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Looming Copper Supply Gap — are Key for the Future

> 2,000,000 lbs of Copper Waste Every Year in US Fabs!

Operating === Committed === Probable Possible == == Demand

20 Copper is a Critical Component for
Electrification

Copper in copperconcentrate (Mt)

ELECTRAMET | SEMICON EUROPA 2023 2



Incumbent Treatment Options to Meet Compliance

Incumbent Process Resulting Challenges
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Incumbent Treatment Options to Meet Compliance

Chemical Coagulation Challenges with Chemistry
- Poor performance with chelators
A w [l | st -— VRl e - Interferences with peroxide
prese i e [ e - Highly susceptible to upstream
__ T' ]m A N changes
= etz N — N N
L3 - - _ﬁ_

Sludge Holding

it — o s r“~;\ i
o | e a——
Clarifier i'
I W o 3
’ s

(AR
(A

ELECTRAMET | SEMICON EUROPA 2023 4




Incumbent Treatment Options to Meet Compliance

Typical Copper CMP Wastewater Composition

Component

Hydrogen Peroxide

50 — 1,000 ppm

Organic Chelators 10 — 50 ppm

Triazole(s) 50 — 200 ppm

/‘L\ Copper - free

1 Effluentto
AWN

L S N

Copper Selective lon
Exchange Resin

Catalytic GAC
decomposes
hydrogen peroxide

2H202 - 2H2° + 02

Onsite or Offsite
Regeneration with Metal
Recovery

Wismer, M.; Woodling, R. “Copper CMP Treatment Using the Copper Select™ Process”, Semiconductor Fabtech, 25th ed., pp. 51-55, (2005).
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Wismer, M.; Riley, C.; Redding, A “An Approach for Copper and Hydrogen Peroxide Removal from Copper CMP and Solar Cell Wastewater”, Ultrapure Water (2016).



lon-Exchange is NOT Peroxide Tolerant
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Copper Selective Resins Need Higher Capacity

1

q, (mg/g resin)

ELECTRAMET | SEMICON EUROPA 2023




Pros & Cons of lon-Exchange for CMP Wastewater

%

— Excellent copper removal
capability (assuming appropriate
resin choice and operating
conditions)

— Common and familiar unit
operation in a fab facilities
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I’Q

— Pre-treatment required to prevent resin
fouling and degradation

(eg, removal of oxidants and organics
necessary)

— EXxpensive regeneration system

— Lower system flexibility for subsequent
upstream process changes




A New Tool — A New Flow Chart

Echem Treament
Activation Begins which

Hydrogen Peroxide Removal "anis Ty
- m_-‘ __;_j‘ Removes Copper

Wastewater is Processed to Remove
Hydrogen Peroxide

Wastewater Collection
(Containing Copper, Peroxide, and Slllca)
Cu )\ Regeneration and

DISCharge cover | COpper Recovery

Compliant Water is Discharged Down the Drain
(pH Adjustment if Needed)
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Heterogenous

Peroxide Destruction Column

Rapid H,O, breakdown

= 0000  Small footprint
g 10,000 r - Modest temp. increase (10 F)
Py 100 * No safety concerns
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Commercial

Installation

Peroxide Destruction Column

ELECTRAMET
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Electrochemical Reactor Design for Dilute Copper

CATHODE

Porous Carbon

+++++++++++++++++++ + WATER

‘ Tight Spacing SEPARATOR CLEAN

0,

e = " ﬁ
Water Quality Considerations
* Low TSS (< 10 ppm)

« TOC/COD/BOD (< 100 ppm)
* Biological/Microbes (N/A)
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Copper Removal & Recovery

Echem
Treatment

Module 1

Clean Water

Feed Tank Recovery Loop

Regen Loop

(7]

Regen Tank Module 2
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Delivering Success — Traditional CuCMP Processes

35
| 24 Months of Steady Operation N
R ¢ 100% Planned Uptime
* Consistently and Reliably Met Permit Discharge 25
Limit o Feed Concentration Range
o020
£
~
. =515 F
~/  Automated Process Adaptation =X
10
* Tolerable to Upstream Process Changes
e Adapts to Dynamic Upstream Process Changes 5 |
Such as Large [Cu] Fluctuations & Peroxide Discharge Limit [Cu]: 2.07 mg/L
ooI o°o ° o°°°°, @%°
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0 50 100 150 200 250 300‘ 350
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Delivering Success — Traditional CuCMP Processes

@ Echem: Inherent Feedback Signal @ Phys. Chem: Blind = Breakthrough

* Floating current (amps) matches [Cu] levels * No real-time insights
« Automated dynamic operation * Need second system in case of breakthrough
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Delivering Success — Traditional CuCMP Processes
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Delivering Success — Emerging Slurry Technologies

Removes Copper from
Stronger Chelates

Recover Cu as High
Purity Sheets

Potential to Reuse Slurry
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Delivering Success — Commercial Installation

ELECTRAMET | SEMICON EUROPA 2023 18



Electrochemical Systems Allow for a

Power — 0.05 kWh/m? Treated Power — 0.6 kWh/m? Treated

= =TT . |
113 :

4.5ft D x 17ft L x 7ft H
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Electrochemistry Enables a

Dissolved
Metals

Process:
Impurity Removal

ElectraMet
Wastewater:

Discharge Compliance

Customer

Metal Solids

(é/‘é & Sheets

Recycler
Partner
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Thank You | Q&A

Cameron Lippert ElectraMet.com
< Cameron.Lippert@electramet.com >4 Info@electramet.com
U 859.437.4823 U 859.600.1857

Q Electral\Vlet’
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