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Abstract

Currently, most kilns used in cement clinker burning are dry-process rotary kilns, specifically
designed to operate at high temperatures in aggressive environments, made of special alloys
and materials.

Introduction

Currently, most kilns used in cement clinker burning are dry-process rotary Kilns, specifically
designed to operate at high temperatures in aggressive environments, made of special alloys
and materials. The composition of the kiln generally includes the following:

. Primary Metal Structure: This section is made from steel or heat-resistant alloys with
high durability. This metal structure must be resistant to high temperatures and mechanical
impacts. Materials such as carbon steel, silicon steel, or nickel-based alloys (e.g., Inconel or
Hastelloy) are used.

. Inner Lining (Encased Coating): The inner part of the kiln has a lining made of
materials that resist high temperatures, heat, and corrosion. The following materials are used
for this purpose:

Refractory materials based on Magnesium Oxide (MgO) and Calcium Oxide (CaO) —
provide durability at high temperatures (1400°C and above). Chamotte brick or Silicon
Carbide (SiC) —these materials are resistant to heat and abrasion. Refractory materials based
on Alumina (AL:Os) and Zirconium Oxide (ZrQ:) — ensure corrosion resistance at high
temperatures.

Alloy Additives: In special types of kilns, particularly those operating in high temperatures
and highly abrasive environments, alloys based on metals like Al, Nb, Ti, and VV may be used.
These alloys are necessary to enhance the corrosion resistance and strength of the kiln’s inner
layer.

Insulating Materials: Various insulating materials are used to improve the kiln’s energy
efficiency and reduce heat loss from the exterior. These materials typically consist of heat-
retaining ceramic fibers or other high-temperature-resistant materials.
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The materials and alloys mentioned above help maintain the shape and dimensions of the kiln
under heat impact, thus extending its service life. This combination ensures that the kiln
operates with high efficiency and durability during the cement clinker burning process.

For kilns used in gypsum clinker processing, the alloys with the composition mentioned
above (Al, Nb, Ti, V, Zr) can be beneficial in certain aspects, but some factors need to be
considered:

. Suitability for Gypsum Clinker: Gypsum clinker processing kilns generally operate
at high temperatures, although not as extreme as those required for cement clinker. Alloys
containing Al, Nb, Ti, V, and Zr are very suitable for high-temperature and aggressive
conditions. This composition can extend the kiln’s service life and provide protection against
corrosion.
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. Corrosion Resistance: Considering the nature of gypsum and the conditions involved
in processing gypsum clinker, such alloys may improve corrosion resistance. For example,
elements like Al and Nb form an additional protective layer against corrosion.

. Mechanical Stability: Elements like Ti and Zr add mechanical stability and heat
resistance to the alloy, helping maintain the inner lining of the kiln at high temperatures and
preventing rapid wear of kiln parts.

. Alloy Costs: Due to the high costs of elements such as Al, Nb, Ti, V, and Zr, applying
these alloys to each kiln could be expensive. Therefore, economic calculations based on the
type of clinker and the required service life are important. Generally, such alloys can be
appropriate for gypsum clinker processing Kkilns, but to optimize costs, it is recommended to
select only the necessary combinations of these elements or to properly set the coating
thickness.

Rotary Kilns: These are the most common type, allowing operation at high temperatures and
enabling large-scale clinker production. In these Kilns, a direct firing process occurs, and they
often operate on solid or gas fuel.

Vacuum or Controlled Atmosphere Kilns: These kilns operate under extremely high
temperatures and pressure and are used in the production of special, high-quality types of
cement.
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Dry-Process Kilns: One of the latest technologies, designed to reduce energy consumption
and increase efficiency. These kilns are currently the most widely used and are considered
environmentally friendly technology.
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Service Life:

For traditional rotary kilns, the service life is approximately 10-15 years, depending on
maintenance and operating conditions. The newest dry-process kilns, however, can last up to
15-20 years due to optimized materials and advanced alloys.

Factors Affecting Service Life:

The service life of a kiln can be influenced by the following factors:

« Technical Maintenance: Regular and quality maintenance helps ensure the kiln’s long-term
operation.

« Type and Quality of Fuel: Solid fuel or heavy oil products may cause increased wear.

e Temperature and Load: Operating at optimal temperatures and avoiding excessive loads
extends the kiln’s service life.

To calculate how alloys based on Al, Nb, Ti, V, and Zr affect service life in cement production,
we examine the process of creating a mathematical model. This model helps determine service
life based on the following factors:

1. Temperature Effect (T): At high temperatures, the durability of elements in the alloy
may decrease.

2. Corrosion Level (K): Different elements affect corrosion indicators in cement Kilns.

3. Mechanical Wear (M): Friction and other mechanical impacts inside the kiln.

4. Load Level (Y): The load-bearing capacity of alloy components.
I C

(T-ar)+(K-ax)+(M-ay)+ (Y -ay)

In this model:

. C — Normalization constant for service life (a primary characteristic specific to the
material),

. T — Temperature indicator,

. K — Corrosion level,

. M — Mechanical wear level,

. Y — Load level,

. ar, ak, am, ar — The respective influence coefficients for each factor, determined

through experimentation or empirically based on the alloy composition.

Notes:
1. Temperature Coefficient (at): If elements like Ti and Nb are present in the alloy, heat
resistance increases, resulting in a lower a_T value.

2. Corrosion Coefficient (ax): Al, Nb, and Zr are corrosion-resistant elements; therefore, a
higher presence of these elements reduces the a_K value.

3. Mechanical Wear Coefficient (am): This coefficient can decrease when metals like Al and
Ti are added under wear conditions.

4. Load Coefficient (av): Load resistance, especially with the presence of V, Zr, and Nb,
increases, thus reducing the ay value.
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