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Glass Furnace Refractory Overview: Regenerator,

Support Zones, and Insulation Systems

Comprehensive guide to regenerator checker brick selection, backup insulation, and

secondary zone materials for container glass and flat glass operations.

Glass melting furnace refractory systems require zone-specific material selection to achieve 8-15 year cz
and chemical stress — continuous operation at 1450-1550°C in primary melting zones, severe thermal cy
to 800°C every 20-30 minutes), and aggressive alkali vapor attack from sodium oxide (Na.O) and potass
furnace divides into functional zones with distinct refractory requirements: primary glass contact zones
tank) demand specialized high-performance materials; regenerator systems utilize high alumina checkel
thermal cycling and heat recovery; secondary zones including flues, burner blocks, and working end stru

castable solutions; and backup insulation layers use insulating firebrick or ceramic fiber to reduce heat |

This overview focuses on regenerator checker brick systems, secondary zone materials, and insulation ag
where high alumina brick and castable materials provide optimal performance-cost balance per ASTM CZ
C401 (monolithic refractories). Primary glass contact zones requiring specialized fusion-cast or premium
coordination with specialist suppliers in China's glass refractory manufacturing clusters. This approach el
refractory packages combining VRF-supplied materials for regenerator and support systems with special
zones, ensuring complete technical support across all furnace areas while focusing manufacturing capab

demanding regenerator applications.

Glass Furnace Zone Overview and Material Requirements
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Glass melting furnaces are divided into distinct thermal and functional zones, each with specific refractor

temperature, chemical exposure, and mechanical stress:

FURNACE ZONE

OPERATING TEMP (°C)

PRIMARY STRESS FACTORS TYPICAL MATERIAL

Crown
(Superstructure)

Melting Tank
(Bottom &
Sidewalls)

Throat & Working
End

Regenerator
Checkers

Flues & Ports

Burner Blocks

Backup Insulation

1500-1650

1500-1550

1400-1500

1200-1500 (cyclic)

1100-1400

1200-1500

400-1000

Sustained high temp, alkali
vapor, mechanical load

Molten glass contact, corrosion,
penetration

Glass flow erosion, thermal
stress

Thermal cycling, alkali vapor,
dimensional stability

Gas flow erosion, thermal cycling

Direct flame impingement,
thermal shock

Thermal insulation, structural
support

Specialist fired mater

Fusion-cast premium

Premium alumina bric
materials

High alumina brick 6%

High alumina brick / c

High alumina castabl¢
A|203

Insulating firebrick / ¢

VRF Supply Strategy for Glass Furnaces: Our manufacturing capability focuses on high alumina brick (reg

flue systems), alumina-based castable (burner blocks, repair applications), and backup insulation materials

glass contact zones requiring fusion-cast blocks or specialized fired materials, we coordinate sourcing fron

China's glass refractory manufacturing cluster, providing integrated project management and quality oversi

Regenerator Checker Brick: Designh Requirements and Material Specifications

The regenerator system is the most thermally demanding zone in regenerative glass furnaces, responsibl
heat energy by cycling hot exhaust gases (1400-1500°C) and incoming combustion air (ambient to 1300°
chambers every 20-30 minutes. This results in hundreds of thousands of thermal cycles over a 10-15 ye«

thermal shock stress, dimensional stability requirements, and alkali vapor exposure as volatile species col
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Checker Brick Performance Requirements

High alumina checker brick for glass furnace regenerators must satisfy five critical requirements:

— Thermal Shock Resistance: Withstand 20-30 minute thermal cycles from 1400°C (hot blast period) tc

repeated 40-50 times daily for 12-15 years. Standard specification: =15 thermal shock cycles per ASTI

— Refractoriness Under Load: Maintain structural integrity at peak service temperature under compress

RUL (To.6) 21450°C for 70% Al,O; grade, =1480°C for 75% Al,Os; premium grade.

— Alkali Vapor Resistance: Resist chemical attack from sodium and potassium oxide vapors that conder

zones, forming low-melting fluxes with alumina-silicate phases. Higher Al,O; content (70-75%) provide

— Dimensional Stability: Maintain precise checker stacking geometry with minimal creep or expansion. |

1400°C x 50 hours: 0 to +0.3% maximum. Excessive expansion closes flue passages, reducing heat tr.

— Thermal Conductivity: Balance adequate heat transfer (thermal conductivity 1.2-1.6 W/(m-K) at 1000¢

Excessive conductivity increases thermal gradient stress, while insufficient conductivity reduces reger

Checker Brick Material Specifications

PROPERTY STANDARD GRADE (65-70% AL.O;)

Al,O; Content (%) 65-70

Bulk Density (g/cm?3) 2.40-2.50

Apparent Porosity (%) 18-22

Cold Crushing Strength (MPa) >55

Refractoriness Under Load T,.s (°C) >1450

Thermal Shock Resistance (cycles) >15

PLC @ 1400°C x 50h (%) Oto+0.4

Typical Campaign Life (years) 10-12

Recommended Application Mid to lower checkers, moderate alkali exposure

Checker Brick Shape and Geometry
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Checker brick is manufactured in complex geometries to maximize heat transfer surface area while maint

configurations include:

— 4-Hole Checkers: Four parallel flue passages per brick, providing good heat transfer with robust struc

114mm x 76mm. Hole diameter: 40-50mm. Surface area to volume ratio: ~6-7 m?3/m3

— 9-Hole Checkers: Nine smaller passages offering increased surface area (~20-30% vs. 4-hole) at cos

Preferred for upper regenerator zones with lower load and temperature. Typical hole diameter: 25-30n

— Honeycomb Checkers: Dense hexagonal passage array maximizing surface area (8-10 m?/m?3). Used i
particularly oxy-fuel furnaces with compact regenerator volume. Requires premium material (75% Al,C
thermal stress.

Dimensional Tolerance Critical Point: Checker brick dimensional consistency is essential for proper stackil
>+2mm in brick height or hole placement causes stacking instability and flue passage misalignment, creatir
regenerator efficiency. Specify +1mm tolerance for premium applications and verify supplier's dimensional «
inspection before large orders.

Checker Height Distribution and Material Grading

Regenerators are typically divided into three height zones with different material requirements based on t

REGENERATOR ZONE TEMPERATURE RANGE (°C) ALKALI EXPOSURE RECOMMENDED AL.O

Top Checkers (Upper 1300-1500 High (vapor 70-75% Al,O4
25-30%) condensation zone)
Middle Checkers 1000-1400 Moderate 65-70% Al,Os

(Center 40-50%)

Bottom Checkers (Lower 800-1100 Low 65% Al,O4
20-30%)

Cost Optimization Strategy: Grading regenerator checker material (premium 75% Al,O; in top zone, star
reduces total material cost by 15-25% vs. uniform premium grade throughout, while maintaining critical ¢

For 500-ton regenerator checker requirement, this translates to $30,000-50,000 material cost savings w
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Vuulcan High Alumina Checker Brick: Precision-formed 4-hole and 9-hole checker brick in 65%, 70%, anc
Zibo's glass refractory production cluster with strict dimensional control (+1mm tolerance). Campaign li

regenerators.

View Checker Brick Specifications >

Flue Systems, Burner Blocks, and Port Refractories

Secondary zones including regenerator flue connections, burner blocks (particularly in oxy-fuel furnaces)
1500°C with exposure to hot gas flow, direct flame impingement, and thermal cycling during furnace opet

alumina brick or castable solutions offering rapid installation, thermal shock resistance, and ease of repla

Regenerator Flue Systems

Flue passages connecting regenerator chambers to the furnace crown and exhaust systems experience 1
reversals. Material requirements include:
— High Alumina Brick (65-70% Al,Os): Standard flue construction material offering dimensional stability

service life matching regenerator campaign.

— Expansion Joints: Critical at flue/regenerator interface to accommodate differential thermal expansior

material prevents stress concentration and cracking.

— Castable Linings: For complex geometries or repair applications, 65-70% Al,O; LCC provides monolitt

resistance. Typical thickness: 75-100mm over backup insulation.

Oxy-Fuel Burner Blocks

Oxy-fuel glass furnaces utilize oxygen-enriched combustion creating higher flame temperatures (peak 2(

gradients at burner blocks. Burner block requirements differ significantly from air-fuel designs:

01 Material Selection: High alumina castable 75-85% Al,O; with corundum or tabular alumina aggregates. B
degradation under severe thermal shock; monolithic castable provides superior thermal stress accommaoc

02  Thermal Shock Resistance: Castable must withstand flame-on [ flame-off cycling (ambient to 1800°C in
cement content (LCC/ULCC) enhances hot strength and thermal shock performance.
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03 Erosion Resistance: High-velocity oxy-fuel flame creates significant erosive force. Dense castable (bulk «
aggregate resists erosion better than conventional formulations.

04 Installation Method: Precast burner blocks (cast off-site, cured, and installed as shaped units) provide fz
enable spare block preparation for rapid replacement during campaigns.

05  Campaign Life Expectation: Oxy-fuel burner blocks typically achieve 3-5 years service life (vs. 10-15 yee
replacement. Design for removable block installation to facilitate mid-campaign burner maintenance.

Port and Throat Structures

Glass furnace ports (openings for batch charging, observation, measurement) and throat area (transition

experience thermal stress, glass vapor exposure, and mechanical wear. Material selection depends on sp

— High Alumina Brick (75-85% Al,0;): For port structures with moderate glass vapor exposure and thel

precision for sealing surfaces and mechanical load support.

— Alumina-Based Castable: For complex port geometries or rapid installation/repair. ULCC (80-85% Al,
resistance and vapor resistance for 5-8 year service.

— Throat Area: Often requires premium materials approaching primary contact zone specifications. Cool
throat block sourcing when glass flow erosion is severe.

Backup Insulation Systems and Heat Loss Reduction
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Glass furnace backup insulation serves dual functions: thermal loss reduction (improving energy efficienc
structure temperatures) and structural protection (maintaining steel shell integrity by limiting temperature

material selection depends on hot face temperature, thickness constraints, and installation method.

Insulating Firebrick (IFB) Applications

IFB provides rigid insulation backup behind primary refractory linings in zones where dimensional stability

required:
r4e]\]: HOT FACE TEMP (°C) IFB GRADE (ASTM C155) THICKNESS (MM) TYPI
Crown Backup 1000-1200 JM-26 (1425°C) 100-150 Behil
Sidewall Backup 800-1000 JM-23 (1260°C) 75-125 Behil
Bottom Insulation 600-800 JM-23 (1260°C) 100-200 Bene
Regenerator Walls 600-900 JM-23 (1260°C) 75-100 Oute

Ceramic Fiber Blanket and Module Systems

Ceramic fiber insulation offers advantages over IFB in specific applications:
— Low Thermal Mass: Fiber density 128-160 kg/m? vs. IFB 900-1100 kg/m?® — reduces heat storage in in:
heat-up and cool-down for maintenance.

— Installation Flexibility: Blanket conforms to irregular surfaces; module systems (pre-compressed fibel

installation on curved or complex geometries.
— Thickness Optimization: Superior insulating performance (thermal conductivity ~50% of IFB at equiv:

insulation layers where space is constrained.

Typical Fiber Applications in Glass Furnaces:

— Crown backup insulation (1260°C or 1350°C grade, 50-75mm thickness, module installation)
— Regenerator chamber exterior walls (1260°C grade blanket, 50mm thickness, mechanical anchor syste
— Expansion joint fill (compressed fiber rope or blanket strips)

— Flue and duct insulation (blanket lining, 25-50mm thickness)
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IFB vs. Fiber Selection Criteria: Use IFB where structural support is needed (supporting weight of primary
for masonry construction). Use ceramic fiber where low thermal mass is critical (rapid thermal cycling zone:
(complex geometries), or maximum thermal efficiency is needed (space-constrained applications). Hybrid ¢
layer) combine benefits in crown and sidewall applications.

Why Glass Furnaces Remain Predominantly Brick-Based

Unlike cement kilns (where castable dominates) or steel ladles (where castable is standard for many zone
remain overwhelmingly brick-based construction. This reflects three fundamental technical requirements

contact applications:

Dimensional Precision and Long-Term Stability

Glass furnaces operate continuously for 10-15 years with minimal tolerance for dimensional deformation.
geometry under sustained high-temperature load without sagging. Melting tank sidewalls must preserve

leakage. Regenerator checker stacks require precise passage alignment to maintain heat transfer efficien

Fired brick achieves:
— Tight Dimensional Tolerances: +1mm for precision checker brick, +2mm for standard shapes — far su
(£5-10mm typical)

— Predictable Dimensional Behavior: PLC (permanent linear change) at service temperature typically 0

consistent batch-to-batch

— Minimal Creep Under Load: High-fired brick (1450-1550°C firing temperature) develops stable crysta

service temperatures

Castable limitations:

— Formwork accuracy limitations create dimensional variation unacceptable for precision stacking (checl

(crown/tank joints)
— Shrinkage during dry-out and first heat-up (typically 0.5-1.5% linear shrinkage) creates unpredictable

— Higher creep rates under sustained load compared to fired brick, particularly in ULCC formulations
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Porosity Control and Glass Penetration Resistance

Molten glass will penetrate any interconnected porosity in contact refractories. Primary contact zones de
structure or minimal accessible porosity:
— Fusion-Cast Materials: <1% apparent porosity with closed pore structure (glass phase bonding)

— High-Fired Dense Brick: 16-22% apparent porosity typical, but tortuous pore structure and high-temy

glass penetration

— Castable (Even ULCC): Typically 20-25% porosity after full heat treatment, with more open pore netw

mechanism and incomplete sintering vs. kiln-fired brick

Chemical Stability and Glass Contamination Risk

Glass chemistry is extremely sensitive to contamination — iron oxide (Fe,0;) at 50-100 ppm causes color
green tint, titanium dioxide affects UV transmission. Refractory materials that erode or chemically react w

compromise product quality.
Fired brick advantages:
— Complete high-temperature reaction during firing (1450-1650°C) creates chemically stable phases res

— Minimal soluble or reactive components remaining after firing cycle

— Well-characterized composition with low impurity levels (Fe,O; typically <1.5% in premium grades)

Castable risks:

— Calcium aluminate cement binder (even in ULCC, 1-3% CaO) represents potentially reactive phase if e
— Reactive alumina fines and dispersing additives used in castable formulation may release contaminant:

— Incomplete sintering vs. kiln-fired brick means reactive phases may persist at operating temperature

When Castable IS Appropriate in Glass Furnaces

Backup Insulation Layers: Behind primary brick linings where no glass contact occurs, castable pro

protection without contamination risk.
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Burner Blocks (Oxy-Fuel): Severe thermal shock and ease of replacement justify castable use desp

vs. brick (3-5 years vs. 10-12 years).

Flue Systems and Exhaust: Operating temperatures <1300°C and no glass contact allow castable f

maintenance efficiency.

Emergency Repairs: Castable enables fast patching of localized brick damage during short shutdo

planned rebuild.

Critical Exclusion: Do not use castable in primary glass contact zones (crown, melting tank, throat ¢

premature failure and glass contamination risks far outweigh installation cost savings.

Campaign Life Expectations and Maintenance Planning

Glass furnace rebuilds are major capital investments typically planned at 8-12 year intervals based on the

Understanding zone-specific campaign life enables maintenance planning and spare material procuremet

FURNACE ZONE

Regenerator
Checkers (Top)

Regenerator
Checkers (Bottom)

Flues and Ports

Burner Blocks (Oxy-
Fuel)

Backup Insulation
(IFB)

Backup Insulation
(Fiber)

MATERIAL TYPE

High alumina 70-75%
A|203

High alumina 65%
Al,O3

High alumina brick /
castable

High alumina castable
75_85% A|203

Insulating firebrick JM-
23/JM-26

Ceramic fiber
1260°C/1350°C

Maintenance Strategy Recommendations:

CAMPAIGN LIFE (YEARS)

10-15

12-18

3-5
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LIMITING FACTOR

Alkali accumulation,
passage blockage

Gradual erosion (minimal)

Thermal shock, gas
erosion

Thermal shock, flame
erosion

Gradual densification,
strength loss

Shrinkage, binder
degradation
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1 Regenerator Checker Inspection: Annual inspection of top checker condition (visual inspection thro

sampling every 3-5 years). Alkali buildup or passage blockage indicates need for chemical cleaning o

2 Burner Block Inventory: Maintain 1-2 spare precast burner block sets for each burner position. Plan |

maintenance shutdowns at 3-5 year intervals.

3 Flue and Port Monitoring: Track crack development and spalling in flue structures. Plan castable rep

sections during annual maintenance windows.

4 Insulation System Checks: Monitor shell temperatures quarterly. Unexpected temperature increases

shrinkage gaps, IFB cracking) requiring investigation and local repair.

Content developed as technical reference for glass furnace refractory procurement, focusing on regener:
zone materials, and backup insulation — zones where high alumina brick and castable solutions provide ¢
contact zone materials (crown, melting tank) require specialist fusion-cast or premium fired products coc
Vuulcan Refractories supplies regenerator checkers, flue/burner materials, and insulation systems for cor

glass operations.

IN THIS ARTICLE

Furnace Zone Overview Regenerator Checkers Flues & Burner Blocks Backup Insulation Why Brick

FREQUENTLY ASKED QUESTIONS

Glass Furnace Refractory FAQ

What type of refractory brick is used in glass furnace regenerators? +
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Can | use castable refractory in a glass furnace regenerator instead of checker brick?

How long does a glass furnace refractory lining typically last?

What causes premature failure of regenerator checker brick in glass furnaces?

Glass Furnace Refractory Materials
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Continue Reading
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