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Forward-looking statements covestro‘
N

This presentation may contain forward-looking statements based on current assumptions and forecasts made by Covestro AG.

Various known and unknown risks, uncertainties and other factors could lead to material differences between the actual future results, financial
situation, development or performance of the company and the estimates given here. These factors include those discussed in Covestro’s
public reports, which are available on the Covestro website at www.covestro.com.

The company assumes no liability whatsoever to update these forward-looking statements or to adjust them
to future events or developments.

This presentation is provided for informational purposes only and the information contained herein is believed to be accurate as of the date of
this document. Nonetheless, Covestro LLC (Covestro) makes no representations or warranties regarding the accuracy or completeness of the
information in this presentation. Covestro has no duty to update this presentation for any reason. Covestro shall not be bound by any
statement or recommendation herein or not contained herein and assumes no legal responsibility for use of or reliance upon the information in
this document.

The purpose for or manner in which you apply or utilize Covestro’s products, technical assistance and information, whether verbal, written or by
way of production evaluations, including any suggested formulations and recommendations, is beyond its control. It is imperative that you test
its products to determine their suitability from a technical as well as health, safety, and environmental standpoint for your intended uses or
applications. All information and technical assistance is given without warranty or guarantee, expressed or implied, and is subject to change
without notice. It is expressly understood and agreed that you assume and hereby expressly release Covestro from all liability, in tort, contract
or otherwise, incurred in connection with the use of its products, technical assistance and information. Nothing herein shall be construed as a
recommendation to use any product in conflict with any claim of any patent relative to any material or its use.

Bayhydrol, Bayhydur, NeoPac, and Neocryl are registered trademarks of the Covestro group.
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‘COVESII’O,

WHAT CHALLENGES DO
MANUFACTURERS WHO
APPLY COATINGS FACE?
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DOES MEETING A
PERFORMANCE
SPECIFICATION MEET
THESE CHALLENGES?
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‘COVESII’O,

HOW CAN RESIN AND

COATINGS SUPPLIERS
ADDRESS THE CHALLENGES

OF THE END USER?
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Slow water releasing coatings impact manufacturing L ovestr)
efficiency N—

“Manufactures of joinery and cabinetry are seeking improvements in factory efficiency.”

“Manufacturers want the ability to expand production on shorter production lines with less
rework damage due to the coatings with slow water releasing properties. “

Coating attributes End user benefits

Fast water release Shorter/faster drying lines

Improved blocking Faster damage free packing and stacking
resistance
Improved coating stability Simplifies supply chains/prevents waste

[l o] gl =Te Welo T 1iTg [o [ oI (o] o TR [T Better competitive positioning

Lower VOC Improved carbon footprint /regulatory compliance
Low Viscosity Better spray properties

Recyclability Lower coating cost/waste and carbon footprint
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For a UV curable waterbased coating, most of the Covestr)

manufacturing line is dedicated to removing water N~
Freshly applied film: Water Densely packed Particle UV-radiation Crosslinked
evaporation polymer particles; deformation, film

Separate polymer

particles dispersed approx. 64% solids

coalescing,

in water;
e.g. 40% solids dry film
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= Typically >= 140°F for up to 8 minutes on the line

= Cannot apply > 4-5 wet mils
= Up to 10 minutes off the line to achieve blocking and chemical resistance




Based on what we heard from these manufacturers, a new set covestro)
of ideal state performance targets were developed o

Ideal State
Performance

Property WB Current State

Chemical Resistance Pass KCMA Pass KCMA I
O O O Stability 4 wks. 40°C 6 wks. 50°C
C, D: Steel Wool Test <10%.glass red <10% gloss red. < ’
)"’W(*'Bake 5-10 min m
< (5 mils) )
Elgk Pesistance wi e10mn  3min |
Flas
VOC 200g/L 50g/L
New performance criteria Waterbased drying speed
associated with improved like that of solvent based
factory efficiency coatings




UV curing is photoinduced free radical polymerization
producing a crosslinked coating
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Acrylate
polymers and
photo initiators
are mixed

UV-light activates
the photoinitiator,
which cleaves and
generates free
radicals

1

Radical attacks a
double bond and
a new bond is formed.
On the other
end of the attacked
double bond, a new
radical is formed.

1

Crosslinking occurs
when more
than one double bond
per molecule is
present making a three
dimensional network




A similar process can be carried out using a polyurethane covesto)
dispersion containing photopolymerizable acrylate groups o
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Acrylate
Soft segment  containing Hard Hydrophilizing groups
segment segments (ionic/Nonionic)

Choice of building
blocks and architecture
will greatly affect a

polyurethane
dispersion’s physical,
coalescing and curing
attributes

Aliphatic isocyanate hard segments

Amine and diol chain extenders

Ester based soft segments

lonic and nonionic hydrophilization

Hydroxy functional acrylate monomers, esters, ethers or epoxies




Team set out to create a resin to minimize drying time and to ~ /covesta)
prevent blocking while maintaining other performance properties ™~

Accelerated Process spray ;toﬂ::: ) ;ﬁ?f:(;’::c cltjx\:e m stack

Resin Property Standard #1 Standard #2 | PUD# 65215A

7.0-8.5

PUD i
UD properties VISCOSIty@ 25°C <500 cps <500cps <500 cps
% Solids in water 40% 40% 40%




Protocols for study — WB UV PUD’s covestra)

N

Formulation
« 3 coating types — High Gloss, Low Gloss and Pigmented
« Photoinitiator for High/Low Gloss Clear/Irgacure 500
« Photoinitiator for pigmented/Irgracure 500/ Darocur 4265
* 3% co-solvent level
Application — Drawdown at 3 thickness levels
Substrate — MDF precoated w/black basecoat
Drying — Lab oven w/ circulating air set to 140°F
> UV Cure - UV Cure = 800 millijoules/cm?
» Clear coatings used Hg lamp
» Pigmented coatings used Hg/Ga combination lamp
Post Cure — 1 minute cool



High Gloss Clear formulations using Standard Resins #1 and covestro)
#2 failed at >4 mils wet film thickness after drying and UV cure ™~

140F oven uv 140F oven uv
-y, S . e R "-'-"’:5‘*%: —— : A

= Standard #1 and #2 both exhibited poor water release at > 4 wet mils
= Trapped water caused cracking at 6 wet mils wet and greater



High Gloss Clear formulation using WB UV PUD #65215A covestol
passed at 6-8 mils wet after drying and UV cure ~

s 140F oven uv
pray 2 min. 30 sec. cure

L

= PUD #65215A exhibited acceptable water release up to 8 mils wet
= No trapped water observed
= Minor cracking observed on the lower edge at 8 mils wet
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Low Gloss Clear formulation using WB UV PUD #65215A
passed at 7-10 mils wet after drying and UV cure

140F oven uv
3 2 min. 30 sec. cure

= PUD #65215A exhibited acceptable water release observed up to 7 mils wet
= No trapped water observed at 7 mils wet
= Poor water release observed at 10 mils wet
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Low Gloss Pigmented formulation using WB UV PUD #65215A
passed at 6 mils wet after drying and UV cure

e 140F oven uv
pray , 2 min. 30 sec. cure

. - 6 mils wet

4 mils wet 6 mils wet 8 mils wet

= PUD #65215A exhibited acceptable water release observed up to 6 mils wet
= No trapped water observed at 6 mils wet
= Poor water release observed at 8 mils wet

16

COVGSU’O'

)



Pigmented low gloss formulation using Standard #1 Lovesu)
failed blocking resistance test at 5 mils wet N

5 mils wet 5 mils wet

spra rt flash 140F oven uv
pray 30 sec. 2 min. 30 sec. cure

n

<

‘ 3 minutes water flash/bake + 1 minute cool '

Immediately after 1-minute cool step

= Coated sides clamped face to face

= Maintained at room temperature for 24 hrs
= Separated and noted coating damage




Pigmented low gloss formulation using WB UV PUD #65215A [ exd
passed blocking resistance test at 5 mils wet \—/

spra rt flash 140F oven uv
pray 30 sec. 2 min. 30 sec. cure

n

<

‘ 3 minutes water flash/bake + 1 minute cool '

Immediately after 1-minute cool step

= Coated sides clamped face to face

= Maintained at room temperature for 24 hrs
= Separated and noted coating damage

*65215A/Neocryl XK-12 pig. (1/1)
also passes 4 min block test



WB UV PUD #65125A remains stable after a £ o)
more aggressive 8 weeks @ 50°C \—/

CS-65215A WB UV Stability @ 50C

30 27
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Initial pH  Initial 2wkspH 2wks 3wkspH 3wks 5wkspH 5wks 6wkspH 6wks 8wkspH 8 wks
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Formulated coatings using WB UV PUD #65125A

remains stable after 6 weeks @ 50°C
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pH Stability Testing

8.0
7.
7.80 85
7.57
7.43
7.31
7.3 3 7.247.29 7.067.28
I I I ]

pH initial

m HG Clear

2 wks 50C

LG Clear

4 wks 50C 6 wks 50C

m LG Pigmented
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Viscosity Stability Testing (cps.)

153 150
130
113 117
102
88 gg %
80
73
I 63
viscosity initial 2 wks 50C 4 wks 50C 6 wks 50C

m HG Clear LG Clear m LG Pigmented
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Clear and pigmented covestrol

formulations \ /
KCMA (rating 5 = no effect)
v  WB UV PUD#

15 gloss 42 gloss 10 gloss 90 gloss

(initial/ 24hrs. Recovery)

Detergent Soln. 0.5%, 24 hrs. 5/5 5/5 5/5 5/5

EFhanoI/Water, 24 hrs. 5/5 5/5 5/5 5/5 6 5 2 1 5 A p asses

Vinegar, 24 hrs. 5/5 5/5 5/5 5/5 .

Lemon Juice, 24 hrs. 5/5 5/5 5/5 5/5 KC |\/| A Che m |Ca|

Orange, 24 hrs. 5/5 5/5 5/5 5/5 .

Grape juice, 24 hrs. 5/5 5/5 5/5 5/5 teStI n g

Ketchup, 24 hrs. 5/5 5/5 5/5 5/5

Olive Oil, 24 hrs. 5/5 5/5 5/5 5/5

Coffee, 24 hrs. 4/4 4/4 5/5 5/5 v 1:1 acryhc b|end

Mustard, 1 hr. 3/4 4/5 4/5 4/5 f ”
per orms Very e

Nail Polisher Remover, 15 min 4/5 5/5 5/5 5/5

IPA, 15 min 4/5 5/5 5/5 5/5 v Mustard and acetone

Windex, 15 min 5/5 5/5 5/5 5/5

28% Ammonium hydroxide, 15 min 5/5 5/5 5/5 5/5 recover to acce ptab|e

77% Sulfuric acid, 15 min 5/5 5/5 5/5 5/5

Gasoline, 15 min 4/5 5/5 5/5 5/5 levels

Acetone, 2 minutes 3/5 5/5 5/5 5/5

Bleach, 24 hrs. 5/5 5/5 5/5 5/5

Mustard, 24 hrs. 2/3 3/4 4/5 4/4

Total 84/91 91/93 93/95 93/94



Pigmented coating using WB UV PUD #65125A remains stable {qewd)
and chemical resistant when stored at 50°C for 6 weeks .

KCMA chemical test panels

Nail Polisher Remover, 15 min
IPA, 15 min o No change after
Windex, 15 min Initial 6 wks @50°C
28% Ammonium hydroxide, 15 min :
77% Sulfuric acid, 15 min
Gasoline, 15 min

Acetone, 2 minutes

Bleach, 24 hrs.

Chemical test

Mustard, 24 hrs. .
Detergent Soln. 0.5%, 24 hrs. - : rat":lgs
Ethanol/Water, 24 hrs. . remained
Vinegar, 24 hrs. :

Lemon Juice, 24 hrs. , unchanged

Orange, 24 hrs.
Grape juice, 24 hrs.
Ketchup, 24 hrs.
Olive Qil, 24 hrs.
Coffee, 24 hrs.
Mustard, 1 hr.
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WB UV PUD #65125A can be blended with 1K WB acrylicto L)
reduce cost with minimal impact on properties N

1 minute after UV cure

20 |PA double rubs
Breakthrough at 50% blend
Passed at 25% blend

no acrylic

-

50% acrylic

Blended with NeoCryl® XK-12 / NeoCryl® is a
registered trademark of the Covestro Group
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|deal State performance set out to accelerate line speed by

about 60-70% compared to the current state

24

Property

Chemical Resistance

Stability
Steel Wool Test

Water/Flash Bake
(5 mils)

Block Resistance w/
Flash/Bake

VOC

WB Current
State

Pass KCMA
4 wks. 40°C

<10% gloss red.

5-10 min

8-10 min

200g/L

Ideal State
Performance

Pass KCMA
6 wks. 50°C

<10% gloss red.

2 min

3 min

50g/L

Focus was on drying

COVESIII’O‘
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WB UV PUD# 65215A accelerates line speed by about

50-60% while meeting other project targets

Property

Chemical Resistance

Stability
Steel Wool Test

Water/Flash Bake
(5 mils)

Block Resistance w/
Flash/Bake

VOC

WB Current
State

Pass KCMA
4 wks. 40°C

<10% gloss red.

5-10 min

8-10 min

200g/L

Ideal State
Performance

Pass KCMA
6 wks. 50°C

<10% gloss red.

2 min

3 min

50g/L

PUD# 65215A

Pass KCMA
6 wks. 50°C

6 - 9% gloss red.

3 min

4 min

<100g/L

25
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Bake time reduced

Shorter block resistance time
Thicker application

Lower VOC

Lower carbon footprint
Improved coating stability

50-60% Improvement!!



Key takeaways for accelerating the line speed of a covestr)
waterbased UV curable coating Nt

For applicators of waterbased UV curable coatings, WB UV PUD# 65215A offers a
50-60% improvement in line speed while maintaining other key performance

properties

e Accelerated production

Increased application thickness reduces need for additional coats
Shorter drying lines

Faster damage free stacking and packing

Increased resin stability reduces waste

Energy saving due to reduced drying needs

Allows for production expansion without major capital expenditures

26



WB UV PUD# 65215A dries as fast as current solvent-based
UV curable coatings with improved blocking resistance

Property

Chemical Resistance
Stability

Steel Wool Test

Water/Flash Bake
(5 mils)

Block Resistance w/
Flash/Bake

VOC

SB Current State

Pass KCMA
6 wks. 50°C

<10% gloss red.

3-5 min

4-6 min

300 to 400 g/L

PUD# 65215A

Pass KCMA
6 wks. 50°C

6 - 9% gloss red.

3 min

4 min

<100g/L

covestrol
N

v Matched solvent-based bake time
v" Shorter block resistance time

v’ >3Xless VOC
v Lower carbon footprint

Matched solvent-based drying speed at >3X less VOC
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Key takeaways for replacing solvent-based UV curable
coating

For applicators of solvent based UV curable coatings, WB UV PUD# 65215A
has the potential to fit into your current process

28

Use current coating lines with minimal capital expenditure

Increase film build per coat to improve efficiency

Reduce time for stacking and packaging to improve efficiency and speed
Energy savings, VOC reduction, cost savings, and reduced carbon footprint
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THANK YOU

BOB.WADE@COVESTRO.COM
MIKE.JEFFRIES@COVESTRO.COM
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