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Tungsten Carbide Welding Rope Technology

Executive Summary

Wear is one of the leading causes of equipment failure and productivity loss across mining,
construction, cement, steel, oil & gas, and agricultural industries. Tungsten carbide welding rope
technology provides an effective solution by combining the extreme hardness of tungsten carbide
particles with the toughness and bonding characteristics of a metallic matrix.

This white paper presents the fundamentals of tungsten carbide welding rope systems, including
material composition, carbide morphology, wear mechanisms, performance characteristics, and
industrial applications. It also introduces the IntegriClad™ product family developed by
IntegriMat Inc. to address a wide range of abrasion, erosion, and impact wear conditions.

1. Introduction

Industrial components operating in abrasive environments are continuously exposed to material
loss caused by sliding wear, particle erosion, impact loading, and surface degradation.
Traditional steel components often experience rapid wear, resulting in increased maintenance
costs, equipment downtime, and reduced productivity.

Tungsten carbide welding rope technology was developed to provide a practical and cost-
effective method for extending component service life. By depositing a wear-resistant composite
layer onto a steel substrate, operators can significantly improve durability while avoiding the cost
of replacing entire components.

Today, tungsten carbide welding ropes are widely used in mining, earthmoving, drilling, cement
processing, and other severe wear applications where a balance between hardness, toughness,
and repairability is required.

2. History of Tungsten Carbide Hardfacing Technology

Tungsten carbide has been recognized as one of the most wear-resistant engineering materials
since the early twentieth century. The development of cemented carbides in the 1920s
revolutionized cutting tool performance and created new opportunities for wear protection in
mining, construction, and manufacturing industries.

During the mid-twentieth century, tungsten carbide particles began to be incorporated into
hardfacing systems to protect components exposed to severe abrasion and erosion. As hardfacing
technologies evolved, flexible tungsten carbide welding ropes were introduced, providing a
practical method for depositing high concentrations of wear-resistant carbide particles onto steel
substrates.
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Today, modern tungsten carbide rope systems utilize engineered particle morphologies,
optimized matrix alloys, and application-specific formulations to achieve superior wear
performance across a wide range of industrial environments.

| Year || Development ‘
| 1920s || Development of cemented tungsten carbide ‘
‘ 1940s—1960s || Industrial wear protection applications expand ‘
| 1970s-1990s || Flexible tungsten carbide welding rope systems introduced ‘
‘ 2000s || Engineered carbide morphologies developed ‘
‘ Today || Hybrid carbide systems optimized for specific wear environments ‘

3. Technology Overview
Tungsten carbide welding rope consists of tungsten carbide particles embedded within a metallic
matrix, typically based on nickel alloys. During application, the matrix bonds metallurgically to

the substrate while retaining the carbide particles within the deposited layer.

The resulting composite structure combines:

High hardness and abrasion resistance from tungsten carbide
Toughness and impact absorption from the metallic matrix
Strong metallurgical bonding to the substrate

Repairability and field application flexibility

This combination provides a wear-resistant solution that can be tailored to different service
conditions.

4. Material Composition

A typical tungsten carbide welding rope consists of:
e Tungsten Carbide (WC/W2C): 70 wt%
e Nickel-Based Matrix: 30 wt%

e Minor Alloying Elements: Chromium, Silicon, Boron, and Iron

The tungsten carbide phase serves as the primary wear-resistant reinforcement, while the
metallic matrix supports the carbide particles and absorbs mechanical stresses during operation.

The overall performance of the system depends on carbide content, particle morphology, matrix
composition, and deposition quality.
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5. Carbide Morphology and Product Technologies

The morphology of tungsten carbide particles plays a critical role in determining wear
performance.

IntegriClad™ Edge

IntegriClad™ Edge utilizes crushed cast tungsten carbide particles characterized by angular
geometries and sharp edges.

Key benefits include:

e Maximum abrasion resistance

o Strong mechanical interlocking

o Excellent performance in severe sliding wear conditions
e High resistance to mineral and aggregate abrasion

Typical applications include mining equipment, crusher components, bucket edges, and material
handling systems.
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IntegriClad™ Spher

IntegriClad™ Spher utilizes spherical tungsten carbide particles engineered for uniform
distribution and optimized stress transfer.

Key benefits include:

o High particle packing density
o Consistent wear performance
o Improved resistance to erosive wear
e Reduced stress concentration

Typical applications include slurry handling systems, pumps, pipelines, and erosion-dominated
environments.
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IntegriClad™ Hybrid

IntegriClad™ Hybrid combines spherical and crushed cast tungsten carbide particles within a
single composite system.

Key benefits include:

o Balanced wear resistance

e Improved toughness

o Enhanced cost efficiency

e Versatility across mixed wear environments

Typical applications include general industrial wear protection where both abrasion and impact
are present.

6. Wear Mechanisms

The effectiveness of tungsten carbide welding rope is based on multiple wear resistance
mechanisms.

Abrasion Resistance

Tungsten carbide exhibits hardness levels significantly higher than conventional steels, allowing
it to resist cutting, ploughing, and scratching caused by abrasive particles.
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Erosion Resistance

The carbide particles act as barriers against particle impingement, reducing material loss in slurry
and particle-flow environments.

Impact Resistance

The metallic matrix absorbs impact energy and prevents premature carbide fracture or pull-out.
Proper matrix design is essential for achieving a balance between hardness and toughness.

7. Industrial Applications
Tungsten carbide welding rope technology is widely used in:

Mining and Mineral Processing

e Chutes

e Crusher components

e Bucket lips

o Conveyor systems
Construction and Earthmoving

e Excavator teeth

o Bulldozer blades

e Ground engaging tools
Cement Industry

e Material transport systems

o Feed screws

e Wear liners
Oil and Gas

e Drilling components

o Wear sleeves

e Production equipment
Agriculture

e Soil engaging tools

o Tillage equipment

e Wear-prone agricultural machinery
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8. Advantages of Tungsten Carbide Welding Rope

Compared with conventional hardfacing materials, tungsten carbide rope systems offer:

e Superior abrasion resistance

o Extended component life

e Reduced maintenance frequency

o Improved field repair capability

o Lower total ownership cost

e Adaptability to complex geometries

e Application-specific performance optimization

9. IntegriMat Engineering Approach

IntegriMat Inc. develops engineered tungsten carbide rope systems through its IntegriClad™

product platform.

By combining material science, wear engineering, and application-specific design, IntegriMat
provides solutions tailored to individual operating environments rather than relying on a one-

size-fits-all approach.

The IntegriClad™ product family enables users to optimize performance based on abrasion

severity, impact loading, erosion conditions, and economic considerations.

@ HARDNESS
(HV)

© PRODUCT NAME

®®® TUNGSTEN CARBIDE TYPE

) Crushed Cast
ks Tungsten Carbide
IntegriClad™ O HV2100-2400
Edge O

Spherical Fused
Tungsten Carbide

Engineered blend of

" IntegriClad™ HV2700-3100

Spher

@ﬁoﬁ 25% HV2700-3100

cast tungsten carbide. *

spherical and crushed

IntegriClad™

. 9 —
Hybnd 75% HV2100-2400
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ﬁ KEY CHARACTERISTICS

@ High hardness, strong
abrasion resistance, and
economical performance
for demanding industrial
wear applications

Q Extremely high hardness
and superior abrasion
resistance for severe
wear environments and
critical hardfacing
applications

@ Optimized combination of

wear resistance, toughness,

and cost efficiency for
versatile industrial

hardfacing operations

°
20% TYPICAL POWDER SIZE
°

¢ 0.1-0.6 mm

(@4 mm rope)

¢ 0.1-0.7mm

(@5/6 mm rope)

* 0.1-0.8mm

(@8 mm rope)

¢ 0.1-0.4mm
(All rope diameters)

¢ 0.1-0.6 mm

(@4 mm rope)

* 0.1-0.7 mm

(@5/6 mm rope)

* 0.1-0.8 mm

(@8 mm rope)

@ RECOMMENDED APPLICATIONS
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Bucket teeth, augers,
screw conveyors, mixer
paddles, wear plates,
crusher components

= 2

Mining tools, dredging
components, TBM wear
parts, cutting edges,
high-abrasion tools

% A

General hardfacing,
material handling systems,
slurry equipment,
fabrication and repair
operations
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10. Conclusion

Tungsten carbide welding rope technology represents an effective and proven solution for
protecting industrial components exposed to severe wear conditions. Through the combination of
tungsten carbide reinforcement and engineered metallic matrices, these systems deliver
significant improvements in wear resistance, service life, and operational reliability.

The IntegriClad™ Edge, IntegriClad™ Spher, and IntegriClad™ Hybrid product families provide
application-specific solutions designed to meet the diverse wear challenges encountered across
modern industry.

As equipment reliability and maintenance optimization become increasingly important,
engineered tungsten carbide rope systems continue to play a critical role in advanced wear
protection strategies.

Technical Disclaimer

The information presented in this white paper is intended to provide general technical guidance
regarding tungsten carbide welding rope technology, material characteristics, and typical
industrial applications. Performance, wear life, deposition quality, and service results may vary
depending on operating conditions, substrate material, welding procedures, equipment
configuration, wear mechanisms, and maintenance practices.

The data, comparisons, and application examples discussed in this document are provided for

informational purposes only and should not be interpreted as guaranteed performance for any

specific application. Each wear environment is unique and may require additional engineering
evaluation, material selection review, procedure qualification, or field testing to determine the
most suitable solution.

For critical applications, IntegriMat Inc. recommends consultation with qualified engineering
personnel before selecting materials, welding procedures, or wear protection strategies. Our team
is available to assist customers with application assessments, material selection, process
recommendations, and customized wear protection solutions tailored to specific operating
conditions.
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