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Comparative Evaluation of Tungsten Carbide Wear Protection Solutions
Executive Summary

Industrial wear is a primary cause of equipment degradation, maintenance costs,
and production downtime across mining, construction, cement, steel, oil & gas,
power generation, dredging, and agricultural industries. Selecting the appropriate
wear protection solution is critical to maximizing component service life and
reducing total ownership costs.

Tungsten carbide-based technologies are among the most effective solutions
available for combating severe abrasion, erosion, and impact wear. These
technologies are available in several forms, including flexible welding ropes,
composite rods, flux-cored hardfacing wires, HVOF thermal spray coatings, laser-
clad carbide systems, and solid cemented carbide components. Each solution offers
unique advantages depending on operating conditions, application geometry,
maintenance strategy, and economic objectives.

This white paper provides a comparative engineering evaluation of these
technologies and offers guidance for selecting the most appropriate wear protection
solution for industrial applications.

1. Introduction

Wear is an unavoidable challenge in industries where components are exposed to
abrasive particles, erosive flow, repeated impact, or severe material handling
conditions. The consequences include reduced productivity, increased maintenance
costs, and shortened equipment life.

Tungsten carbide has become the industry benchmark for wear protection due to its
exceptional hardness and abrasion resistance. However, selecting the most
effective solution involves more than choosing tungsten carbide itself. The method
by which tungsten carbide is incorporated into a component significantly
influences performance, repairability, installation requirements, and lifecycle cost.

This paper compares the most widely used tungsten carbide wear protection
solutions and highlights their strengths, limitations, and ideal application areas.
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2. Overview of Tungsten Carbide Wear Protection Solutions
2.1 Flexible Tungsten Carbide Welding Rope

Flexible tungsten carbide welding rope consists of tungsten carbide particles
encapsulated within a metallic matrix, typically nickel-based, and formed into a
flexible rope configuration that can be easily applied to complex geometries.

Typical Composition

o Tungsten Carbide: 55-75 wt%
« Nickel-Based Matrix: 2545 wt%

Typical Carbide Size
0.15-1.20 mm
Typical Applications

« Bucket teeth

o Chutes

« Screw conveyors

« Mixer paddles

« Excavator components
o Agricultural tools

« Mining equipment

Key Advantages

« Excellent flexibility

« High abrasion resistance

o Good impact resistance

« Easy field application and repair
o Suitable for complex geometries
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2.2 Tungsten Carbide Composite Rod

Composite rods consist of tungsten carbide particles distributed throughout a rigid
nickel-bronze or nickel-based alloy matrix.

Typical Composition

o Tungsten Carbide: 60—85 wt%
o Bronze/Nickel Matrix: 1540 wt%

Typical Carbide Size
0.25-3.00 mm
Typical Applications

o Augers

o Drill stabilizers

o Wear bars

o Agricultural blades

« Material handling equipment

Key Advantages

« High carbide loading

« Excellent abrasion resistance

« Proven hardfacing technology

« Suitable for severe wear conditions

2.3 Flux-Cored Tungsten Carbide Hardfacing Wire

Flux-cored wire consists of a tubular metal sheath filled with tungsten carbide
particles and alloying elements.

Typical Composition

« Carbides: 20-50 wt%
« Iron-Based Alloy Matrix: Balance
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Typical Carbide Size

50-500 um

Typical Applications

Roll rebuilding

Automated hardfacing
Manufacturing production lines
Industrial fabrication

Key Advantages

High deposition rate

Excellent automation capability
Consistent welding performance
Suitable for large-scale production

2.4 HVOF WC-Co Coating

High Velocity Oxy-Fuel (HVOF) coatings are produced by accelerating WC-Co or
WC-CoCr powders to supersonic velocities and depositing them onto prepared
substrates.

Typical Composition

WC: 80-90 wt%
Co or CoCr Binder: 1020 wt%

Typical Coating Thickness

100-500 pm

Typical Applications

Hydraulic rods
Pump sleeves
Valve components
Paper industry rolls
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« Aerospace components
Key Advantages

« Extremely low porosity

« Excellent erosion resistance
« Superior surface finish

o Minimal thermal distortion

2.5 Laser-Clad Tungsten Carbide Coating

Laser cladding produces a metallurgically bonded coating by incorporating
tungsten carbide particles into a laser-melted metallic matrix.

Typical Composition

o WC: 30-70 wt%
« Ni or Co Alloy Matrix: Balance

Typical Coating Thickness
0.5-3.0 mm
Typical Applications

Mining equipment

Oil & gas components

Steel mill rolls

Turbine components

« Heavy industrial wear surfaces

Key Advantages

« Metallurgical bonding

o Low dilution

« Excellent wear resistance

« Precise and controlled deposition
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2.6 Cemented Carbide Components

Cemented carbide components are manufactured through powder metallurgy and
sintering processes, producing dense, solid wear-resistant parts.

Typical Composition

o Tungsten Carbide: 85-97 wt%
« Cobalt Binder: 3—15 wt%

Typical Applications

« HPGR studs

« Drill bits

o Crusher inserts
« Wear buttons

« Cutting tools

Key Advantages

o Maximum hardness
« Exceptional abrasion resistance
o Extremely long service life
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3. Comparative Engineering Analysis

Table 1. Comparison of Tungsten Carbide Wear Protection Solutions

Flux-

Propert WC ||Composite Cored HVOF | Laser |Cemented
perty Rope Rod . WC-Co ||Cladding| Carbide
Wire
Abrasion Very : : Very Very
Resistance High Very High || High High High Extreme
Impact Resistance | High MIe—I(EgILm_ Medium | Low High Low
: : : : Medium- Very :
Erosion Resistance| High High 47h Excellent High Very High
Complex
Geometry Excellent| Moderate ||[Moderate| Good Good Poor
Capability
Field Repairability|Excellent| Good Good Poor Poor Poor
Automajuon Low Low Excellent | Excellent || Excellent N/A
Potential
Initial Cost Medium | Medium || Medium | High High High
Lifecycle Cost Low Low Medium || Medium | Medium | Medium
Service Life High High Medium | High I\-I/fgl Very High
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4. Technology Selection Matrix

Table 2. Technology Selection Matrix

) ) Flux-
Sel§ct19n WC Rope ERipesits Cored HVOF Laser Cemepted
Criteria Rod ) Carbide
Wire
ADIasion L o el sk sk o || sk sk e | ok ok sk o e ok sk k| ok ok
Resistance
Impact
: e ok e e | ek ke e e[| ek sk e e [ e Fe e v ke ko e | ek v e
Resistance
Field Repair|| o o el s sk s sk o || e s A e [ A o oo o A e ]| o A e e e
Capability
Automation ||\ o ol A A [ sk e sk e sk ok sk sk ok ok sk || o e A
Potential
Complex
Geometry || e sk s || s e sk ¥ 7 || sk e sk Fe 3 e sk e e e[k e e e o | e o e Ao
Capability
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5. Application Selection Guide

Table 3. Recommended Solution by Application

Application

Rope

Rod

Wire

HVOF

Laser

Cemented
Carbide

Bucket Teeth

1. 0.8.0.8 ¢

1. 0.8.0 8¢

1. 0.8 00" ¢

R IR

1. 0.8.0.8*¢

1.8, 800" ¢

Chutes

188,88

18,88 8%

18,88, 8%

LQARX@AQAS

1.8.8.8.8*¢

L8 8 0% 0A¢

Augers

18,88 8¢

1.8.8.8.8 ¢

1. 0.8 08¢

L QARX QA QAS

1. 8.8. 08¢

KX HR

HPGR Studs

TR WR W

TR WKW

TR IR

FRWR K

WRWR W

1.8.8.8.8 ¢

Crusher
Inserts

LB 8 0% 0%

1. 8. 8.0 8¢

1 0 0 020 ¢

L QARX QA QAS

1.8.8. 88" ¢

188,88

Agricultural
Tools

188,88

1.8.8.8.8 ¢

1. 8.8 08¢

L QARX QA QAS

1.8.8. 88" ¢

KKK

Hydraulic
Rods

TR IR

TR WKW

TR WKW

1.8.8.0.8

1. 8.8.0 8¢

R IR

Valve
Components

TR WR W

TR WKW

TR IR

1.2.8.0.8

1. 8.8.0 8¢

FRWR

Field Repairs

1.8.8.8.8 ¢

1.0.8.8.8*¢

1. 0.8 00" ¢

TR WKW

TR WR

LA QA QAS
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6. IntegriMat Engineering Approach

IntegriMat Inc. develops advanced tungsten carbide wear solutions through its
IntegriClad™ product platform.

IntegriClad™ Edge

Crushed Cast Tungsten Carbide System optimized for high-abrasion and impact-
intensive applications.

IntegriClad™ Spher

Spherical Fused Tungsten Carbide System optimized for superior wear
performance, particle retention, and erosion resistance.

IntegriClad™ Hybrid

Engineered blend of spherical fused and crushed cast tungsten carbide designed to
balance wear resistance, toughness, and cost efficiency.

The IntegriClad™ family enables engineers to select application-specific wear
protection solutions rather than relying on a one-size-fits-all approach.

7. Conclusion

No single wear protection solution is universally superior. The optimal choice
depends on wear mechanisms, operating conditions, component geometry,
maintenance strategy, and economic objectives.

Cemented carbide components provide maximum wear resistance in extreme
applications. HVOF and laser cladding offer advanced coating technologies for
precision and engineered wear surfaces. Composite rods and flux-cored wires
remain proven hardfacing solutions for industrial maintenance and manufacturing.
Flexible tungsten carbide rope systems provide a unique combination of abrasion
resistance, impact tolerance, flexibility, and field repairability.
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Understanding the strengths and limitations of each solution enables engineers and
maintenance professionals to select the most effective wear protection strategy and
maximize equipment service life.

Technical Disclaimer

The information presented in this white paper is intended to provide general
technical guidance and comparative insights into tungsten carbide wear protection
solutions. Actual performance, service life, and suitability may vary significantly
depending on operating conditions, wear mechanisms, substrate material,
application procedures, environmental factors, and equipment design.

The comparisons and recommendations provided herein should not be considered
universal solutions for every application. Each wear problem is unique and may
require additional engineering evaluation, material selection analysis, process
optimization, or field testing to determine the most appropriate solution.

IntegriMat Inc. strongly recommends consultation with qualified wear engineering
professionals before selecting or implementing any wear protection technology.
We are more than happy to assist customers in evaluating their specific
applications and identifying the most effective and cost-efficient solution for their
operating conditions.

About IntegriMat Inc.

IntegriMat Inc. is a Canadian engineering-driven materials company specializing
in tungsten carbide wear solutions, hardfacing materials, industrial metal powders,
and application-specific wear protection technologies. Through technical expertise
and engineered material solutions, IntegriMat helps industrial customers improve
reliability, extend equipment life, and reduce operating costs.
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