TEMPERATURE MEASUREMENTS
IN CEMENT MANUFACTURE

Introduction
•

Portland cement is essential for the construction industry, and is used to make
concrete and mortar

•

There are more than 2,300 active cement plants around the world, producing
over 3.9 billion tonnes per year

•

They produce cement by heating crushed limestone and other ingredients in a
rotary kiln – this produces clinker, which is milled to a fine powder

•

Temperature monitoring is essential to support process efficiency and cement
product quality

•

It also helps prolong kiln life through early detection of refraction issues or
insufficiently quenched clinker

•

Monitoring solutions also support safety and emissions control
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Cement manufacture
1.

Quarried limestone is crushed along with clay, slate, blast furnace slag
and other components, to a size of 75 mm (3 in.) or less

2.

The raw materials are heated in the multi-stage pre-heater, then fed into
a rotary kiln which raises their temperature to approximately 1370 oC
(about 2500 oF)

3.

As they progress along the rotary kiln towards the firing zone, the raw
materials lose moisture and other components, forming a rock-like
substance called clinker

4.

The hot clinker leaves the kiln and is cooled. The heat is recycled to the
pre-heater, improving efficiency, saving money and reducing
environmental impact

5.

The cool clinker is milled to form a fine powder. Additional cement
components – e.g. calcium sulphate to control setting time – are added

6.

Finished cement is bagged for shipment
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Temperature measurement points

•

Temperature monitoring is key for close control of the manufacturing process, ensuring:
o Process efficiency
o Consistent product quality
o Prolonged kiln lifespan

•

The important points for these measurements are in and around the rotary kiln,
measuring:
o The burning zone
o The kiln shell
o The clinker cooler
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The rotary kiln

• A key component in a cement plant, the rotary kiln is a long steel cylinder
• It is lined with refractory brickwork to protect the outer shell from the very high interior
temperatures
• Kilns vary in size, with a typical width to length ratio of 30:1 or 40:1 – can be up to 4 m (12 ft)
in diameter and 160 m (524 ft) long
• Rotates three to five times per minute – as it does so, the cement material works its way
down towards the burning zone, heating up as it goes
• Temperatures may vary considerably within the kiln – this makes monitoring more difficult
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The burning zone

•
•
•
•

Located at the lower end of the kiln
Cement components are heated to about 1300 to 1450 °C (2372 to 2642 °F),
forming clinker
Accurate temperature measurements here are critical for product quality,
environmental performance and kiln lifetime
Shows whether or not there has been a complete transformation from C2S to C3S
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Challenges of burning zone measurements

•

•
•

Thermocouples and other contact-based temperature sensors are impractical
because of:
o Kiln rotation
o High temperatures
o Movement of the sintering material along the kiln
Radiation thermometers (pyrometers) allow a non-contact measurement, but
their effectiveness may be limited by high dust conditions
They also use only a small target point within a large, dynamic kiln area
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Radio Thermometers

•

•
•

Often used in the burning zone as much less susceptible to errors from
obscuration and dust
Combined with a peak-picker algorithm, can give an accurate
measurement even with 95% obscuration in the field of view
An effective measurement for general monitoring – however, readings
can be deceptive if the target area is not optimised
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SPOT R100

•
•
•
•
•

Single-spot ratio thermometer with peak picking
Easy one-person installation
Accurate standalone solution with no separate signal processor needed
Ethernet, Modbus TCP, 4-20mA analogue outputs, alarm outputs, image streaming
Delivers accurate, stable measurements quickly, enabling faster process adjustments
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SPOT R100 features and benefits
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Advantages of using a thermal imager (1)

•

A more modern approach is to use a short wavelength thermal imager with near-infrared
(NIR) sensor and borescope lens

•

AMETEK Land’s NIR-B borescope imager provides much more information about the kiln and
conditions within the burning zone

•

As with ratio pyrometers, it requires air purge and water cooling to protect against
aggressive environmental and process conditions

•

The NIR-B’s borescope, including water-cooled jacket, is only 61 mm (2.4 in.) in diameter, so
can be inserted through a small viewing port without major disruption to the process
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Advantages of using a thermal imager (2)

•

Kiln rotation means the clinker collects on one side, so NIR-B can be installed under the
burner towards the other side, sighting directly onto the clinker and flame

•

To minimise exposure to process conditions, the tip of the borescope is usually slightly
recessed into the wall – the large field of view enables imaging of all relevant areas of
the process

•

The NIR-B produces a detailed, live radiometric image – the operator can measure any
subset of over 300,000 live data points (nearly 3 million with the NIR-B-2K model)

•

Allows accurate temperature measurements and important information about process
conditions within the burning zone
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Advantages of using a thermal imager (3)

•

The thermal image provides important data about the kiln condition, and qualitative
information such as flame propagation and formation of ash rings within the kiln

•

Thermal imaging using NIR wavelengths suffers less effect from scattering caused by
high-energy particles within the field of view

•

This makes it particularly valuable, as it accurately measures temperature and provides
high-quality process imaging simultaneously

•

An auto-retraction system protects the borescope if a temporary loss of purge air or
cooling water is detected
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The NIR-B / NIR-B-2K

•

Specifically designed to measure temperature profiles in furnace interiors

•

A short-wavelength, radiometric infrared borescope thermal imaging camera

•

Detailed thermal images with up to 3-million-pixel resolution – allows operator to select
from thousands of live data points, for highly specific optimisation

•

Only requires a narrow hole through the firing hood

•

Auto-retraction system available to remove camera if cooling fails
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The NIR-B / NIR-B-2K features and benefits
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The benefits of kiln interior monitoring

•

To protect the outer steel shell of the kiln from heat damage, layers of refractory
brick are used

•

Repeated use under high heat and abrasive conditions means the refractory will
eventually deteriorate and fail

•

Deteriorating insulation increases heat loss, significantly affecting fuel costs

•

Damage to the outer shell can put the kiln out of action

•

Thermal imaging of the kiln interior provides an early indication of refractory damage

•

This is key to timely maintenance, extending the kiln’s lifespan, and also allows
proactive, scheduled maintenance, minimising downtime and process interference
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Kiln shell exterior monitoring

•

One or two layers of refractory brickwork protect the steel kiln shell from extremely
high process temperatures

•

If this brickwork fails – by erosion or physical loss of bricks – the metal shell can be
seriously damaged, putting the kiln out of action

•

Continuous monitoring along the length of the kiln exterior – looking for hot spots
indicative of refractory damage – provides early detection of problems

•

This allows repairs to be made before serious damage occurs, avoiding costly
maintenance or unplanned shutdowns
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Temperature solutions in the kiln shell

•

Traditional thermocouples are unreliable and give poor coverage – noncontact is better

•

Handheld portable pyrometer can be used to measure repeatedly along the
kiln shell
o Very labour-intensive
o Doesn’t provide full coverage
o Depends on operator’s skill and judgement, so repeatability is poor

•

Most effective technique is a linescanner such as AMETEK Land’s LSP-HD 62
o Thermal image builds a picture of the complete shell temperature
o Identifies any aberrations
o For long kilns, multiple scanners can be used – Landscan WCA software
creates a single unified picture of kiln shell temperature
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The LSP-HD 62

•

A robust, compact linescanner using high-quality optics

•

Designed to operate in harsh environments to produce high-definition
thermal images at unrivalled scan speeds, for outstanding process control

•

Rugged sapphire protection windows resist scratches, acids and solvents

•

Optimized for cement manufacturing applications – temperature range from
100 to 600 oC (212 to 1112 oF)

•

Plug and play Ethernet connection provides real-time processed data,
unaffected by ambient light
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The LSP-HD 62 features and benefits
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Using a thermowell

•

A method to measure the kiln interior, away from
the burning zone

•

A thermowell is a closed-ended tube that goes
through the kiln wall and refractory

•

A single-spot thermometer (e.g. SPOT M160)
sights onto the end of the tube – takes an
accurate measurement each time the kiln rotates

•

It acts similarly to a theoretically ideal cavity
radiation source, so emissivity is not an issue
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Axial alignment

•

Dislocation of the rotary kiln from a central
position indicates out-of-tolerance stresses on
the system

•

These can lead to structural damage to the kiln
and mechanical parts, with significant costs
arising from lost production

•

Axial alignment may change due to:
o Kiln shell damage or wear
o Uneven wear of the tires and rollers
o Incorrect roller positioning
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Benefits of monitoring axial alignment

•

Monitoring changes in axial alignment prevents further damage to the kiln

•

Also indicates developing problems, so they can be dealt with before an
unscheduled shutdown is needed

•

Optional scanner accessories can be integrated to track axial alignment for easy
reference of kiln health and performance

•

This system uses rugged proximity switches integrated with the scanner input to
provide readings and alarm outputs as needed
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The slip

•

Tires are the riding rings that support the kiln
shell during rotation

•

They must be loose enough to accommodate
thermal expansion during manufacturing

•

Undue constriction by the tire can damage the
kiln shell

•

A tire which is too loose will provide
insufficient support – the shell may flatten out
at the top of its rotation

•

Continuous changes in kiln curvature will
damage the integrity of the shell structure
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Benefits of monitoring tire slip

•

Typically, a tire revolution is slower than that of the shell by a small but measurable
amount known as ‘creep’

•

Measuring tire slip ensures that tire dimensions are within acceptable limits:
o A rotation matching kiln speed indicates the tire is too tight
o A much longer rotation shows the fit is too loose and kiln damage may result

•

Optional position sensors allow the LANDSCAN WCA server to calculate and display kiln
temperature, further reducing the risk of refractory damage

•

Rugged proximity switches, integrated with the scanner input, provide customisable
readings and alarm outputs as required
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LANDSCAN WCA software

•

A flexible PC interface designed specifically for the
LSP-HD linescanner range

•

LANDSCAN Windows Control and Analyse (WCA)
software enables the viewing and analysis of multiple
live and historical temperature data streams

•

Fully scalable input/output capabilities meet precise
application needs

•

Tagging and linking of multiple live data streams
enables easy creation of production process
databases
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HotSpotIR features and benefits
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The clinker exit and beyond

•

Once the hot clinker leaves the kiln, it is transferred to a
grate cooler and cooled by air blowers

•

Cooled clinker is then taken away by conveyor belt for
immediate milling or storage

•

Inadequately cooled clinker fragments can damage the
conveyor belt and shut down the entire manufacturing
process

•

This requires a high-resolution solution that detects small
hot spots with a rapid response

•

AMETEK Land’s HotSpotIR sensor can scan across the belt
to detect uncooled clinker – high-speed alarm alerts
operator to take preventative action
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HotSpotIR

•

A compact, fixed-focus, high-speed non-contact
scanning system

•

Specifically designed to detect hot inclusions on
a moving conveyor, in industrial environments

•

Measures across entire width of belt

•

100 scans per second, detecting 1,000 small
temperature spots each time

•

Can detect hot spots as small as 25 mm (1 in.)
from 20 to 250 oC (68 to 482 oF)

•

Connects to alarm system for rapid response
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HotSpotIR features and benefits
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Other solutions for cement manufacturing

AMETEK Land also supplies industry-leading solutions for other applications in the cement
manufacturing process. These include:
•

Emissions monitoring throughout the process

•

Material build-up monitoring at the feed chute and spray tower

•

Hot spot and CO detection during the storage, conveying and milling of the coal used
for heating

•

Flue gas analysis throughout the plant
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Emissions monitoring throughout the process

•

Cement manufacture generates high levels of particulates including:
dust, NOx, sulphur dioxide, carbon dioxide and carbon monoxide

•

These are typically subject to regulation, so require continuous
monitoring and control to ensure rules are met and large fines avoided

•

This can also improve operational efficiency, leading to lower costs

•

However, high-particulate environments can adversely affect both the
measurements and the instrument
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Key solution: 4500 Mklll

•

An accurate, reliable high-specification opacity and dust monitor meeting
US and European standards for monitoring combustion processes

•

It uses a highly homogenous LED light source and multi-prism retroreflector to provide the lowest possible detection limit

•

Combined with a flood LED to minimise electronic drift, these patented
technologies deliver highly stable, repeatable results
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Other combustion and emissions monitoring solutions

4650-PM

Lancom 4

WDG-1200/1210

•

4650-PM: For PM-CEMS or PM-CPMS measurements

•

Lancom 4: Portable fuel gas analyser

•

WDG-1200/1210: In-situ oxygen probe for combustion optimisation
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Combustion monitoring for coal mill safety

•

Where coal is used to heat the kiln, it must
be ground to a fine powder in a mill

•

Safe operation requires close attention to
spontaneous combustion and the
associated risk of explosion

•

Carbon monoxide (CO) monitoring is a fast,
sensitive method of detecting spontaneous
combustion at an early stage, allowing
preventative action to be taken

•

There is little CO in the mill under normal
operation conditions, so a rapid rise clearly
indicates a problem
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Key solution: Millwatch

MILLWATCH
•

Delivers a fast, accurate response to increases in CO
levels, helping to improve process safety, protect mill
equipment from damage, and prevent costly
downtime from unexpected shutdowns

•

It uses a unique CO detection system, continuously
extracting sample gases from the mill outlet for a
constant, fast-response measurement

•

Customisable alarms allow adaption to individual
plant process conditions

•

Automatic calibration ensures high measurement
integrity is maintained at all times

•

The Silowatch CO detector performs the same safety
monitoring function for coal storage silos
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AMETEK Land non-contact measurement solutions
•

ARC Imager: For 24-hour infrared thermal monitoring of storage piles

•

Cyclops L: Portable, handheld pyrometer for accurate temperature measurements

AMETEK Process Instruments analysers
•

WDG-HPII: Convection-driven combustion analyser for high-particulate conditions

•

WDG-VCM with blowback: Flue gas analyser for oxygen, combustibles and
hydrocarbons

•

WDG-VRM: Rack-mounted oxygen analyser suitable for CEMS integration

•

CEM/O2 Humox: For net oxygen and moisture content measurements
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Find out more

Download the brochures from ametek-land.com
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