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Ceramic fiber blanket shrinkage at elevated temperature is an inherent material behavior caused by the cr

amorphous alumina-silica fibers into mullite (3Al₂O₃·2SiO₂) and cristobalite (SiO₂) crystals. When ceramic 

approaching or exceeding its classification temperature — 1260°C, 1350°C, or 1430°C per ASTM C892 —

reorganizes into crystalline phases, resulting in volumetric contraction typically ranging from 2% to 6% lin

continuous exposure. This shrinkage is time-temperature dependent: a 1260°C grade fiber operated at 12

heat-up, while the same fiber operated at 1260°C or above will shrink 4–6% and continue gradual contrac

The phenomenon is permanent and irreversible — once crystallization occurs, the fiber cannot return to it

Gap formation in ceramic fiber lining systems after 6–12 months of service is the visible consequence of i

during installation. When fiber blankets are installed with butt joints (edges touching without overlap), the

furnace wall creates visible gaps ranging from 10mm to 50mm width, compromising thermal insulation eff

accelerate refractory wear in adjacent areas. Industry field data from aluminum melting furnaces, heat tre

indicates that approximately 70% of premature fiber blanket failures trace to improper joint design rather 

Understanding the shrinkage mechanism, accurately predicting shrinkage magnitude based on operating 

installation techniques are essential to achieving the expected 3–5 year service life from ceramic fiber ins
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Ceramic Fiber Shrinkage at Temperature: Why Your
Blanket Gaps After 6 Months

Learn the crystalline transformation mechanism causing 2–6% fiber shrinkage, predict

gap formation by temperature grade, and implement 4 installation techniques to

maintain continuous insulation.
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Ceramic Fiber Shrinkage Mechanism: Crystalline Phase Transformation

Amorphous to Crystalline Conversion

Ceramic fiber is manufactured by melting alumina-silica raw materials at 1800–2000°C and rapidly spinni

fine fibers (2–4 microns diameter). This rapid cooling freezes the material in an amorphous (glassy) stat

rather than organized into regular crystal structures. When the fiber is subsequently heated during furnac

atoms to reorganize into thermodynamically stable crystalline phases:

The transformation rate is exponentially dependent on temperature: doubling the temperature difference 

can quadruple the shrinkage rate. This explains why fiber operated near its classification temperature limi

operated with 100–150°C safety margin.

Time-Temperature Dependency

Shrinkage is not instantaneous but accumulates over time according to a logarithmic curve. The majority 

the first heat-up and initial 24–48 hours of operation. Subsequent thermal cycling and extended hold time

gradual shrinkage:

Thermal cycling accelerates shrinkage compared to continuous operation because each cool-down/heat-

fiber structure, exposing fresh surface area to crystallization during the next heat cycle.

Critical insight: Fiber operated at 95–100% of its classification temperature will shrink 40–60% more than t

classification temperature. A 1260°C fiber used continuously at 1250°C is in the danger zone — specify 135

Mullite formation: 3Al₂O₃·2SiO₂ crystals begin nucleating at temperatures above 1000°C, accelerating —

Cristobalite formation: SiO₂ crystals form from excess silica not incorporated into mullite structure—

Volume reduction: Crystalline structures are denser than amorphous glass, causing net volumetric co

6% linear shrinkage)

—

Initial heat-up (0–24h): 60–70% of total shrinkage occurs—

First 500 hours: Additional 20–25% shrinkage—

500–3000 hours: Final 5–15% shrinkage stabilizes—
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Typical Shrinkage Data by Temperature Grade

The following table presents industry-standard linear shrinkage data for ceramic fiber blanket grades per 

(specimen heated at specified temperature for 24 hours, then measured after cooling to ambient):

FIBER GRADE TEST  TEMP (°C) LINEAR SHRINKAGE @  24H (%) CONTINUOUS USE TEMP

1260°C (128 kg/m³) 1000°C 1.5–2.5% ≤1050°C

1260°C (128 kg/m³) 1200°C 2.5–4.0% ≤1050°C

1260°C (128 kg/m³) 1260°C 4.0–6.0% ≤1050°C

1350°C (128 kg/m³) 1200°C 1.5–2.5% ≤1200°C

1350°C (128 kg/m³) 1300°C 3.0–5.0% ≤1200°C

1350°C (128 kg/m³) 1350°C 4.5–6.5% ≤1200°C

1430°C (128 kg/m³) 1300°C 1.5–3.0% ≤1350°C

1430°C (128 kg/m³) 1400°C 3.5–5.5% ≤1350°C

1430°C (128 kg/m³) 1430°C 5.0–7.0% ≤1350°C

Key observations from the data:

Operating within the "continuous use temperature" range (typically 200–210°C below classification tem

manageable 1.5–2.5% levels

—

Exceeding continuous use temperature by 100–150°C doubles typical shrinkage—

Operating at or above classification temperature results in 4–7% shrinkage — gap formation is virtually

design

—

Higher density fiber (256 kg/m³ vs 128 kg/m³) exhibits slightly lower shrinkage percentages but higher —
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Why Gaps Form After 6 Months: Cumulative Shrinkage Math

Scenario: Aluminum Melting Furnace Roof

Consider a typical installation case that leads to gap formation:

Shrinkage calculation along 4-meter length:

In practice, gaps do not distribute evenly — they concentrate at joints with lowest compression or weakes

40–50mm wide gaps at 2–3 locations while other joints remain closed due to friction or anchor restraint.

Thermal Consequence of Gaps

A 30mm wide gap through 50mm thick insulation layer creates a direct thermal short-circuit:

Furnace roof dimension: 4 meters × 3 meters (12 m²)—

Fiber specification: 1260°C ceramic fiber blanket, 50mm thickness, 128 kg/m³ density—

Installation method: 600mm wide rolls laid perpendicular to furnace length, butt joints (no overlap)—

Operating temperature: Hot face 1180°C (continuous), thermal cycling 5 days/week—

Installation assumption: Installer cut fiber to exact dimension with no shrinkage allowance—

Expected shrinkage @ 1180°C (from table data, interpolated): ~3.5% after 6 months of cycling—

Cumulative shrinkage: 4000mm × 0.035 = 140mm total contraction—

Number of joints along 4m length: 4000mm ÷ 600mm = 6.67 rolls = 5 joints—

Gap width per joint (if evenly distributed): 140mm ÷ 5 joints = 28mm gap per joint—

Heat loss increase: 400–800% higher heat flux through gap area vs intact fiber—

Shell temperature rise: Steel shell temperature at gap location increases from 60–80°C (normal) to 18—

Adjacent refractory stress: Hot spots accelerate degradation of working lining adjacent to gap—

Energy cost: A 12 m² roof with 5% gap area can increase furnace heat loss by 15–25%—
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4 Installation Techniques to Prevent Gap Formation

STRATEGY  1 Upgrade to Higher Temperature Grade Fiber

The single most effective prevention method is to select fiber grade rated 100–150°C above actual contin

When this strategy is essential: Continuous operation furnaces (>300 days/year runtime), applications w

costly, and any installation where shell temperature must be tightly controlled for safety.

STRATEGY  2 Install with Compressed Overlap Joints

Proper joint design accommodates shrinkage by building in 50–100mm overlap that compresses during in

Operating at 1050–1150°C continuous: Use 1350°C fiber instead of 1260°C (reduces shrinkage from—

Operating at 1200–1280°C continuous: Use 1430°C fiber instead of 1350°C—

Cost premium: 1350°C fiber costs 30–45% more than 1260°C; 1430°C costs 50–70% more than 1260—

Payback analysis: Avoiding one premature reline (labor + downtime + material) typically justifies the h

campaign

—

Horizontal laps (wall applications): Overlap upper blanket over lower blanket by 75–100mm, compres

during anchoring

—

Vertical laps (wall applications): Overlap 50–75mm, stagger vertical joints by minimum 200mm betwe—
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Compression calculation example:

Field tip: Use chalk line or marker to draw overlap guide lines on substrate before installation. Installers ofte

75mm looks larger than expected when blanket is unrolled.

STRATEGY  3 Increase Anchor Density and Use Compression Washers

Proper anchoring system restrains fiber movement and maintains joint compression:

FIBER THICKNESS ROOF/HORIZONTAL (ANCHORS/M²) WALL/VERTICAL (ANCHORS/M²)

25mm single layer 2.5–3.5 2.0–2.5

50mm single layer 3.5–4.5 2.5–3.5

50mm + 50mm (two layers) 4.0–5.0 3.0–4.0

100mm single layer 5.0–6.0 4.0–5.0

Anchor system specification:

Roof applications: Overlap all joints minimum 75mm, increase to 100mm for high-shrinkage conditions—

Installation sequence: Anchor leading edge first, stretch blanket to create 10–15% tension, overlap tra

zone

—

100mm overlap of 128 kg/m³ blanket compressed to 50mm during anchoring—

Fiber shrinks 3.5% after 6 months → overlap relaxes to ~65mm—

Net result: Continuous insulation maintained, no gap formation—

Stud material: 304 or 310 stainless steel for temperatures >800°C, carbon steel acceptable <600°C—

Stud length: Fiber thickness + 25mm embedment into shell + 15mm above fiber surface for washer/cli—

Washer type: 50–75mm diameter stainless steel washer, domed or cupped profile to distribute compr—
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STRATEGY  4 Multi-Layer Installation with Staggered Joints

Installing fiber in two or three thinner layers instead of single thick layer provides multiple benefits:

Recommended layering approach for 100mm total thickness:

Field Inspection: Detecting Early-Stage Shrinkage

Proactive inspection after initial heat-up (100–200 operating hours) allows corrective action before gaps 

01 Visual inspection during shutdown: Examine all fiber joints for separation >5mm — mark locations for mo

02 Thermal imaging during operation: Scan furnace exterior with IR camera — hot spots indicate gap forma

03 Anchor inspection: Check for loose anchors or washers — indicates fiber has shrunk beyond anchor rete

Installation torque: Compress fiber to 60–70% of original thickness at anchor point (avoid over-comp

structure)

—

Joint stagger: Offset joints between layers by minimum 200mm — even if gaps form in one layer, cont

maintains insulation integrity

—

Reduced shrinkage per layer: Two 50mm layers shrink less in total than one 100mm layer (surface are—

Improved anchor retention: Anchors through multiple layers create mechanical interlock that resists f—

Easier installation: Thinner blankets are easier to handle on roofs and overhead applications—

Install first layer (50mm) with horizontal laps, anchor at 3.5/m² density1

Install second layer (50mm) with joints offset 300mm from first layer joints2

Anchor through both layers using extended studs at 4.0/m² density3

Total material cost increase: ~8–12% (extra cutting labor + slightly more anchors)4

Risk reduction: Gap-related failure probability reduced by 60–75%5
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04 Dimensional survey: Measure fiber surface elevation at grid points — subsidence >15mm indicates comp

through

Emergency repair for discovered gaps: Small gaps (10–20mm) can be temporarily repaired by stuffing lo

securing with additional anchors or stainless steel wire. Gaps >25mm require blanket replacement — part

localized and accessible.

Material Specification Strategy to Minimize Shrinkage Risk

When specifying ceramic fiber blanket for new installations or refractory upgrades, include these contrac

shrinkage performance:

01 Classification temperature: Minimum 100°C above continuous operating temperature (150°C margin pre

02 Shrinkage test data required: Supplier must provide test certificate per ASTM C892 showing linear shrin

≤ contractual limit (e.g., ≤3.5% for 1260°C fiber @ 1200°C test)

03 Shot content limit: Maximum 12% shot content (unfiberized particles) — high shot content increases shri

04 Density tolerance: ±10% of nominal density (e.g., 128 kg/m³ nominal = acceptable range 115–140 kg/m³) 

specification predicts

05 Installation oversight: Require supplier technical representative on-site for first day of installation to verif

compression technique

Summary: Shrinkage is Manageable, Not Avoidable

Ceramic fiber shrinkage is a fundamental material property that cannot be eliminated — but gap form

through proper material selection and installation technique. The 28mm gaps appearing after 6 mon

are installation failures. Specifying fiber grade 100–150°C above operating temperature, installing wi

overlap joints, using adequate anchor density (3.5–5.0/m²), and employing multi-layer installation wit
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prevent gap-related thermal insulation failures. The incremental cost of these measures — typically 1

cost installation — is recovered within the first year through avoided energy loss and elimination of p

Content produced from Zibo's refractory manufacturing cluster — China's largest concentration of ceram

with over 35 years of continuous technical development in alumina-silica fiber formulation, spun fiber pro

insulation system design for industrial furnace applications.
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VUULCAN.

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
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