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• briefing: copper alloys – from source to application

• briefing: why alloying?

• industry efforts for substitution: example from the past

• search for lead alternatives: R & D and challenges

• take home



copper alloys - overview
from source to application – a long way
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RECYCLING OF ALLOYS 
Recycling of Alloy
Constituents
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alloying copper – what for?
(1) adopt properties to meet technical requirements

• masse

• atoms radius

• electronegativity

• ionization energy

• metallic character

• masse

• atoms radius

• electronegativity

• ionization energy

• metallic character

Zn Sn Be
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alloying copper – what for?
(2): alloying elements
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power cables - demands:

• high strength under mech. stress conditions
• keep high elect. conductivity
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alloying copper – what for?
(3): e. g. steering (just) 2 properties for a specific application –

challenging enough

technical solutions: Cu-Mg or Cu-Cd-Alloys
market solution: Cu-Mg
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substitution of lead
(1) screening the periodic system
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MANY technical properties of Pb

Pb technically not easy to replace the „one size fits all“ problem

Cutting force (N)

e. g. machinability: cutting forces & chip braking

Lead content (%)
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e. g. sliding / gliding

dry-running:                            
low coefficient of friction…

dry-running: 
due to the low friction layer

substitution of lead
(2) properties of lead
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3.5 % Pb



substitution of lead
(3) comparison with the 2 substitution favourites

*For each property the best
element effect is set to „10“ 
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Source: Wieland

Lead 

Bismuth

substitution of lead
(4) results on Bi research (a)

• Bi particles expand during solidification

 high susceptibility for stress corrosion cracking

• Bi containing alloys cannot match wrought leaded alloys in terms of 
reliability of machined parts

 complex machining operations cannot be realized with Bi
containing alloys
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substitution of lead
(4) results on Bi research (b)

use of Bi undermines
recycling philosophy
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Recycling of Alloy
Constituents (?) RECYCLING OF ALLOYS 
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substitution of lead
(5) results on Si research

Silicon confers free cutting ability and high strength
But a new phase appears no lubrificating behaviour and changes in the forming ability

α

γ
κ

Cu-Zn-Si-P
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challenges to be solved -
further down stream (1): technical needs
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just to mention: * it took > 1 decade to adopt down stream world to use of Si brasses
* still: many technical applications and needs NOT covered by actual solutions

domino effects of a new alloy on R & D downstream: 

• development / adoption lubricants
• development processes
• development machining tools
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R & D cutting tools:



materials / semis
fabricator

wholesaler

retailer

machining
company

endproduct
manufacturer
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challenges to be solved -
further down stream (2): communication
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TAKE HOME
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• Leaded copper alloys in use / needed for ALL AREAS of TECHNOSPHERE 

• Cu-industry CONTINUOUSLY driving Cu alloys R & D (incl. search for critical
elements substitution)

• Pb OUTSTANDING as ENABLER for MANY technical alloy properties

 Technical properties of Pb in alloys can PARTLY be taken over by other
elements but NO SOLUTION „ONE FITS ALL“

 Proposed alternatives show limits:

• Cu-Zn-Si-alloys: approved „good material“ but LIMITED in application spectrum

• Cu-Zn-Bi-alloys: limited in application spectrum and to suffer from damages &
non-recyclability
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RESOURCE EFFICIENT EUROPE
- an ONION with many shells, challenges and demands
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Pb containing Cu alloys: 
necessities & questions from a TECHNICAL POINT of VIEW

• technical limits: Cu-industry has significantly reduced Pb 
use in Cu-alloys over time and as far as technically feasible

• products in use (urban stock): 

lasts for decades or even centuries. Pb-delution?

• conflicting interests:

CIRCULAR 

ECONOMY

no restrictions unless sustainable alternatives available; 

support R & D on alternatives

no restriction on use of Pb containing alloys

where safe use is given

keep functioning recycling loops (existing standards)

secure future use of scrap

avoid regrettable substitution

 resource efficiency policy vs. chemicals policy

chemicals policy vs. resource efficiency policy

use and recovery of ressources

future jobs

innovation & invest

regulation

harmful subsidies

new opportunities

competitiveness

adopted busines models



Thank you for listening
Dr Klaus Ockenfeld, Dr Ladji Tikana
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