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D eep cryogenic treatment (DCT) has 
become an important enhancement 
process for ground engaging tools 

(GETs). These components operate in some 
of the harshest service environments where 
abrasive wear, repeated impact loading, and 
cyclic fatigue combine to cause premature 
failure. Unlike conventional heat treatment 
alone, DCT modifies the internal microstruc-
ture of alloys at temperatures approaching 
-300°F (-184°C), creating improvements 
that directly address the dominant failure 
modes seen in mining GET applications.

Primary Failure Modes in 
Mining Ground-Engaging Tools

In mining applications, GETs fail primar-
ily through two mechanisms: progressive 
fatigue cracking and catastrophic impact 
fracture. A shovel tooth repeatedly striking 
blasted rock experiences extremely high cy-
clic compressive and tensile stresses. Even 
when the surface appears intact, microscopic 
fatigue cracks initiate at carbide interfaces, 
inclusions, or residual tensile stress regions. 
Over thousands of loading cycles these 
cracks propagate until the tooth fractures. 
DCT improves resistance to this process by 
altering residual stress distributions, refining 
carbide precipitation and stabilizing the alloy 
matrix structure. (Figure 1)

DCT Mechanisms in High 
Chrome White Iron

For high chrome white iron GETs, the 
mechanism is especially important because 
these alloys derive their wear resistance 
from large chromium carbides embedded 
within a martensitic matrix. Under heavy 
impact loading, retained austenite (left over 
from the casting process) can transform 
unpredictably, generating localized stresses 
that accelerate crack formation. During 
DCT, much of this retained austenite trans-
forms into fine martensite, increasing matrix 

uniformity and dimensional stability. This re-
duces carbide pullout and suppresses micro- 
crack nucleation at carbide boundaries—
both common initiation points for fatigue 
failure in white iron mining components.

DCT Benefits in 13% 
Manganese Alloy Steel

In 13% manganese alloy steels (com-
monly used where high-impact toughness 

is required) the benefits of DCT are some-
what different. Hadfield manganese steel is 
valued because it work-hardens during ser-
vice while retaining a tough austenitic core. 
Bucket teeth and crusher components made 
from manganese steel survive severe impact 
because the alloy absorbs energy without 
brittle fracture. DCT enhances this behav-
ior by refining dislocation structures and 
promoting more uniform strain hardening 
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Figure 1. Deep cryogenic treatment of shovel teeth. Credit: J. Cahn
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under impact conditions. Research on high-
manganese TWIP/TRIP steels shows that 
cryogenic processing and related surface 
treatments can increase compressive resid-
ual stresses and improve cyclic performance.

Role of Residual Stress in 
Fatigue Resistance

The importance of compressive residual 
stress for mining GETs cannot be over-
stated. Fatigue cracks grow most readily 
under tensile stress. DCT-induced compres-
sive stresses counteract service-induced 
tensile loads, making it mechanically more 
difficult for cracks to open and propagate. 
This results in fewer tooth breakages and 
reduced risk of losing fragments into crush-
ers. (Figure 2)

Impact Resistance and 
Structural Durability

Mining shovel teeth frequently en-
counter shock loads from large boulders. 
Conventional hardening processes often 
increase hardness at the expense of 
toughness, making the component more 
brittle. DCT differs because it refines 
the microstructure without producing 
the coarse brittle phases associated with 
over-hardening. The fine carbide distribu-
tion generated during cryogenic soaking 
helps disperse impact energy more evenly 
through the alloy matrix. This reduces lo-
calized stress concentrations that normally 
trigger brittle fracture.

Difference Between DCT in 
Cutting Tools and Mining GETs

The performance improvements seen 
in heavy equipment GETs differ significantly 
from those observed in carbon steel cutting 
tools used in edge-retention applications. In 
knives, dies, and machining tools, DCT pri-
marily improves edge sharpness retention 
and abrasive wear resistance. The mecha-
nism centers on converting retained austen-
ite to martensite and precipitating extremely 
fine eta carbides that strengthen the cutting 
edge. The primary benefit is reduced edge 
rounding and slower abrasive wear during 
sliding contact.

Mining GETs operate under entirely dif-
ferent loading conditions. Bucket teeth are 
not precision cutting tools; they are large 
structural wear components exposed to 

high-impact gouging abrasion and repeated 
shock loading. Consequently, the value 
of DCT in GETs is less about maintaining 
a sharp edge and more about extending 
structural integrity under cyclic stress. The 
dominant improvements are enhanced 
fatigue resistance, reduced crack propaga-
tion, improved impact toughness and more 
stable work-hardening behavior. While 
abrasive wear resistance still improves, the 
greatest economic benefit often comes from 
preventing catastrophic tooth breakage and 
increasing service reliability in severe mining 
environments. (Figure 3)

Conclusion
Ultimately, DCT functions as a micro-

structural optimization process that enhances 
both wear and mechanical durability. For high 
chrome white iron and 13% manganese alloy 
GETs, the treatment creates a more stable, 
refined, and fatigue-resistant structure ca-
pable of surviving the extreme combination 
of abrasion and impact encountered in min-
ing operations. By addressing crack initiation 
and propagation at the microscopic level, 
DCT provides measurable improvements in 
operational life, maintenance reduction, and 
equipment reliability. 

Figure 2. Residual Stress. Credit: J. Cahn

Figure 3. DCT wear life improvement. Credit: J. Cahn




