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I n today's building and construction industry, concrete is

I arguably the most important and most widely used of all

the modern construction materials. Hence, the bulk of the
world's cement production is consumed in the making of
concrete for construction pro.jects. The production of
cement is therefore closely linked to the level of
construction activity which, in turn, is influenced by
economic growth and infrastructure provision and
development.

Basically, cement is an adhesive material capable of
bonding together fragments of solid materials into a

compact whole. Some cements are capable of hardening
in water to give a stable solid product and are known as

hydraulic cements. The cement produced in the greatest
volume and almost universally used in today's construction
industry is a special type of hydraulic cement known as

Portland cement.

Portland cement is a finely divided gray powder composed
of lime in chemical combination with silica, alumina and
iron oxide. lt is manufactured by fusing a proportioned
mixture of limestone or chalk (which provide the lime
component) with clay or shale (which provide the silica,

alumina and iron oxide components).

Cement manufacture consists of the following major
:, Processes:

Crushing the raw material rock (after quarrying)
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the raw materials to form the "raw mix".

Burning (calcination) of the raw mix, or "kiln feed", in a

rotary kiln to form "clinker".

Crinding of the clinker with a small amount of gypsum to
produce cement, after which the cement is bagged or
loaded for bulk delivery.

The two processes used to manufacture cement are the
wet process and the dry process, and refer primarily to the
method employed to prepare the kiln feed. Wet process
plants have almost 50% higher energy consumption
compared to dry process plants, and are gradually being
replaced by dry process plants as new capacity is required.

ln the wet process, raw materials are ground with water,
which produces a slurry. This slurry is pumped into the
back-end of a rotary kiln and, as it passes through to the hot
end of the kiln, the water dries off. With increasing hea!
chemical changes occur and, finally, fusion of the mixture
occurs to produce clinker.

For the dryr process, mixed raw materials are ground to a

fine powder in a raw mill and are conveyed using an air slide
to th.e top of a preheating tower where the mix is heated to
approximately 1000"C before passing into a rotary kiln for
conversion into clinker. ln some cement works, additional
operations are performed on the dry raw material or slurry
betwe.gn the raw milling and clinkering stages, where the
protess:becomes known as a semi-wet or semi-dry process.

Ihd seihi-dry proces$ is only used if' the kiln technology
requirei dry powder feed to be formed into small nodules.
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the dusty, arduous operating conditions of
manufacturing. The requirement for lubricants
large, although the range is not great.

ln addition, grease lubricated bearings such as the rotor
and breaker plate bearings should be relubricated on a

regular basis and inspected to ensure the integrity of the
seals is maintained.

-f-n" raw milling system is designed to grind the
I crushed raw materials to such a fineness as is required

for burning in the kiln. The stockpiled materials plus any
corrective additives are proportioned for feeding to the
mill. ln most modern plants, proportioning is achieved by
automated sampling and analysis of mill product, with
computer control of raw material feeding systems to
provide closed loop control of the raw mix composition.
Depending on whether a wet process or dry process is

utilized, the process of grinding or milling of the raw
materials will vary.

DRY PROCESS:

For dry processing, raw materials are ground in closed-
circuit grinding mills with air separators, called Raw mills,
which can be adjusted for whatever fineness of the mix is

required. ln most cases, the raw materials are usually mixed
together in the correct proportions prior to entering the
raw mill.

Flow gates control the required quantities of each raw
material, and pneumatic conveyors or airslides move
this material to blending silos where it is homogenized and
stored for later grinding in the raw mill. Drying of raw
materials can be carried out in the crushing operation as

mentioned previously, or by utilizing waste kiln heat
directly coupled to the raw mill.

Tube mills, ball mills and roller mills are used for this
fine grinding process. Tube mills and ball mills will require
close attention to bull, pinion and girth gear lubrication,
and to the lubrication of the trunnion bearings supporting

correct
used in

cement
is quite

Because of the large scale of cement manufacturing
facilities and the significant amounts of capital invested in
plant and equipment, correct and effective lubrication is a

high priority to keep plants running uninterrupted. lt is

necessary, therefore, to review the major processing stages

used to produce cement, and the various types of plant and
equipment utilized.

rushing is necessary to reduce the quarried materials
to a size suitable for storage and blending prior to

grinding. The size of the crushed material required depends
principally on the type of grinding mill used in feed
preparation.

raw materials prior to going

Crushing is normally
performed in two stages,
termed primary and
secondary. Primary
<rushing is used to
reduce the size of raw
materials down to about
1 0 cm and can be
carried out using
statioary crushing plants
or fully mobile, self-
propelled units which
operate close to the
quarry face. Secondary
crushing is used to
further reduce the size of

into storage for stockpiling.

ln addition to crushing, some clays may require treatment
in a wash mill to separate stones, metal, wood, sand and

other high silica material.

faw crushers, gyratory crushers and hammer
crushers are the principal type of crusher used in crushing
operations. Some operations utillze combined crushers and
dryers which use exit gases from the kiln or clinker cooler to
dry wet raw material during crushing.

Because of the dusty
and severe operating
conditions, attention
should be given to
routine inspection of
gearboxes, hydraulic
control systems, and
circulating oil systems

for both dust and

moisture ingress.



the mill. Trunnion bearings can be oil lubricated from a

central lube system, or grease lubricated. Ultra-Duty
Crease has proved to be particularly effective for the grease

lubrication of the trunnien bearings on these mills.

Because of the often harsh operating environment of these

mills, frequent inspection of bearings and seals and
modified relubrication intervals may be necessary.

After the milling process, ground raw material (raw meal)
is stored in an homogenizing silo where the fine powder is

circulated to provide and maintain the required
composition for consistent kiln feed stock. Compressed air
and air blowers are used to circuiate the finely ground
powder. The circulating oil systems for the blowers will
need to be inspected on a regular basis to ensure oil levels

are maintained and any ingress of raw meal fines is

minimized.

WET PROCESS:

ln the wet process, the raw materials are separately ground
and mixed with about 30-40o/o water, producing a well
homogenized mixture called slurry. The slurries are
pumped to separate homogenizing tanks where they are

continuously mixed to prevent the suspended solids from
settling out.

The correct proportions of each wet process slurry ale
pumped from the homogenizing tanks to mixing basins

and the resulting blend then pumped to storage tanks for
later processing in the rotary kiln.

I n this stage of cement manufacture, finely ground,
I intimately mixed raw materials in the form of either a dry
powder or slurry, are transferred into a large, slightly
inclined refractory-lined rotary kiln, where intense heat
causes the raw materials to fuse and form cement clinker.
The type of fuel used to fire the kiln will often depend on
the locality of the cement plant and the availability and
logistics of a suitable fuel supply. Of the three principal
fossil fuel types - coal, fuel oil and natural gas - coal is used

widely due to its comparatively better cost per unit of
energy consumed.

Fuel costs are a major factor in the overall process costs of
a cement plant. ln recent years, some plants have

experimented with the burning of waste materials, or
secondary fuels, in the kilns, such as waste oils and used

tyres. This has met with some success, both from a cost
and energy liberated viewpoint and through reduction of
an otherwise waste material in the environment.

Where coal is used as the fuel to fire a rolary kiln, coal

handling and milling equipment will be used to pulverize

the coal to a size suitable for feeding and burning in the
kiln.

The lubrication requirements for coal milling equipment are

similar to those for raw milling.

The formation of clinker occurs in four steps:

1. EVAPORATION AND/OR PREHEATING

(Wet process only) Water present in the slurry is driven off
as steam, and the dry material is heated to calcining
temperatures
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2. CATCINING

The calcium carbonate present in the ground kiln feed or
raw meal is converted to lime, with the evolution of large

volumes of carbon dioxide and the absorption of
considerable heat energy. This process requires that the
temperature of the raw meal be raised to between 700'C
and 900'C.

3. CLINKERING

As the temperature of the raw meal increases further to the
point of fusion (approximately 1400"C), the mineral oxides
react to form what is known as clinker.

4. COOUNG

The clinker from the kiln is air-cooled and the recovered heat is then
used for either secondary

combustion air in the

kiln, pre-heating kiln feed

in a pre-heating tower, or

for drying quanied raw

materials.

When the dry process

is used to prepare kiln

feed, two principal
kiln systems are used:

the suspension
pre-heater system
and the pre-calciner
system.

ln the suspension
pre-heater system,
dry ground raw meal

is conveyed by an

airslide to the top of
a pre-heater tower
which contains a number of cyclone stages.

The raw meal falls by gravity through each interconnected



cyclone and as it does, hot exhaust gases from the kiln pass

through the cyclone and heat the raw meal to
approximately 800'C-900'C. From the bottom cyclone,
the hot, partially calcined feed enters the rotary kiln for
calcination and formation into clinker.

Airslides and cyclones in the pre-heater system will require
regular inspection of oil levels in the discharge valve motor
gear cases, as well as inspection and relubrication of rotary
valve, fan, and electric motor bearings.

Pre-calciner systems utilize a second burner to carry out
calcination in a separate vessel attached to the base of the
pre-heater cyclone string. A portion of the rotary kiln fuel
feed is fed to the pre-calciner, where 95o/o of the calcination
stage occurs, with only the actual clinkering stage
occurring in the rotary kiln.

ROTARY KILN:

The rotary kiln is the largest piece of equipment in any
cement works.

fu the kiln rotates, raw meal is fed into the cooler upper end
of the kiln, and travels countercurrent to the hot exhaust gases

toward the firing end of
the kiln, where it is

discharged onto the
clinker cooler at the
discharge end. Cooling
fans are also positioned
along the outside of the
kiln toward the discharge
end, to facilitate additional
cooling of the clinker.

Correct lubrication of the kiln is critical in any cement plant,
particularly the lubrication
of kiln trunnion bearings,

thrust rollers and slides,

kiln drive pinion earings

and gearboxes, and the
kiln girth gear and pinion.
Residual type lubricants
such as Crater have been

used in the past for girth
gear lubrication, however

specialized greases applied
through automatic dispensing and metering equipment are

now often requested by kiln maintenance engineers for the
kiln girth gear and pinion, due to the intense load and heat,
and the high cost of downtime should lubrication fail on
this part of the kiln.

blowing cold air through reciprocating grate plates which
move the hot clinker through the cooler. Heated air from
above the grate is then used as secondary combustion air
for the kiln.

Planetary cooler: Hot clinker passes from the kiln into a
series of satellite cooling tubes attached to the outside of
the kiln. Cooling air is drawn through these tubes and is

then used for combustion.

Because of the high temperatures encountered in clinker
coolers, frequent relubrication and inspection intervals are
often set for waste air and cooling fan bearings, conveyor
bearings and chain drive units. ln addition, oil levels for
drag conveyor gearboxes and undergrate gear motors
should be monitored and adjusted on a regular basis.

ollowing production of clinker in the kiln process, the
cooled clinker is broken up further in a crusher, then

either conveyed to clinker storage, or mixed with gypsum
and introduced directly into the finish grinding mill or
cement mill to produce cement. Cypsum is added to the
clinker as an aid to regulate

the rate at which the cement

sets. During the milling
process, considerable heat is

developed, which can have

detrimental effects on the
performance of the cement
if not controlled. For this

reason, cement grinding
mills are usually ventilated

and are often equipped with
intemal water injection for
this purpose.

ln most instances, final grinding is carried out in tube
mills which normally comprise two or three
compartments, and are similar to raw mills. They operate
in either open-circuit or closed circuit mode.

Open-circuit milling: The clinker and gypsum are fed
into the rotating mill at one end and, after passing through
the compartmented sections within the mill, are discharged

fr'er" are several types of clinker coolers used, the
I main ones being the reciprocating grate cooler

and the planetary cooler.

Reciprocating grate cooler: Clinker is cooled by



from the other end as finished product.

Closed-circuit milling: Material coming out of the
discharge end of the mill is passed through a cyclonic air
separator in which the material is size graded, with
oversize material returned to the feed end of the mill for
further grinding.

The finely ground cement finished product is then
transferred to storage where it may be bagged or
despatched in bulk.

The lubrication requirements of cement mills used in the
grinding of clinker and gypsum are similar to those
highlighted under the section titled Raw Milling. However,
because of the heat that is liberated as a result of grinding
of the clinker, more attention will need to be given to the
correct viscosity grade selection of gearbox, trunnion
bearlng circulating oil system and hydraulic system
lubricants, in addition to regular and closely monitored
used oil analysis. Mill pinion shaft bearlngs and trunnion
bearing seals will require frequent inspection and
relubrication. ln addition, the lubricating oil systems will
also require close monitoring to prevent the ingress of fine
dust.

ecause cement works need to handle solid, liquid and
gaseous material streams at some point throughout

the works, a variety of materials handling equipment will be
required, some of which has already been mentioned
above.

ln raw material handling and stockpiling operations,
reclaimers are used to move, reshape and blend
stockpiled materials. ln addition, mobile equipment such as

excavators, shovels, dump trucks and dozers will be
found in raw material quarrying operations. Both mobile
and stationary cranes are also used throughout the
cement works. Bigger cement works have their own fleets
of delivery trucks for transporting cement in bulk.

Conveyors and elevators are used extensively
throughout the cement plant for transferring, for example,
coal for kiln firing, raw material feed for crushers and
grinding mills, finely ground raw meal, clinker and, of
course, the finished cement.

s with many milling processes, dust can be a

potential health and environmental problem. lt also

represents a loss of material to the manufacturing process
and is therefore a desirable component of the process for
recovery.

Dust collectors are installed on kilns and coolers to collect
dust from air streams and exhaust gases and conveyors

carrying raw materials are

often enclosed to prevent
dust getting out.

The collected dust is either
returned to the kiln with
other raw materials or used

as landfill.

Of the various types of dust
collectors used, the largest
is the electrostatic
precipitator. Dust-laden
air from the kiln and from
other air streams is passed

between electrodes carrying
50,000V and earthed collecting plates. The electrostatic
discharge between the electrodes and the earthed
collecting plates forces dust onto the plates, from which it
is removed and subsequently returned for processing.

Lubrication of dust collectors and electrostatic precipitators
is straightforward, in that fan bearings will require regular
inspection and re-lubrication, as will the rotary valve and
discharge screw 6earings and gearboxes.

Feeders are used to provide a consistent flow of materials
to crushers, grinding mills and kilns. For handling and
sizing finely ground material, classifiers and separators
are used, often in combination with a variety of different
types and sizes of screens.

Because considerable quantities of compressed air are
required in a cement works for circulating and blending
feeds, transferring materials and for sizing feeds and
ground materials in classifiers and separators, a variety of
compressors will be found throughout the plant.

To keep slurries of raw materials and raw meal in
suspension, a variety of agitators, mixers, pumps, and
associated electric motor drives are used.
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