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Chemical mechanisms, vulnerable materials, alkali-resistant castable formulations, and campaign

life optimization strategies. Based on analysis of 80+ cement kiln installations across Asia, Middle

East, and Latin America.
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Industry field data shows alkali attack reduces transition zone campaign life from the theoretical
24 months to actual 10—14 months with standard 65% Al20s3 castable, accounting for 40% of

unplanned kiln shutdowns. Unplanned relining runs $200,000—-$500,000 in lost production

alone.

The severity depends on three factors: (1) alkali concentration in clinker feed (K20 + Na20 >0.8%

= high-attack environment), (2) refractory chemical composition (high SiO2 and CaO accelerate
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attack), and (3) thermal cycling frequency (creates crack pathways for deeper penetration).

I The Alkali Cycle in Cement Kilns

Cement raw materials typically contain 0.2-1.5% K20 and 0.1—0.5% Na20. The volatilization-

condensation cycle concentrates alkali at the transition zone:

1. Volatilization in burning zone (1450°C) — alkali oxides volatilize and travel

backward with exhaust gas
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2. Condensation in transition zone (1200-1350°C) — vapors condense on

refractory; concentration reaches 5—15x raw feed level

3. Reaction with refractory (900—-1300°C) — condensed alkali reacts with alumina-
silicate, forming low-melting compounds
4. Re-volatilization and cycle continuation — creates concentrating "alkali build-up"

effect over months

Why the transition zone is the primary attack site: the burning zone (1450°C+) is too hot for alkali

condensation; the preheater (<900°C) sees lower condensation rates. The transition zone sits in

the 1000-1200°C "sweet spot" — maximum condensation rate combined with optimal

temperature for low-melting phase formation.

Chemical Attack Mechanisms

Primary Reaction — Potassium Attack:
K20 + Al203 + 2Si02 — K20°-Al1203-2Si02 (Leucite)

Leucite melting point: ~1150°C | Volume expansion: 10-15%

Sodium Attack:
Na20 + Al203 + 2Si02 — Naz20-A1203 25102 (Nepheline)
Nepheline melting point: ~1100°C | Volume expansion: 12-18%

More aggressive than potassium — lower melting point

Calcium-Accelerated Reaction:
K20 + Ca0O + Alz203 + 2Si0O2 - Complex calcium-alkali-aluminosilicates
Effect: CaO in refractory accelerates alkali attack by 40-60%

— This is why low-CaO (<1.5%) LCC is mandatory for transition zones

Key insight: CaO content is equally important as Al2O3 for alkali resistance. A 70% Al203 castable
with 1.5% CaO outperforms 75% Al203 with 2.5% CaO in alkali environments. Always verify both

parameters when specifying for transition zones.

Progressive Damage Stages

Stage 1 — Surface Infiltration (Months 0—6)

Alkali condenses on hot face, penetrates pores. Forms low-melting phases in 2—5mm surface

layer. Visual: green/brown discoloration.

Stage 2 — Volume Expansion (Months 6—12)

10—15% volume expansion creates mechanical stress. Surface layer begins to delaminate.
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Visual: surface roughness, small spalls (5—15mm).

Stage 3 — Spalling Failure (Months 10—14)

Thermal cycling accelerates delamination. Large chunks (50—200mm) spall from hot face.

Each spall exposes fresh, more permeable surface — attack rate accelerates. Lining reaches

unsafe thickness — forced shutdown.

I Most Vulnerable Refractory Types — Resistance Ranking

Material Type
Conventional castable 55—65
Standard LCC 65—70
Improved LCC (low
0_

Ca0) 70—75
Alkali-resistant LCC 75—80
ULCC corundum-

85—90
based

I Failure Signature Diagnosis

1.5—
2.0

<15

<0.5

30—-38

26—-30

22-26

18—22

Visual Indicators (Shutdown Inspection)

o Surface discoloration — green/brown/yellow coating on hot face (K: yellow-green,

Na: white-brown)

» Glassy appearance — vitrified/glazed surface indicates partial melting of alkali-silicate

phases

o Spalling pattern — thin layers (10—25mm) parallel to hot face; contrast with thermal

shock (thicker chunks, cleaner fracture)

» White crystalline deposits — in cracks/pores, alkali sulfate or carbonate formation

o Penetration depth — cross-section shows discoloration 8—15mm from hot face; deeper

= Imore severe exposure

Thermocouple & Operation Data

Alkali

Resistance

Poor

Moderate

Good

Excellent

Superior

Typical Campaign

Life

6—10 months

10—14 months

16—20 months

20-26 months

24-30 months

 Shell temperature rising 20—30°C at transition zone — lining thinning
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o Temperature gradient flattening — liquid phase improving thermal conductivity

o Increased draft loss — surface roughness from spalling

Laboratory Confirmation

What It Shows Confirmation Threshold

K20 and Na20 at different Surface K20 3—-8% vs interior 0.3—
XRF (X-Ray Fluorescence)

depths 0.8%
XRD (X-Ray Diffraction) Crystalline phases present Detection of leucite or nepheline
SEM (Scanning Electron . . . . .

Alkali penetration pathways Grain boundary melting visible

Microscopy)

I Material Selection Strategies

Strategy 1: High-Alumina Low-Silica LCC
Specification for transition zone alkali resistance:

e Al203 275% | CaO <1.5% | SiO2 <20% | Porosity <18%

o Al203/SiO2 ratio 3.0 (reduces low-melting phase formation)

Strategy 2: Aggregate Selection

Andalusite — best crystal structure for alkali penetration resistance

High-purity bauxite — lower SiO2 than standard bauxite, good resistance

Corundum — highest alkali resistance, premium cost, justified for >1350°C zones

Avoid: fireclay aggregates (high SiO2), standard chamotte (high CaO binder)

Strategy 3: Anti-Spalling Additives

Steel fiber reinforcement (2—3 kg/m3) accommodates volume expansion stress, reducing spalling
rate by 30—40% even after alkali phase formation. Not a substitute for alkali-resistant composition

— used in combination.

I Operational Mitigation Strategies

» Monitor raw feed alkali — total K20 + Na20; trigger material review at >0.8%

* Minimize thermal cycling — each startup/shutdown cycle opens crack pathways;

target <4 cycles/year in transition zone
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» Bypass excess alkali — kiln bypass systems remove 10—15% of alkali from the cycle,

reducing condensation load on lining

o Shell temperature trending — weekly monitoring at transition zone; schedule

inspection if +15°C trend over 3 months

I Campaign Life Comparison

. Typical vs Standard Cost Net Cost /
Material . . . .
Campaign Life (10—14 mo) Premium Month Service
Standard LCC (65% . .
10—14 months Baseline — Baseline
Al203, Ca0 2.5%)
Alkali-resistant LCC (75—
18—26 months +50—-100% +20-30% -25—-40% lower
80% Al203, CaO <1.5%)
ULCC corundum (85—90%
24—30 months +100-150% +60—-80% -20-35% lower

Al203, CaO <0.5%)

Field data from 80+ installations: Alkali-resistant LCC formulations extend transition zone
campaign life to 18—26 months vs 10—14 months for standard materials — a 50—-100% improvement
that offsets the 20—30% higher material cost. The break-even is typically reached within the first

extended campaign.
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