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Fireclay brick — composed of 30–42% alumina (Al₂O₃) with the balance primarily silica (SiO₂) and minor im

alumina brick (HAB) for applications where service temperature remains below 1350°C, chemical attack is

refractoriness under load (RUL). Per ASTM C27 classification, fireclay brick falls into "medium-duty" and 

compared to HAB's 1380–1600°C RUL range. The material cost differential is significant: fireclay brick co

65% less than 75% Al₂O₃ HAB. However, this cost advantage disappears when service conditions exceed 

1250°C, alkali vapor exposure, or structural load-bearing applications requiring high RUL all mandate HAB

The decision between fireclay and HAB hinges on three factors: (1) maximum service temperature and req

(particularly alkali and slag exposure which attack low-alumina refractories preferentially), and (3) mecha

cold crushing strength than equivalent-density HAB). Industry field data shows that approximately 40% o

performance at lower cost compared to over-specified HAB, while 25% of fireclay installations experience

was required. This guide provides systematic selection criteria, cost-performance modeling, and applicat

specification.

Composition & Classification Comparison

M ATE R I A L  C O M PA R I S O N 11 min read Updated January 2024

Fireclay Brick vs High Alumina Brick: When the
Economy Grade Is Good Enough

Cost-performance analysis of fireclay brick (30–42% Al₂O₃) versus high alumina brick

(48–90% Al₂O₃) with application decision matrix for backup linings, kiln cars, and

industrial furnaces.
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MATERIAL TYPE AL₂O₃  RANGE (%) SIO₂  RANGE (%) ASTM C27  

Low-Duty Fireclay 25–35 60–70 —

Medium-Duty Fireclay 35–38 55–60 —

High-Duty Fireclay 38–42 52–58 Super Duty

High Alumina (Entry) 48–52 45–48 SK-34

High Alumina (Standard) 55–60 38–42 —

High Alumina (Premium) 65–70 28–33 —

Why Alumina Content Drives Performance & Cost

Alumina (Al₂O₃) forms high-melting-point phases (corundum melts at 2054°C; mullite decomposes at ~18

(cristobalite melts at 1713°C; quartz at 1610°C) and readily forms eutectics with impurities. As Al₂O₃ increa

Performance Property Comparison

PROPERTY HIGH-DUTY  FIRECLAY 48%  AL₂O₃  HAB 55

Al₂O₃ Content (%) 38–42 48–52 55

Bulk Density (g/cm³) 2.10–2.25 2.20–2.35 2.3

Apparent Porosity (%) 20–24 18–22 16

RUL increases 150–250°C: More high-melting mullite/corundum, less low-melting silicate glass phase—

Slag resistance improves: Al₂O₃ is amphoteric (resists both acidic and basic slags better than SiO₂-ric—

Alkali resistance improves: Lower SiO₂ content = less reactivity with K₂O/Na₂O vapors (common in cem—

Thermal expansion increases: Corundum has higher expansion than cristobalite, reducing thermal sh—

Material cost increases 35–65%: High-purity bauxite (Al₂O₃ source) costs 2–3× more than fireclay (n—
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PROPERTY HIGH-DUTY  FIRECLAY 48%  AL₂O₃  HAB 55

CCS (MPa) 35–45 40–50 50

RUL (°C) 1300–1350 1350–1380 14

Max Service Temp (°C) 1200–1300 1250–1350 13

Thermal Shock Resistance Excellent Good Go

Alkali Resistance Poor Moderate Go

Relative Material Cost 1.0× 1.35× 1.5

Performance Trade-Off Analysis

Thermal Shock Resistance: Fireclay brick excels in thermal cycling applications (e.g., shuttle kilns, batch

accommodation) and lower thermal expansion. HAB is more prone to thermal shock cracking in severe cy

Alkali Attack: Fireclay's high SiO₂ content reacts readily with K₂O/Na₂O to form low-melting alkali silicates

Al₂O₃ content provides 3–5× better alkali resistance, critical for cement kiln applications.

Cost vs Temperature Capability: The 55% material cost premium for 65% HAB vs fireclay delivers 150–2

only when actual service temperature exceeds fireclay's 1250–1300°C limit.

Application Decision Matrix

APPLICATION SERVICE TEMP (°C) CHEMICAL ENVIRONMENT RECOMMENDED MATERIAL

Kiln Car Deck (Light

Duty)

1100–1200 Minimal High-Duty Fireclay

Kiln Car Deck (Heavy

Duty)

1250–1350 Minimal 48–55% HAB

Shuttle Kiln Walls 1150–1250 Minimal High-Duty Fireclay
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APPLICATION SERVICE TEMP (°C) CHEMICAL ENVIRONMENT RECOMMENDED MATERIAL

Boiler Furnace Walls 1000–1150 Minimal Medium-Duty Fireclay

Cement Kiln Inlet 1000–1200 Moderate alkali 48–55% HAB

Cement Kiln

Transition

1200–1400 Heavy alkali 65–70% HAB or LCC

Flue Gas Ducts 800–1100 Acidic gases Medium-Duty Fireclay

Incinerator Walls 900–1200 Variable (acidic/alkali ash) High-Duty Fireclay or 48%

HAB

Glass Annealing Lehr 550–750 Minimal Medium-Duty Fireclay

Selection Rule of Thumb: If service temperature <1200°C AND no alkali/slag exposure AND thermal cycling

optimized. If service temperature >1250°C OR alkali/slag present OR structural load-bearing → HAB require

Cost-Performance Case Studies

Case Study 1: Ceramic Shuttle Kiln — Fireclay Wins

Application: Pottery shuttle kiln, 1180°C max temperature, 5 firings/week (260 cycles/year), walls and roo

Original Specification: 55% Al₂O₃ HAB (over-specification)

Optimized Specification: High-Duty Fireclay

Material cost: $22,000 (120 m² × $183/m²)—

Campaign life: 4 years (thermal shock cracking from frequent cycling)—

5-year cost: $22,000 × 1.25 = $27,500—
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Verdict: Fireclay Optimal

Service temperature (1180°C) well within fireclay capability (RUL 1300–1350°C provides 120–170°C 

no performance advantage — only higher cost and worse thermal shock resistance. Classic case of 

Case Study 2: Industrial Kiln Car — HAB Required

Application: Continuous industrial kiln car deck, 1280°C service temperature, heavy mechanical load from

Attempted Economy Specification: High-Duty Fireclay

Correct Specification: 55% Al₂O₃ HAB

Material cost: $13,200 (120 m² × $110/m²)—

Campaign life: 5+ years (excellent thermal shock resistance)—

5-year cost: $13,200—

Savings: $14,300 (52%)—

Material cost: $8,500—

Result: Brick surface vitrified from alkali attack after 8 months; structural failure (slumping) due to insu

margin)

—

Emergency replacement cost: $8,500 material + $6,000 downtime = $14,500 total—

Actual service life: 8 months (target: 36 months)—

Material cost: $13,200—

Campaign life: 36 months (as designed)—

3-year cost: $13,200—

vs Fireclay failure approach: $14,500 (first failure) + $13,200 (corrective reline) = $27,700—
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Verdict: HAB Mandatory

Service temperature (1280°C) exceeded fireclay RUL safety margin. Alkali exposure attacked fireclay

($4,700 material) resulted in $14,500 loss from premature failure. HAB was 52% less expensive on T

expensive than correct specification.

Common Specification Errors

ERROR 01

Over-Specifying HAB Where Fireclay Adequate

Scenario: Boiler wall lining, 1050°C service temperature, specified with 55% HAB based on "it's a hig

premium ($18,000 extra for 150 m² wall) with zero performance benefit — fireclay RUL of 1300°C pro

temp + margin; don't over-specify based on generic "high temp" label.

ERROR 02

Under-Specifying Fireclay in Alkali Environments

Scenario: Cement kiln inlet (1150°C, moderate K₂O/Na₂O vapor) lined with high-duty fireclay to save 

months (target: 24 months). Post-failure XRF analysis showed 12mm alkali penetration depth. Correc

temperature (1150°C well within fireclay RUL, but chemical environment mandates HAB).
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ERROR 03

Ignoring Thermal Cycling in Material Selection

Scenario: Shuttle kiln (1220°C, daily cycles) specified with 55% HAB for temperature capability. Res

months; campaign life 30% shorter than fireclay in adjacent identical kiln. Lesson: For cyclic service 

HAB's higher RUL.

ERROR 04

Using Fireclay in Structural Load-Bearing Applications

Scenario: Kiln car deck with heavy load (350 kg/m²) specified with fireclay to minimize weight and co

(fireclay CCS 40 MPa insufficient for load + temperature combination). Correct approach: HAB (55–

temperatures within fireclay RUL range.

Fireclay vs HAB Selection Checklist

01 Measure actual service temperature — Not design temp; verify with pyrometer during normal operation

02 Calculate RUL margin requirement — Service temp + 100–150°C = minimum RUL; fireclay RUL ~1300–13

03 Assess chemical environment — Any alkali vapor (K₂O, Na₂O) or slag exposure → HAB required regardles

04 Evaluate thermal cycling frequency — >1 cycle/week favors fireclay (better thermal shock); continuous o

05 Verify mechanical load requirements — Structural load-bearing (kiln furniture, arches without steel supp

06 Calculate material cost difference — Fireclay typically 35–50% less than equivalent-grade HAB; justify p

07 Review failure history — If existing fireclay lining failed prematurely, analyze cause (temperature? alkali? 

08 Consider hybrid approach — Fireclay for backup layers + HAB for hot face can optimize cost while ensur

Summary: When Fireclay Is the Right Choice

Fireclay brick delivers optimal cost-performance when ALL of these conditions are met:
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If ANY of these conditions are violated, HAB becomes necessary despite 35–55% higher material cost.

Vuulcan Fireclay & High Alumina Brick: Complete range from medium-duty fireclay (35% Al₂O₃) throu

certification per ASTM C16. Batch traceability and English COA standard

View Brick Range →

Content produced from Zibo's firebrick manufacturing cluster — China's largest concentration of fireclay 

continuous export to industrial kiln, furnace, and boiler markets worldwide.

IN  THIS ART ICLE

Composition Comparison Performance Matrix Application Decision Matrix Case Studies Common E

F R E QUE NTLY  A S K E D  QUE ST I O N S

Fireclay vs High Alumina Brick FAQ

What is the main difference between fireclay brick and high alumina brick?

Service temperature <1200–1250°C (depending on RUL margin philosophy)1

Minimal chemical attack — no alkali vapor, minimal slag, low-abrasion environment2

Thermal cycling present — frequent shutdowns favor fireclay's superior thermal shock resistance3

Non-structural application — backup lining or light-duty where CCS 35–45 MPa is adequate4
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Can I use fireclay brick in a cement kiln?

When does fireclay brick make economic sense vs HAB?

Why is fireclay brick better for thermal shock than high alumina brick?

R E L ATE D  P R O DUCTS

Explore Our Fireclay & HAB Range
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R E L ATE D  A RT I C L E S

Continue Reading
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The Castable-First Refractory Brand from

Zibo — China's largest refractory

manufacturing region. Engineered castable,

firebrick, and insulation solutions for cement,

steel, and glass industries worldwide.

PRODUCTS

LCC Castable

High Alumina Brick

Insulating Firebrick

Ceramic Fiber Blanket

TECHNICAL CENTER

All Articles

Fireclay vs HAB

HAB Grade Selection

COMPANY

Contact & RFQ

Main Site

inquiry@vuulcan.com
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