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Definition

Wear is defined as progressive loss of 

material from the surface of a solid

body as a result of mechanical causes, i.e. 

contact with and movement relative to a 

solid.

Tribo - chemical reaction:
the formation of reaction 
products through tribological 
stress in chemical reactions

Adhesion:
material is separated by a 
sliding stress

Abrasion:
material is removed as a 
result of scratching stress

Surface spalling:
fatigue and crack growth in 
the surface region

In materials science, wear is the erosion of material from a solid surface by the 

action of another solid. 

Theory and Practice of Wear
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Theory and Practice of Wear

Influence of the hardness of abrasive minerals on wear at soft and hard lining materials
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Soft lining material

Hard lining material

Hardness of abrasive minerals 
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Theory and Practice of Wear

ÁMaterial to be conveyed (hardness)

ÁSi02 - content

ÁParticle size / particle shape 

ÁShare of hard materials

ÁConveying velocity (pneu., hydr., mech.)

ÁVolume to be conveyed 

ÁOpen / closed systems

ÁImpact angle (0 ï90°) 

ÁImpact hight

ÁDesign (turbulences, radii, autog. protection)

ÁTemperature / temperature shocks

ÁChemical composition (acids, basis)

ÁSelected material in the plant design 

Factors for Wear Rates in Conveying Systems
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Theory and Practice of Wear

Reaction of materials to different impact angles

Wear protection made of:

Impact angle
Ceramics KALCRET Metal

Rubber/ 

Plastics

0° jet blasting along 

the surface
XXXXX XXXXX XXX X

30 ° oblique blasting XXXX XXXX XXX X

45° oblique blasting XXX XXX XXX XX

60° oblique blasting XX XX XXX XX

90° impinging blasting X X XXXX XXXXX

XXXXX = well suited

XXXXX = little suited
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Hardness Tests

Hardness tests as defined in DIN

The hardness of a body is its resistance to penetration

by a harder body 

Brinell hardness (hardness BHN), DIN EN ISO 6506-1 to 6501-4

Pressing a steel ball or a hard metal ball in a surface with a defined force F and 

over a defined periode of time

Vickers hardness (hardness VH), DIN EN ISO 6507-1 to 6507-4

Indentation of a diamond pyramid with a 136° angle between opposite faces

Rockwell hardness (hardness RHC + RHB), DIN EN 10105; ISO 6508-1

Initial load during which a 120° conical diamond with 0.2 mm rounded point is 

pressed into a test specimen

General

Metal
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KALMETALL-W Introduction

KALMETALL-W Microstructure
Microstructure of 
KALMETALL-W 143

Chemical composition
C = 5%     Cr = 27%     Nb = 5%

Hardness: 62 HRC

Content of primary carbides:
approx.. 30%

Matrix:
martensitic

Carbide:
Primary chrome carbides
Primary  niobium carbides

Microstructure KALMETALL-W 143
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Theory and Practice of Wear

Wear Test similar to ASTM C704

Áblast test under 45°

Ádefined parameters for standardized procedures

Ádefinite quantity of SiC grain size is blast with  

compressed air on specimen surface

Áresults are reproducible

ÁThe quantitiy of material removed is measured 

Ácomparison with other samlpes feasible 

Áblast test under 45° corresponds to real conditions

Áoriented to practical requirements of material 

handling in the basic industries 

Ácombination of impact and sliding wear

Áinternationally accepted by producers and users
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Theory and Practice of Wear

Abrasion according to Blast Test under 45°
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Theory and Practice of Wear

Other Wear Tests

Böhme Test

- abrasion test ro ascertain abrasion categories, 

e.g. for floor covering. 

- problem of grinding wheel floating 

- does not take bonding matrix into account 

- of little informative value for particular users

In-house tests

- individual proposals by specific institutions

- no standards specified

- little reproducibility of the results of measurement

- comparisons by third parties are practically impossible

sample rotary disk

load
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ABRESIST

Wear Protection Compound for Systems, Components and Pipes

Density 2,8 kg/dm³

Pressure strength 450 MPa

Thermal conductivity 1,1 W/(m*K)

Thermal expansion 7*10-6 m/(m*k)

Application temp. Max. 350 °C

Temp. Gradient Max. 70 °C / h

Hardness 8 Mohs scale

Plates Size Min: 50*50 mm Max: 250*250 mm

Thickness Min:23 mm Max: 60 mm

Tubes Diameter Min: 40 mm Max: 610 mm

Length Standard: 500 mm

Wall thickness Min: 21 mm Max: 25 mm

Tailor made pieces

Basic Technical Data

Delivery program
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Bunkers for iron ore and additives in the iron & steel industry

Wear resistant material:

ABRESIST

ABRESIST
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Wear Protection Compound for Systems, Components and Pipes

KALCOR

Density 3,4 kg/dm³

Pressure strength 400 MPa

Thermal conductivity 4,2 W/(m*K)

Thermal expansion 6,5*10-6 m/(m*k)

Application temp. Max. 1000 °C

Temp. Gradient Max. 120 °C / h

Hardness 9 Mohs scale

Basic Technical Data

Plates Size Min: 50*50 mm Max: 600*600 mm

Thickness Min:23 mm Max: 60 mm

Tubes Diameter Min: 40 mm Max: 5000 mm

Length Standard: 300 mm

Wall thickness Min: 21 mm Max: 40 mm

Tailor made pieces

Delivery program
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Bends for pulverised coal for coal fired power plants

KALCOR

Wear resistant material:

KALCOR

Verbund Energie (Austria)
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KALOCER

Wear Protection Compound for Systems, Components and Pipes

Density 3,5 kg/dm³

Pressure strength 2000 MPa

Thermal conductivity 14  W/(m*K)

Thermal expansion 6*10-6 m/(m*k)

Application temp. Max. 1000 °C

Temp. Gradient Max. 70 °C / h

Hardness 9 Mohs scale

Basic Technical Data

Delivery programm

Plates Size Min: 10*10 mm Max: 200*200 mm

Thickness Min:1,5 mm Max: 50 mm

Tubes Diameter Min: 40 mm Max: 200 mm

Length Standard: 300 mm

Wall thickness Min: 10 mm Max: 30 mm

Tailor made pieces
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Octagonal chutes for blast furnace feeding in the iron and steel industry

KALOCER

Wear resistant material

KALOCER
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Trowelled, Cast or Sprayed on Hard Compound

KALCRET

KALCRET is the wear resistant 

liner in the bag: hard, flexible to 

use and temperature resistant

KALCRET can be cast ... ... or trowelled ...

... or sprayed on
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KALCRET-S

Hard, Abrasion Resistant and Quickly Applied

Kalenborn spray technology

Clear advantages:

Áexcellent wear protection compound

Áexcellent abrasion resistance 

according to ASTM

Áhomogeneous structure 

with little porosity

Ásmooth surfaces by re-working

Ásetting time only 8 hours

Áworking horizontal, vertical 

and overhead
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Prefabricated Shapes Allow Constant Quality and Optimal Installation

KALCRET Linings

Tile shapes are prefabricated 

at Kalenborn from the cast compound and 

provided with fastening devices, such as 

weld on bolts.
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Hard or Impact Resistant Castings

KALMETALL-W

Basic Technical Data

Density 7,8 kg/dm³

Thermal conductivity 46  W/(m*K)

Thermal expansion 12*10-6 m/(m*k)

Application temp. Max. 750 °C

Temp. Gradient Max. 120 °C / h

Hardness 700 HV

Delivery programm

Standard plates

1000 x 2000 5+3 (6+4) (8+5) (10+5) 15+5)

1250 x 2500 5+3 (6+4) (8+5) (10+5) 15+5)

1500 x 3000 5+3 (6+4) (8+5) (10+5) 15+5)

Tailor made pieces
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KALMETALL-W
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KALMETALL-C

Wear Protection Compound for Systems, Components and Pipes

Density 7,8 kg/dm³

Pressure strength 2800 MPa

Thermal conductivity 30  W/(m*K)

Thermal expansion 10*10-6 m/(m*k)

Application temp. Max. 350 °C

Temp. Gradient Max. 150 °C / h

Hardness 630 HV

Basic Technical Data

Delivery program

Plates Size Min: 100*100 mm Max: 300*300 mm

Thickness Min: 20 mm Max: 50 mm

Tubes Diameter Min: 40 mm Max: 610 mm

Length Standard: 300 mm

Wall thickness Min: 20 mm Max: 50 mm

Tailor made pieces
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KALCERAM-K 

KALMETALL-C

Coke ramp - table

Wear resistant material:

KALCERAM-K and 

KALMETALL-C
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Steel

Mortar
Lining

Clear Advantages:

long lifetime

maintenance free operation

no operation interruption

no production losses

no contamination of the

conveyed materials due to

abrasion, mixture or oxidation

physiologically harmless,

suitable for food products

develops smooth surface to

achieve good flow and

eliminate plugs

reduces pressure losses and

lowers energy costs

Wear Protection Systems
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Wear Protection Systems

Steel

casing

Wear resistant lining also

in the area of turbulent flow

Mortar

Good flow characteristics

due to permanently smooth 

surface

Simple installation with all typical connections
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Fixing systems for wear ïresistant tiles

Fixing Systems
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Fixing systems for wear ïresistant tiles

Fixing Systems




