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A Path Forward for Solvent Cleaning

Featuring SAFECHEM

product quality
cleaning workshops

- F4 T ': B BIK Solurions i | be responsible
~ Practical, hands-onand Darren Williams Barbara & Ed Michael Onken
independent, training in cleaning. Cleaning Research Kanegsberg SAFECHEM
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Hosts: The Product Quality Cleaning
Workshop Team

Barbara and Ed Kanegsberg - “The Cleaning Lady and the Rocket Scientist”

» BFK Solutions - Consultants in Critical Cleaning

Authors and Editors of the two-volume CRC Handbook for Critical Cleaning
Independent evaluations and recommendations =
Co-chairs of the Product Quality Cleaning Workshops -
barbara@bfksolutions.com and ed@bfksolutions.com

Darren Williams - “The Professor”

» Professor of Physical Chemistry at Sam Houston State University
Leader of the Cleaning Research Group Sy 5
Co-chair of the Product Quality Cleaning Workshops S i
Performs cleaning trials and formulates cleaning chemistries

williams@shsu.edu

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 1



PQCWebinar with SAFECHEM

Our Speaker

Michael Onken

Market Development Manager
— * Graduated in chemistry and business
» Advises companies on the use of modified alcohols to
» optimize the parts cleaning process
- + ensure worker and environmental protection
LSAEEC{tIEM * meet regulatory requirements
* Phone: +49 211 4389-335 = Mobile: +49 172 294 5013
» E-mail: m.onken@safechem.com

CHEMAWARE»

A PATH FORWARD FOR SOLVENU
CLEANING

Learn more at www.shsu.edu/pgcw or

pgcw@shsu.edu

5/23/2024
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Who is SAFECHEM? e,

=  Established in 1992
= Locations — Duesseldorf (Germany), New York (USA), Shanghai (China) and Mexico City (Mexico)
= Responsible for the sustainable and innovative use of chemicals

= Since 2024: part of metyum? | a champion for the circular economy
» Leader in the generation of used oils as well as recovery and purification of used solvents

»  Offers integrated environmental services to industrial waste producers

T —————
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AGENDA ;

01 - Consistent and efficient cleaning results

02 - Worker safety

03 - Sustainability

04 - Cost-effectiveness

05 - Summary
6 CHEMAWARE>
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Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 3



PQCWebinar with SAFECHEM 5/23/2024

WHAT CLEANING MEDIA DO YOU USE?

What cleaning media do you currently use? What cleaning media do you currently use?

Other I

Other -

Hydrocarbons (Isopar etc.) N
n-propyl bromide

Methylene chloride

|
Isopropylalcohol | IEEG_—_—
Solvent Only

Hydrofluoro olefins (HFOs, Solstice, etc) N

Fluorinated solvent blends with trans-1,2-...

Aqueous Only -

I
Aqueous cleaner I

0% 5% 10% 15% 20% 25% 30% 35% 0% 10% 20% 30% 40% 50% 60% 70%
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01 - Consistent and efficient cleaning results o

02 - Worker safety

03 - Sustainability

04 - Cost-effectiveness

05 - Summary
8 CHEMAWARE- o
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Consistent and efficient cleaning results &5
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Consistent and efficient cleaning results: The key-lock principle
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General cleaning principle:

Equal dissolves
equal!

Substances will dissolve in
cleaning medium which has a
similar structure — and thus
also similar polarity.

i
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Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu
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Consistent and efficient cleaning results

Principle ,,Cleaning like with like*

Oil & HC Solvents

SISO

Water

11 | CHEMAWARE=
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Non polar / water insoluble Water soluble / polar

i

%
b
€

11

Consistent and efficient cleaning results

Hydrocarbons
Halogenated solvents (DOWPER™*/MECTHENE™ *)
Modified alcohol (DOWCLENE™* 1601)
Modified alcohol (DUALENE™ 1601 S)
Modified alcohol (DOWCLENE™* 1611)
Modified alcohol (DOWCLENE™* 1621)
Modified alcohol/Hydrocarbon in a hybrid process (DOWCLENE™* 1601 or 1621/Water)

Qil

Waxes

Petroleum

Fats

Resins

Corrosion Protection Inhibitor
Ester

Tensides

12 | CHEMAWAR Ep ™Trademark of SAFECHEM

a
w*Trademark of The Dow Chemical Company

Non polar / water insoluble Water soluble / polar

Water

Salts

Emulsions
Emulsion residues
EP additives

AW additive
Surfactants

i
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Consistent and efficient cleaning results e,

Properties and advantages of modified alcohols

ke
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S /. Non Polar contaminant
o
. o
° Polar contaminant
13 | CHEMAWARE= [ ZAFECHEM
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Consistent and efficient cleaning results A
4 ey

Properties

DOWCLENE™* 1601 DOWCLENE™* 1611 | DOWCLENE™* 1621

Density (20 °C) 0.94 g/m3 0.78 g/m3

Boiling Point (°C) 170 — 193 175 — 200

Flash Point (°C) 79 59

Solubility in water (20 °C) Miscible <5%

Solubility of water in solvent (20 °C) Miscible <0.25%

14 | CHEMAWARE= Bl bt cor O SATELHEN

14

Learn more at www.shsu.edu/pgcw or
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Consistent and efficient cleaning results:
The key-lock principle / solubility in practice
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Consistent and efficient cleaning results — :
Composition and mechanism of the cleaners 1,_»’:’,
“=F
Solvent cleaner Aqueous Cleaner
Defoamer_ Perfume/Color
Hardness optimizer
Antioxidant
Corrosion
protection
Metal inhibit .
i Solvent 100% Nk Builder
\_/ Demulsifier \‘
Washing active.
+ stabilizer (depending addtves ectant
on the solvent)
+ 90 - 99% Water
16 | CHEMAWARE= . SAFE(“T:;IEM
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Learn more at www.shsu.edu/pgcw or
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Consistent and efficient cleaning results — :
Composition and mechanism of the cleaners "u-?”?'
s 5de
It is important to understand the cleaning system in its functions
—— ——
@ §AFECH EM E‘ SAl F.ECIHEM
17 | CHEMAWARE= (G 2AEECHEM
17
Consistent and efficient cleaning results — :
Composition and mechanism of the cleaners "u?”?'
s 5ae
*  Cleaner concentration remains constant »  Cleaner concentration must remain constant
for consistent cleaning results for consistent cleaning results
. Cleaning process in one working . Cleaning process takes place in several
chamber — no product carry-over cleaning and rinsing baths — therefore
*  Closed system under vacuum product carry-over
. . »  Change in cleaner concentration due to
*  Solvent recycling through internal ti
distillation evaporation
*  Regular re-dosing or replacement necessary
16 | CHEMAWARE= (G 2AEECHEM
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Learn more at www.shsu.edu/pgcw or
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AGENDA

01 - Consistent and efficient cleaning results

02 - Worker safety
03 - Sustainability
04 - Cost-effectiveness

05 - Summary

CHEMAWARE=
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Worker safety — Classification e,
/il"i

Aqueous cleaner Product 2 Aqueous cleaner
Label elements
Label elements Label elements
Hazard pictogram : Hazard pictogram Hazard pictogram :
Signal word Warning Signal word Signal word Warning
Warning
Health hazards Causes serious ey irritation Health hazards Causes skin iritation

20 | CHEMAWARE» [ 2ATECHEN

Which one of the 3 products below is a solvent cleaner?

Causes serious eye iritation
Harmful to aquatic life with long lasting effects

Health hazards
Causes skin iritation
Causes serious eye iritation

20

Learn more at www.shsu.edu/pgcw or

pgcw@shsu.edu
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Worker safety — Then and now e, ]

Worker safety in industrial parts cleaning

&
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21 | CHEMAWARE» AT EEEN
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Worker safety — Solvent consumption o,
e T r

Solvent efficiency

Amounts per 100 KG oil removed

Solvent Air emission 520 kg
T5akg OPEN MACHINE Waste 233 kg CLOSED CLEANING MACHINE
\ Solvent Air emission 10 kg Extend reuse: Optimize use:
160 kg CLOSED MACHINE Waste 150 kg Internal distillation / *  Monitoring
recycling + Stabilization
\ Solvent CLOSED MACHINE Air emission 10 kg * Training
v 15 kg & CPS Waste 5 kg

-99.5% Solvent T VN VI ir emission 1 kg )
4kg Waste 3 kg

Chemical Product Senices in the European Union, European Commission (2006);
COMPLEASE ™ figures based on SAFECHEM analyses

| CHEMAWARE: Tt of SAFECHEN SAFECHEM

22

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 11
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AGENDA

01 - Consistent and efficient cleaning results
02 - Worker safety
03 - Sustainability
04 - Cost-effectiveness

05 - Summary

23 CHEMAWARE=
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HOW MANY KG OF OIL CAN A KG OF SOLVENT
CLEAN OFF A PART?

How many kg of oil can a kg of solvent remove from
a part? (on average)
2500 kg oil per kg solvent NN
25 kg oil per kg solvent [
10 kg oil per kg solvent [ NNNENEGG
1kg oil per kg solvent |G
0.5 kg oil per kg solvent |

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%
Percent of Respondants

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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Sustainability o
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gg:iztrjs oil Solvent oil
1 kg of aqueous cleaner can 1 kg of solvent can clean off
clean off approx. 1 kg of oil. up to 25 kg of ail.
25 | CHEMAWARE- R EATEETE
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Sustainability — Water Consumption w::v,
Sy
@)
26 | CHEMAWARE- R EATEETE
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Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 13
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Sustainability — Solvent consumption

Internal recycling —
Closed loop circulation

SAFECHEM

E=———

_

27 | CHEMAWARE=

|@ SAFECHEM|

External
recycling

Caldi

Sustainability — Virtually no emissions

perer,
“FEr]
Practically emission-free
SAFFCHEM @.‘p\FEEHEM
|- I I
26 | CHEMAWARE= [ ZAFECHEM
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Learn more at www.shsu.edu/pgcw or

pgcw@shsu.edu
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AGENDA

01 - Consistent and efficient cleaning results
02 - Worker safety
03 - Sustainability
04 - Cost-effectiveness

05 - Summary

29 CHEMAWARE=

29

AQUEOUS CLEANED PARTS TAKE
APPROXIMATELY ENERGY TO DRY
THAN SOLVENT CLEANED PARTS.

Aqueous cleaned parts take approximately
energy to dry than solvent cleaned parts.

thirty times as much | NI

twice as much

five times as much ~

the same amount of

half as much

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%
Percent of Respondants

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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Cost-effectiveness — Drying behavior 28

&
Y

Cost-effectiveness

Low energy consumption

» Much less energy required to heat up solvent than water.
» No need for energy-intensive drying.

Total energy required to convert a liquid
substance at room temperature (20°C) to gas

DOWPER™* MC (Perchloroethylene) 300 J/g MuH:l I
DOWCLENE™* 1601 (Modified alcohol) 488 J/g .[_lmesphe
Water 2504)/g _ / 15 her!

SAFECHEM

be responsible

31
Cost-effectiveness — Drying behavior 2%
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Caldi
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Learn more at www.shsu.edu/pgcw or

pgcw@shsu.edu
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33 | CHEMAWARE=

Reinigungsziel

EXAMPLE

FROM THE PRACTICE

No particles larger than 200 um on
the part

5/23/2024

Caldi

Cost-effectiveness — Practical example

Soivent cleaning [

34 | CHEMAWARE=

Aqueous cleaning

Average
energy input
per batch:
BKWh

Average energy
input per batch:
3.3KWh

T
-'. o
el L

Caldi

34

Learn more at www.shsu.edu/pgcw or

pgcw@shsu.edu
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Cost-effectiveness — Efficiency ot

Especially effective for high oil entry

O » o

Aqueous
cleaner

1 kg of aqueous cleaner can
clean off approx. 1 kg of oil.

35 | CHEMAWARE=
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Solvent oil

1 kg of solvent can clean off
up to 25 kg of oil.

i

Cost-effectiveness — Consumption of cleaner

35
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system

distillation

36 | CHEMAWARE=

. Lowest solvent losses due to closed

+  Constant reuse of solvent through internal

5/23/2024

n
¢ I:l Trolley
| et

Cleaning Cleaning Rinse

Drying
Hot air
Vacuum

DI-

Rinse Rinse

= 8@ [ |

Mixed bed
A-carbon

Oil separator
Membrane filtration

Evaporator

Oil phase

Concentration changes of the cleaner due
to evaporation, consumption and carry-
over make regular re-dosing necessary

i

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu
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Cost-effectiveness — Maintenance requirements e 1
) J.A"I
Jiee
Efforts for bath monitoring
X
Aqueous cleaning Solvent cleaning
37 | CHEMAWARE- (G 2AEECHEM
37
Cost-effectiveness — Maintenance requirements P
) J.A"I
Jies

Efforts for bath monitoring

Solvent cleaning

Aqueous cleaning

3¢ | CHEMAWARE» [ 2ATECHEN

38

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 19
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AGENDA

01 - Consistent and efficient cleaning results
02 - Worker safety
03 - Sustainability
04 - Cost-effectiveness

05 - Summary

@ SAFECHEM
be respansible

39 CHEMAWARE=

3985

39

Consistent and superior cleaning results

~ooee] High 4+ Highly effective in removing
e | compatibility + non-polar contaminations:
+o

i with metals machining oils, greases,
waxes, resins

S Sé Parts come
outdry .
f+ Repeatability
+ % of cleaning
results

@ SAFECHEM
be respansible

40

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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Worker safety

* Q@

Availability of the
SAFE-TAINER™ System enables
emission-free and spill-free
handling of solvents

5/23/2024

@ SAFECHEM
be respansible

Parts fed Vacuum condition

automatically into ensures

working chamber non-flammability

Minimized human contact. and no emissions
41

Sustainability

Virtually no air emissions
in closed machines

" | a » Long solvent lifespan.
a - Less solvent waste.

Zero water consumption
in cleaning

&Y% Continuous solvent recovery via built-in distillation

@ SAFECHEM
be responsible

42

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu
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Cost-effectiveness

Low energy consumption

« Much less energy required to heat up solvent than water.
+ No need for energy-intensive drying.

7l

Minimal media Minimal Lower chemical
monitoring & floor space consumption
maintenance efforts Solvent can

be reused

and recycled.

Especially effective
for high oil entry

The higher the oil input and the higher
the material throughput, the more
advantages solvent cleaning can offer.

@

Fewer bath exchanges

o
L4

No waste water treatment

@

Shorter cleaning cycles

43

COMPANY SOLUTION

= HS Marston - heat exchanger manufacturer = 3 vaccum closed cleaning machines

RN EEiupdes = Modified alcohol cleaning agent:

CHALLENGE DOWCLENE™* 1601, delivered in the
» To establish an effective and cost-efficient SAFE-TAINER™ System
cleaning process for heat exchanger = COMPLEASE™ Chemical Leasing

components prior to brazing, without the
use of halogenated solvents

44 | CHEMAWARE=

SAFECHEM

be résponsible

RESULTS

Proven quality and reproducible
cleaning results

Effective interplay between machine and
cleaning agent cut solvent spend by half

Cycle times down by 50%

Reduction of greenhouse gas emissions
by 225 tonnes of CO2 per year

SAFECHEM

be responsible

44

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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1990s

2004 2011 Time
Chlorinated Solvent N-PB Modified Alcohol
EEEEEEEE N E N EEEEENEE NN NN NN NEENEENEENEENEENEENEEENEEENEENEENEEEEEEEEEEER
Fluorinated Solvent Modified Alcohol
2009 2020 3rd machine

Customer Example: Collins Aerospace

Water-based Cleaning
2003

45 | CHEMAWARE=

SAFECHEM

be respansible
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COMPANY

= UK-based manufacturer of aviation fastening systems,
part of a large US-owned aerospace group
ICHALLENGE

= To find an alternative for TRIC that can satisfy the high
demands on cleaning quality, process efficiency as well as
safety and sustainability

46 | CHEMAWARE=

SAFECHEM

be responsible

SOLUTION RESULTS

= High compatibility between DOWCLENE™* 1601 and
refurbished machines increases machine efficiency rates
from 85% to 94%

= Machine maintenance efforts reduced by a significant 80%

= Modified Alcohol DOWCLENE™* 1601
= Chemical leasing package COMPLEASE™ (full service
package including service elements to optimize efficiency of
the entire cleaning process)
= Little need for re-stabilization due to high stability of
DOWCLENE™* 1601
= Reduced distillation cycles time despite 4-fold increase of
throughput volumes

SAFECHEM

be respansible

46

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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SAFECHEM

be responsible

COMPANY SOLUTION RESULTS

f RVS Clean - Dutch contract cleaning specialist. 95% of their cleaned = Acquisition of a closed vacuum solvent cleaning system = The optimal combination of the new vapor degreaser with
parts are destined for ASML, world’s leading manufacturer of chip- DOWCLENE™* 1601 delivers quality cleaning res in accordance
making equipment with ASML's grade 2 and 4 standard in sharter cycle times

ICHALLENGE = Cleaning agent: Modified alcohol solvent DOWCLENE™* 1601

he wide variety of forming oils omplex workpieces

RVS Clean, DOWCLENE™* 1601 enables reliable cleaning
thanks to its ability to effectively remove both non-polar and certain
water-based contaminants

o HECK™ Test Kit for easy on-site o alvant
= Existing ultrasonic aqueous system was not efficient enough to meet MAXICHECK™ Test Kit for easy on-site monitoring of solvent quality

the ever increasing high purity cleaning standards demanded by ASML
= Precise sition of the solvent allows for stable distillation with
higher r

* Residue-free drying thanks to the solvent's narrow boiling range

= Water solubility of DOWCLENE™* 1 enables measurement of acid
content in solvent and hence effective monitoring of solvent condition,

contributing to higher process control

47 | CHEMAWARE= AT EEEN
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Modified alcohols as an effective, sustainable and compliant cleaning

e <
&

)
©

solution

e
[ >
5

CHLORINE-FREE, BROMINE-FREE AND FLUORINE-FREE

NOT UNDER TSCA (THE TOXIC SUBSTANCES CONTROL ACT)
EVALUATION

PRODUCED SYNTHETICALLY, HIGHLY STABLE /
CAN CLEAN OFF NON-POLAR AND CERTAIN POLAR CONTAMINATIONS

| CHEMAWARE > AT EEEN

48

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu

5/23/2024
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MANY THANKS!
SAFECHEM Europe GmbH SAFECHEM North America, Inc.
Michael Onken Chris Tivnan

Market Development Manager Sales Manager North America
- .
Phone: +49 211 4389-335 Mobile: +1 774 764 1492

Mobile: +49 172 294 5013 i ,
E-Mail: c.tlvnan@safechew 5
(|

E-mail: m.onken@safechem.com

US Distribution Partners:
Hubbard-Hall
1

Better results.
Less chemistry.”

SAFECHEM

be responsible

49

PQCW On-Demand Workshop on Aqueous Cleaning

» Half day on-line program
* Includes 30 minutes individualized live consulting
with a PQCW Instructor

* Convenient training modules
+ Continuing education credit / certificate
* The Product Quality Cleaning Workshop Team

» Barbara Kanegsberg, BFK Solutions

» Ed Kanegsberg, PhD, BFK Solutions

* Professor Darren Williams, Sam Houston State U.

Goto
to sign up for the course!

product quality
cleaning workshops

50

Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu 25
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Thank You for Attending

We welcome your questions

H Fa) q

product quality
cleaning workshops

ed@bfksolutions.com

pgcw@shsu.edu

% | o Bl BIK Solurions e | be responsible
~ Practical, hands-onand Darren William Barbara & Ed Michael Onken
independent, training in cleaning. Cleaning Research Kanegsberg SAFECHEM
More Info Group at SHSU BFK Solutions LLC  M-onken@safechem.com
shsu.edu/pqcw williams@shsu.edu  barbara@bfksolutions.com
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Thank You for Attending

product quality
cleaning workshops

ed@bfksolutions.com

pgcw@shsu.edu

- | - i Bl BFK Solutions 1 | be responsible
. Practical, hands-onand Darren William Barbara & Ed Michael Onken
independent, training in cleaning. Cleaning Research Kanegsberg SAFECHEM
More Info Group at SHSU BFK Solutions LLC  ™M.onken@safechem.com
shsu.edu/pch williams®shsu.edu barbara@bfksolutions.com
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Learn more at www.shsu.edu/pgcw or
pgcw@shsu.edu
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