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Metalor Technologies |A Swiss success story
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The foundation

In 1852, Martin de Pury & Cie founded the
company in Le Locle (Switzerland),
specialized in gold casting and watch
case manufacturing.

In 1864, the factory. then employing five
people, was bought by the Banque du
Locle. In 1918, it was taken over by the
Swiss Bank Corporation (SBS), when it
had about thirty employees.

In 1936, the company was renamed Métaux
Précieux SA Metalor, a name that would
last for 65 years.

Swiss developments

Headquartered in Neuchétel for already
more than 10 years, the main Metalor
factory saw in the 1950s the expansion of
its premises through the construction of
a Chemical plant dedicated to the
development of gold, silver and PGM
refining.

Recycling of industrial scraps from
watch and jewelry manufacturing.

Expertise broadening

As from the 1980s, expansion of chemical

and metallurgical activities:

= Refining of mining, industrial and
banking products

= Production of precious metal salts
and powders

= Electrical contacts manufacturing

In 1987, a new plant was built in Marin
Switzerland, reinforcing the refining
activities and the chemical production.

Shareholders .
SBS until 1997, then UBS




Metalor Technologies | A Swiss success story

1998

TODAY

Industrial expansion

As of 2001, the name Metalor Technologies
became the company's corporate name.

Development of the plating activity, in
particular through the acquisition of
Engelhard CLAL (Advanced Coatings) and
Contacts (Electrotechnics).

Shareholders:

Private investors 1998 to 2009
Astarg (Private Equity)  2010to 2016
Tanaka Kikinzoku 2016 to present




Metalor Technologies |In Short, who we are

”A global leader in precious metals

Precision technology provider 12
with key competences in Production and R&D
chemistry, metallurgy and sites globally
materials processing

Precious Metals :

Trusted partner serving the
top market leaders in each of

our 3 business segments Rhodium,
Ruthenium, Iridium

Gold, Platinum,
Palladium, Silver,

3

Business Groups

US$ 2.6 Billion

Lease lines with over
15 major banks

>165

Years of expertise in
precious materials

>5'000

Customers globally

>1,500

Employees,
39 nationalities

METALOR"
S TANAKA



Metalor Technologies |Business structure & markets

METALOR GROUP

. y -
REFINING ADVANCED COATINGS ELECTROTECHNICS
Business Group Business Group Business Group
o estic
appliances
Corttot

; General Electranics Automotive, TREASURY
Recyclers Chemical &  Industry Power Aeronautics, : : :
& PM Pharmaceutical dlstribution Train Hedging and financing

Traders solutions
= Evaluation & refining services = PM salts and electrolytes = Silver based strips and wires * 24h /5 days a week trading
= Bullion & investment products = PM flakes and powders = Rivets & tips * More than 250 MUSD cash
= Fine metals, alloys & = Assemblies * Tailor-made solutions

chemicals
For electroplating, conductive For breakers, contactors, rading desks in CH, US, HK &

For industrial and financial inks & photovoltaic applications relays, switches, fuses and hina
markets sensors




Metalor Technologies |Our global network, sustainably located

Port Huron (US)

Silver powders
and flakes products

(_A.ulshoru&Nnrth Attleboro (US)
Au & Ag refining

stamping. plating

. J

E Production
® Evaluation centers

Bullion products
Plating products
( )
San Luis Potosi
(Mexico)
Electrotechnics products,

Courville (F)
Electrotechnics products,

R&D, Electrical test
laboratory

. J

Oullins (F) Marin (CH)

PM compounds and proprietary
solutions, powders
Spent solutions and solid
wastes recycling
New site under construction

Headquarter
Au. Ag & PGMs refining
Bullion & industrial products
Plating products

Singapore

Au & Ag refining
Bullion products
Plating products

R&D

Wuzhong (China)

Electrotechnics products,

ngfu (China)

and Ag refining
ullion products
lating products

Hong Kong (China)

Au & Ag Refining
Bullion products
Plating products

Kaohsiung (Taiwan)

Products: PM proprietary
solutions

METALOR"

& TANAK A
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Metalor Technologies |Group key figures

Metalor Group Net Sales (2020, in K CHF)

Americas 93’636 Americas
28%
156’801 Asia
Asia 83’584
TOTAL 334’021
Europe
Electrotechnics 47%
23% Refining
51%
Business
Group Share
2020
Advanced
Coatings
26% ®
METALOR

& TANAK A







Metalor Technologies |Compliant Business Practices

”Responsible Products and o
Services

London Bullion

)

Swiss F'nanc'athI/I':er;At Market Association
wiss Fi i ;
i i LBMA Good Delivery
Supervisory Authority Good Delvery Member & Roferee

RoHS

Complian

Referee

London Platinum and
Palladium Market

LIPM

UN Global Compact

Member o . LdP;IM Good Delivery
{"a Q‘L il Member & Referee
‘q e
. 39 REACH

Compliant \.‘

Responsible
Refining™

Responsible Jewellery
Council
RJC CoP CoC Certified

OECD

Cooperation

GDPR

Compliant

Dodd-Frank Act

Better Gold Initiative (Conflict Minerals)

Founding Member

Compliant
Metalor Supply Chain Due Diligence Strict Internal Customer Products and Services compliance
Policy Management Processes (KYC) P
///







Tanaka Kikinzoku (Gold & Silver) | Products, applications,

Iwate Plant
(clad
Wires and Rivets
Cladded-strips, Micro-profiles Tomioka Plant
Brazing materials/joining technologies (casting, rivets)

0 Materials:
= Cadmium-free materials (except at Heesung JV) , AgSn02In203, AgNi, (no AgW, AgCW, AgC)
0 Processes:
= Casting, Internal oxidation, high precision multiple cladding, automated rivet manufacturing and sorting \
2 Applications:

Switches and relays
2 End-markets:

focus on automotive and electronic, aerospace, medical. Not in MHV (except brazing materials), mainly in L

Footprint:
Mainly in North East Asia (Japan, South Korea, Taiwan, China)

Complementary to Metalor ET




Metalor Technologies |Electrotechnics Business Group

The Metalor Electrotechnics products are the heart of the
electrical switchgear devices.

m Circuit Breaker m Relays
Leader on his market, Metalor manufactures an extensive m Switches m Contactors
Safety a Fuses Control Push Buttons

range of products including powders, wires, strips, multi-
stripes, rivets, tips, and contact assemblies.

Silver is at the center point of the Electrotechnics products, = Slip Rings 0 ti
while in some specific applications palladium, platinum and Monitoring " ®"*°™® perating
gold are also used. range

With a large range of processes and equipment, Metalor
offers optimized manufacturing solutions with highly
automated process.

Major Products

m Thermostats

Low-med Voltage
1to 100 000 Amps

: - Silver based : ﬁ;’ﬁﬁ?;&{ivfg AD°T?§§§55
Rivets & tips Assemblies & train PP

strips and wires

Process
Control

Power
Distribution




Electrotechnics| Footprint
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Wuzhong (China)

Electrotechnics products,

China (2014)

Land size : 28 000 m2
Production size : 10 000 m2

Office and Lab size : 5 000 m2

San Luis Potosi Powder mixing / Extrusion

(Mexico)
Electrotechnics products,
stamping. plating

Mexico (2018)
Land size :20 000 m2
Production size :10 000 m2

Courville (F)

Electrotechnics products,
R&D, Electrical test
laboratory

T
and size : m i
Production size : 12 000 m2 Auto Assemblies
Office and Lab size : 2 000 m2

Die Compaction (Bi-layer)

Stamping

Manual Assemblies

Office and Lab size : 1200 m2

220 mio. Rivets/Rivet assemblies

Powder mixing /Extrusion
Assemblies Microprofiles/Xlay

Powder mixing

Extrusion / Die Die Compaction

Compaction Infiltration/Brazing . 200 mio. Tips
Infiltration/Brazing Stamping .
Stamping Auto Assemblies

Manual Assemblies 140 mio. Rivets

. Rivets ®
Rivets Multistripes m—" 2t of Stri M ETALO R
Plating Microprofiles/Xlay 6 ForStrips @ TANAKA



Electrotechnics| Sales XPM segmentation

By End application

By Material \

3% m Contactor

m Breakers

® Fuse

® MHV Contactor
Breaker

m Motor Starter

m Relay

Switch 5%

m Others (Ag, Cu, CuAg,
CuCr, AgCdO, CuSnO2,

= Sliding contact AgZn0)

Low voltage Breakers and Contactors are
predominant (84%)
Complementary to Tanaka (Relays and Switches)




Electrotechnics| PRODUCTION FLOW CHART

Powder metallurgy, 90%

Casting (Ag or doped Ag), 10%




Electrotechnics| Materials

. L. Very Low
Maximum Switching Current cu!rent 1 10 100 1000 10 000 100 000 A
I Pd Ag Pt
Sliding contacts Pd Ag Au Pt
AuAg
1 Ag CdO
SWItChES fOI’ Ag - Ag Cu - Ag Ni (0.1 Ag N Ag Sn02
Domestic Applications Ag Fe203
Light Switches Ag - Ag Cu - Ag Ni (0.15) Ag CdO - Ag Sn0O2 - Ag Fe203
e |
Miniature Circuit Breakers Ag CdO - Ag ZnO - Ag 5n02 Ag C-Cu/Ag C-Ag Ni
T
Ag Ag Ni
Auxiliary Switches Ag Cu Ag Fe Re
ry Ag Ni (0.15) Ag Fe203
Ag Ag SnO2
Contactors - Relays Ag Cu Ag Ni - Ag Fe203 Ag CdO
Ag Ni (0.15) Ag ZnO
. .. Ag CdO AgW
Industrial Circuit Breakers Ag ZnO Ag C gFeRe-Ag AgWC
Ag SnO2 AgWC C
Vacuum Ir.'lter.rupters we-wa-weiEE -
Contactors Circuit Breakers

A large range of materials for Low and Medium Voltage applications




Electrical tests laboratory

METALOR"



Overview

2 storey building, 300m?

Based in Courville, France
since 2004

Dedicated to contactors

2,5 MVA transformer
Assighed voltage 3x400V - 50Hz
Tests according IEC 60947-4-1

o 4 electrical durability test benches
/' Rated current up to 500A

Making tests up to 3kA

Making/Breaking tests up to 3kA




Temperature rises test benches

3 benches

Up to 400A
3 positions

Up to 50A
3 positions

Up to 700A
3 positions




Temperature rises test benches

|

4 Temperature rises on terminals

Temperature rises on moving contacts

Voltage drops and contact resistances




Electrical durability test benches

4 benches, AC1-AC3-AC4 tests

Opening current | Closing current |Opening | Closing
voltage |voltage |Phi
AC1l Depends on|Depends on|l 1 1
device device
AC3 1xIn 6 X In 0.16666 |1 0.35
6
AC4 6 X In 6 X In 1xV 1x V 0.35




Electrical durability test benches

4 benches, AC1-AC3-AC4 tests

AC3 - AC4 AC3 - AC4 AC3 - AC4
Up to 40A Up to 250A Up to 500A Up to 1000A



Electrical durability test benches

' Thermal camera controls
S sv—— 7 | Temperature rises tests

B ALY 20 e

T N

10 5w AR
b iy

ol d i T e Vs

b ¥l T 2]

| Contacts erosion evolution by
weighing




Electrical durability test benches

Making current up to 3kA
Breaking current up to 3kA




Expertise and advices \

15 years experience in contactors testing
improved Metalor knowledge

.. __|Influence of contact materials
Influence of carrier material

<4y |Impact of contacts geometry
1 | Impact of brazing process, brazing alloy

Importance of contactors design

/




Expertise and advices : examples

St Malo ICEC

Contact mate
AgSnO2 EMB1
(14% oxides - 2

2000000
1800000
1600000
1400000
1200000
1000000

800000

Durability AC3 Min, mean and max results - 1e=37A - Electrical switching frequency = 1000c/h

600000 -
400000 -
200000 -

0

Fixed Cu Zn15| Fixed Cu Al |Fixed CuZnl5| Fixed Cu Al |Fixed CuZnl5| Fixed Cu Al |Fixed CuZnl5| Fixed CuAl |Fixed CuZnl5

H14
Bridge Cu A1 H14 1mm

Fixed Cu Al
H14 H14 H14 H14

Bridge Cu A1 H14 1,2mm Bridge Cu A1 H14 1,5mm Bridge Co-cladded Cu Fe Bridge Cu Zn15 1mm
1,2mm




Expertise and advices : examples

Newport Hol
Guideline for c

I -1
Contact force | Temperature rise Number of cycles Spnod e/ e
density X) with thermal g8 |- 8
(mN/A) Average Max
57 61 114
70 42 65
o 19K 9K
31% A3%
i £5 3000
b ‘ac O
zm ﬁ . 2500 lJ'III?t'l 1 IZ::‘D‘:
k] S E Fege Vot
g =) S E 2000
w SnO2 EMB14 / LAG15P - Contact force density: 7OmN/A
o0 28 1500 W9 | 8 6
— S 1000
S
. s 500
L0
A B £ 0
Meétalor SnOZ 12% M¢ =]
502 14% Sn() = 20 85
4 -
F=

Zooming of side 3 i

Fig. 16. No cracks with a contact force density of 70mN/A

~




Expertise and advices : examples

1200

Model Switch Weld test, 400A

1000 |

force, gf

3856

N

(a) Group 1: High weld force relative to 10WP and 15WP

Model Switch Weld test, 400A

force, gf

5858883

T

oo

$¢;€" ‘\‘0‘;(* \_‘IS‘.'. ?\‘1:’\ © 1&-5‘

(b) Group 2: Ag/MeO showing oxide content effects

50

Model Switch Weld test, 400A

40

30

force, gf

20

10

m O = w8

o

pe Qvﬂ-c 9:;"‘3"‘65 a7 o (B

land A g/WC/C

(c) Group 3: low weld force Ag/MeO comparable to Ag/C

Dresden ICEC2014

Moving Contact material
= AgW 50/50




Expertise and advices : examples

Edinburgh
Silver reducti

° 1 = g | [ o3 | 2 Silver plated
X X% 2 £ coppe
| - -2 ——— = :‘.-;-—-——"—'_—_“' o R e S A R —
885 3 s | s < ] TN
o o ‘5_. rr‘,,__‘ 7 ul V
cooH ' T Brass|[UZT5
b M Pure (copper
@ ,ﬁ : B
; /ff B |
Ol

In this case: 200 k contactors, meaning 1,2 million carriers
So... a saving of 144 kg of silver!




Collaborative projects

Metalor can support you in your projects

To optimize
To develop existing Lab at your
new device disposal for
contactors (Performance- || other projects
cost saving)

To ban unsafe
materials



Technical papers at conferences

IEEE HOLM 2013, Newport, RI, USA

" | Design guideline of contactors, optimal use of
assembled contacts

I ICEC 2016, Edinburgh, UK

s Reduction of the silver quantity required
for contactors power contacts




Projects for the lab

 switching machine for material ranking

High speed
camera

Profiler




For more information,
please contact METALOR
team on our Web site:
www. metalor.com




Metalor Technologies |Electrotechnics Business Group

THANK YOU




