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Dry Ice
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Energized Electrical
Equipment Cleaning
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Energized Electrical Equipment
Cleaning Continued
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Annualized Cost of Cleaning
60 115 kV Insulators

Method Capital | Labor Material Service/Main Total Cost
Cost Cost Cost tenance Cost

Water $2,400 - $2.400
Cloth

Solvent - $1,800 $1,200 - $3,000
Cloth

Media - - - $2,500 $2,500
Blasting

Dry Ice $384 $1,800 $386 $167 $2,687

Blasting
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Liquid Dry Ice Cleaning
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Mold Cleaning
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Annualized Cost of

Removing Mold Protectant

Hexane Aerosol Cleaning $56,174
Acetone/Glycol Ether Cleaning (five -gallon pails) $22,914
Acetone/Glycol Ether Cleaning (drums) $11,454
Dry Ice Blasting (no system purchase, same labor) $3,546
Dry Ice Blasting (no system purchase, double labor) $7,113
Dry Ice Blasting (system purchase, same labor) $6,198

Dry Ice Blasting (system purchase, double labor) $10,680







Graffitt Management
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Graffitt Management
Continued
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Boat Paint Stripping
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Boat Paint Stripping
Continued
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Other Potential Dry Ice
Blasting Applications

alled Cold Jet sells dry ice blasting

tudies on website at
https.//www.coldjet.co

IS Interesting application



https://www.coldjet.com/

Safer Alternative Floor Wax
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Alternative Floor Wax
Stripping Continued
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Green Innovations
Floor Finish
Stripper

Ajit & Kory Shahani
President, VP - eChem




f Incorporated in 2003

f Primary markets for metal processing (cleaning,
degreasing, passivation, etc.) are Aerospace and
Biomedical

f Based in Southern CaliforniaConversant with
SCAQMD rules and regulations

f Multiple projects handled requiring low to no
VOC chemistries

f Collaborated with Dr. Fruscella in developing
floor strippers and graffiti removers



Floor Wax Stripping Products

Worked with IRTA on
flooring project sponsored
by EPA

eChem and Dr. William Fruscella, Ph.D. worked with IBRTA
formulating the strippers

Aim was to develop two
safer floor wax stripping
products

No amines
Relatively low pH

Floor wax stripper must specify a dilution ratio fighit or medium build-up of
polish that results in an as-used VOC concentration pé@ent by weight or

New floor finish strippers
had to meet CARB less

Floor wax stripper must specify a dilution ratio fardvy build-up of polish
that results in an as-used VOC concentration of 12 perbgmnweight or less

requirements in California

One contained solvent

ISV (o] oITo MO RS iglo]o[clS] One was solvent-free
Both have zero VOC content and should be used witRigi pad



Stripper
Testing

Tested strippers with IRTA in a variety of
different locations in schools and public
buildings

Tested extensively with Riverside School
District

Learn stripping procedures and requirements for effective
strippers

Tested three stripping products

Compared to current stripping product that contained
amines, a toxic solvent and had high pH

Two formulations worked best for stripping multiple caat
of wax

Tested at SCAQMD

Compared to current stripper with amines and high pH

Preferred the stripper containing solvent because it left a
non-slip surface




Stripper
Testing
Continued

Tested strippers at San
Francisco City Hall

Both strippers worked well

Tested strippers at Irvine
school district

Alerted staff to advantages of Hi-
Pro pads and they adopted them

Pads can be recycled and reused

Stripper with solvent worked
effectively




Tests of Safer Strippers

BEFORE




Recent
Activities

Decided to commercialize strippers a few years agq

Contacted by Coast Guard training facility who had
seen IRTA report

Coast Guard
preferred solvent-
free stripper

Tested both
strippers

Purchasing large Are largest
guantities current customer




AJit Shahani
President eChem

Consultant: Dr. Fruscella

714-271-8964

ajit@echemproducts.com

\ www.eChemProducts.com

Contact Information

Kory Shahani
VP eChem
Consultant: Dr. Fruscella

949-769-4682

kory@echemproducts.co



TECHNOLOGIES

CQ Spray Technology:
Safer Alternatives Dry Ice
Cleaning Webinar June1, 2025




Coar

Who Is ool Clean Technologies? stz

1A company that uses G all phases:
TFor cleaning and surface preparation of precision surfaces;
TMachine tool cooling and lubrication for precision machining;
tSelective extraction.

1Strong Proprietary Products - Patents and Know-How

TAIll our processes have these important attributes:
tAre effectively dry;
tGenerate Zero to trace byproducts;
tNo Touch spray cleaning;
TLower energy costs;
tEnvironmentally friendly.

17-Jun25 © Cool Clean Technologies LLC 2025 2




(02 isa Recyclable and Renewal Resource (o

$The CO2 Generators (ranked based on CO2 el
Purity): Il

TEthanol plant production;
TAmmonia production;
TNatural gas sweetening;
TEthylene Oxide Production;
tCoal to Liquid;
tGas to Liquid;
tHydrogen (Refinery);
TIndustrial iron/steel furnaces;
tCement plant / Lime kiln exhausts.

T Fertilizer/Urea manufacturing (57%);
1QOil / coal bed methane recovery (34%);
tFood and beverage additives (6%) ;
tWeld gas; (2%)

tFire extinguisher;

+CO2-Based Cleaning Technology.

17-Jun25 © Cool Clean Technologies LLC 2025
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TECHNOLOGIES

Solid GO2 Particle Characteristics

Q Dry Ice Pellets
A

co2
Crystals

ilmpa;:t phenomeno ablation and phase change (solid->gas, solid->liquid-
>gas

T Hardnesst <2 Hm (examples: ftalc, 2.5 - fingernail, 3 calcite, 5.5t glass, 7
t quartz, 9 - AlO)

T ParticleSizet < 0.5 microns to > 500 microns, range adjustable (coarse/fing

T Impact Stress up to 130 Mpa (18,850 psi), pressure/particle size/distance
dependent

17-Jun25 © Cool Clean Technologies LLC 2025
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CO2 Intesrated Spray
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particles

Air, N2, CO2 tHeated inert propellant pressure control
TAdaptable to existing assembly platform.

17-Jun25 © Cool Clean Technologies LLC 2025 6
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Cryogenic particle

Collision force, F¢ Contaminant particle

B l
oundary layer Tangential collision force

Drag force, Iy
>
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Ref: Souvik Banerjee & Andrea Campbell (2005) Principles and
van der Waals force’ F""dw mechanisms of sub-micrometer particle removal by CO2

'
1
|
E]ectrnnic d(}uble-layer fﬂrCE, Fel v ;2@%?;}:9?0{]33”%;;?%' of Adhesion Science and
Normal collision force
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CO2 PARTICLE

l IMPACT VELOCITY
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W

CO2 YIELD PRESSURE

00000000

_— PLASTIC DEFORMATION

ELASTIC DEFORMATON

Ref: King, JW et al.; Ablation and Sorptive Removal of
Films and Particles from Surfaces Using Carbon Dioxide

SURFACE PRESSURE DISTRIBUTION

17-Jun25
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Dry Ice Pellet Blast Technology Coor

X
C

17-Jun25

Blasting gunw. laval nozzle

“LEAN
@ Hopper with pellets
@ Compressed air
@ Rotating dosing unit
@ Grinding unit
@ Blasting hose
®©

(6

© Cool Clean Technologies LLC 2025




®
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C02 Spray vs CO2 Pellet Blast System Comparison GQLEAN
CO2 Pellet Blast

CO2 Pellets procured from gas

. LCO?2 LCO2 . Compressed Air
‘| suolv | Expansion tc@- : J{
; PRY CO2 Snow b
: CO2 Snow Compression into AAMNA, . CO?2 Pellet
pellets or bricks i . CO2 Pellet ) COBZIaIZaIIet /\-IF_ Blast
\ , : Transport Module
Compressed Air
LCO2 procured from \l(
:"gas stpplier
.9 PP . _/\,-:_ CO2 Spray
. : CO2 Spray,|
LCO2 . ) Module
Supply | -

CO2 Spray

17-Jun25 © Cool Clean Technologies LLC 2025 10




02 sbrayvs 002 Pellet Blast Application Comparison (ool

CLEAN
p— S O
ol 2 B
- | 0
CO2 Spray

Medium

Semiconductor, Soft/Delicate Dust, Fingerprints Weld Soot, Adhesives Mold Surfaces, Paint/Rust
Wafers Surfaces, Fibers, Solder Flux Dies, Tools
Submicron Debris
Particles
Not Typically Effective " | Somewnhat Effective B Typically Effective

17-Jun25 © Cool Clean Technologies LLC 2025 11




Particle Removal: Air J& vs CO2 Spray Coor
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Coor
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Fngerprint Removal from Optical Surface
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Removal of Oily Grime from Metal Surface Coor
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Removal of Harden Photoresist

17-Jun25 © Cool Clean Technologies LLC 2025 15
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PEEK Deburring with CO2 Sporay (Mdeo)

17-Jun25 © Cool Clean Technologies LLC 2025 18




Automated HDD Cleaning System -t In-Line Cleaning

17-Jun25 © Cool Clean Technologies LLC 2025 19
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Case Sudy: Replacing 5-Stage
Power\Wash for Automotive
Plastics Ceaning

© Cool Clean Technologies LLC 2025




Current Ceaning Technology -t 5-Stage PowerWash (-

/ Agqueous Wet Chemical System e
Parts go through water jet-cleaning /  ISignificant amount (> 50%) of
pretreatment prior to coating. automotive factory energy is
fOvens / fans are then used for the consumed in paint line.
evaporation of water droplets H arge footprint
following the pretreatment (Power tHigh investment cost

wash).

17-Jun25 © Cool Clean Technologies LLC 2025



Case Sudy. PowerWash / Q02 Soray System Detalls

TAutomotive Plastics Cleaning Line, SE USA.
tSupplier to OEMSs.

TManufacture exterior component$ bumpers, grills,
trim.

TPaint Line Characteristics:

T Process 40 skids of parts per hour,
T Two shifts / 3900 hrslyr,
1 Cleaning surface: 84tskid.

TCurrently use 5-Stage Powerwash for product pre-
cleaningt prior to painting.

TRegional electric power: mix of nuclear, ng, coal,
renewables.

tConsidering a switch to CO2 spray.

17-Jun25 © Cool Clean Technologies LLC 2025 22




Case Sudy. PowerWash Production Data

1Operating Systems: iEstimated operation cost: $70/hr.
*Eg‘aﬁf]g Osmosis: - Rinse water post  {Estimated electricity usage: 265 kW.
fWastewater Treatment process of fEstimated NG usage for ovens: 50
wash water, m3/op-hr.
+Spray Water Pumping, 1CO2e Emissions: 168 kg-CO2e/hr.
tVentilation,
TOven

tChemicals for wash water.

1Regional electric power mix: 266 gm-
CO2e/kWhr



Case Sudy. G02 SJoray Replacement

1Spray Module
Requirements;

12 x 6-nozzle Omega&LEX.

i stimated facilities:
142 kghr CO2,
2.3 n?/min CDA,

124 kWhr/hr (average of 21
and 27 kWhrhr).

tOperating cost: $18/hr.
1Energy usage: 30 kwhr/hr.

1CO2e emissions: 26 kg
COZ2e/hr.



Case Sudy: PowerWash vs Q02 Soray

iBoth system meet the : _ _

cleaning requirements Cleaning Operating Electric CO2e, kg-

of the process. Option Cost, $hr | Power, kW | CO2hr
$70 264 168

1CO2 Spray provides PowerWash
substantial savings in

operating cost, electric €02 Spray $18 30 168
power requirements, percent asres,
and CO2e emissions  paduection 4% 89% 60%*:
generated.




immary
1CO2 Spray uses recycled CO2 as a cleaning agent.

FCO2 Spray has been demonstratede a cost effective
environmentally friendly cleaning system for many applications.

1Key CO2 Spray applications:
tParticle Residue and Removal
TElectronics and HDD Cleaning
TPre-Treatment of Automotive Plastics
TPrecision Cleaning of Optical Surfaces

1CO2 Spray and CO2 Pellet Blasting (Dry Ice) cleaning are similar in
function but differ in intensity, temperature impact and facilities
supply issues.

1CO2 Spray Cleaning Intensttdelicateto moderate.

1CO2 Pellet Blast Cleaning Intensityjwoderate to aggressive.



For Further Information. ..

Nelson W. Sorbo, Ph.D.

Research and Development
nelson.sorbo@coolclean.com
3105084045 (m) / 651842-8628 (0)
Www.coolclean.com




Capabillities Overview

Ruben Alanis - Owner

ruben@cryomode.us



Introduction

Founded in 2022, CryoMode Dry Ice
Blasting is the first dedicated dry ice
blasting service In the greater Seattle
area. Our specialty cleaning services
and expertise cover a wide variety of
applications in the automotive,
residential, commercial, and industrial
spaces.



What Is dry ice?

¥ Frozen carbon dioxide
T -109 degrees Farenheit

T Produced locally by companies like
AirGas, Linde, Reliant, etc

T 3mm pellets, 500Ib containers

T Lasts up to 10 days before complete
sublimation



How It works

T Ice pellets at up to 150psi

T Surface freeze

T Kinetic energy impact

T Sublimation reaction

T Dirt falls, CO2 turns to gas

T 'HVZHHS +(3% YDFXXP:

4



Why use dry ice?

T Safe for virtually all surfaces
T Wide range of control

T No liquids or chemicals

T Environmentally friendly

T Saves time

T Cost effective

T Incredible results



Automotive Cleaning




Laser Ablation




Applications

t Industrial
+ Equipment
t Power plants
T Printing presses
+ Holding tanks

¥ Commercial
T Food processing facilities
T Coffee roasters
T Healthcare facilities
T Boat hulls

t Residential

t Mold & fire remediation
T Masonry, concrete, brick, tile cleaning



Use Case: Fire Remediation




Use Case: Krusteaz
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Use Case: Darigold




Use Case: Tank Cleaning




Use Case: Paint Removal




Use Case: Graffiti Removal




