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LCC vs ULCC vs Conventional Castable: Performance
and Cost Trade-Offs

A systematic comparison of conventional, low cement (LCC), and ultra-low cement

(ULCC) castables based on cement content, hot strength, installation requirements, and

total cost of ownership.

The evolution from conventional castable to low cement castable (LCC) and ultra-low cement castable (U
driven by the need for higher hot strength, better slag resistance, and longer campaign life in cement kiln
differentiator is calcium oxide (CaO) content: conventional castable contains 8-15% CaO from 15-25% c:
cement, and ULCC contains <1.0% CaO from <3% cement. This reduction in cement content directly imp
(MOR) at 1000-1400°C increases 60-120% from conventional to ULCC, (2) slag penetration resistance ir

sensitivity trade-off — ULCC offers superior high-temperature performance but requires +0.2% water do:

Material selection between these three categories depends on service temperature, chemical environmer
Conventional castable remains appropriate for <1200°C backup linings and non-critical applications wher
kiln transition zones (1200-1400°C) and most industrial furnace working linings, offering optimal cost-pe
kiln burning zones (>1400°C), steel ladle impact pads, and applications where slag resistance and campa

installation controls.

Chemical Composition & Cement Content Comparison
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CASTABLE TYPE CAC CONTENT (%) CAO CONTENT (%)

Conventional 15-25 8-15 50-

Low Cement (LCC) 3-8 1.0-2.5 60-

Ultra-Low Cement (ULCC) <3 <1.0 70-

No-Cement (NCC) 0 <0.3 80-
Why CaO Content Matters

Calcium oxide (Ca0) from cement creates calcium aluminate hydrates (CAH) during curing, which provide

(>1000°C), CAH dehydrates and forms secondary phases:

— CA (CaO0-Al,0;): Melts at 1605°C — acceptable for most applications
— C;2A; (12Ca0-7Al,0;): Melts at 1455°C — problematic in >1400°C zones

— CaO0-Si0, eutectics: Form liquid phases at 1170-1300°C in presence of silica

High CaO content (conventional castable) creates more low-melting phases, reducing hot strength and ir

phases, improving high-temperature performance.

Key Principle: Lower cement content = better hot strength and slag resistance, BUT requires more precise

green strength for demolding and handling with minimal cement.

Comprehensive Performance Comparison Matrix

PROPERTY CONVENTIONAL LCC
10-12 1.5-2.0
7-9 4.5-6.0
2.3-24 2.5-2.6
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PROPERTY CONVENTIONAL

40-50 50-65

3-5 6-9

2-3 5-7
-0.5t0-0.8 -0.3to -0.5
Good Moderate
15-25 mm 8-12 mm
40-60 20-40

1.0x 1.4-1.6x

Performance Highlights

Hot Strength (MOR @ 1400°C): ULCC delivers 3-4x higher hot strength than conventional castable — ci

and mechanical stress.

Slag Resistance: ULCC shows 60-70% less slag penetration than conventional castable due to lower Ca

microstructure.

Thermal Shock: Conventional castable performs best in thermal cycling due to higher porosity (acts as s

require controlled heat-up rates.

Installation Requirements & Sensitivity Comparison

INSTALLATION FACTOR CONVENTIONAL LCC
+1.0% +0.3-0.5%
3-4 4-5
Moderate High (critical)
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INSTALLATION FACTOR CONVENTIONAL

General labor acceptable Trained crew required
Visual + spot density Flow test + density + temperature
1.0x (baseline) 1.2-1.3%

Critical Warning: Adding excess water to LCC or ULCC to improve workability is the #1 installation error. +0
negating the performance advantages. Always use specified water amount and improve flow through prope

Installation Complexity Trade-Off

Conventional castable is forgiving — installation errors (slight water excess, insufficient vibration, incomp

catastrophic failure. LCC and ULCC are unforgiving — the same errors result in 30-50% performance loss

Application-Specific Selection Guide

Cement Rotary Kiln Applications

For zone definitions, operating temperatures, and the full material family map across the kiln, see the cen
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KILN ZONE SERVICE TEMP (°C) RECOMMENDED TYPE RATIONALE

Preheater [ Inlet 800-1200 Conventional or LCC Moderate temp; thermal st
Transition Zone 1200-1400 LCC (Al,O; 70-80%) Heavy alkali attack; LCC pr
Burning Zone 1350-1450 ULCC (Al,O; 80-90%) Extreme temp + clinker abr
Discharge [ Cooler Inlet 1100-1350 LCC (abrasion-resistant) Clinker impact zones; LCC
Cooler 400-1200 Conventional or LCC Moderate conditions; cost

Steel Industry Applications

APPLICATION SERVICE TEMP (°C) RECOMMENDED TYPE KEY REQ
Ladle Bottom (Impact Pad) 1500-1650 ULCC (SiC or corundum) Extreme-
Ladle Sidewall (Safety Lining) 1200-1400 LCC (Al,05; 75-85%) Backup i
Tundish Working Lining 1500-1600 ULCC or precast shapes Molten si
Reheating Furnace Hearth 1200-1350 LCC (wear-resistant) Abrasion

General Industrial Furnaces

— Aluminum Melting Furnaces (950-1100°C): Conventional castable adequate; thermal cycling commc
— Heat Treating Furnaces (900-1200°C): Conventional for walls/roof; LCC for hearth if mechanical loac
— Incinerators (1000-1300°C): LCC recommended due to variable chemical environment (acidic gases,

— Petrochemical Furnaces (1100-1400°C): LCC for working lining; conventional acceptable for backup

Total Cost of Ownership Analysis

Material cost alone is misleading. TCO must include installation labor, campaign life, and downtime cost.
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Example: Cement Kiln Transition Zone (100 m? Surface, 150mm Thickness)

Scenario A: Conventional Castable (Inappropriate for this zone)

— Material cost: $8,500 (15 m® x $567/m?3)

— Installation labor: $3,200 (easier installation)

— Expected campaign life: 8-12 months (premature failure from hot strength deficiency)
— Relining frequency: Annual

— b5-year total cost: ($8,500 + $3,200) x 5 = $58,500

— Downtime cost: 5 relines x 7 days x $15,000/day = $525,000

Scenario B: LCC (Correct Specification)

— Material cost: $13,500 (15 m® x $900/m?)

— Installation labor: $4,000 (requires trained crew)

— Expected campaign life: 18-24 months

— Relining frequency: Every 2 years

— 5-year total cost: ($13,500 + $4,000) x 2.5 = $43,750

— Downtime cost: 2.5 relines x 7 days x $15,000/day = $262,500

Scenario C: ULCC (Over-Specification for this zone)

— Material cost: $16,500 (15 m® x $1,100/m?)

— Installation labor: $5,000 (specialist crew required)
— Expected campaign life: 24-30 months

— Relining frequency: Every 2.5 years

— b5-year total cost: ($16,500 + $5,000) x 2 = $43,000

— Downtime cost: 2 relines x 7 days x $15,000/day = $210,000
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TCO Verdict

For cement kiln transition zone: LCC is optimal — 25% lower 5-year material/labor cost than conve

expensive than ULCC with simpler installation. When downtime cost is included, LCC saves $262,5(

provides marginal improvement over LCC (one fewer reline over 5 years) but adds installation compl

Decision Matrix: Which Type to Specify

USE CONVENTIONAL WHEN... USE LCC WHEN... u
Service temp <1200°C Service temp 1200-1450°C Si
Minimal chemical attack Moderate-heavy alkali or slag B
Frequent thermal cycling (>1/week) Moderate cycling or continuous operation C
Crew has limited refractory experience Trained crew available S|
Backup insulation (non-critical) Working lining in cement kilns, industrial furnaces C
Budget constraint prioritizes low upfront cost Optimizing total cost of ownership P

Common Specification & Installation Errors

ERROR 01

Under-Specifying: Using Conventional Where LCC Required
Scenario: Cement kiln transition zone (1320°C, heavy alkali) lined with conventional castable to save
spalled after 9 months (target: 24 months). Emergency reline cost $180,000 in materials, labor, and |

consequences.
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ERROR 02

ERROR 03

ERROR 04

Over-Specifying: Using ULCC Where LCC Adequate

Scenario: Industrial furnace (1250°C, minimal slag) specified with ULCC based on temperature alone
requirements), but 35% higher material cost + specialist crew required + stricter QC increased instal
cycling), not just temperature.

Excessive Water Addition to Improve Workability

Scenario: LCC specified at 5.0% water; crew added 6.2% water "because it flows better." Result: Bu
decreased from 7.2 MPa to 4.8 MPa (33% loss). Campaign life reduced from 22 months to 14 months
vibration, not excess water.

Insufficient Vibration During Placement

Scenario: ULCC placement with inadequate vibration (external form vibration only, no internal poker
Post-installation core samples showed 18% porosity vs target 12%. Slag penetrated 15mm in first 6 r
guide; verify density with immediate core sampling.

Castable Type Selection Checklist

01

02

03

04

05

06

07

Document service temperature range — Measure actual hot-face temp, not just design temp; account fc

Assess chemical environment — Identify slag type (acidic/basic), alkali vapor presence (K,O, Na,0O), abre

Evaluate thermal cycling frequency — Daily/weekly shutdowns favor conventional (better thermal shock

Verify crew capability — LCC requires trained crew; ULCC requires specialists with precision water dosin

Calculate total cost of ownership — (Material + Installation) + Campaign Life (months) = cost per month;

Request performance data from supplier — MOR @ service temperature, slag penetration test, PLC @ s

Specify installation controls — Water tolerance (+0.3% for LCC, +0.2% for ULCC), mixing time (4—6 min)
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08  Plan quality verification — Core sampling within 2 hours of placement to verify bulk density; flow test bef

Vuulcan LCC & ULCC Castables: Complete range from conventional to ULCC in Al,O; grades 60-90%. All

vibration requirements, and dry-out schedules. English-language technical :

View Castable Range -

Content produced from Zibo's monolithic refractory production zone — China's largest concentration of ¢

development in low-cement and ultra-low cement formulation technology for cement, steel, and industrie

IN THIS ARTICLE

Composition Comparison Performance Matrix Installation Requirements Application Guide TCO An

FREQUENTLY ASKED QUESTIONS

Ceramic Fiber Temperature Grade FAQ

What's the difference between classification temperature and continuous use

+
temperature for ceramic fiber?
Can | use 1260°C fiber at 1200°C service temperature? +
How do | know when to upgrade from 1260°C to 1350°C or 1430°C fiber? +
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Does higher temperature grade fiber cost significantly more?

Explore Our Ceramic Fiber Range
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Continue Reading
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