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CEMENT

SECTl-:m I WET PROCESS CEMEnT PLMI!'

INTRODUCTION

The purpose of this report is to present basic information for
establishing a plant in a foreisn cocntry to produce portland
cement.

GENERAL ASSUMPTIONS

In order to make realistic est'mates in this report, certain
assumptions are made. These are:

1. TheCO!fts of the building and c;eneral facUities are
baaed on United States. prices.

2. I".a:::erial C"osts are based on sizes and specificacions
of materials used in the United States.

3. Labor costs are based on the average for the indus,try
as recently published by the United States Bureau of
Labor Statistics.

4. Adequate power and water are available at the plapt
site.

5. Adequate transport',i,tion facilities are available at
the plant site.



6. Tbe plant operates three eight hour sbtfcu a day, .,even
days a week, three hundred and t:hirty days a year.

1~ Bo special provision is tUde fortbe training of new
personnel. It 1.s assumed that learner's rates are
paid in such cases.

8. The following itema cannot be esttmGted realisticaily:

A. !.and value.
B. Distribucior, and selling costs.
C In-freight and out-freight.
D. Administrative costa.
E. Taxes.

WhUe general estimates will be _de of eacb of these
items, for the pu,rpose of COlllpleting cost estimates,
adjust:ment should be mad"! in accordance wit.h actual
loc~l cost$.

In fact, all coste~H::!.u.es cODta:llned in this repQrt
should be adjusted 1:1\".1 conform 1:0 110cal conditions.

(11. Wlumns are provided in tbe tables included in this report
to facilitate the conversion of co~~ figures to conform
vith local costs.

r!0OOCT SPECIFICATIONS

Portland cemena::, as defined byA.S.T.K. (American Society for Testing
Materials).

Standard Specifications for Portland Cement, which are videly accepted
abroad as well as in the United States follow:

"For the purpose of these specifications, portland cement is the
product obtained by pulverizing clinker consisting essentially
of hydraulic calcium silicates, to which no additions have been
made subsequent to calcination otber than water and/or untreated
calcium sulfate, except that additions not to exceed 1.0 per cent
of other materials lDay be interground with tbe clinker at tbe
option of the manufacturer, provided such materials in the aDIOunts
indicated have been shown not to be harnful by tests carried out
or reviewed by Committee C-l on cement. II
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C9!!position

The chemical analys •.s of portland cement shO",;a it t.o be composed al...st
entjxely of oxides of calcium, silicon. aluminum. and iron, with s..n
percentages of magnesia and sulphur trioxid.e, the latter being derived
pr1mD.rily frOID gypsum added as a retarder. The constitu!:lon of all the
compounds formed by the combination of tbese oxides 18 not perfectl,
know, but it 1s agreed by DIOst authorities that four principal con
stituents account for all but a small fraction of portland cement
c:link~r composition. These are: tricalc:hlllD silicate (3CaO.Si03),
dicalcium silicate (2CaO.Si03)' tricalcium aluminate (3caO.A12031 arA
tetracalcium aluminoferr1te (4CaO.A1203.Fe20J). For the sake of
simplicity tbeseco;;:rpounds are represent.ee: by tbe cyaabols C3S, ~S, C3A
and C4AF, respectively. In the manufacture of portland cemenc the close
control ·of raw material proportiOl1ing and of the burn.ing opecatim_, so
as to produce a clinker containing these compounds in tlle pro,?er relstive
am~ulVSt isa very important .cactor. By adljusting the rei..:tive prop.)r
ti.ons of tbe four principal constituents within narrow U.:JIDits. andwitb
mod1fk.ationa of process1.ng. a lIariety of types of portlu..!cnaentcan
ba produced. Theile types differ in some of: their properties and are
de~i~ned ":0 fill specl~i(,. requ.irements of e:ngineering construction.
The bulk ofproductlon (95 per cent in the Uu{ted States) 1sofA.S.T.H.
Types I and II. Air-entraining cements of these types are desiguated
Types IA and lIA.

Masgnry .. Cement

A cement specially designed for making mortar suitable for cement{~~

together masonry units such as bricks, concrete blocks, aDd cut stones,
can readily be produced it! a portland ce.1lent. plant,. and is made in uny
plants. Masonry cement, for which there are two tentative I..S.T.H.
specificationa, is generally a combination of crushed limestone inter
ground with portland cement clinker, with the addition of a small
quantity (ab04.!t 0.2 per cent) of an air-entraining agent, Gypsum is
added as in the production of regular portland cement. Masonry
cements may also be made by intergrinding portland cement clinker and
blast furnace slag, 6r 1eixing portland cement with diatOm&ceous earth.

For the purpose of this report all cost fig·ures will be based on
A.S. T.M. Type I and Type II cemenc, using the wet process tlb!thod.

PRODUCTION CAPACITY

The capacit:y of this plant based on a three shift: operation is 33,000
metric tons of portland cement per year.
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The manufaetur1.Dg unit of this plant is ODe metric ton. of portland
ee-ot.

!W1UPAC'l'UJ.DfG OPERA'1'IOBS

For the pU':&:pose of this brochure the vet process of 1II&_faetcrt:ng <:eMftt.
will bOl! used since practically all new plants beiag built are wet pro
cess plants. Qualit~· control. can beamcb more eail, cfJlltrol!ed nth
t.he wet prGCess and 1e8s p~t' is required.

The wet process of preparing raw materials in portland ce.nt _u
facturing, though it can be used vim :1'1' raw materials, is particularly
advantageous when one or 180re of the materials coauiDs substantial
quantities of water J or where a I. grade raw material caD be .a4e .-
able in a flotation process. The wee process is very frequently favored
because with it precise proporcioning of che iDgredieDts can be 1IIOI'e
readily achieved.

heparaCion for Grindf.pg

In us ing dry materials such as !i.•stone and shale in the vet process
the materials are crushed before grinding water 1& added to the extent
of from 35 to 40 per cent of the ca.binediweigbt. If ODenf the raw
materials (for example, etay) contains considerable _tattlre ita vater
content is increued and the clay-tn....t.etr suapeDsloa(lmoIm as clay
slip) is added in the correct propo::'ttonto th~ crushed rock a.it
enters the prel1m.1Dary aill. Where bOth raw ._ter1als (forexa-ple t

111&1'1 and clay) contain considerable water sufficient water & added
to bring the water content up to 35 to 40· per cent before srincU.:Pg.
Sometimes very au.ch higher perc;eiltages of water are required for proper
grinding.

Grindi!!&.

The wet. raw material mix is then ground. in the mills t.o proper size for
classifying.

Classificat.ion

Classification of wet materials is then accORlplisbed 1Iith vibrat:~

screens by rake and bowl classifiers. Sc;reens and rake clas·stfiers
are used with t.he preliminary mills and bowl classifiers 1Iith the
secondary tube mill. A bowl-rake classifier can be used vheogrilldlug
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is done in a sirlg1e mill.

Thickening

Grinding conditions IDa:;. in some instances, be 8uch that very high
percentages (up to 85 per cent;) of vater are pre8elitt in the slurry
of ground materials. This high water content is reduced by a thick
ening prQCeS8 in. large comparatively shaHeN tanks. Centrifugal
equipment is also used to classify aDd separate the solids from tbe
......ter 11'.. the lie1: process.

Bleqding

Slurries produced in the &anner described are p~~ed to blending tanks
where tbey are blended as required to produce theflnal kiln feed of
correct composition. Slurry blending is comparatively simple and this
is one of the advantage8 of the wet process. Tanks must, of course"
be~quippedwith suitable mechanical or pneumatic agitatiog systems to
prevent settlement of the solids. Before feeding the slurry to the
kiln as much as possible of its wacer is removed in order to reduce
tbe amount of heat required in the kiln. Common!y used eqiJipment for
this purpose is the rotary vacuum £11 ter by which as much as half tbe
slurry water may be taken out.

Water Supply

It is obvious that the wet process demands large quantities of water.
In a slurry containing 625 kilos of solids per curie meter (60 pounds
per cubic foot) the water percent,age by weight is 37.6 per cent of
the total, or 60 per cent of tbe weight of 30lids. At a ratio of 1.55
to 1.00 for solid dry raw materials to finished CE1lrlent the water
requirement would bE over 0.9 ton of water for each ton of c~n:: pro
duced. For the very Huid slurry referred to abovle more than twice
this amount of water would be required. In very dry regi.ons the
problem of water suppl, may assume large proportions. Some water can
be recovered by the use of sedimentation basins.

Production of Clinker

I,he Kiln

The rotary kiln is the heart of the modern portland cement plant. In
it chemical changes are brought about in the raw materials so that the
compoQIld composition of tbe clinker is quite different from tbatof the
raw materials. The kiln generally is the limiting factor in plant
capacity.
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The 1IIOdern rota~y kiln is a long cylindrical steel shell two to three
metet's in diameter and fl'om 25 to 150 m.t'Iters In length. The diameter
is not necessarily ,niform throughout the length of the k:! In. The
steel shell is lined with refractory materials (fire brick).. The kiln
is set at a slight angle vitI:.. the horizontal and is rotated on its axis
at a slow speed (usually between 30 and 80 revolutions per hour). The
epeed and the inc1inat ion govern the rat~ at which materials p,,!•• alor.g
the lengthl:>! tbe kiln and for s given rate the length determin!s tbe
time the ingredients af tbe mix are exposed to the hot gases. Variation
1n kUn speed is of':en utilized in pt~fere.nce to variation in fuel fIled
to meet changes in bu~ning conjitions.

Wet process kilns are eqa::"pped with loop~d chain sections extending for
some distance from the feeding end. In this section the slurry is picked
up and exposed to the gases of combustion in such a way as to accelerate
the driving off of moisture.

Various items of auxiliaryequi~ntare associated with the kiln. These
inc lude raw mix feeders (dry or wet), dust collectors, aDd draft faDS,
part of ttl\!. beat of the kiln gAses (this beat is not really "...Iaste" heat
if it is utilized, but the usage of the word is quite general). A widely
used davic'! for removing dust frO'll the kiln gues is the electrical
precipitator.

KUn FUll

The fuel burned in the rotary kiln is ;in item of great importance in the
operation of a cement plant. Pulveri~ed bituminous coal is the more
generally used fuel, but oil and Datural gas are also used. Coal JlUSt
be dried and finely ground (80 to 90 per cent througb the 200-mesb sieve);
sometimes prell..inary crushing is necessary. It is now custorury to lave
an individual «::oal mill for each kiln. A compartmented tube .ill 1s
sOIIettmes used for this purpose. The coal mi:::'l witb its air classifi,er
is an e~ensive and somewhat complicated machine. Fuel oil, if its \,jise
is economically feasible, is handled and controlled very r~adilYli but
tank. Si:orage, and possibly heating facUit1esJ+ add to the cost of i£s
use. lbtural gas is a convenient fuel where it is availabJe ac coa
petitive cost.

Kiln Feeding

Wet raw 1II8tertals are generally fed to the kiln by means of a "Fenis
wheel" type of device with buckets that dip up the slurry and feed it
into the kiln at a unifona rate. Special types of feeding devices are
available from the manufacturers of cement mill machinery. nlns are
available which have special arrangements for preheating the raw aix
before or as it is fed to the kiln. With such arrangements a sOllleWbat
shorter kiln can be used.



Cl1o.keripf:

The raw _t;er1alw pus tbrougla three stases 1.11 thet.'C'coa...... too :bIt;o
~11aker. In the upper 'port1oao£ the kilA ..btue udr:f.vaa. t)ff..
This aaturally requires .ore ta.at "ith vettbaA wltb dr:y _tcrrut.
anJ consequently it '1-. ,custOliiU"y <and aore ecClll:W!t{c:aJ) to uelODget'
kil. nth the wet proc:e.s. In the secODd zoae oftbe kllDcalcw
tiontaltea pla,ce(that is, CO2 18 driven off)l, aDd 1Dthe thbd_d
hotte:lt ZOQe the calcloeci 1U.x isllrought to s:lDteriDi te:llpel:ature.
wherecl.i.Dker is fOl:ll8d. In the wet proc... tile heat of the kiln
gases iautillzed aad the telllpt!rature at. t.he feecl &lid U U8a11y
betvean 2000c aDd 32()OC* (4OOOF and 6000F).

Cl!nker cooHn,

On leaviDg the kiln t;be clinker baa to be cooled.. Goeralt, used
types of cl1Dker cooler8 cOIIIprise vibratiDg Icre8l1'J or perfcwated
plates through which :>tr is dravn and over wb1ch the bot cllDkeJ: ,..se••
PriJDary (burner) air and secondary ,'ir aeedecll for COIIbustioll caD be
preheated in this MDDer, thua utilizing some of the heat leav1nl the
kiln. The rate of cl1Dker cooli.... is fmport&D~ becauae 0# lts .ffect
on gr,I.Ddabl1ity.. Cooled clin"-er 18 COIIVe,e~ to storale biDs f::olD: wbleh
it is drawn for griDd1.as, or It .., be Ft.oredl in piles 10 the opea.. '

CliDkerProce... ... ....as

Crush:1.p.&

The clinker partlcies are someU.. ofsultabtl.: size so that crushfag
1& not required. Howe"!'er, the iJDportaDce of proper .ize is .0 g4:eat
that crushing is uually done..

Addit.ioa. of Gyp...

The gyps... added to retard the tiDe of. set of portlaud ce.ent is bero
duced into the grindiug Baills with t.be clinker. Gwe- aud cliDker are
proporti.oD.ed auto.atically by weight;, the fOnEr .....tiDg ordinariI,.· to
from two to five per cent of the ~tal.. Gyps.. -.t be free froa surf.-.ee

* 'nleae are round fig ~$ and GOt exact equivalents of tempera1:ures
expressed in degrees.. Where temperature ranaes such as these .~t
exact conversion to the nearest degree is misleading.
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Th4~ughouc the processing of cbe ingredients enteriDg into the pro
ductio&'l of portland cement the problem of conveyiDg_ter:lals is om. .JIf
considf,rable magnitude. Conve~s of ODe kincl or another are required.

Materials HaDQ:li.!!; Egui't!!!D.t

-8-

Cement packages (usually paper or cloth bas:s) are filled by autCBlltic
filling JI!Ilchinea of which there are several. types.

1IlIOi.s~ure (which r:aquires ecwereu storage) ~ have a particle sue not
too different frllml that \')f the eliu1ter.. Gyps.. depos:U:s are -.eb 1...
widely distributed than are those of the p'i'uctpal raw _terial. of
cement l1 and the cement plant us...ally bas to buy this iRgred1eDt, as
it doe. fuel. "'otl:._1' be delivered to the pI_t b,. rail or vater, or
otherwise as eirC'l.lll'lDtaDce. require.

iSorage

After final grmcU.ng the fi.l.rl.shed e~ is cOBVeyedto storage bi:u
or 8 ilos frca Wich it ·18 taken fot: packagiag or: for bulk shipment.
The ratio of stoiqe capacity t~ amsual productUa capacity depend.•
QQ seasonal factors and eJ:blatic cOlldltions. In taperate elblates
It_y be from 10 to 2S per CeDt of aDnual capacity, but averages Dcarer
the j lover figure. Storage capacity is also depeDdent on the variety of
~tB being produced at the plant. Iforecwer, the number of scorage
units required is influenced by the excent Co which iDspected CeJDeot
has to be· held, where buyers require mIl inspection by a teatiDg
laboratory of their own choice.

Prelimjaary eli.uker grindiDg is ca.--ried out ht ball ailIs or rf.n8-roll
mills.. Tu~e milia fte US" for finish grinding, wrkiag ill ~Gl!JhiDati01l

v'!.th au elu.lfy'~eqw~t.· It is ...entul d1&t tbe pt:ocluet of
these a1Us not OIi:ty be fmel,. ground but also that the parttele sizes
k sult:a@ly graied•.

Bulk Shipments

The p08'Sibility of ahippiDg in bulk depeuds; 011 the availability of
suitable. transportation facilities and also on the existaDce of bulk
8t:or.age facilities at the powt of use. Celllent is 8011etimes shipped
in bulk from prociuc::J.ng plants to centrally located diatributiDg plana,
where it is packaged. AU- activation facilitates bulk shiparent and
handling.



between each step aDd the next. The course materials can readily be
haDdled by conveyors aad elevators of various staactard types and sr:urage
b1n8 are usually served by a traveliDg cree, but the fiDely ground raw
_terials aud finiahedcement present greater difficult.ies and 1lIIlOJ:e COlI""

plicated equip_ru: is required. In modern plaDts, syet.... utiU.z1n6 air
act.ivation are in general use. The air-activated _terial.flow like
fluids and. can be pUllped through pipes or caused to flow by gravity.
Pneumatic systems bave I'I8DY advantages md will satiafactor:Uy haDdle
fine _terials for cU.stancea as great .s 300 meters and t.hrough vertical
lifts up to 40 _ters. This allows great freedom in the design aDd
locat1ou of storage facilities. Cement in bags is readily transported
OIl belt cODveyors or moved by b.rmd trucks •

.An advantageous arrangement: of st.e::age bins for raw 1iD8.teruls:J clir.'lker,
gypsum and coal provides for their loeacieoin a straight 1:I;ne and the
UI1e ,of a traveling crane serving all of them, supplying the biD dis
.:harae hoppers by means of a cl_hell bucket. UDder SOllIe circ1.l1I'J8t.ances
port,able or fixed derrick cranes can. be similarly employed.

Pouer Plant

In the modern portland cement plant power is traUSlllitted by individual
electric motors. that is, a separate 1IIOI:or on. each itelll of equipment
that requires motive power for its operation.. The total 8IIIOUDt of
power required usually 8.1DOWlts to frOID 130 to 150 kilowatt-hours per
metric ton of cement produced. Roughly" one-third of this is required
for griDding raw materials" one-third for grinding clinker" and one
third for all other plant power needs.

Ilec'tric power may either be generated at the ce_nt plant or it _)r
be purchased fre. an electric utility or other source. In the United
States somewhat more than half of the electrical energy used in cement
plants is purchased. Not only relative costs and capital invesi.ment,
but other factors, such as the frequency of power failures. must be
taken into account in deteradning whether to generate or to buy power.
In any event. a stand-by generating uni: (Diesel engine driven) is
considered essential. An internal eombustion (gasoline) engine is
usually provided to keep the kiln turning in case of power failure.

It is essential that the electrical equipment of the cement plant
have the same electrical characteristics (voltage and frequency) as
any alternate power supply the use of which may be contemplated. This
is an important mattey in countries where elec-tric-al standardization
is less advanced than it is in the industrialized countries. Alter
nating current is generally adopted and motor-generator sets used to

-9-



sepply any direct current needed.

Power plant generators may be driven by steam engines (turbines)"
internal combustion engines or water power. If steam engines are used
waste heat boUers may provide all or a part of the steam required .. or
it may be generated in conventional· type boUers using thes4me .kind
of fuel as that bu,;ned in the kilns.

An item of importance associated with the power plant is the air com
pressor , with its receiver.. A. very large quantity of air is used in a
cement plant; its weight may exceed the combined weight of the .raw
materials and fuel consumed.. Huchof this alr is moved through blowers
at comparatively low pressures, but there is still a substantial re
quirement for air under higher pressure.

In some cases the power plant has to supply electricity to the housing
occupied by plant employees, as well 2S other demands, in addition to
the needs of the cement plant itself..

For the purpose of tais report electric power will be produced at the
plant ..

Control of Product

I!chnical Contr

The manufacture of portland cement being based on the use of naturally
occurring minerals that are subject to variations in composi.tion, coo
stant vigilance and frequent testing are required to ensure proper pro
portioning and ultimate composition of the ~ed ingredients. Equal
care is required in the control of processtng as, for instance, the
fineness and gradation of pa.rticle sizes of ground. materials. The
chemical and physical characteristics of purchased materials such as
fuel, gypsum,. and other materials ahd su!>plies also require continuous
observation to ensure their effective use. Finally, the product of the
plant must meet established specifications , and to ensure tMt it does
so frequent. and regular tests are performed. This technical control is
provided by an adequately staffed and equipped laboratory under the
direction of an experienced cement chemist. These are items ofappreci
ablee~ense, but they are as necessary as the machinery in the plant.
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DIRECT MATERIAlS

Some of the combinations of raw materials ut:1U.zed for the manufacture
of portland cement are:

1. Limestone and shale (or slate)
2. Limestone and clay
3. Cement rock and limestone
4. Blast furnace slag and limestone
5. Marl and clay or shale
6. Chalk and clay or shale
1" Marine shells and clay
8. Alkali waste and clay

Sometimes silica sand and iron ore are utilized as sources of silica
and iron oxide, and it is apparent that there are other possible combina
tions of natural or artificial raw materials that will produce the re
quiTed group of oxides. Location and relative cost. as well as composl...
tion, will deteT1lline which aterials are most suitable in specific
instances.

The exploration of the sources of raw materials should be careful and
thorough so that the cement plant will be assured of reliable supplies
for a considerable period of time. Account 1IIUSt be takeD of the
probabIe growth of the market for cement with consequent increases in
plant capacity from time to time. For instance, taking twent:>" years'
supply as a reasonable minimum,acd allowing a factor of four fOT pla.D.t
capacity increase, the potential supply of raw a.terials should be fifty
times the initial annual requirements, to provide adequately for growth.

Limestone and cement rock are hard materials that must be quarried by
blasting with explosives. The blasted material is reduced to crusher
size by secondary blasting or sledging. The rock is ora:J,narily bandIed
by p.ower shovels or cranes and is transported to the rement plant by
motor or rail, or sometimes by belt conveyers. Crushing is preferably
done at the cement plant, though preliminary crushing can be done at the
quarry. and may be desirable in some instances, as where crushed rock
is also produced for road work or purposes other than cement manufacture.

Shale and chalk can generally be quarried by power shovel without blasting,
and clay can always be so handled. Transportation to the cement plant. is
normally by motor truck, but other means may be equally suitable. depend
ing on distances involved or other circumstances.

The .winning of raw materials containing substantial percentages of
water presents a different: problem. Karl and marine shells may (and
usually do) require dredging, and residual and glacial clays may require
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vaahiDS for the resDOVal of undeairabJf" lllaterials. In theaecases
transportation may often teat be accomplished, by foraiftg a suitable
alurry with vater, which can then be pumped t.brOUan pipe lines.

Ilav _terial. such as blast furnace alag and alkali ...cu" which are
by-pr,oducts of other industries, present spec.ial proble. of prepara
tIon and transportation. Their use is generally conditional upon cloae
relationship of ownership and management of theceE1ltplaot.aDd the
industrial establishment in which they origiDate,in order to.sure"
continuous supply of suitable _teria1.

Blast furnace alag to be used in the mauufaeture of portlantl CeM'nt
must be made granular to facilitate grinding. Thisiseollucmly done
by pouring the molten slag into water, vhichtreat:lle11t. ~,~r,
results in the slag taking up twenty per ceDt or .:Jre of ita own weight
of water . This vater has to be removed in subsequent proc:esa:lD,g.

The proportioning of atvo-c~onentmix, such as U.IIutoaeandshale,
is comparatively simple, but the use of three or "re cOIIIpoaeatsgreatly
increases the complexity. For preliminary purposes the asaUllption .of
a two-eomponent mix is about all that can be expected ; indeed,. it is
all that can be done in the absence of full knowledge of the cOIIIp08i
tions of the raw materials ~·ailable.

For the purpose of this report, it is a&sUIDed· that U.meatODe and cla)'
are available at the plant site.

Limestone

Clay

Units
Required

11,500 tons

ADuual Cost:
Bat_ted .Actual

Coat in land depletion

Costin land depletion

Gypsum

Bags

1,000 tons $ 8,000

8.000
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SUPfLIES

Amwal Cost:
!!.tiaaa;:ed Actual

Lubricants and band tools

Refractories, brick, clay, cement

Maintenance and repair parts

Office supplies

$ 300

18,000

6,000

200

$ 24,500

DIRECt LABOR.

Number Hourly Annual Cost
Occupation Required ltate ~timated .Actual

Ilock blaster (operates
shovel part-time) 1 $2.50 $ 5,00Q

Power shovel operator
(full-time) 1 2.50 5,000

Laborers (quarry) 5 1.50 15,000

Maintenance 1 2.50 5,000

Maintenance helpers 2 1.50 6,000

Kiln specialist I 2.50 5,000

Crushing 6 1.60 19,200

Drying and weighing 3 1.60 9,600

Ball and tube mill 6 1.60 19,200

Blending and mixing 3 2.00 12,000

Packaging and shipping 6 1.50 18,000
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DIRECT LABOR. (Conci.nued)

Occupation

Power station

Coaaon laborers

Bamber
Required

3

12

INDIRECI' LABOR

$2.50

I.SO

Aunual COISt

E!t~ted Actual

$ 15,000

36,000

$ 110 ~oo

Occupation

General· manager

Foremen

Chemist

Bookkeeper

Set:retary

Clerk

roIAL

Number
Required

1

3

1

1

1

8

PLANT LAYOUT

Almua1 Co,s t
Estimated Actual

$ 10,000

18,000

8,000

4,800

4,000

3,200

$ 48,000

A work flow sheet for the manufacture of vet: process cement is shown
on page 33.
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PLANT SITE

In order to provide adequate raw materials the plant site should coo"
ta'1n both limestone and clay in sufficient quantity to operate the
plant at capacity for at least fifty years. It would of course be
ideal i c: a deposit of gypsum was also available at the plant site.
However" since only a small percentage of gypsum is required the
important deposits are clay and limestone. Consideration sbouldalso
be given to such items as transportation, water and fuel. An eighty
acre tract of land with limestone and clay is estimated at $40,000.
However, the cost will vary according to the location.

The cost of limestone and clay is included in the cost of tbe·land.
The labor cost is shown in direct labor.

BUILDiNGS

The total floor space area required, inclu-lingproduction, storage,
office, and power is about 50,000 square feet.

The cost of buildings is estimated at $150,000.

POWER

The connected load for this plant is about 900 horsepower. Since tbis
plant produces its own power the cost of tbe power is reflected in oil,
labor, maintenance, der1:'eciation and other sue' cost factors.

WATER

Large amounts of water are used in a wet process cement plant. The
availability of an adequate supply is an import factor in selecting
the plant site. The annual cost of water is estimated at $2,500.
However,if water is available ina lake or stream where the only
cost would be pumping! the cost of water would be greatly reduced.
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About 1,500,000 gallons of Bunker C oil will be required for tbekiln.
The annual cost is eatLtUted at $105,000. The annual cost of diesel
oil for this power plant is estimated a~ $35,000. Total annual cost
of oil $140,000.

PRODUCTION TOOLS AND EQUIPMENT

The procurement of equipment for some .1ndustries, such as a machine
shop,. can be purchased by individual iteDlS! from separate machine tool
companies.

Cement plants are usually sold complete with engineering design and
installation on a turn-key basis. The reason for this is that tbe
plant mus tbe designed in accordance with the various kinds iind
characteristics of the raw materials that may be available for the
operation of the plant.

For this reason it is impossible to provide prices for individual
prlces· of equipment.

There follows a representation list ofe.:JUipmentfor a wet process
cement plant with an annual capacity of 33,000 metric tons:

Air drills
Compressor
Diesel shovels
Dump cars
Diesel locomotive
Railroad to plant
Crusher
Limestone storage
Clay wash and slurry
Slurry feeder
weighing feeders
Ball mills
Vibrating screens
Tube mills

Bowl classifier
Slurry blending tanks
Slurry storage
Vacuum filter
Kiln feeder
Kiln (wet process)
Dust collector
Air separator and blower
Fuel oil storage
Clinker and gypsum storage
Clinker crusher
Clinker silos
Packaging
Power plant

The estimated price of the above equipment is $800,000.
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OTHER. TOOlS AND EQUIPMEHT

Item.-
Laboratory equipment

Pumping equipment

Maintenance equipment

Water storage

The estimated c,ost of this equipment is $19,000.

FUllNlT1JRE AND FIXTURES

Number Unit
Descreption Required Cost

Desks and chairs 4 $150

File cabinets 6 75

Typewriters 2 150

Adding machine 1 150

TOTAL
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600

450

300

150

$ 1,500



Description

Building

Production tools and
equipment

Other tools and
equipment

Furniture and fixtures

TOTAL

DEPRECIATION

Estimated
Cost

$ 150,000

800,000

19,000

1,500

Years
Life

20

10

10

10

Annual Coat
Estimated Actual

$ 7,500

80,000

1,900

150

$ 89,550

HANUFAcruRING OVERHEAD

Depreciation

Indirect labo~

Power

water

Fuel

Supplies

TOTAL
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Estimated Actual

$ 89,550

48,000

o

2,500

140,000



Direct materials

Direct labor

Manufacturing overhead

TOTAL

UQU8.1 Cos t
~timated .~t'f'!l.i

$ 16,000

]04.5SO

$ 490,5SO

FIlED ASSETS

Land

Building

Production tools and equipment

Other tloola andequiPIIIeDt

Furniture and fixtures
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$ 40,000

lSO,Ooo

800,000

19,000

1,500

$1,010,500



Cost
Item Eat1alat;.~ Actual-
Direct ..te~!als 30 days $ 1.333

Direct labor 30 days 1.,200

Manufaeturi.Dg overhead 30 days 25,400

&eserve for sales collections 30 day.. 66,000

1'O'l'AL ~ 106,933'It

Cost
EstiJuted Actual

Fixed assets

Working Icapital

TOTAL
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The annual cal'acity of this pl.i.ki.t is I!st:il.m&.ted at 33,000 metric toos
of portland cement. The annual sales revenue for t.hisplant based on
a selling price of $24.00 a metric ton is esttmated at 33,UOO metric
tODa x $24.00 or $792,000.

RECAPITULATION OF COSTS I SALES ABD PROFITS

Direct materials

Direct labor

Manufacturing overhead

Total 1W.nufacturing cost

Interest on loans

Insurance

Legal

Auditing

Unforeseen expense

Total administrative costs

Sales cOlDlDissions

Travel t bad debts t ~ tSCOUtlts and
allowances" fretght-out

fTofits before taxes

Total annual gross sales
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Cost

$ 16.000

170,000

304,550

4,500

20,,600

$ 65,450

30,000

10,000

196,000

$192,000

ktual
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Arequ.1s1't1on fozm designed 'to provide accurate. records ot'~
and 1nct1ca'te the purpose of Pl"OCUl"el.leIl't with .1:'.be l.eas't 8I8OUD't ot''t:ble
and ettort 1s shovn on the follow1ng page.

This fo11'D has an.accOl111't number for each type ot'1:'.be variouse.z.pend1
'tures which the. maDager Villre'rlev in deta1.l, mont:.bJ¥ or oftener, in
order tocon'tro1 his expenses. 8aIIe 1'tea18, such as paver 8Ddvater,
are usua.lly under contrac1:and are eas1.q checked b;y. reference to
monthly' bills. For s1Jlp11fication, 1'tea18 (marked with an asterisk
be1tnr) are cm1t'ted f'rcm the wrcbase requisition. Varia'ti_ns lnthe
labor costs are easiJ:y reviewedby'. exsm1 nation of the p8¥rOll voachera.
The stmpllfied 'type of .::ontro1 thus provided makes certaf.nt.b8't .•tl1e
manager can con'trei expend1:tures prauptq.

Following. the requisition foaa.. a saple voucher chec1t is shovD.
Voucher checks should be used for theptQJReD'tot all e.z.pend1'tures&Dd
t.b.e appropriate book account maber·placed. on each voucher.

A1; the end ofear..nmonth themanaser will recelYi8 asta:tement ••ot··all
e.~nd1tures broken down b7 budge1; accounts.I:t •.the e.z.pend1t.ures Q;

ceed the. budgeted monthly allowances of 8D¥ of t.he aecotmts, the
bookkeeper v:I.1l fUrnish 'the Pl8lJ8ger. vitb a breallt-elown. of all expendi
tures relative to -the ~"ed accounw exceeded. A111obe8e su.pport1Ds
data can .be secured byref'erencew tbe· purchase requ!s11;lons. aDdt.be
check vouchers. This ref'ereneevillenable the I118nJ18er to dete1'tldne
W8:t caused .the over-expend1ture and 'take correc't1ye· action.

If at. tmyt1me during each month i 1; beeaaes a.pparen't tba't expeDd:l:tures
will exceed any of ·the budget accOUc"'1ts, the bookkeeper·v:1ll bring this
to 'the attention of the maDBgel" for his infomat101l and ac'tlon.

'_.---

89,550

170,000
48,000

2,500
140,000

20,600

1,462

14,166
4,000

$---

Mon1;h]y MoIrthlj" Annual
Account;~~ber Expense Budget; ~ Ac'tual• ~;..;.;;.;~ ..:.;;;;.;&.;.;;;;;.;;;.;~_.-;:;;.;~r.;;;..;;.__-";;:;.;;;..;;.'l~ ;';;";'~;""'"

$ 3,131 ,44,850
3,333 40,000
1,333 16,000
2,,041 24,500

208
11,666
1,716

10 Adl1.n1s-trat;ive
20 sales
30 Direct Ma'terials
40 SUpplies
51 Power*'
52 water*'
53 Fuel
60 Unforeseen Expense

(Reserve Account)
7~ Direct Labor*
72 Indirect; Labor*
80 Depreciation

(Reserve Account)
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PURCHASE REQUISITION

o 10 A1MII~ISTRATION

o 20 SALES

o 30 MATERIAI.S

o ~ ·StJPPLm)

o 50 UTILI'.Il'DS

o 60 UNFORESEm· EXPDiSE

nmr';ATE BEI.O\l THE USE OF MATERIAlS

o MAlltTm'WfCE SERVI~

o OPERATmG Sl.JPPLIES

o
o MAINTENANCE MATERIALS

PLEA..<:1E ORDER TllESE MAT~_IAIS_._O_R ......::S=ERV=;;..;;;I:.:.CES=;;... __I.......__ __..--_-.,---....-tJ

DrSCRIPTION

1------4--.------------------------+----+I---+----I
(;,

,
f- -".-~__+_---- ------------------___1---l'____--t--__i
- -----!-----------------_._-------------+----+----------I

REQUISITICNED BY

, APPROVED BY

I ORDER NO.,

1

ORDER ··DATE
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R. W. MITCHELL MANUFACTURING COMPANY
1422 BOSWORTH STREET. S. E.

fiil¥-

ANYWHERE. U. S. A.__ 19_ No. 10000

...,
_________________________- DOLLARS $_.. _.. _PAY

TOTHEOADEROF r

R. W. MITCHELL MANUFACTURING COMPANY

L
TO FIRST NATIONAL BANK

ANYWHERE, U. S. A.

.J

.v SAMPLE CHECK---------- -_._---~---
Vlel: ..RUIDINT

ACCOUNT NUMBER

Sample voucher check to be used for the payment of
all expenditures in connect1onw1th Budget Control.

,~ .i«

R. W. MITCHELL MANUFACTURING COMPANY
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ENGTImERS:

The services of professionaJ. engineers are desirable in the
design of this plan't, even though the proposed plant is sma1 1.

A correct design is one 'Which provides the greatest econcmy
in the investment of fUnds and establishes tUc i.Jasis of opera
tion that will be most profitable in -the beginning and Vill
also be capable of expansion Vithout expensive alteration.

The addresses of professional engineers who specialize in
industrial design, sane of 1dl.aIl~ be willing to undertake
such work on low cost projects overseas, can be secured by
reference to the published cards in various engineering magazines.
They m~ also be reached through their national organizations,
one of 'Which is the

National Society of Professione.l Engineers
2029 K Street, Northwest,
Washington 6, D. c.

Manufacturers of industrial equipnent employ engineers familiar
with the df'sign and installation of' their specialized products.
These manufacturers are usuaJ.ly willing to give prospective
custaners thebenef'it of technical advice by those engineers in
determining the suitability of :their equipnent in aJJy proposed
project.

The equ1pnent manufacturers also krlOV, al'1d can recamnend,
professional engineers in private practice, vho are-':lling and
able to provide appropriate consulting services.
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TRAIRllfG:

Manufacturing an 1Dt'erior quaJ.11;y of product du.riDg 'tbe 'tra.tD1J18
period could create saJ.es resisUmce that m1.gb:t be d.1f'.ftcult 'to
copewi:th JAter. :ro avoid such possibilities, the qual1:ty of the
product shouJ..d be maintained at all t1JDes, including the tra:f D1ng
period.

In S De areas skilled operators ma.l. be &V31lable 3.ocaJ.4. In atb.er
areat all the opera'tors m.V have "to be 'tra1ned.

If skilled operators are not available, adequate training would be
assured ~1·using one or more of 'the follov:1DS methods:

A. If the p1.ant is designed and installed b,y a cc:J:JIpetent
engineering :firm, the con'traet should be negotiated, if'
possible, on a turn-ke)' basis. On this basis the contrac
tor agrees to operate 'the plant and produce the qual.ity
and quantity of' the product stated in the contract f'or an
agreed period of' time. SUch a contract vould assure
adequate personnei training, s1nee :tull quantity· and quaU:ty
could not be produced with anunt.rained organization.

B. The engineering f'ir.m tbat designs and installs the plant
can usua.lJ,y make tra1ning a.rraogemeJlts "to have key personnel.
placed, :for training purposes, in a :foreign industry "tbat
produces the same type o:f product. Th1swou1.d .provide ,
trainjng for the key personnel. 'Whi1.e the plant is being
installed.

C. If neither o:f the above methods is ~ssible, 'then ~tied
and experienced individuals should be 'employed for the key
positions, either permanently or temporarily, to perfcmu.
the key operations and assist in training .the organization,
even if' they must be secured outside the country.

D.The 1'I!8.D8ger should have years of successtu.l experience in
this type of business and be fuJ..J.y qualified in all phases
of management, incl.uding the training of employees.
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There is always danger of accident and injury in ~
industrial p1.an:t. Because of this ~ the maD.a8er should
take specific action to bring to the attention of each
employee the importance of safety precautions and j:1

telligent first aid.

Practically all machines have safety a!>pliances, and
the nan.ae:er should see that these are in good. working
condition and that the operators are maki:tg full use of
them.

In addition to constant wa;tchfUlness to make sure that
all practicable safety precautions are t&ken~ :first aid
supplies should be readily available. One canplete
:first aid kit should be maintained near the manager 's
office~ and others at appropriate places throughout the
plant. Sane o:f the emp1.oyees should be trained to pro
vide first aid service.

The use o:f accident posters in the plant have proved to
be of value in reducing accidents. It is recamnended
that such posters be used~ and that same direct special
action be taken by the ma."l8ger~ at least once each mont:h~

tD bring to the attention of all personnel the importance
of safety precautions.

A fire brigade should be established and each member
trained as to his responsibility in case of fire. Fire
drills should be conducted periodically.

It is recamnended that the employees be encouraged to
offer suggestions or recommendations relative to preven
tion of accidents ~ removal of :fire hazards and maintaining
general interest in all safety :factors.
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OTHER CONSIDERATIONS

There are other important. 9ubjects, shown below, that should be fully
investigated and considered. lnformat{on on these subjects is usually
available from such sources as banks, govern1Df::nt agencies, exporters
and import.ers, wholesalers, retailers, transportation companies and
manufacturers.

~"ERIALS AND SUPPLIES

1. Are all materials and supp~.ies available l()(:ally'l
2. Is the local material market competitive?
3. Is satistactory delivery of local materials assured a~ reason-

able prices?
4. What materials and supplies must be imported?
5. Are they available in world markets at competitive prices?
6. Would prompt delivery of imported materials and supplies be

assured so that ltcrge inventories would not be required?

MARKET FACTORS

1. Is there already a demand for the product?
A. Who are the principal consumers?
B. Who are possible new consur-.ers?

2. How is
A.

B.

c.
D.
E.

demandfot"the producc.now satisfied?
By l')cal production? If so, what is the volcme of annual
production?
What percentage of consumption is filled by localproduc
tion?
By imports? If so, what is the volume of annualimports'l
What percentage of consumption is met by imports! .
From what areas are imports derived?

3. What is the estimated annual increase in local cODsUPlption over
the next five. years?

A. How were such estimates made?
B. By reference to official figures on population growth,

family budgets, imports, etc.?
C. By consultation with trade or industry, ministries,

associations, bankers, commercial houses~ wholesalers,
retailers, industrial consumers, etc.?
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4. If the product is already being manufactured~ can the existing
and estimated future local market absorb production of the
new plant vi~~out price-cutting or .other dislocations?

5. Would the estimated sales price and quality of the new product
mak~ it canpetitive with an imported eCJ.Uivalent?

A. After adjusting cost to local conditions~ is the
estimated sales price of the product so high that
tariff protection is necessary to protect it fran
imports?

EXPORT MARKErS:

1. Could the product canpete in export markets on the basis of
price ~ quality and dependability of' supp1.y?

2. can export markets for the product be developed?
3. If so~ in what e.reas and in what annual volume?
4. What procedures would be necessary to develop export markets?
5. What would it cost?

MARKEl'lliG PROBLEMS:

L In calculating costs of' the produ..:t, has adequate allowance been
made :for the expense of' a sales department, advertising and..pro-'
motion that might be reqUired?

2. Do consumer prejudices against locally manufactured products
exist?

A. If so~ why?
B. Would they apply to the new product?
c. If' so, hoW' could they be overcaneand what

would·it cost to do so?

3. Do marketing and distribution f'acilities for the productexist'l
A. If' not, can they be set up?
B. What wouldit cost to do so?

4. Will' the product be sold to:
A. Wholesalers?
B. Retailers?
C• D:'~rect to consumer?
D. Other industries!
E. Government?
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1. How IIlUCh t'oreign exchange (and in wha:t curreDCT) is required to
i.mport machinery, equipDen1; and suppl1es:

A. How much t'oreign exchange (and in whc',t currency) is
required t'or annual in1;eres1;~ and 8IIlOr'tiza1;lon
ot' 8.D1' loans cont.ract:ed 1;0 import macbinery and. equ:1p
ment, or t'or p8lment ot' royalties and tecbnical services?

B. How much foreign exchange (and in wha:t currency) is
required for amnIa] 1m.port of rav materials and ·supplles?

C. 'What are est:lma~d anm,a] foreign exchange earn1Dga and
in what currencies'

D. Has careful consideration been given to 'the possibillty
01' deprecia1;ion in the foreign exchange value of the
local currency"l

E. Has caref'o.l consideration been giTeD to the po8s1bill't7
ot import con1;rols, or res1;r1ctlons on avatlab111'tiesot'
foreign exchange necess&ry' to operate the business?

F. Wha:t benefits would the new business 'br1.D8'to the ecOllClQ'
in the use or local raw lII8teria1s: in emp1o,ymeD.t and in
technology?

G. Do dependable facilities exist for 'transportation, power,
fuel, water and. sewage?
(1) It not, can existing deficiencies be el fminated

satisfactorily!
(2) What would be the cost to do so?

PERSONNEL:

1. Is there an adequate labor suppq near the pJ.ant location?
A. It not, how can the problem be solved?

2. can the problem at training canpetent managf!Sllent and super-
visory personnel be solved?

A. Also, the training ot skilled labor?
B. Is technical advice available in the local..1tyt
c. It not, where can l·t be obtained and 'Wha1; Will it cost?

lAWS AND RmUIATIOHS:

L Do existing labor laws, government regulations, laws and taxes
tavor establishment ot new business?

A. If' not, can existing obstacles be removed?
B. It' so, how and when?
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FINANCIAL FAC"l'ORS:

1. Technical adviee on seleetion of. machinery and. equipuent. ..
A. In selecting the machinery and equipnentforthe

new plant, have reputable and caapetent engineers
and technicians been consul.tedt

B. Have they been asked for advice on the most.suitable
types of machinery and equipnent for the process e':ld
locality?

'C. Have they care:f'uJ.ly caapared cos'ts or various
D. Credit. terms of'f'ered purchasers?

FINANCIAL REQUIREHENTS OF THE PROJ'EX:T:

1. In estimating the cost of the project, has care:f'u1considera-
tion been given to:

A. The effect on costs of delays in construction schedules?
B. In delivery and installation or machinery and equipnent?
C. In import or essential raY materials and supplies!

2. In calculating cash f'1ow and vorkingcapit.a1 req..urement.s, bas
careful. consideration been given to:

A. Maintaini ng adequate inventories of raw materia1s'l
B. Supplies and spare parts?
C. Seasonal fluctuations in the business?
D. The .t:ime requi,red to liquidate credit sales to

custanersand bad debts?
E. The period necessary to get the'plant into

production"l
F. cash required to amortize its. principle loans"l

3. If the. econaiIY 1s in a period of .1nf1a'tion, bas fUll allowance
been made for the i.nf'1uence of rising prices and wages on the
cost of the project and on working capit.a1 requirements?

SHORT TEIM BANK CREDITS:

L Has it been possible to make arrangemen'tsv1th local banks to
f':l.nance short-t1meworking capital requirements. of the business?

FINANCIAL PIAN:

L Has a definiteplan to finance the project been worked out?
A. Is sufficient. capital available locaJ.lyt
B. If not, what is the plan to obtain the requIred

capital?
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SEL'TION II
DRY PROCESS CEMENT PlANT

INTRODUCTION

As previously stated in this report, manufacturing experience has
proven that the wet plant is superior to the dry plant in many ways.
Very few (if any) dry plants are being currently constructed. How
ever, for comparison purposes the manufacturing operations and a
list of equipment together with a flow sheet for dry process cement
manufacture is included herewith.

MANUFACTURING OPERATIONS

Dry Process

Crushing and Drying

In the dry process the quarry products (limestone or shale) are
first crushed in jaw or gyratory crushers from which they pass to
secondary pUlverizers such as hammermills or crushing rolls. After
secondary crushing the materials are placed in storage bins from
which they are taken as needed for grinding. They may be pro
portioned and then dried, or dried separately before mixing and
grinding. For drying, rotary dryers may be used, or drying may
take place during the preliminary grinding, utilizing the heat
generated in the grinding process, augmented if necessary by
waste heat from the kiln or by separate heating units. Where
the argillaceous component of the raw materials is clay this
material is sufficiently dried, after previous granulation if
necessary, to facilitate its handling and storage, final drying
then taking place as described above.
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Grinding

The grinding of the raw materials usually takes place in two steps,
the first, or preliminary, grinding reducing the size of the particles
to about 20-mesh* fineness and the finishing mills completing the
reduction to 200-mesh.* Preliminary grinding is generally car· . 'd out
in ball mills or ring-roll mills, in which the size of particles is so
reduced that about 45 per cent pass the 200-mesh sieve. Vibrating
screens may be used to classify the ground material, the screen
tailings being returned to the preliminator for further grinding.
Final grinding of raw materials is done in single or compartmented
tube mills. A conically shaped ball mill is also available. In
ball and tube mills the grinding media are forged steel balls of
diameters suited to the size of ground material being produced.
These balls, of course, wear out and their replacement is an item of
expense (ball wear is of the order of 0.75 kilo per metric ton of
cement). In the final grinding of raw materials mechanical air
separators are used to take out that part of the product of grinding
which is already sufficiently fine for kiln feed, or other processes
of air separation may be employed. This improves the grinding
efficiency of the secondary (tube) mills. Since different materialS
have different grinding characteristics, and also because it maybe
desirat.le to have one constituent ground finer than another, the
practice of grinding the materials separately is sometimes adopted.
In some installations raw materials are ground in a single stage,
utilizing compartmented tube mills, rather than the combination of
ball and tube mills. The flow sheet shows ball and tube mills in
lIclosed circut" with vibrating screens and air separators, respectively.
These units can be "hooked up" in several different ways, one of which
is shown in the diagram.

Blending and Storage

After final grinding the raw materials are stored in bins or silos
from which they pass, as required, to the kiln feeder. Blending silos
are frequently employed and facilitate the exact proportioning accord
ing to chemical composition. Dust collected from the kiln gases, or
from grinding operations, the amount of which is substantial, can in
the dry process be added to one of the ground raw materials, to the
raw mix, or even directly into the kiln. In the wet process the problem
of dust disposal is more difficult. In any event, the effect of the
stack dust on the mix composition has to be taken into account.

After the blending and storage has been completed for a dry plant all

* The mesh numbers refer to the number of wires to the lineal inch of
the testing sieves. These are standard sizes.
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operations from that point on are exactly the same as the we.t plant
with one exception. In the dry process kiln temperacuresincrecase from
between 760°C anc' 9800 C* (14000 F and 18000,) at the feed end to lietween
14000 C and 16200 C* (25500 F and 29500 F)at the hottest point .inthelovex'
part of the kiln.

PRODUCTION TOOLS AND EQYIl'HENT

Air drills
Compressor
Diesel shovels
Dump ear
Diesel locomotive
Railroad to plant
Crusher
Limestone storage
Vlbracing screens
Weighing feeders
Ball mills
Tube milIa
Mechanical air separator
Conveyors

Blending and storage bfias
Kiln (dry process)
Kiln feeder
Dust collector
Fuel oil stol'age
C~;.inker coolers
Exhaust fans
Clinker storage
GYpsum storage
Clinker crusher
Clinker silos
Packaging
Pc;wer plant

The estimated price of the above equip1M!nt is $300~OOO.

OTHER TOOLS AND EQUIPMENI

Laboracory equipment

Pumping equipment

Maintenance equiPment

The estimated cost of this equipment is $19~OOO.

* These are round figures and not exact equivalents of temperatures
expressed in degrees F. Where temperature ranges sucb as tbeseexist
exact conve'::sion to the nearest degree is misleading.
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SECTION III
VERTICAL ltILN

INTRODUCTION

The manujacture of cement by vertical or shaft type kilns was
discontinued in the United States around the turn of the century.
Most plants, at that time converted to the method described in
Section I, which uses the rotary laIn. To our knowledge, there
are only five vertical kilns in operation in the United States
today.

The reasons for the conversion to the rotary kiln were that they
offered the following advantages:

1. Better control and mor~ uniform burning of the
clinker.

2. More capacity.

3. Reduced labor cost.

In recent years, engineers have perfected a vertical kiln that
affords the same advantages. Information on this kiln appeared in
an article The De Roll Vertical Kiln by H. Herbert Hughes, Vice
President for Europe, Porter International Company, published in
Mining Engineering, December 1956, a publication of the American
Insl:.'l tute of Mining, Metallurgical, and Petroleum Engineers,
29 West 39th Street, New York l8~ New York.

According to this article, there are 30 kilns in operation and 10
more in various -stages of construction, all of these outside of the
United States.

The vertical kilns are built in two standard sizes; 1) the 75-ton
kiln, 6 foot diameter, wito. output of 75 to 85 metric tons of clinker
in 24 hours, and 2) the ISO-ton kiln, 8 foot diameter, with output of
150 to 1,0 cons.

Plant design customarily provides for installation of two ISO-ton
kilns; thus, a JOG-ton plant (600,000 barrels per y~ar) may be
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considered a standard installation. The second k1ln~ of course, may
be installed at any time after the original one~ along with the
additional equipment necessary for doubling capacity for raw meal
and finished product. Actual original construction costs to provide
for such expansion are somewhat higher than for a one-kiln 150-ton
plant~ but far less than to add later a separate 150-ton installation.

Raw Materials and Equip!ent

Certain operat.ions in a vertical-kiln plant are virtually identical
with those in a rotary plant. Quarrying, raw meal preparation, and
cement finishing are about the same in any cement plant irrespective
of ty>e of kiln. The desc::iption 1tarts with the raw meal and fuel
ready to be charged and wilI end with clinker ready for the finishing
department.

Raw l-teal: Broadly ~ chemical composition of the raw meal for the
shaft kiln is the same as for a rotary kiln. It is~ of course~

essential to have uniform distribution of tbe varj.ous constituents,
uniform fineness and an homogeneous condition. For proper clinkering
in a sbaft kiln, however, it is important too tha,t the content of
iron and alUluna should be high, both actually and in proportion
to silica. II: may, in some instances, be necessary to add alumina
in the form of clay, or even as bauxite, to incre:ase the alumina
content, and un.der certain conditions, it may be advisable to add
roasted pyriTes or iron ore to increase the iron content. The most
favorable r~lationship for shaft kiln raw material is the following:

Lime Standard

100 CaO = 95 to 100.
2.8 Si02 + 1.1 Al203 .:. 0.7 Fe:P3

Silica Ratio Si02 = 1.8 to 2.5
Al203 + Fe203

Alumina Ratio A120~ = 1.2 to 1.8
Fe203

These figures are not absolute~ however~ as variations from these stand
ards are giving excellent results in some shaft kiln installations. But
it is important that once a given composition has proved satisfactory it
should be kept as uniform as possible, especially in regard to the lime
standard.

As for the fineness of the raw meal, increased fineness gives improved
quality of the finished cement. Obviously~ however, the cost of electric

-43-



power for grinding demands selection of some ~ptimum standards and for
the shaft kiln this limit lies between 10 and 15 percent retained on
a 170-mesh screen. Some variation in this way may be possible. Raw
material that .5 readily burned, easily disintegrated, very uniform,
homogeneous, and of marly nature may be somewhat less finely ground
and give excellent results. On the other hand, poorly clinkering
material of irregular composition, blended from constituents having
wide extremes in chemical analysis, will require finer grinding to
insure good clinker.

Fuel: All kilns presently in use burn solid fuel, and fuel consumption
is relatively low. Heat requirements normally are slightly less than
1800 British thermal units per pcund of clinker, or about 650,000 British
thermal units per ba=rel of 376 pounds. Typically 58 pounds of anthra
cite buckwheat N04 or NP5 are needed per barrel of cement.

Either coke or anthracite is required because the fuel must contain
as small a proportion of volatile constituents as possible; otherwise
such high volatile fractions are distilled in the drying and calcining
zone of the kiln and thus are not available for combustion in the
clinkering zone. Also~ the calorific value shoulo be as high as ob
tainable, preferably 11,700 to 12,600 British thermal units per pound.
The minimum is about 9,900 British thermal units per pound in a grade
of cuke having 22 percent ash and 10 percent water content. Lower
calorific values a£fect the kiln output and the quality of tbe clinker,
for there is danger of under burning unless the required temperature
is maintained uniformly throughout the burning zone of the kiln. The
nature of the ash too is important. Its analysis is allowed for as
part of the charge to be converted to clinker.

To be completely satisfactory the fuel should comply with the followin.g
specifications, although fuel varying from these standards has been
used satisfactorily in some installations:

Volatiles, percent
Ash, percent

\~ater, percent
Calorific value,

British thermal units
per pound

Anthracite

6 to 8
6 to 15

(approximately)
4 to 6

11,700 to 12,600

Coke

2 to 4
6 to 15

(approximately)
4 to 10

11,700 to 12,600

Particle size likewise is important, although coke or anthracite screen
ings of maximum 318 inch generally may be used as delivered without drying
or crushing. A high proportion of fines, under 3/64 inch) should be
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avoided~ as they increase the quantity of carbon monoxide in the stack
gases. Also~ an excess proportion of particles above -\ inch is undesir
able~as these large pieces burn longer~ increasing depth of the burning
zone which results in too high a clinker temperature at the discharge
gates. Both an excess of fines and an excess of coarse particles have
an unfavorable effect on fuel consumption.

'l'wo new developments in fuel utilization promise to expand widely the
potential application of the shaft kiln. The first is that petroleum
coke~ although not yet regularly in commercial production of cement
has been tested on a commercial scale~ and the results of such tests
show that it is eminently satisf&.Ctory as a fuel. Thesecond~ is the
introduction of an oil-fired (or gas-fired) shaft kiln and this will
be discussed after the detailed description of the solid fuel kiln.
In this sequence the modifications will be more clearly understood•.
Weighing and Mixing: Referring to the schematic diagram, the first
operation unique to the shaft kiln is the weighing and mixing of raw
meal and solid fuel in proper proportions. In present installations
this is done by automatic batch weighers, one for raw meal and one
for coal~ the intermittent batches passing directly to a helical
mixer to distribute the fuel uniformly throughout the charge.

This system, however, is being superseaed by electronic-control con
tinuous weighing machines~ and already thoroughly tested in one installa
tion. With continuous feed in exact proportions at all times, the two
weighing machines discharge into a worm conveyor (either directly or
after elevators, depending on location of weighing machines) that
delivers the proper mixture to the nodulizer. Th~ helical mixer is
no longer required.

Exact proportions of raw meal and fuel must be determined for each
blend of raw meal and grade of fuel. A common example is 84 percent
raw meal and 16 percent fuel.

The new continuous weighing machines cost a little more than the old
system but the opportunity for closer control makes far better burning
conditions, which are reflected in increased output with a measurable
saving in fuel consumption. All recent orders for sbaft kilns include
the improved weighing system. In present installations horsepower for
tbe raw meal weigher is 1.5 horsepower~ for fuel 0.3 horsepower, and
for worm conveyor three horsepower.

Nodulizer: Although no one part of an integrated manufacturing process
can be singled out as the key to such an operation, the nodulizer that
prepares the physical form of the charge to the shaft kiln is of major
significance.
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Proper clinkering in a shaft kiln requires that the charge be permeable
to the combustion gases. This nodulizing of the raw meal and fuel
mixture, not only to control closely the shape, size, constituenc)"',
and fuel distribution of each nodule, but also to provide permeability)\
makes possible the uniformity of the clinker)\ and consequently that of
the finished cement:. This system of kiln feed preparation)\ combined
with the combustion and clinker discharge controls of the shaft kiln"
produces clinker with characteristics comparable to that produced in
any other type of kiln.

The nodulizing disk consists essentially of a large inclined pan 8 feet
2 inches diameter and 2 feet deep, rotated by a direct V-belt drive
from a motor with installed capacity of 10 horsepower. Total weight
of tbe nodulizer is about 3.5 tons and tbe actual charge in the pan
about three tons.

Speed of rotation and angle of inclination are constant) being ad-
justed to fit the characteristics of the material to be nodulized. For
flexibility of operation, however)\ to vary the size or densi.ty of the
nodules, two controls are possible -- rate of feed charged and rate of
water flow. Nodules are discharged from the rotating disk by the centri
fuge effect.

Capacity of the nodulizer is roughly 11 tons of nodules per hour, the
rate necessary to produce ISO tons of clinker in 24 hours on the basis
of 1.56 tons of raw meal per ton of clinker and about a 5.25 to 1
relationship between raw meal and fuel. The device is designed to
produce 92 percent of nodules in the rans,e of 5/16 inch to 5/8 inch
with 8 percent over 5/8 inch and none smaller than 5/16 inch. In
actual operating practice somewhat larger nodules may be charged to
the kiln) and tendency of some material to build up an occasional
quite large nodule before it is finally discharged is of no consequence)
for a few such large lumps make no difference in the kiln.

Caking on the sides and bottom of the pan varies with the character of
the feed) but normally it is no great pro!blem. What little there is
usually can be removed by improvised hand tools. A simple mechanical
scraping device may be attached to the pan if actually needed.

The nodulizing disk finds applications elsewhere than for preparation
feed. Some European cement manufacturers: have switched recently to
this dry method of feeding nodules into rotary kilns and have effected
substantial savings in fuel consumption. Also interesting is its use
for fertilizers, fine ores, and various products of the chemical
industry.

Charging Hopper: Nodules are fed into the kiln through a charging
hopper of special design. Its principal feature is a revolving chute
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that discharges nodules uniformly over the full diameter of the kiln..
Inclination of the chute and its speed of rotation may be varied to
provide proper charging. The mechanism is driven by a 2.5 horsepower
tnOtor.

~: The kiln proper is a vertical cylinder made of steel plate,
about 33 feet high and 9 feet in outside diameter. When lined with
proper refractories inside diameter is about 8 feet. Except for the
grate at the bottom, there are no parts of any kind, moving or
statio~ry, throughout the entire height.

Over the top of the kiln, above the burner platform, is a sheet metal
hood in which the charging c~te rotates and from which the stackgase.s
are drawn. For visual inspection of the top of the charge this hood is
equipped with doors through which long steel rods are occasionally
plunged downward manually to make sure that the charge is moving
properly through the clinkering zone.

Average temperature at the top of the charge is around lOOoC (2120,) *'
The top five feet of the kiln constitute the drying and calcining zone,
both of temperature at 145QOC (2632~) and rate of movement of the
charge downward through the zone, are imperative for produ<:lng good
clinke:-. The bottom 18 feet of the kiln is the cooling zone, discharge
temperature about 2500 C (482OF).

Much research has gone into the problem of finding the best possible
kiln lining, and with good results, but details are not available for
publication. For the top drYing and calcining zone, the lining must
be unaffected by hmnidity and resistant to wide change of temperature.
In the clinkering zone, specifications call for a refractory that will
take up to l8500C (3352fJF). In the cooling zone, resistance to
abrasion is the main problem along With specification for lll00C
(3100OF) •

The task of relining the kiln is relatively simple. In the first
place, only the clinkering zone of about 10 feet has to be relined on
a definite schedule. Of the 30 kilns in operation, none has yet been
relined in top and bottom zones, although some have now been operac!ns
for more than five years. For the clinkering zone~ relining is neces:sary
about once a year, although in actual practice kilns are being operated
as long as 400 to 500 days be.fore relining. A typical relining job
requires a nine-day shutdown -- three for cooling, three for reliDing:t
and three for reheating. There has been no problem of material adher'ing
to the sides of the kiln to complicate the relining job.

A unique feature of this vertical kiln is that: it may be shut down fo'r
24 to 48 hours:t with the fire banked, and production can be resumed
simply by again starting the machinery in operation. Actually,however,
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such operating practice as 3. six-day week is not recoaaended, for it
does take three to four hours to bring the kiln back up to proper
heat after it has been shut dowu, and. thus procluc:tion is lost for
about balf a shift. For emergency repairs to equipmetlt, for special
holidays]; or for any other such reasonl' the ease of shutting down is
d~ .. tinctly advantageous. Ulns have been down for as long as one
week wit.hout losing fire but, aft.er so long a shut.ciOW!1., primns vicb
extra fuel is necessary to start up again.

Rotary Grate: For eontinuous discharging of clinker, a rotary grate
1s mounted at tile bottom of the kiln. It eonsists essentially of a
base body steel casting that supports grate plates l¥"'ith cast-OD scrapers
covered by a welded protective lining of high abrasion-resisting
material. The grate itself, exclusive of tbe drive shaft and driring
mechanism, is shaped roughly like half a p-apefruit, higher in the
cent.er, 8 feet 2 inch diameter aDd 3 feet 4 inch thick at its central
point.

The grate revolves horizontally very slowly, frCllll one to si.x revolu
tions per hour, depending upon individual kiln conditions. No grate
in any installation bas yet been replaced, but t:he special hard
abrasion-resista&", tips on the teeth of the :;crapers bavC! to be
renewed by welding every two or three years. '! grate requires a
speeial three-phase motor of the sh'mt eollaetor type for continuous
speed variation. Installed capacity is 1.5 horsepower.

Discharge Gates; The tbree-c08lp&rtllel1t dischal:ge gates are of special
design to prevent loss of combustion air from the kiln as climceris
discharged. Each gate is about 3 feet 4 inches bighby S teet 4 inches
wide by 4 feet deep, so the cOIDplete discharge gate mechani.sa is about
10 feet high. Operation of the gates is .chanical, timed for 3.3
cycles per minute. At each gate the clinker passes downward freD one
to the other on a staggered basis so that no more chan ODe gate ever
is open at one time.

The gates must be built for heavy duty to resist the abrasive action
of the clinker. They discharge 6.3 to 6.5 tons of clinker per hour,
thus dropping 60 to 70 pot..nds every 18 seconds. In particular" the
frames that are hi~ged at the top, and open aDd close to allow passage
of the clinker take a lot of punishment. Even so, JII&de of special cast
steel .. they require replacing only about once a year. As they are
designed for ease of maintenance, this job can be done in less than
half a cay. Clinker is discharged directly on a shaker conveyor 'Which
takes it to a small crusher -- maxim.. 1\ inch - and then to clinker
storage. Plants in Europe now operating both rotary kilns and veE'tical
shaft kilns at the same location coabine their clinker {rca bOth types
of kilns indiscriminately in clinker storage.

-48-



Blower: Each shaft kiln requires blower capacity of about 5.000 cubic
feet of air pe-r maute. 'l'bis quantity may V8'X'Y SCIIIIeWbat with the
cbarac:te-ristics of the raw meal and the nature of the fuel. Also.
for fledbility of operation, and as a safeguard against shutdown,
there is an advantage in installing two or three smaller blowers
rather t.han one large one. In eit.her case, the blower installatioa
will require 80 to 100 horsepower, installed capacity. Ho' heat
e..'V:banger has beeR used on t.he solid-fuel Idln.

Electrical Installat.ion..".: A 1DUlt.iple-panel switchboard With controls
and recorders for all operations is iuatalled with each kiln. AIIOng
suchcont%'ols are those for the weighing machines, kiln feeding, COllI

bastion air, and kiln extraction, as well as for the silos ahead of
the kiln and clinker transport following discharge. Recorders mea&m:e
quant.ity and pressure of combustion ai-r, temperature of exit gases,
and speed of -rotary-grate moto-r.

A measuring diaphragm f'::1: combust.ion air, a t.herl!llOelectric: pyrometer,.
a solenoid valve for the water supply to the nodulizer, 8IIQ various
remote control push-button boxes are lIIOuuted separately as convenient.

Failure of any part of tbe plant i.IIIaediately shows up on the appropriate
panel, and all other operations relating to the stoppage a:rebalted
automatically.

Electtic cur-rent cOn&1illllption fo-r the entire ldln clepartment is 12 to
14 kilowat:t-hours per con of cUnke-r, or 2 to 2.4 ldlowat:t:-hours per
barrel.

Dust Collecting System: 'l'bere is DOtbing unique about dus,tcollection
in a shaft-kiln plant except that the syst., of course, has to he
d'!signed to fit the problem. Otherwise" it is the same as in any
cement plant.

Employees

In European p-ractice2 DO fewer' than two men pe-r shift are -required for
a vertical sbaft kiln installation of one or two kU.ns. Direct: labOr
in the kiln depar't:IDeIlt averages about 0.04 1JJI8J1-bour per barrel of
cement..

The first man~ of no particular skill, works most of the tiJae on the
nodulizer floor, keeping a visual check. on the nodulizer to see that
it is functioning to produce nodules of proper size aDd consisteDCy.
Be also cleans the entire kiln building ancI· looks afte'X' all manually
lub-ricat:ed bearings. The second job DJUSt befillecl by saaeone of

-49-



greater skill. 'rb1a .., the burlier, worb all tile .u- on the burner
floor at the top oftbe kiln. He ...t aaainta1D proper clillkeriDg
tellperature til the ki.ln by cODtrolling coabuatlO11 aI', aadmust replaiA,
t.OO, die proper rah of cbargl.ns nodu1ea aad di8CbaI'pag cl1Dker. By
experience be leama to feel the k11ncharge by plunsins lemg steel
rod. dowu i:nto the cllDkeriag'zone of the kiln aad,.usins only this one
maaual alaalons with the vcloua control. UD.CIer hi. jurlsc11ction,1Je
ls responsible for both quality and quantity of cUnker.

Altbougb. t.he· humaa el_a: isialportant to proper: fU1lCtioniDgof the
kiln iuu.llatift. automatic ,control device. are ..,l",yeG vherwer:
pos.ible,puticularly in case oftroable. If aayddns goes Wl'oag,
all other related operations are stopped autGlilatic.ally until the
trouble 18 corrected.

Each shift fo%''',o£ course, checkaperlOClica1ly on all p..... of
the kiln operati.on during his rou:rad8 of the plant.

Ifa:1ntenance

Already mentioned Is the need for: rewelding, every two or three years,
the aorasion-resistaa.t tips on the teeth of tbe rotarY srat" 8Crap41rs
audfor replacing about once a year the· fr8111e8 that opea aDd close to
pel'lllit discharge of the cl1n1cer through. ~e spec::l.a11y desi.pecI ptes.
In adclition,of course, a cout1uuOua mainteDaDCe progr_ cc.parablfl
tothet in auyinaeallat:l.on of heavy lDdustr:l.a1 equl.pment ..at be'
lII4int:aiued.

Tbf! bank of spare parts to be carried at any Jd.lnlutal1atlon vartea
widely, however, dflpeadiDg largely where the Jd.ln is located with
respect to access to manufacture factories. lor ex...,le. for a plant
in Africa or any other r8aQte location. spares .y a:8)UIIt 10 coat:
price to as _ch as 10 to 11 percent. of the oril1nal cqui,...t itsclf.
'Ibis is for a one-lUln iutallation. For two 1d.lns,or even for three
or four J the tot.al bank of psta need be ODly DOId.nally h1~J:. '!he
180st expensive itea.cOl1lllOnly carried :l.s a set of grate platea. 110
kiln in operation hs.J yet needed new grate plates, but .,st plant
operators are uawi.l,i,ing.~ risk not hav1.ng a spare set avai.lable.
Whether the plant comprises one Uln or four kilus,. one spare set
of grate plates may be considered as adequate protection.

Ho!'t of the inventoty consists of bearings, gears, rings, bolts, cO&
parable relatively ICN-(:.",at iteau required for day-to-day preventive
Jl&intenance and forreplaeement of parts Ukely to c:ause ~ted
shutdowns. Kaintenanc:e baa not proved a major probleua in vertic:a1
kiln installations.
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Economics

To mention briefly the econom1cadvautages of the vertical kiln, pe".
haps the most significant feature is that plauts with an annual capacity
of 1,200,000 barrels, 600,000 barrels, 300,000 barrels, or, Witbt.he
uas of one 7S-ton kiln, even 150,000 barrels are compet.itive. In face,
capital costs per barrel of armual cil?acity are substattef.ally lower
than for other types of kilns.

In the U. S. emphasis has been on expansioa of capacity in. units. far
larger than the average vertical kiln plant. Bowever,for a plant
strategically located to serve a particular metropolitan market area,
perbapseven aslnglecentral-mix. concrete plant or for & plant ina
I:emote location to be amortized during a specific dam projector some
ot.her heavy construction job, vel:tical kiln in8ta11&t10118 are attract
ing increasing att.entiQn.

El18ineers studying the problem of designi:tg a vereical kiln plan.t for
maximum ease aI:d economy in relocating the plant afeer its need in i-:_
original· location has ended are confident that 80 to 90 percene of the
first cost can·· be recovered for relocation elsewhere. Packaged power
gas-turbine ~p.ner~tor units of 5,000 and 10,000 kilowatts especially
designe,l, i:orease of relocation, already are in use for other purposes
in rf::d1Ote areas. :Ustead of mass concrete foundations these units
reat on structural steel ski.d-type bedplates, which in turn are leveled
by jack screws on plain concrete slabs poured at grade. Applying the
same principle to the rest of the plant, it would bedesigaedwith
steel silos and bins, steel frame bolted conatruction~ air conveyor
systems, service lines above grade, and other built-in features to
minimize relocation expense.

This ease of relocation should not be unduly esnphasized. Operating
costs to produce a barrel of cement in such an installation compare
favorably with other types .of plant~. Thus any potential plant
location in which a supply of proper raw materials is combined with
an adequate market to. absorb the output of the pllint is worthy of
consideration. Especially this is true if the. location is such that
substantial freight savings over existing sources of supply of cement
are possible.

Oil-Fired Kiln

Virtually ready for announcement by the manufacturer is a. !:lOdification.
of the present shaf:- kiln to burn ei ther oil or gas as fuel. The most
essential new feature of the design is an oil-burning (or gas, burning)
device surrounding ehe kil'l at the clinkering zone from which the hot
gases at proper temperature are drawn through the :::b:argeas it passes
down through the kiln~ which probably will be oblorl8, ia cross sect.ion
rather t.hanround.
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Aaothel. 1mportant feature is a beat exchanger with both the cooling
air from the discharge end of the kiln and part of the scae:k gases
used to preheat the combustion 41.r. Fuel efficiency~ of course~ is
directly dependent UPon the effectiveness of tie beat exchanger.
More air is needed than for the solid fuel kiln. so a different and
bigger blower installation is required. and total POWi' consumption
will be a little hig.....er.

On the other hand, charging is simplified compared to the solid fuel
kiln, with no coal handling and no minng equipment necessary. Otber
wise, there is no change in operation -- the nodulizer, charging bopper,
rotary grate, and discharge gates function in euctly the same manner
as with a Min burning coal Or coke. The same employees are required,
although the burner has somewhat different dutLes.

The oil-fired shaft kiln may be expected to be more expensive than
the present solid-fuel unit. There is E'Very indication, however, that
clinker capacity also may be increased, so on a comparative basis of
capital cost per barrel of annual capacity there may well be a com
plete.!y faverable relationship.

Patents have been applied for. Further details on the oil-fired shaft
kiln are not yet available but probably will be revealed in the near
future.

Actual introduction of the oil-fired (or gas-fired) kiln will intensify
mounting U. S. interest in the vertical kiln.

Credit for the information presented should be given to H. Herbert
Hughes. Vice President for Europe, Porter Intern3.tional Company,
author of the article, liThe De Roll Vertical Kiln." The article is
reproduced through the courtesy and with permission of the publishers
of Mining Engineering, The ~erican Institute of Mining~ Metallurgical
and Petroleum Engineers.
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Estimate of Over-All Cost

Equipment

Preliminary crushing

Crane

Drying and grinding

Homogenizing plant

Vertical kiln

Cement grinding

Cement silo &packing equipment

GypGum cruGhing installation

Electrical switch panels

Foundation and s trueture
Est. at 1001 eost of machinery

Totals

Kiln-
150 Tons

per 24 hours

$ 49,000

50,000

122,000

55,000

104.000

98.000

47,000

8,500

80,000

610»000

$1 223,500

!!!!!
75 Tons

per 24 hours

$ 47,000

50,000

120,000

28,000

19,000

5,000

$1»009,000
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