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AGENDA

briefing: copper alloys — from source to application

briefing: why alloying?

iIndustry efforts for substitution: example from the past

search for lead alternatives: R & D and challenges

take home
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copper alloys - overview
from source to application —along way
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alloying copper —what for?
(1) adopt properties to meet technical requirements
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* masse ’ oo 1T |2 VAR V/ I/ TRV
« atoms radius ’ Lo e
2 Li Be B © N (@) F Ne
« electronegativity \ 3 Na Mg subgroups Al si P s C A
° ionization energy\ 4 K Ca Sc Ti \ Cr Mn Fe Co Ni 'Cu 2Zn Ga Ge As Se Br Kr
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
«  metallic character’ 6 Cs Bala.. Lu H Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn

v Fr  Ra Ac.. Lr Rf Db Sg Bh Hs Mt

° masse

* electronegativity ’
* ionization energy ’

. atoms radius

Vel
Y

4 || DKI: Possibilities and Limits of Lead Substitution in Copper Alloys Eurometaux, Antwerp, November 2018



alloying copper —what for?
(2): alloying elements
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alloying copper —what for?
(3): e. g. steering (just) 2 properties for a specific application —
challenging enough
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* high strength under mech. stress conditions
» keep high elect. conductivity technical solutions: Cu-Mg orw
market solution: Cu-Mg
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substitution of lead

(1) screening the periodic system

Periodic Table of the Elements

mB IVB VB VIB VIIB VIO B
3 4 s 6 7 9 10 11
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substitution of lead
(2) properties of lead

MANY technical properties of Pb e. g. machinability: cutting forces & chip braking
Tightness Cutting force (N)
(castings) T
10
8
6 hanical
Machinability ¢ S Mechanica
' o x properties
\________/ ;
2
1
P T T S
Lead content (%)
Realibility of Corrosion
contacting resistance . .
e. g. sliding / gliding
Sliding/gliding W -— i
—Pb dry-running: dry-running:
low coefficient of friction... due to the low friction layer

- Pb technically not easy to replace - the ,one size fits all“ problem
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substitution of lead

(3) comparison with the 2 substitution favourites

Absence internal stress
10

Machinability Mechanical properties

Realibility of contacting Corrosion resistance

Self lubrication

*For each property the best
Pb Bi Si element effect is set to ,, 10"
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substitution of lead

(4) results on Bi research (a)

N no lubricants

? — 0.4 mm Turning:  ve = 111 m/min, f= 0,1 mm
L ' v : - Driling: v = 80 m/min, f=0.2 mm

52 mm

cracking

L N
Lead s I Bt
wrought CuZn39Pb3 (150 HB) wrought CuZn40Bi1.5 (104 HB) wrought CuZn40Bi1.5 (104 HB)
Source: Wielan
a
i )r N * Bi particles expand during solidification
_ Y
\X = \ - high susceptibility for stress corrosion cracking
oy et
; T —
: ; 4 » Bicontaining alloys cannot match wrought leaded alloys in terms of
reliability of machined parts
Bismuth - complex machining operations cannot be realized with Bi
containing alloys
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substitution of lead
(4) results on Bi research (b)

alloys - fabrication

power cabeli
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machinery & transportation

UELHERLE  (se of Bi undermines
: recycling philosophy

cast / wrought semis

Recycling of Alloy
Constituents (?) RECYC S !
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substitution of lead
(5) results on Si research

Absence internal stress

Machinability Mechanical properties

Realibility of contacting Corrosion resistance

Self lubrication
|—Pb —Bi —Si element effect is setto .10

‘For each propenty the best

» Silicon confers free cutting ability and high strength
»But a new phase appears - no lubrificating behaviour and changes in the forming ability
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challenges to be solved -
further down stream (1): technical needs

just to mention: * |t 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

1000
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iy H ™~
SK-Radius r, <10 pm >30 um > 30 um ? 400 __:-:_________1 E:_:;:: 1 Bg:i" - '/ CuSniP
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100
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feed (f/mm) feed (f/mm)
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challenges to be solved -

further down stream (2): communication

materials / semis
fabricator

-

wholesaler

. lv

retailer
L AA
O O machining
endproduct
. manufacturer
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TAKE HOME

» Leaded copper alloys in use / needed for ALL AREAS of TECHNOSPHERE

e 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

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

- no restrictions unless sustainable alternatives available; Vatmﬂ & Invest
support R & D on alternatives

- no restriction on use of Pb containing alloys
where safe use is given

. CIRCULAR
§  ECONOMY

{
dop;goi b'usme.s-med‘e(

- . —
Wles |
‘harmful subsidies

* products in use (urban stock):
lasts for decades or even centuries. Pb-delution?
- keep functioning recycling loops (existing standards)

- secure future use of scrap

- avoid regrettable substitution

 conflicting interests:

- resource efficiency policy vs. chemicals policy

- chemicals policy vs. resource efficiency policy
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Deutsches
CU Kupferinstitut
Copper Alliance

Thank you for listening

Dr Klaus Ockenfeld, Dr Ladji Tikana

Deutsches Kupferinstitut Berufsverband e. V.
Heinrichstr. 24

D-40239 Diisseldorf, Germany
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