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Background
Steel scrap recycling in electric arc furnace (EAF) 
steel products is limited by the deleterious effects
of residual elements such as copper and tin. The 
presence of these elements in the steel scrap 
cycle is projected to increase rapidly with the 
growing use of electronic components in cars, 
appliances, and other steel products. 

Excess amounts of copper in steel during hot 
working can lead to surface cracking in a 
phenomenon known as hot shortness.
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Conclusions

This project intends to model and
experimentally assess industrially relevant 
thermomechanical processing (TMP) 
conditions for hot shortness susceptibility 
in various steel product classes, as well 
as determine the resultant material 
properties of the product after processing.

Current Cu levels and acceptable limits in scrap and selected steel products, wt. %
IF Steel DDQ Drawing Commercial Structural Wire Rebar Scrap Pig Iron
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The factors reported in the literature which influence hot shortness can broadly be 
categorized as follows:

Alloy chemistry
• Increasing solubility of tramp elements in Fe (Ni, Si, Mn, S, B)
• Limiting penetration of liquid metal into grain boundaries (P, Si, B, C)
Oxidation conditions
• Temperature, balancing Fe oxidation with diffusion from grain boundaries
• H2O content
Thermomechanical Processing
• Strain rate, balancing dynamic recrystallization and rate-dependent critical 

stresses
Microstructure
• Grain size
• Oxide layer morphology

Standardized methodologies for quantifying the presence and severity of hot 
shortness cracking need to be developed, enabling experiments which investigate 
the influence of each factor on hot shortness to be designed.

• Obtain representative material from industry partners in the low-carbon sheet and 
low-carbon plate product categories.

• Evaluate hardenability of TMP-ed samples using quench dilatometry.
• Prepare review paper on influencing factors to hot shortness for submission to the 

Journal of Materials Engineering and Performance
• Establish ML framework to identify correlations between influencing parameters 

and inform the most productive experiments to perform.
• Integrate with models for scrap composition, energy flow, and processing costs 

being developed by NREL and industry partners to identify optimized production 
pathways which minimize costs while maximizing steel recycling efficiency.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

C Mn P S Si Ni Cr Mo Cu Ti Al V N

Chemistry of All Barstock

A; 11482350-A

C; 12345678

D; 11503970

E; 11489810

F; 11489440

Compositionally graded copper/nickel 
additive samples are being prepared to 
explore spectrum of hot shortness behavior 
as a function of copper, nickel composition. 

Experimental Gleeble TMP setup 
is ongoing. Initial trials have 
begun with the following 
parameters:
• 1150 °C temperature
• 10-30 min time
• 40 s-1 strain rate

• Two of four steel products have been 
procured with varying copper contents

• Chemistry, in addition to load/temperature 
parameters, compose the design space for 
the machine learning (ML) model

• Quantified hot shortness damage 
measurements will compose the 
performance space


