
NESANS

EQUIPMENT SELECTION

Crusher Tramp Iron Protection:
Prevent Catastrophic Damage
from Uncrushables
Protect your crusher from tramp iron damage. Detection systems, relief mechanisms,

and operational procedures for damage prevention.

Author:
Sivabalan

Selvarajan
Published:

April 16,

2026

Reading

Time:

6

minutes

Wear  liner  material  selection  directly  impacts  crusher  operating  costs,  with  the

difference between optimal and poor selection potentially costing ₹10-30 lakh annually

in premature replacements and reduced throughput. The three primary liner materials

—manganese  steel,  chrome-based  alloys,  and  ceramic  composites—each  excel  in

specific applications. Understanding material properties and matching them to your

rock characteristics and operating conditions enables selection decisions that minimize

cost per tonne crushed.
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Understanding Wear Mechanisms

Primary Wear Mechanisms in Crushing

MECHANISM DESCRIPTION DOMINANT CONDITIONS

Abrasive wear Material removal by hard particles sliding High silica content, fine particles

Impact wear Material removal by repeated impact Large feed size, high drop height

Gouging Large-scale material removal Large rocks, high impact energy

Erosion Material removal by fine particle stream High velocity fines, wet conditions

Corrosion-abrasion Combined chemical and mechanical Acidic or alkaline conditions

Rock Properties Affecting Wear

Abrasiveness indicators:

Silica (SiO₂) content: >65% = highly abrasive

Quartz content and distribution

Bond Work Index correlation

Abrasion Index testing (ASTM G65)

Impact characteristics:

Compressive strength

Brittleness vs. toughness

Fracture pattern

Moisture content effects

Manganese Steel Liners

Material Characteristics

Hadfield manganese steel (typically 12-14% Mn, 1.0-1.2% C) is the traditional crusher

liner material:

• 

• 

• 

• 

• 

• 

• 

• 
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PROPERTY TYPICAL VALUE SIGNIFICANCE

Initial hardness 200-250 HB Relatively soft as-cast

Work-hardened hardness 450-550 HB Hardens under impact

Toughness Very high Resists cracking

Density 7.8 g/cm³ Heavy liners

Work Hardening Behavior

Manganese steel's unique property is its ability to work harden under impact:

Surface hardens with use while core remains tough

Requires sufficient impact to achieve hardening

Minimum impact energy needed: approximately 7 J/cm²

Poor performance in purely abrasive applications

Best Applications for Manganese

Jaw crusher liners with large feed and high impact

Gyratory crusher mantles

Impact crusher blow bars

Applications with tramp iron risk

Where toughness is critical

Poor Applications for Manganese

Fine crushing with low impact

Highly abrasive materials without impact

Where maximum hardness needed

Weight-limited applications

• 

• 

• 

• 

• 
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High-Chrome White Iron Liners

Material Characteristics

High-chrome white iron (typically 25-28% Cr, 2.5-3.0% C) offers extreme hardness:

PROPERTY TYPICAL VALUE SIGNIFICANCE

Hardness 600-700 HV Very high wear resistance

Toughness Low to moderate More brittle than manganese

Density 7.6 g/cm³ Slightly lighter

Corrosion resistance Good Chromium provides protection

Variants and Grades

GRADE CHROME % HARDNESS HRC BEST FOR

Standard chrome 15-18% 55-58 General abrasion

High chrome 25-28% 60-63 Severe abrasion

Chrome-moly 25-28% + Mo 62-65 Maximum hardness

Ni-hard 4-6% + Ni 58-62 Impact + abrasion

Best Applications for Chrome

Cone crusher liners

VSI wear components

Highly abrasive rocks (granite, quartzite)

Fine crushing applications

Where maximum wear life required

Limitations of Chrome

Brittle—can crack under severe impact

Not suitable for tramp iron environments

• 

• 

• 

• 

• 

• 
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Higher cost than manganese

Limited availability for some configurations

Ceramic and Composite Liners

Ceramic Insert Liners

Alumina ceramic inserts in steel or rubber matrix:

PROPERTY VALUE BENEFIT

Ceramic hardness 1200-1500 HV Extreme abrasion resistance

Weight 40-60% of steel Easier handling

Impact resistance Low (ceramic only) Needs matrix support

Cost 2-4× steel Offset by longer life

Rubber-Ceramic Composites

Ceramic tiles bonded to rubber backing:

Ceramics provide wear resistance

Rubber absorbs impact and noise

Excellent for chutes, bins, transfer points

Not suitable for primary crushing

Best Applications for Ceramics

Chute linings

Bin and hopper linings

Transfer point wear plates

Screen panels for fine abrasive material

Applications where weight reduction valuable

• 

• 

• 

• 
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Material Selection Process

Step 1: Characterize Your Rock

Collect data on material being processed:

PARAMETER TEST METHOD IMPACT ON SELECTION

Silica content XRF analysis High silica = high abrasion

Abrasion index ASTM G65 or equivalent Direct wear predictor

Compressive strength UCS testing Impact severity indicator

Moisture Standard moisture test Affects wear pattern

Step 2: Define Operating Conditions

CONDITION FAVORS MANGANESE FAVORS CHROME

Feed size Large (high impact) Small (low impact)

CSS Wide (primary crushing) Tight (fine crushing)

Tramp iron risk Yes No

Moisture Wet or dry Dry preferred

Production rate Variable/lower High/consistent

Step 3: Economic Analysis

Calculate cost per tonne based on:

Cost per tonne = (Liner cost + Installation cost) ÷ Tonnes processed

Example comparison for cone crusher:

PARAMETER MANGANESE HIGH CHROME

Liner set cost ₹6,00,000 ₹9,00,000

Installation cost ₹50,000 ₹50,000
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PARAMETER MANGANESE HIGH CHROME

Life (tonnes) 200,000 350,000

Cost per tonne ₹3.25 ₹2.71

Annual savings (500k tonnes) — ₹2.7 lakh

Application Guidelines

Primary Jaw Crushers

ROCK TYPE RECOMMENDED MATERIAL RATIONALE

Granite, basalt (hard, abrasive) Manganese 14-18% Impact + abrasion

Limestone (soft, less abrasive) Standard manganese 12% Adequate for low wear

Quartzite (highly abrasive) Chrome-manganese hybrid Balance impact and abrasion

Recycled concrete High manganese with AR tips Rebar tramp iron risk

Cone Crushers

ROCK TYPE RECOMMENDED MATERIAL EXPECTED LIFE IMPROVEMENT

Granite High chrome (28%) 40-60% over manganese

Basalt High chrome (25%) 30-50% over manganese

Limestone Manganese adequate Chrome not cost-effective

Iron ore High chrome with carbide Required for life

Impact Crushers (HSI)

APPLICATION BLOW BAR MATERIAL NOTES

Limestone primary Manganese 12-14% Work hardens well
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APPLICATION BLOW BAR MATERIAL NOTES

Granite primary Chrome-manganese Balance needed

Recycling Manganese with AR inserts Tramp iron tolerance

Abrasive secondary Ceramic-metal composite Maximum life

Life Extension Strategies

Liner Rotation and Turning

Extend liner life through repositioning:

Jaw crusher: Rotate fixed jaw 180°, turn swing jaw

Cone crusher: Rotate mantle if uneven wear

Impact crusher: Turn blow bars to use unworn edge

Typical extension: 20-40% additional life from turning/rotating.

Hardfacing and Rebuilding

Hardfacing can extend liner life:

BASE MATERIAL HARDFACING TYPE LIFE EXTENSION

Manganese Chromium carbide 30-50%

Manganese Tungsten carbide 50-100%

Mild steel (secondary) Chromium carbide 100-200%

Considerations:

Must be done before liner too thin

Preheat required for manganese

Cost must be compared to new liner

Not all liner geometries suitable

• 

• 

• 

• 

• 

• 

• 
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Vendor Selection and Quality Control

Quality Indicators

Ensure liner quality through specifications:

Chemical composition certification

Heat treatment records

Hardness testing (multiple locations)

Dimensional inspection

Visual inspection for defects

Supplier Evaluation

CRITERION WHAT TO VERIFY

Quality system ISO certification, process controls

Experience Similar applications, references

Technical support Application engineering, troubleshooting

Delivery Lead times, inventory programs

Performance guarantee Life warranty, replacement terms

Conclusion

Wear  liner  material  selection  should  be  based  on  systematic  analysis  of  rock

properties,  operating conditions,  and total  cost  of  ownership—not  just  initial  price.

Manganese steel remains excellent for high-impact primary crushing and where tramp

iron is a risk. High-chrome alloys excel in abrasive fine crushing applications. Ceramic

composites suit specialized applications where extreme abrasion resistance justifies

higher  cost.  Implement  a  trial-based  approach  when  changing  materials,  tracking

tonnes processed per liner set to validate performance. The right material selection

can reduce liner cost per tonne by 30-50%, representing significant annual savings for

any crushing operation.

• 

• 

• 
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