurs most commonly with hard-burncd limc.

The other extreme would be to add insuffiocien®t 'riter to the lime,
sausing the hydrate to be "burned". *ith hiphly reactive limea, cxt088ive
slaking temperntures of 4290 to 550°F ara sttained under those conditions

that may even partially dehydrate some ot the lime thai ae initially hydrated,




1D/WG.20/1

Pagre 77

Mare ofter Lhe wdrenion o 'he surfrcee dus to 1oe~lized ~ver-hcating impedes
peoacty ' ion o1 gunseyuont witer inte the interinor, cnusing deleyed or in-
complete uvdpation.  he res.lt e o coarsc, non=plastic hydrate with suspect

goundne33s,

Rate o lydration = My fartere inflaonce “he rapidity of hydration, which

arc enumernted ng iollowss

s Purity. Hirh ~chemienl surity abets ranid hydration. Generally, the
greater the impuritics, ' ns slower the rate, since water has more difficulty

in ponetrating the slogged pores.

?e  MgO Content. Increasing incrcments of MgO have a retarding effeect
on slaking. A very impurc dolomitic lime would be the slowest, almost im-

possiblc to hydratc completely.

3, Sisze. Generally, the smiller the quicklime partiole, the morc rapid

is the hydration,

de Tegﬂgfnturc. The rate accelerates with inoreasing temperatures of
both reactanls, particularly woter, and with most lime reaches a zenith in
]

steam,

5 Apount of Water. Inereasing the amount of water rotards the rate of

hydration.
6. Agitation.of the lime nd water mnrkedly accelerates the reaction,
‘dpatcs sluggishly

7e Air slaked juicklim. « Thus, both the quicklime

and the freshly made ‘dry hydrate or putty should be confined so as to prevent

undue exposurc and absorption of carbon dioxide from the atmospherc.

In dry-hydrating & reactive quicklime the most rapid slaking methods are
usunally not the best ror ouilding lime; n reasonably rapid hydration rate is
more rowarding. The cxact amount of wnter should he carcfully pre-determined
by tests, but it should rvunge between 50 - 70%. Often it is more advantageous
to add thc exceds wi'er in several small distinet incroments instead of all
at once or in a continual light sprinkle. There is disagreement on whether
greater 1ydrating control is exersised by adding water to the lime or vice versa,
but a slender majority twvora the former. 'sc of gsround quicklime of
L inch top size down t2 Mo, 17 mesn is rocommended for soft-burned types.

Wit" leas reactive limes, omaller siced particles should be employed. However,
fine pulverization is undesirable ciucce the comminuted impurities cannot be

romoved by air separation,
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Maintainins a maiximum nydration femperat.re >0 0D - lj”y (or Lde b
jugt A few derrces telow the ooiling pric ) oo rocomme 2ie i, 3ush o Cemper turs
can he controlled b sinn voriables as tho volung, romperature, ol rat. or
introduction of the watery tomperature <ad particle cice 29 The vimes ol
ratc and mecang of venting off stenm.  Tonid cooline of the bodrato Damodintoly

afteor termination of slaking is hiphly docirable,

"ith soft-rurned wygnesinn and nonohydrate dolomitic lime.s, penerally
the nbeove procedur: is ~lso -pplicnble, cxeopt tiunt ~llowrnee muct be oade for
the slower slaking rates  To producc highly hydrntcd lolomitie lime, v tiffoerent

tcohnique muct be cnployced, whizh will Lo deseribed later in the chapter,

With slaked quicklime putty, oddition=l water, of course, is needed,
since it will contnin about 35 to 40" froc water in nddition t> that which is
chemically combined. Curing of the putty for ol lennt o dyr or Longer in-

creaseos its plasticity markcdly,

A logical question ist how doos ono know by laboratory test whether o
good building hydrate is produced and what are its characteristics? Measuro-
ment of the following physical propertics with limite cited will ~nswer such

a questions

Fine particls cize - Maximn of 7 and 15% re*ainod respectively on

No. 30 mesh nnd No, 200 mesh sicves, respectively; predominant percent of
particles of 5 microns or lcss, with some submicron sizes. Such n particle

gizc distrihution indicatcs hi,n chemicnl purit..

Specific surface aren - liigh surfrcce nrear of at lenst 20=29,000 sqecm/e.
ns detormincd by the Rlnine Air Perme~bility test (ASTM C 204),

Shzge of particle - As determined by microseony, plate-like, laminar-

shaped particles should predomin:te over sphericnl shapcs.

Putty volumg - High yield of putty that increases the volume at lenst
40 to 45% over that of the dry hydrate, (Thin is not to be confused with
putty yicld from quicklime which will incrcase 100=140%) .

Wotor rotontivitx - At lenst RS%, A determined in teut preseribed by
ASTM C-110 (Seo p.21).
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. . . o . . L oevs
olow settlinge - “hey woing v 1Y sucnamsion, ooni~h epecific surface

lime will roepiire 2 49 < hours to rottla, vhoreas o lime of low surface arca

. ) |
will octile 1 lece than 17 nours,
Plagtirivy = Losti, .. .ol tiwortont - Ligch plasticisy - an Emley
——ememedive iy e - )

ralue of 2 or more, as determined v oo Imler Plasticimeter test described

in ASTM C=11) (Sce ;.1.).

Manufacturing tiethods - 3imilar to calcining, hydration is a rcelatively simple

chemical processs yeot there are numerous mcthods and typee of equipment avail-
able, thus nocessitating arain & careiul study to determine the beet hydration

system for producirg a dry hydrate, oonforming to the above propertics.

Tn produce a high grade aniform lime, mechanical hydration is re-
quired, followed by pulverizing and air scparation. DBefere the introduction
of mechanical hydrators carly in 1J0C, two principal hrdrating methods ware
employed:s  hand operntion and silo-retention. In the former the lump lime
was simply spread on 2 floor and watcered heavily from hoses, followed by
hand mixing and sifting. The silo method wns somewhat similar, except that
crushed or pulverized lime was uscd, which wns mixed with a slight excess of
moisture, and the mnaterial iumped into a silo, The lime then "agod® or
"matured” for 24 hours or longor; in some cases up tn 2 month, The silo or
aging method is unsuitable to lydrate a soft—burned or rcactive lime. The
rapid rise in tempernture increases the logs of moisture through evaporation,
with the result that froguentls thore is a deficieoney of water romaining for
complete hydration. As n consequence, "burning® of the hydrate usually
oceurs to some uxtent, and 11 Jlastielty and soundness »{ the product arc
impaired. Adding sccondary water to the lime hydrating in the silo would
be difficult to control. 8o, this method is nractical for quicklimes, that
slake slowly or sluggishly, such as dolomitic, hard-burned, and/or impure
(hydraulic) types. 'ilh some of thesc slowest slaking limes, boiling water
or stoam is added to accclerate hydration to prevent long periods of ouring,.
Finer pulverization of the quicklime alsd stimulates the reaction., With
limes of erratic or non-uniform reactivity, fregquently too much water is
added - 1n excess Sf Lhe ovaporation loss. The resulting moist hydrate
(with frec water) is difficult > remove from the silo and is more prone
to recarbonate. Adr separntiog L3 alwoet essentinl to dry and completely

hydrated, soreening through [2.3) and F6,40 mech soreens can be employed




oG, 0N

3. ]
! 1™ i

in liocu of air scporation, dowewver, obvioasly Loth of thone actnods oo
crude, and it is difficuit 15 ohtain 4 unif~pr nrdrate of Mook purity and
minute particle rize,

¥ith the developm nr 7 =~rlaniaa} hy iention, Time ounlity vne im-
proved greatly. Hydration capacity likewiss wne augmented, and today some

hydrators produce up to 25 4ph,

A typleal modern hydrating plant, =8 diagrammed in Fi, 17, compr.scs

the following unit operations

1, Hammermill, or similar tvpe crusher, for reducing lump or pebble
lime to small size (i.o,, - ine); some hydrators, however, can handle pebble

8izo lime,

2o Surge bin or hopper for pilvorized matorial; high and low level

indioators arc generally provided for aut-motic filling of bin,

3, Weighing (or volumetric) foedor for lime and flowmeter for water,
which are synehronizod,

4+ High epoed pre-mixer (may be part of hydeator),

5« lechanical hydrator, either batch or continuous, pressure or non-

pressure (atmospheric),

6. Pulv.rizor, genorally cquipped with inteeral classifier.

Te Centrifugal nir scparator for classifyins hydrate, with tailings
being rejected,

8, Tube cr ball mili, .cicn is opcionalj this mill ie used to inorcasc
plastioity by flattening and agglomerating tho particles,

9« Silos for storing various hydrate products,

10, Bagging machinc,

11, Convering equipment used in the hydrating plant inzludes enclosed
drag ohain or screw conveyors, bucket clevantnrs, and more rocently pncumatic

units, inocluding pump and air-slidc eonveyors.
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The hydrator, tho kev to the plant, is cruiveed with paddles v
plows 1»r obtaining through ayitation of the limecewator nmixturce, A s8tack
is generally provided for venting cxcess heat and stoam resulting from tne
heat of hydration, with the dus® particles being collected, serubbed, and
returned to the hydrator as milk-of-linme,

Barly mechanical hydrators were »f the noneselective tvpe, i.c., the ‘
quicklime, regardless of whother it was hard-or-soft-burned, remained in the
unit for a certain length of time before heing discharged. Thag, not all of
‘the hard-burned quicklime was hydrated, The modern hvdrators, on the other
hand, arc selective or differentiate between the hard and soft lime particles.
This is accomplished by meane of a weir in the hvdrating chamber, which
permits only the completely hydrated particles, becausc of their lightness,
to overflow and be discharged., The slower reacting particles remain in the

unit as long a5 necessary to virtually complete hydration.

Hydrator Typos - Hydrators are classified into nonepressure and pressurc
types, the latter being used primarily with dolomitic quicklime to produce
2 highly hydrated lime. Under normal hydration, the magncsia portion of
dolomitic lime is clow to hydrate (due to Leing hard burned), but with
pressurcs of 40 - 100 psi, the hydration is forced to virtual completion,

Atmogpherioc Pregsure - Several types of atmospheric pressurc hydrators arc
utilized, including both batch and continuo.w. A commonly uscd batch
hydrator is the Clyde, which is simply a horizontal, revolving pan-type
mixer provided with a scrice of p'ows on rotating arme. Becausc of low
capacity (about 2 tph,) and hish labor requirements, the batch systems
have been largely replaced bv continuous hydrators, The latter also in-

variably produce a more uniform hydratc,

Among the principal continuous atmospheric pressurc hydrators are
the Kritzer, Schaffer, Knibbs, Hardingo, and Konnedy Van Saun, which have
cepacitios up to 15 tph (some to 25 tph.). The Kritzer consists of a
pro-mixer and six horizontal tubes which arc mou-ted one nbove the other
and connected in series. Dach tube contains a rotating paddle for mixing,
with hydration progressing through the six stages of mixinge Water is fed
to the pre-mixer through n series of nozzles in the cxhaust stnack, thus

relieving dusting conditions.
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The Sehndlor fodres 0 0 0y v L0 o pon i L o nalil-stago oro
S
roagtory it toodivided Do osivors o eonmertments, ool beinge provided with a

rovolving dine and worrecineap i, Tno dlan in o turvw aontaiag nwnerous
plowsy which are sreansd 00 0 a0 e oor mad ke p 1t ruritated and
movings contijuously o1 nompur oricn. 40 compartmont.  ater 18 introducod
hroush the ok gt Stacn, oo et Lsinn. tho line dust and forms a hot
milk~of=linc wiich iun thon discatrgng L.in t.ac pro-mixing chambsr along with

the quicklinme Tead,

; The Havdinge hydrator (Fig.1:) is cssentially = lerge, single, fixed,

h horizontal cyvliader haviage 4 harisontal rotntl g skaft ruining the length of
the hydrators  The shaft has sories of paddles which constantly agitatc the
Yime during iie passase through the unit,  Like the Schaffcr, the wator is

fod through a cordenser slack ns milk-df-lime, and the lime iS introduced

through a weighing feeder. Rotary lydrators, resembling small rotary kilns
or driera, are aleo used for lime hydreation. Lime and water onter at the
feed end, and hydration ocours as the material moves slowly to the discharge

end,  Paddles arc uot necded tor agiiatiou,

Production of Highly Ipdrated Dolomitic Lime = Two types of sontinuous hydrat-

ing gystems are uscd for proditinge highly hydrated dolomitic limc - the

prosgure (3utnq;uv~) as tyniried by the Corson process, and the Kennedy=-Van

QN

Saun, which io atmespheric. Moo fwo hpdratore, thich hove aleo been applied
to caleitic 2nd ~rymosian lines, wre jenornllys aperated iv conjunc.ion with

specinal milling wnita o the vesduesion o highly plastic type S lime.

Pressurc Hydrativ - The »riacinal continuous pressure sye'em for producing

highly hydrated dolomitic 1lme is the Corson autoclave, which is used in the

UeBeA, m7 ror o0l a4 san (1i+.19). Tn 0w process ground dolomisio
lime and water arc automaci:nlly Ted in constant proportions to a high-specd

slurry mixer, wlhen 1o an insulated 7 x 20 ft. pressure vessol (autoclave),
which is equipped with an asitartor,  Operated ia an oxoess of voter and at
about 75 psi and W0°F, he nutoclave virtunlly completes the hdration in
30-49 minutoe retonti-n tine., The hydrate, which is t¢xtremely fine in size,
t8 then discharged ontinnously *hrough a small rine to o spocial heatod

1

cyelane enllector,  Tocause “hilse guit ia werated 2t at-oepheric pressure,

the autozlaved produst wirtunlly cxplades, thercby droir- the hydrate (spray

drying principle) and reducin: ita nartinle sire even further, Alfter drying,

L
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g Figure 19
: Simplified flow diagran 1 f hydrating plant utilizing pressure

hydration and Ball milling to produce Type S lime
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the hvdrate i f2d ' n lall =ill, no0 5 o woaged Trecr, hul ey
aggloncration tn inerease the plastici® o AUtar milliiey the o e et -
puritics arc remzved wiln a centrifugl e soparntor.

A more recent procens £ap cevofageigrin e nienlL hdrated dolopibie lime

involves the Xennedy Van Saun non-pressure nvdrator, Kay wnite o this avstom

include 2 high-speed mixer, o 7 x D ", ovlindrisnl scasoning: shomber, a
cooling and drying ssrew conveyor, and VS "plasticitor® nill uhilicing
14 in, rods as plasticizing nedia.  The hydratinge chamber teasrporatos
slowly rotating agitator and an adjustable wedr ot the discharee cnd for
controlling retontion time to about anc hour, The key feature, howover,

is an oil jacket surrounding the chamber, which acts ao o heat exchanger,
transferring the heat releasced from the hvdration of Zad in the initital
portion of the seasoner to the opposite ocnd or huatine the lime and forcing
MgO particles to hydrate. As in the Coreon system, small particle size is
achioved by hydrating with an oxcess of water; however, unlike the Corgon,
the oxcess water ie removed in nn enclosed 3 fi, dia. x 14 ft. ribbon screw

. ) . . .
conveynr, which also cools the hydrate to 140°F by air being drawn through it,

Jroducing T S High Calcium Lime - Since ealeian oxide hydrates readily at

atmospheric pressurc, all hydrators can produce high caleium hydeate which
ensily meets the soundnoss requirement »f Type 8 lime, i.es, less than Hh
unhydrated oxides, Put not all hydrating svebems will readily yicld 2 hish
caleium lime nmeoting the other Type 8 requirements, 1.c., Dulcy plasticity
value of 200 or more and water retontion of 55/ »r more, both heing attaiped
within 30 minutes after mixing (hig: early plasticity). 75 achieve the quick
plastic properties, several manufncturers have developed or patented specinl
hydrating systoms., One such aystem incorpsrates a continuous hydeator know
as the Hydracleve. JAnothicr system involves a modified Xnibbs ~ontinuous
hydrator. In this systom highly plastic agelomerates arc produced in two .
ways, (1) By hydrating with oxcess moigture, thun foedins the coarser
hydrator produot to a flash coyre mill dricr, {illowed by grindins in a
Raymond "Imp" mill, (Mhe fine product thei sverflows the weir is air
soparatod and markcted ns chenicnl lime)s (o) Hrdrnting with sufTicient
moisture for complete hydratinn, then air classifyinsr, pradusing approx-
imately 65% aigtlomerates and 25ﬁ fineg, The apelonceratos are then nilled,

producing a highly plastic limc, with tue fines being uscd £ choenical

markcts,
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Tioall fror o v cow -0 U reegee s, the nodmatens develop
Iriley plasticiting well 270r 7000 a0l 17 S.m0 3sCS OVer S, and water
retention vilies are o fron s L0, s s asotaenczo these hodrates are

premiumn buildins Liae prodacic.

Milling, dir Scparation, iad bagrin,. - Yescrinticon of the above Type S pro-

cegses indicaged the importance o various refining nethods following hydra-
tion. In the case »f buildine lirg, “hrec ;roduct improvements are desired -
increasing the particls fineaess, rcuadrins tmparities, and agglomerating the

fine particlos into leainar shapes.  1n w00t plants the hydrator product is
F /

.
i
H
:
I
E
:

first pulverized in a roller mill iz :he Zymind, which also incorporates
cither a small mechanical or centrifugal (Maizzer) air separator, the coarse
fractions being recireuited for further pulverization. The gepoarator fines

may then represent finished produst, or are more likecly to be further Pro=

ceged in a large contrifugal ~ir separator £or romoval of core and impurities, ;
In this unit the hydrate particlee are lifted by strong ascending air currents |

generated by o frn, with the fine particles dropping out in the separator's
outer cone and the coarse fractions in the inner come. The saparator can be
adjusted readily t» producc virtunlly oy size dezired, and in the case of
spray hydrate for ingecticide use, ns mich av 7% will pass a No. 325 mesh
sicvao,

Rejeots (tailines) from the svparator are ucually wastod, along with

hydrator rejocts, although if the aroant in nppreciable, particularly if some

lime- is included, tho tailines mny be re-processed by scrubbing. The gritty
material is then removed, and the milk-of=lime roturned to the pre-nixer of
the hydrator,

Yhere a higsh degree of agglomeration is desired, the ball or tube mill

-~

rather than the roller nill is often aged for #riading, with the product then

boing nir soparated., One disndvantage of ball milling, however, is the high

cost of operation, duv to vear f the rrinding nedia and high power recquire-

ments,

Bagging machines are o neeoseity in o building 1ime plant, since it
is not practiecal to hnudle tulk lime ou buildivge ~onstruction projects,

mMinly because requirenents sre cenerallt to)y small. Various modern, highly

-

automated, power=driven hngelint tnonines are avnilatle, that accommodate

variousg 'ypef U multi=wnll baee, 150 the nuated valve, pasted spen mouth,
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sewn=valvce, and gewn oncu=moalh Copo. Heonnchlge.s R T S AR T
filling spouis, and one odperator ~a1 £ill ar IR g Yiltorn B Y, pagee
per minute using a modern anchino. Lomiing U trmiek p »ox o gn modern
plants is generally handled by vushebutt o PAWCT-CUrve’ convovaps that
have enough flexibility +» transport the b1 around curves.  Yhore labor
is cheap, however, hand carts arc used. Fa- sizes can be varied to suit

the particular wecight systom used in cach cruntry,
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Past chapters bave povicest vhe varicag vave of Tuarr-ing, stone

Dprocessing, calsiains, nrd hvdrating, ~'1 of which cnphasized the many

variations in these operationg, ineluding cqulpment.  Thore is no single
fonlproof blucprint availio, oo s lime piante IDach situation is
different, 2nd careful study ir cssentisl 6o determine an cconomically
feasible plant, Ysually the fi.al seleoction will be a compromisc batween

3 various desirable cxtremes, (or cxample, to sccurc the desired lime

3 quality, optimum thermal efficicney =y have 4o be sacrificed. If labor
is oxtremely cheap, “hen o plart with ninimum automation is cconomically
indicated, and vice verzn if labor ooes i3 highs  On the othor hand, with
rock that is difficult %5 ~nleine, there may be only limited choice bee

tweon kilns and processing cquipaont.

Capital Bquipment (Plant) Cost - [n vicw »f the circusstancer cited above,
any specifiic predictcd investment cost for o lime plant, complete with sup=

porting cquarry and stone plant, would he irresponaible. .About all that can
be presented is the possible rangse or mamitude Hf this capital investmont
on the basis of U.5, and Buropean costs {1246), but not including transe

portation,

Lot us ngsune that thy Jbicative is £ produce n reasonably high
quality soft-burned raiecklime ‘hir L5 suitatle for makine a good structural

hydrate, and sceondarily. for chemienl lime. A high caleium limestone of

suitable purity is wwvnilabtle. 4 daily plan® capacity of 100 tons of quicke
lime is desired, with auriliwy nydratio facilitics of § tons per hour.

All ecquipment is new.  lieal esette costs are not included.

Since approximntely  Sone of limestone are noedod to produce 1 ton i
of quicklime, the stone meratisv would have to be at lcast 200 tpd in size.
However, becausc of the svills wd fines produced during quarrying and
crushing, an absolute mirimun ~f 300 trd would have to be quarried and
processed, and actually = D" tpd osperation would be sufer and highly
advisable, pa.r;.icularly for rortisnal kilu piants which normally utilize
large sizes. Theorcticall., o the 00 tpd operatisn, there would be

about 200 tpd of by-product two (riaus kiln feed sizes) that could be

markoeted,




£
5
[

The mayor mininal Tl eelod Cr s 4
would include the £O11winge e e by pn ey Arit e o

ot e Taimm e

" power shovel or a fronta 0 ) adepr o EEACE TR SO

iy o ma ]

tractor bulldn:or; tw> r tLree cEf=hivhwny rrackes oo Ly

ST = AN craeh
with an apron “ucoder (r corparatls crusner): - Pritaney ol IRVON T
(approximatcl;-.' Lovide w1500 l)ng:): 2 dey = v pen Lo sereons o aoane-
crushar far possitle soe mdary crushines abagl b foel of s{erellineous
belt conveynre (vlnscd-—cir'ni*, Btockpiley ~ni realain): vierating: toedere
in peclaining tunncly nnd structural stes! supperts U Sho stone-procesging

plant,

The est mrted eost would o about G000 [ar the quarry equipment,
$135,000 for st:ne processing: cquipment, anl ~lout 70,000 fop ingtallation
°f these facilities, Thic is a total of £70,000, or “.75/tw of daily
stone capacity (based on 400 tpd), or #1350/ton of daily quicklime capacity
(assuming 2 tons T stone for 1 ton of lime, nnd dicregaraing by~-praduct
stone sales), -

Actually, howevor, with the above facilities, productiion could enwily
reach 100 tph, which for an & hr, operation, would reducc the above ratios
hy about half. By osperating at th. 10, tpd rate, one f=hr, shift would
eagily produce two full daye of kiln foed, Ihic being the case, the stonc
plant could be run on a half time basis, ur else Lo nperated intermittentlyy
1e@ey woek on, weeck off, cto. Ior the lattoer operation, a kiln feod gtockpilc

and reclaiming tunnel bolt oconveyor would be advignble.

As an alternate, a portable erushing ~nd serecning plant could be used
instead of the permancnt stone proceesiny facility, which would be lees
cexpensive in cnpital cost., Two basic units wiuld be nceded - a primary
plant consisting »f an apron feeder, jaw crusher (:r comparasle crushel‘),
and conveyor, which could be sct up adjacen® *+o the pawer shovel, and a
primary screoning plant, consisting of a single (»r Aoutle) dack mcrecn,
with two (or threc) product eonveynrs, The principal product, the kiln
feed, could bc trucked from tho quarry dircctly t5 the kiln, or to 2 stock-
pile serving the kiln, The two portable unitc nceded would cost about
335.000. If additional stone sizes are desired, 1 sccondary crushing and

screening plant could alss be sct up follewae the primary g:reening plant,
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Like the permanert ciooc discucsed sopelier, the mortable nrimary plant
would also hinve oocopnciny Cr 170 fphoor morey ond thus eould be aperated

t

onoan totermitoent Luasic U srioain the Ton ood Line pland,

Obviugly 16 wome O whe whove quarey or sioue plant cguipment and
machinery 15 rorlaced 1 cheap hand labor, as ig conceivabtle in the develop-
ing countries, the nbove oapital investment -osts couald be drastically re-
duceds The deyree of neshanization required would be based on the individual

nircumstances.

For the calcination olant, tho capital cquipment cost might range
between 31,250 to as much ne 77,000/tou of quicklimo/day. The plant equip-
nment would casentinlly comorisc:  the kila(s); stone conveying and charging
oquipment; quicklinme dis-har mechanism and aaxilinry conveyory screen for

classifying uickiime; limc otorage silo(s), and auxiliary conveyor.

One »>f the lowest cost kilus available ic the small producer-gas
vertical showr Ln Vig. 7, that oould be fired with cither 8>1id fuel or wood.
Such 2 kiln operated with natural draft would produse 20 tpd, and would cost
about $40,000. The same size kiln, equipped with induced draft fan and a
fow degigm rcfincments, would produce about 'wice as much lime, or 40 tpd,
and at a cost of about #90,300, Thug, 2. the basis of capacity/ton the
second kiln would le the beot - 31,.50/ton/day as compared to lZ,OOO/ton/day
for the lower eapacity kilne These kitns, however, have no mechanization,
and charging and dizcharging are carried out manually. Three of the larger
capacily kilng, couplete witli yuicklime storage and conveyor, would cost

an estimated 155,000 for the complete caleining facilitics, or about

31,375/t<m of daily ocapacity,

[n contrast, ¢ larger natural mns-or oil-fired vertical of 100 tpd
capacity and with mechanized chargins and discharging might he obtained for
an low as 3175,000 or £1,750/ton/day capacity. The same capacity kiln with

a gas producer (for aolid fuel) would be 15 - 5% more costly or a minimum

of 33?,000/ton/day capacity. Uther special verticals, like tho Double-=Incline
and Multiple=Shaft would be oven more expensive - about ®3,000 to 83,500/1‘.0!1/
day. Howaver, as o jeneralization the more expensive vertical kilns are also

more highly automated and »f7cr the »oseibility °f better thermal officiency

and more uniform lime quality, including softer burncd linc.
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Other kilns, like.the rotary, are inherenily much more costly nop
ton of capacity, and this disadvantage is accentuated in (for ther) amqll
ca.paci.t.y k'ilns of 100 tpd. At 200-400 tpd cupacitiec, hovever, these kyle.
would be lesz costly to inatall per ton of capacity. Tho « ffoerence between
moderate to large rotaries versus the small (100 tpd) would ta approximately
25,000 = 6,000 per ton per day as compared 1o 10,000 - {7,000, depending

upon type of kiln and number and type of auxiliary recaperative appurtenances,

A 100 tpd Calcimatic kiln plant would cost alont 24,000/ tonduy, ine
cluding preheater and cooler. The FluoSolids kiln plant would be even
higher, approaching the rotary in total cost on an cquivalent capacity basis,
Like the rotary, these latter kilns are less costly per ton of capacity with
larger units, such as 200 tpd.

For the w of 5 tone per hour capacit;, the average cost

should approximate $200,000 for atmogrneric pressure hydration, This ine
cludee the essential equipment itemized in the hydration chapter., With
pressure hydration, the capital cost is higher becauce of oxtra milling
equipment, added expense for the pressure vesscl (autoclave), and larger
equipment needed for the same capacity because of longer retention time,
Again, the eame principle applies that, with larger hydrating systems the
capital cost/ton will diminish.

Table V presents a summary of the above capital cost considerations,
based on the hypothetical 100 tpd lime plant and associated quarry. All
figures are in $/ton of daily quicklire capacity, mit not including trans-
portation cost of machinery.
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able Vo- Surmiary of Motimgtoed Line Plont Costl

Kiln Gronoor Stune Plan? Cori of Cal- Cost of Total
Tones o L Bgaiprmont¥® ciring Plant Hydration** Cost
Small unmechanized Vertical L 1379 2000 4725
Large automated V. rtic:l 14550 ZL=3500 2000 5350-
6850

Hotary ° 1350 5007200 2000 8350-
10,350

Miscellanecus (Spoci.l) 1250 4000~5000 2000 7350-
8350

* This figurec would te considerably less when credit is given to by«product
stone walus. The otone plant for the rotary and special kiln operations
may be slightly highoer duc to nced for a secondary erusher to produce
small kiln feced stonc,

*% Based on 5 iph hydratior capacity.

ﬁﬁﬂﬁ:ﬁﬁi&lﬂﬁﬁé&gﬁﬁﬁ - Just as capital oquipment costs vary considerably

throughout the limc industry, oporating costs for producing kiln feed, quick~
lime, and hydrated lime alvo vary greatly. The table below, daveloped by

R. S. Boynton,* shows thc approximate ranges in American costs as of 1964

for the principal cost caterorics, Since Am.rican cost data is fragmentary
in nature, the figurc: presented are ostimat s, and do not nccessarily re-

present absolute minimal or maximal values,

RS

* Boynton, Robtert S,, "Chuni:try and Technology of Lime and Limestone", John
Wiley & Sons, Now York, (lébwg.
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Table VI - Costs por ot Short Ton o Cuiecklin.

Kiln Fecd 1.3 a0
Fuel 1.50 A4e50
Labor 1.25 379
Miscellaneouc* 2,00 3,00

TOTAL 6,05 16,29

L

* Includes interest, depreciation, insurance, taxcs, power,

refractories, maintenance, tusting, and administrative, but
not sales,

The kiln feed costs are bascd on stonc coets of %0.65 to $2.50/ton,
respectively, assuming thc two tons of stone to one tone of lims ratio. The
highest figure pertains to plants purchasing thoir stonc from outcide sources
(generally by boe’ or rail haul) or to those having difficult quarry probvlems
(extensive overtunden, stone dirt, neceseitating claborato washing, nced for
selective quarrying or deep mining, etc.). Thc lowost figurces aro typical
of large, highly mechanized opcrations, particularly where the overburden
is thin and the deposit thick and uniform throurhout. Generally, the
quarrying coets exceed thc ston: proceseing costs, and in somu case8 may
even be three to five timee more costlye Thc above corto are offset somee
what by the salc of by-product spalle or finos. With most stone products,
the selling prices approximates that of the kiln foed, although cortain
specialty producte, like pulverized limestonc, command a price approaching
that of quicklime,

The great variation in fuel costs cited in Table VI ic duc te a
combination of factors, including tho typc of fu-l uscd (whcther natural
g8, producer gas, coal, cok:, or 0il), the cost of thc tucl itmelf (the
sproad from arca to arca may be 100%). and thermal efficicncy attained
(variee from 4.5 - 12 million Btu/ton in the 1.5.4.). Gonerally, fuel is
relatively cheap in the U.S.A. so less ocmphasis is placed on thormal
efficiency than in Burope; ac a consequence, rotary kilne prodominate,
Where fuel costs arc cxceptionnlly high, however, the rotarics arc equipped

with various heat recuperative devieces.
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Laber cost por torn ot rriieklime aleo rarics wid:l, Jduc to a more than
1007, cpread in wasne fwt«, froi ~rea to arce, and 2loo the varying degree of
mechanizotion and wtor tisn. Jom plants +ith th: hirhert wages countor-
balance this dis.dvant-ye: with the vltimat. in mechanication. In contrast,
other plantc with low w3 and Llimitod automation -nd appr -ciablc hand
labor conclud. that the carit:l investment tor the roequisite labor-saving
equipment is unwarraerted. The wost officio ot Areriean plant operate with
less than 0.5 menhour/ton of micklime, but the anyority are btetween
1.25-2,0 manhours/ton,

It should not Y. conctruce from Table VI ihat ony plant has tho minimum
or maximum cost indientoed, ~lthough it iz nlwweitle thit the emall, old plants
may approach thc maximum cozt. This vast div.rgence in lime operating costs
is far morc proiounced than in other industri.s, Generally, unit costs
decline as output incroasos, ind larger plants wnjoy substantially lower
costa per ton than to producc cmaller plants - as well as lower capital
cost/ton of capacity. Ac in mo:t industrics, opcration nt 90-95% of
capacity stimulates the lowest operating cost/ton. It is bolicved that

lime operating costs in Wostern Durope are ibout 10 - 204 loss on an avorage
than in the U,S.A.

Hydrating costs arc not included in this discussion, since the value

added gencrally vxcueds the procossing cost cntailod, miking the hydrate a

more profitabl. itim than quicklime, With normal hydrate tho total sales
return is 40 - 50 gFW1ELP than with its cquivalent s quicklime, based upon
(1) 4 tone of quicklime will rrk. 5 tona of hydrate, loes about 5% of the
weight duc to t.ilings, and

(2) the hydrat: is generally sold at about 157 higher price per ton on a
comparable bulk barise With prossurc and othor spceial hydraées, profit
may be even greaters Bagring adds about §3450-54.00/ton more to the cost
of production and thc sclling price,

!QBEQ!%E Requircnents - A wide range of manpower requirements oxist in the

lime industry - from the highly skilled comtustion engincor and maintenance

s s TS

mechanic to the leascr skilled laborer handling routine, oft.n back-broaking
choress All of th omployoos imust be rugged to withstand the rigors of the

o

Job - working undcr 211 types of weather conditions and contending not only

with a dusty enviromment but also with a product having caustic yroperties,
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In view of th. latter factor, workers munt ¢ Ieiructog in anfoty to avoid
lime burns. They must also be thaght how 10 work v.roiy sraund 111 of tho

heavy equipment choracteristic of the wime plant ad v oarpy,

(
In order to insurc A officient CPpurLtion with cousictontly high

quality lime being produced, rcvernl Koy momorl sitil. Theaw inelade the
general superintondent, lime plant engincer, wxintenance foroman, and plan.
chomist. The superintendcnt mist be a well-rounded inaividual - a mechanical
engineer who knows the how and why of sach pricegsing unit, an operator who
can run every piecc of cquipment, an expert in lavor relations, and lastly
a teacher who can demonstrate the right way to perform the various joba,
The lime plant engincer should be an expert on the design and operation of
the kiln and hydrator, as well 18 the auxiliary amuipment, Lime quality
and production costs arc largely in his hand,

The maintcnanco mechanic is of great importance beecause the quarey and
lime plant machinery and equipment are subject to oxtremely hard wenr,
necessitating continual maintenance and repaire This )ob is copecially vital
in underdeveloped countries where replacement parts ani equipmont may be
difficult to procure. Tho maintenance man should be an cxpert wolder and
electrician, as well as having the knowehow for rcpairing mobile and other
equipment. Thu plant chemist has the important job of chucking quality of
both the limestonc and lime products, as well 2= providing tochnical rorviee
to the company's sales organization. A background in g-ology or mining
engineering will be hclpful in connceotion with Tuarry doevelopmoent,

The manpower requircments will vary conziderably from plant to plant,
dopending primarily on type of quarrying operition and kiln ured, lime proe
ducts made, manpower available, nnd of cours., dugree of mechanization. 1In
the most officiont, highly mcchanized American plants, 2 low ag 0.5 manhours
are roquired to producc 1 ton of lime. At tho othur oxtreme are the simple
plante in somc parts of the world where the ontirc quarrying operation, from
drilling to loading quarry cars, is carried nut with manual labor; wherc the
kilns arc loaded and drawn by hand, =nd wherc the hydrate ir produced by
hosing quiocklime sprcad on a flcor.
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Where o hich 4o of woechanication 1o wrica out, the following ard
the approximat. manpower nocds {or the 100 tpd lime plint citod above, assuming
the quarry and .tone plont o or.tiing one shitt of & - 10 hr. por day, the
caleining plant opersting round the cloack (3 shifts poer d-y), and thc hydrator
plant 1 = 3 shifts per droy.

-

Stripping: - Varice acecorainy to cxtent of overburden (gencrally 1 or 2
scrapor operators, or 1 dragline operator and 7 or 3 truck drivers, with

soveral laborers for fin:l clonnup).

Quarry - 1 chovil oporator, 2 or 3 truck drivers, 1 or 2 drillevs, who
would also handl. th. blasting, and 1 bulldoz.r - dropball oporator.

Stone plant - 1 crushor and screcn operator and 1 laborer,

Caleinin~ Dept, - 1 kiln operator and 1 helper per 2 - 3 kilne per shift,

Hydrating - Bagging Dept. - 1 hydrator opcrator, 1 mill operator, and 1

laborer per shift; and 1 or 2 baggor oporators and 2 or 3 loaders for one
shift only.

gnance Dupt, - 1 or 2 mechanics and 1 helper.

Supeprvieory Staff - 1 gsencral superintendent, 1 quarry foreman, 1 plant

foroman and 1 chomist,

Thusy thore arc 2 total of 22-28 production cmployoees, plus the super=
visory personrcle  The mumber would be slightly more for a vertical kiln plant,
gince in addition there would probably be onc or more drawmen and several
lime pickers ncoededj the Lattor manually rcjoet the large picces containing
corc following cooling. On the other hand, thore may bo fower workers on

stonc production, since louce crushing and serconing would be required.

0f the above workers, thoe shovel, kiln, and hydrator operators and the
maintenance men would e considored skilled workere, the truck driver, bull-
dozer oporator, drillers, crushor and mill operator, and bagger would be
somi-gkilled,y i the balance unskilled.

In underdoveloped countrics where skilled workers arc gengrally lacking,
all but the latoring jobs would undoubtedly be handlod by imported skilled
workers. Somc of thusc jobe, nowever, nay bo taken over by local workers as
the skills arc loarned raroush intensive job training. The importance of

Job training cannot bo ovevemphosized, since mistakee madc through lack of

g, oy
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knowledge nd expericne. may resdt in Cotly Troikdows and v ocare. theon
the more menial tasks should involve adoquate troining, rartisiiarly with
rcgard to safety precautions.  The length of training, of coarsc, will dopond
upon thc job difficulty; somc jobo can b loarncd in o mattor 2 days, whil,
others may take a month or longoer.

Safoty - Safoty instruction should bu conterod around throo principal

charactoristics of tho liune industrys

1. It is a hcavy induetry,
2, The work is largely out-of-doors,
3. Quicklimo is highly caustic and hydratod lin £lirhtly ecaustic,

The heavy naturc of the industry is indicated by the high incidence
of back strains occurring among workcrs; .ege, in th. U.8.A. about one fif*h
of all disatling injurics arc back ecases, nuarly all of which arc the result
of improper lifting, Thir is paradoxical, in viow of the high.degree of
mechanization in Amorica., Much of these injuries could have been avoided
by inetruction on propor lifting, proper usc of tools, .tc.

Outeidc work, too, eruatus special probloms, particularly und.r uxtreme

conditions of tomperature and weather. Hoat stroks con become - problon unloss

special procautions nrc t-ken. Blowing dust is not only ~ source »of dice
comfort, but can lond to oye ingurics. Quarry or nminer ~lso ceronte hozardous
conditions, particul~rly with roepoct to btlesting, f.1llirn: ~nd flying rock,
stonc hnulage, otes However, silicosis i not ~ jroblum, sinco the limustone

used in lime burning is rclatively prse and contoins little or no silicn.

Undoubtodly, the groatcst emphasis in safety training has to be directed
to avoiding skin or eyc burne duc to Jimc's alkalinity or cwsticity. The
UsBsA. lime saf:ty statistics indicnte that burn casce comprisc ~bout 207
of all disabling injuries. Most nf the burn cusce involve uyos, ~nd ~ru
largely the result of safoty goggles mot teing worn or not fitting proporlye.
The skin burne usually occur in areas where the clothes ch~f. or rub, Cegge,
nock, wrists, ~nd ankles, The problen is copeeinlly acute with quickline,
duc to its groat affinity for w-ter nnd r.sult-nt hceat of hydrentione With
hydrated lime, a burn will not occur unlcss the skin ic ch.f.d badly or
aetually open (duc to a cut); with quickline, howcver, - burn con occur if

the body is purspiring, duc to thc hu~t rolinsed during the rapid hydration,
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Yoty Lire arns e boonvoided i~ fow cinple precautions nre taken.
The worker should Lo fully elsthod (short sluoved shirte not pormitted); wear
high top choco, with trous.r 1..v oxtunding wver (nreforaily ticd) shou tops;
and wear eap nnd gauntlet ploves. Clathes should not tind too tightly oround
the neek, wricts, r ankl s, If prolonged cxposurc to dust is incvitable, the
worker chould us. o protective eronm like Vascline on the neck, fnoce, wrists,
and anklose He rhould zlse wear thisht-fitting safoty £oggleay fitted with
side shicldsy and if the cnviesnment is very dusty, he moy need = filter
mnsk or respirntore  However, it should be roalized that inhalation of
hydrated lime dust is not injurious, -lthough quicklim: dust could causo
internal burns. Aft.r work the suployoc should shower to remove the lime

dust ~nd protective crunn.

If burns do occur, first +id trentnent is required imnedintely. The
affected arce should be washed with so~p and warm water, then treated with a
burn ointment, ~nd kept bondnged to provent infeetione If lime gots in the
cycsy thoy should be flushed out immedintcly with copious ~mounts of water,
If n worker is found %o be nllurgic to limc dust, obviously he should be

dismissed,

Busides heing required to wenr safoly goggles, workers should also be
provided with variou personnl protoctive cquipment, sueh ne hard hats,
safety shoes, nafety IGHSLB' roingenr and boots where needed, ctee The plant
should nlao devote a prent Cffort to nceident provention work, cither by
hiring a safety onginecr or 1o forming » anfoty committee. No “short cuts®
should be permitted where onfoety ie concurned, It is only through diligoent

and dedicated exfcty work thait injurics can be reduced to a low lovel.

Conclusions - Scveral broad generalizations are cvident from this relatively
quick glimpsc of the limc industry,

(1) Although the chaliistry of quicklime and hydrated limc ie simple,
the production of thosc twy basic products is somewhat complicated, partiou-
larly when n uniformly high quality material is desired 2t a reasonable cost §
of productions A rreat varicty of kilns =nd hydrotors aro available, nccess- |
itating 1 earcful study {1 dotormine the bost typus 2f production units to

U3Ce




ID/WG, 01

Pore 10

(2) Although 11nc ie on o the lowert oorl Luilidinge mitoriala aed

chemicals available today, the lime plant 1taclr ia not o4 low coot freility,
Even n low crpacity oncration wiild POQUAPS 4 ocap1tal investment in cxovas

of $0.5 million, perhops closer t- *1 1millisn.
millions of dollars,

Laree plante will coct severnl

(3) Building lime should bo highly plaatic, cound, and have high water
retontion, A good building lim. can bo produced randily Y using high purity
limestone and by burning ~t relatively low temporaturcs to yicld a soft-
burned product. Hydrating to produc. a fin. particle vize, followed by

grinding to produce agglomerntes londe to » Lighly plastic hydrate.

(4) A developing country should not tuild = 1ime plant solely to
produce building limec. Othor potcntial markcts rchould also bo considored,
which may matorially affect the lime plant dcsign,
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