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5-Day Cement Industry Training Course
In

PYROPROCESS IN THE CEMENT INDUSTRY

Dubai - UAE, 13 — 17 Apr. 2026

COURSE LEVEL: INTERMEDIATE

COURSE OVERVIEW:

The pyroprocess is the transformative core of cement manufacturing where raw meal is converted
into clinker through intense thermal energy. This course defines the thermodynamic stages of heating,
calcining, and sintering that occur within the preheater tower and the rotary kiln. It establishes a
comprehensive understanding of how heat transfer and chemical reactions must be synchronized to
produce high quality clinker.

The scope of this training involves the technical management of the kiln system, focusing on the
balance between fuel combustion and material flow. It covers the mechanical and chemical variables
that influence the efficiency of the burning process, including gas velocities, residence time, and
oxygen levels. Furthermore, the course addresses the vital role of the clinker cooler in recovering
heat and stabilizing the mineralogical phases of the final product.

Coverage includes detailed modules on the chemistry of calcination, the physics of the sintering zone,
and the impact of different fuel types on kiln stability. Participants will explore the management of
volatile cycles—such as alkalis and chlorides—which can cause significant operational disruptions
if not controlled. Through the study of flame dynamics and heat exchange, attendees will gain the
expertise required to optimize kiln performance and reduce the specific energy consumption of the
plant.

COURSE OBJECTIVES:

After completion of this course, the participants will be able to:
e Describe the chemical and physical transformations of material in the pyroprocess.
e Understand the function of each stage in a multi-stage cyclone preheater.
o Explain the process of calcination and the role of the pre-calciner.
o Identify the mineralogical changes occurring in the kiln sintering zone.
e Optimize the clinker cooling process for maximum heat recovery.
e Manage the thermal balance between the kiln and the preheater tower.
e Understand the impact of secondary and tertiary air on combustion.
e Control the volatile cycles of sulfur, chlorine, and alkalis.
e Adjust the main burner flame for optimal clinker mineral formation.
e Detect and prevent the formation of kiln rings and build-ups.
o Interpret gas analyzer data for process stability and emissions control.
o Implement energy saving measures within the pyroprocessing circuit.

saaiall A jadl Sl ey - abagl - YAYOT D (o pa - (FAVY) Y TUOTYLY 1 LSl - (+AVY) Y TROAY L. il
Tel. : (+971) 2 6658200 Fax.: (+971) 2 6653303 - P.O. Box : 26356 - Abu Dhabi - United Arab Emirates



INCC

s ail odlagdl jLidiiell | Ao

National Consultant Centre For Training:

TARGET AUDIENCE:

This course is intended for Process Engineers, Kiln Operators, Production Supervisors, and Technical
Managers.

TRAINING COURSE METHODOLOGY:

A highly interactive combination of lectures, discussion sessions, and case studies will be employed
to maximize the transfer of information, knowledge, and experience. The course will be intensive,
practical, and highly interactive. The sessions will start by raising the most relevant questions and
motivating everybody to find the right answers. The attendants will also be encouraged to raise more
of their questions and to share in developing the right answers using their analysis and experience.
There will also be some indoor experiential activities to enhance the learning experience. Course
material will be provided in PowerPoint, with necessary animations, learning videos, and general
discussions.

The course participants shall be evaluated before, during, and at the end of the course.

COURSE CERTIFICATE:

National Consultant Centre for Training LLC (NCC) will issue an Attendance Certificate to all
participants completing a minimum of 80% of the total attendance time requirement.

COURSE OUTLINE / COURSE CONTENT:

MODULE 1: THE PREHEATING STAGE AND CYCLONES
o Fundamentals of gas and material heat exchange.
e Design and efficiency of cyclone separators in the tower.
e Managing the pressure profile across the preheater stages.
e Impact of dust circulation on thermal efficiency.
o Troubleshooting material bypass and riser duct blockages.

MODULE 2: CALCINATION KINETICS AND PRE-CALCINERS
e The chemistry of CaCO3 decomposition into CaO and CO?2.
e Operational differences between ILC and SLC calciner systems.
e Managing fuel distribution and combustion in the calciner.
o Impact of residence time on the degree of calcination.
e Controlling the temperature profile in the lower preheater.

MODULE 3: ROTARY KILN DYNAMICS AND SINTERING
e Mechanical and thermal functions of the rotary kiln.
e Formation of the liquid phase and clinker nodulization.
e Mineralogical transitions: From C2S to C3S (Alite).
e Understanding the kiln bed depth and material progression.
e Impact of kiln speed and slope on process stability.
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MODULE 4: COMBUSTION AND BURNER TECHNOLOGY
e Principles of multi-channel burner design and operation.
e Adjusting primary air for flame momentum and shape.
o Combustion of coal, petcoke, and alternative fuels.
o Impact of flame temperature on NOx formation.
e Managing the "Burning Zone" for optimal clinker quality.

MODULE 5: THE CLINKER COOLING PROCESS
e Thermodynamics of clinker cooling and heat recovery.
e Evolution of cooler technology: Grate vs. Cross-bar.
e Managing the cooler air distribution and bed thickness.
e Recovery of secondary and tertiary air for the kiln.
e Troubleshooting cooler "snowmen" and "red river" issues.

MODULE 6: VOLATILE CYCLES AND COATING FORMATION
e Behavior of alkalis, sulfates, and chlorides in the kiln.
e Mechanism of "clinker ring" and "meal ring" formation.
o Impact of the sulfur/alkali ratio on process stability.
e Role of the bypass system in managing volatile levels.
e Preventive measures for kiln inlet and riser duct scaling.

MODULE 7: THERMAL EFFICIENCY AND HEAT BALANCE
o Components of a pyroprocess heat balance.
o Identifying and reducing heat losses: Radiation and leaks.
e Impact of "False Air" on fuel consumption and gas flow.
e Specific heat consumption benchmarks for modern kilns.
o Waste heat recovery potential in the pyroprocessing line.

MODULE 8: PROCESS MONITORING AND INSTRUMENTATION
e Use of high temperature cameras for kiln and cooler.
e Interpreting data from shell scanners and pyrometers.
e Role of the gas analyzer in combustion control.
e Monitoring kiln torque and motor amperage as process indicators.
e Managing pressure and temperature sensors in the tower.

MODULE 9: ALTERNATIVE FUELS IN THE PYROPROCESS
e Technical requirements for using RDF, tires, and biomass.
o Impact of alternative fuels on flame stability and chemistry.
e Managing the moisture and ash content of waste fuels.
e Environmental considerations and emission limits.
e Optimizing the substitution rate without production loss.

MODULE 10: TROUBLESHOOTING AND RECOVERY PROCEDURES
o Handling preheater flushes and kiln "rushes."
e Recovery protocols after a major kiln ring fall.
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e Managing emergency shutdowns and rapid restarts.
e Root cause analysis of refractory failure and shell damage.
o Stabilization techniques for an "upset" kiln.
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