


» While it can also function as a cathode, this technology is not op
which are in a reducing environment. Limitations include:
« Voltage escalation . Require Polarization TR N
« Poor adhesion « Poor substrate protection o -
« High wear rate  High cost AL
e Limited lifetime

Cracks and Pores in a
Thermally Applied

Coating

s | believe there is room to improve
chlor-alkali cathodes and this is one of the
reasons | started Electrode Solutions. +



v" No large capital expense for

 Operate at the LOWEST ENERGY CONSUMPTION
v' Activate all areas capable of hydrogen evolution
v" No voltage escalation (consistent cell room performance)
v Immediate recovery from upsets = CE-LNG

« MUCH LESS expensive and BETTER than OEM supplied cathode coatings

* Possible improvement for the membrane
v' Equilibrate the current density across the membrane surface
v Less heating at the membrane surface = Higher Efficiency +
v' Less hydrogen on the membrane = Lower H, in Cl,



VRS was too expensive but it




COS is economical enough t
the lowest energy consumption and achieve a sta

Unlike thermally applied coatings provided by OEM’s, COS will seal off the underlying nicke
protect the nickel substrate during power outages.

. . .. .. ....'.... O e

NICKEL METAL SUBSTRATE NICKEL METAL SUBSTRATE + 1 e ~troc ":j e



“Greenish” Stains on OEM Supplied Oxide Coating

“Non-Uniform”
Appearance

Tape test result showing the
adhesion of the Oxide Coating is
compromised.

To avoid voltage escalation,
the coating must protect the
underlying nickel and be
adherent. This is especially
important during outages.

COS is adherent to the nickel
substrate and protects it.




SN

Porous OEM Cathode
Coating allows corrosion
and corrosion products
(greenish color) to
migrate to the surface.




FIXED GAP CHLOR-ALKALI MEMBRANE CELL

COARSE MESH

MEMBRANE TO PREVENT MEMBRA
DAMAGE. THESE CELLS ARE REFERRED TO
AS “FIXED GAP” CELLS.
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CHLORINE GAS HYDROGEN GAS



FIXED GAP CHLOR-ALKALI MEMBRANE CELL

COARSE MESH

MESH AS
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CHLORINE GAS HYDROGEN GAS



ZERO GAP CHLOR-ALKALI MEMBRANE CELL

vemBRang e MESH NEWER CELL DESIGNS AND/ORM

(CI\I%'\QF’:*CETSI\S/ETLEEDgAYER OF OLDER CELLS INCORPORATE A ZERO
COARSE MESH GAP DESIGN WHEREIN A COMPRESSIBLE
QIR T TeE) LAYER IS PLACED BETWEEN THE COARSE

MESH AND A FINE SCREEN.

ANODE
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CHLORINE GAS HYDROGEN GAS



ZERO GAP CHLOR-ALKALI MEMBRANE CELL

COMPRESSIB
(NOT ACTIVATED)

COARSE MESH
(NOT ACTIVATED)

IN A ZERO GAP CELL, THE FINE MESH IS
ACTIVATED AND THE HYDROGEN GAS IS
EVOLVED ON THE FINE MESH ONLY.
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CHLORINE GAS HYDROGEN GAS



ZERO GAP CHLOR-ALKALI MEMBRANE CELL

(ACTIVATED)
ANODE

(NOT ACTIVATED

COARSE MESH
(NOT ACTIVATED)

ACTIVATED
CELLS.
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ZERO GAP CHLOR-ALKALI MEMBRANE CELL
BY ELECTRODE SOLUTIONS

FINE MESH
(ACTIVATED)

COMPRESSIBLE LAYER

(ACTIVATED) CATHODE OPTIMIZING SOLUTION

COARSE MESH

(ACTIVATED)

?

SURFACES IN
ACTIVATED AND EVOLVING HY
GAS, AND THE CELL VOLTAGE IS

CHLORINE GAS HYDROGEN GAS



ZERO GAP CHLOR-ALKALI MEMBRANE CELL

BY ELECTRODE SOLUTIONS

MEMBRANE
ANODE OPTIMIZES THE CATHODE OPERATION.

PREVIOUSLY UNACTIVATED SURFACES ARE
ACTIVATED AND PREVIOUSLY ACTIVATED
SURFACES ARE RENEWED. THE CATHODE

CURRENT DENSITY IS LOWERED.

Cathode Voltage vs Current Density

CATHODE VOLTAGE

CHLORINE GAS HYDROGEN GAS



Showing COS deposited Bare nickel
on ALL cathode surfaces. cushion layer

Showing COS deposited on
cushion layer and current

collector.

Bare nickel
current collector

. . L
. i‘. .

".i
¢

R

o

e F
[

¢
'

S—
-
-,

e
4

&

,-“e:o' )
[
XXX

Showing COS
deposited on
current collector



Immediate results
with COS.




OTHER BENEFITS OF A CATALYZED CUSHION LAYER

OEM supplied catalyzed fine mesh layers increase the temperature of the membrane by
at least 5 °C according to AGC chemicals which lowers the Current Efficiency by 0.5-1%.

Catalyzing the cushion layer counters these negative effects and improves the operation.

Higher Temperature in Zero Gap F-8080 : CE Decrease in Zero Gap

F-8080, 6 kA/m2, 32 wi% NaOH, 200 g/l NaCl F-8080, 6 kA/m2, 32 wi% NaOH, 200 g/l NaCl

) Finite gap

Finite gap

Zero gap with fine mesh
cathode and elastic cushion
100

Calhol eoutlet temperature (°C

 Zero gap with fine mesh '
cathode and elastic cushion
100

Cathol e outlet temperature (°C)

AGC Chemicals

AGC data presented at Clorosur Technical Seminar



OTHER BENEFITS OF A CATALYZED CUSHION LAYER

OEM supplied catalyzed fine mesh layers increase the hydrogen in chlorine.

Catalyzing the cushion layer with COS counters this negative effect and improves the operation.

Higher H, in Cl, at Lower CD

H,/Cl, on anode side at low CD in commercial size electrolyzer
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Finite Gap
(0.8kA/m2)

L=
=y

H,/Cl, on anode side (vol%)
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Catholyte outlet temperature (°C)

AGC data presented at Clorosur Technical Seminar



HOW TO ADD COS

To : . . . ] .
Caustic Recirculation Line Cell Voltage

COS COS Addition
diluted

gg\}v ;’g/j)th Finite Gap
Caustic 5-10 ml/m’ 10-15 ml/m’

2-4 ml/m? 2-5 ml/m?
0.5-1.5 ml/m? 0.5-1.5 ml/m’-wk




COS FI ELD DATA COS Performance After Un-Protected Shutdown
(ELTECH EXL 1.5 m2 Cells) e —

200

Finite Gap Cells
3.76 kA/m2

195

Circuit Voltage Savings vs Time
190
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COS Addition Started
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COS Addition Stopped

Minutes After COS Addition

mV Saved

COS |Owered the VOltage Of eaCh Ce” by ~9O mV' m3.66 kA/m2 (Actual) 5.0 kA/m2 (estimated)

COS lowered the voltage on three different recently installed OEM cathode coatings by 20-30 mV.

COS Savings retained after un-protected 6 hour power outage.
Minimum Voltage at ~10 mI/m? of COS
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|

 COS corrected the voltage loss due to poor cathode polarization during power outages.
o Savings of ~20 mV on “good” cathodes and up to 115 mV on “bad” cathodes with an average
savings of >70 mV.
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 COS lowered the voltage on good condition UHDE cathodes.
« Savings of ~30-50 mV.



COS FIELD DATA

(Long Term Data)

1/5/195D i a W
2/12/19C795pk 1:60@  kA/m2for6 hrs increassto ka/m2 COS Testing in 32% NaOH

o i i 1:60 Dilution @ ml/min. for 6hrs.
3/25/19 Spk1:60@  kA&/m2for B hr=. inoreaseto «A/m2  ,

5/12/1250 85C, kA/m2,Z-Gap

2/3/13 SDDVCal

37

| . €79 COS Spikefor
Ehrs@ kASm2 L]

Mwm." favie. 200

lcos spikefor SD-Plant Wide
5 hrs. & kA/m2 Power Failure "0
COS Spikefor
SD Loss Ehrs.@ kA/m2

of €12 Suction

K
™~ SD-Loss i
S0-Demal

of €12 Suction S "
Calibration

29 L i 1 ] | |
10/17/2018 12/6/2018 1/25/2019 3/16/2019 5/5/2019 6/24/2019

Date
& CELL 76 Used Ineos Voltage @CELL_7% BaeNickel Voitage

8/13/2019 10/2/2019

« COS lowered the voltage on OEM cathode coating and bare nickel cathodes.
e Long term stability.



Robustness - Activity Index Chart
Cathode coatings for IEM Chlor/Alkali

No Polarization
required
ROBUSTNESS INDEX

Stand several

unpretected
shutdowns

accurate
polarization at

Always require
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Even a single event
may permanently
affect performance

TAKEN FROM THE DE NORA WEBSITE



/EVEN LARGER SAVINGS\

Cells in yellow can be changed

avings

nalysis

from ELIMINATION of OEM
+ Electl’ode Recoating

Electrolyzer Characteristics

Number of Electrolyzers: 1
Cathodes per Electrolyzer: 183
Total # of Cathodes: 183

M2 per Cathode:

Total Cathode M2: 497.8

COS Requirements

Eliminate more than
$500,000 in this example
AND
Achieve a lower voltage

= Solutions B8 -

Savings vs Days On-line

$70,000

$60,000

Initial Addition: 15
Continuous Additions 1
COS Price:] $0.880
Initial Addition Cost  $6,570
Continuing Addition Cost

Voltage Savings

$50,000

ml/m2
ml/m2-week
per mi

$40,000

$30,000

$/da $20,000

$10,000

Average Savings from COS: 0.070
Current Density 5.00
Power Costs| $0.055
Rectifier efficiency

Savings

Volts $0
KA/M2 ($10,000) 50 100 150 200 250 300 350 400
per kWH ’ Days On-Line

Savings per day with COS $242.07

$/day



> A 2 xlife anode is only marginally

Achieve longer membrane life by improving the current
uniformity across the membrane and reducing membrane
overheating.

> Lower nickel contamination of the membrane.
- Lower CO, footprint

- Easy, Inexpensive on-site conversion to Zero-Gap technology



L7

v' ~30 mV saving
Protects the nickel substrate better
Protects and activates all surfaces on the nickel cathode
Easy and Safe to use
Does not harm cell room components
Does not contaminate the caustic product
Corrects membrane over-heating observed in zero gap cells utilizing OEM
zero gap cathodes.

« Higher cell efficiency

 Lower H, in Cl,
Very Economical to use
Performance is mostly retained after power outages
No warranty concerns

C W




@@= | OEMCoating]  COs

Cost
Stable Coating
Room Outage/Downtime to Install

Even if an OEM offers
FREE CATHODE COATING, you
are still better served with
COS
from Electrode Solutions.




CONFIDENTIAL
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