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Indoor Air Quality (IAQ) context

Nowadays there is a more stringent demand regarding quality life because consumer
awareness has increased towards Indoor Air Quality.

In many environments various materials MEOor Ak PoRUI

b il s voc's e e
can produce smell and VOC (Volatile Organic ) Pt | s Ozone
Compounds) which as a result can be: i l

— just unpleasant odor (detections ~ | ramedwan
threshold for some substances is . "~ '
ppm and sometimes ppb) %‘ - ? ' coren
— sometime merely a source of b . —
irritation L carpat
— in some cases a health hazard. | Cobon | yog, Sloserosols  Bioserosols
id erfume
L Fomkienyde PAHs BodY odours  yoc.
Carbon monoxide Ozone
Benzene Particulates

Figure 1 Primary sources of indoor air pollution
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Indoor Air Quality (IAQ) - Legislation

It is well recognized the Indoor Air Quality has to be more healthy and more odorless.

EU has no yet found a common legislation across the different countries in regards with
odor and VOC emissions.

Therefore the single markets (Building & Constructions, Automotive, Packaging, etc.) in
the single countries are self-regulating themselves by adopting max emission limits and
standard protocols for testing.

Examples in the Building & Constructions market are:
— Afsset in France
— AgBB in Germany
— Etc.
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Afsset Introduction des éprouvettes dans la chambre d’essais d’émissions

(France) !'

Essai a 3 jours COVT < 10 000 pg.m™

i |

| rechercher systématiquement les CM.z et substances sensibilisantes |

\

3 : = Mentionner la
[ M < 10pgm® | KiaScion e alistices présence sur le
l produit
Essai a 28 jours COVT < 1000 pg.m™

1 B

| rechercher systématiquement les CM:.z et substances sensibilisantes |

; \ ; Mentionner la
Lls me identification de substances .
Ol =410 mL‘ sensibilisantes présence sur le

l produit

Pour les composés individuels dont la concentration
est supérieure a 5 pg.m™ et qui possédent une CLI :

R = X[composés individuels} /CLIi < 1

i 8

Pour les composés qui ne possédent pas de CLI ou qui ne sont pas identifiés :
¥[composés], < 100 uyg.m>

| Conforme au protocole Afsset 2009

Figure 1 : Schéma de principe du protocole Afsset 2009
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A B B Fig. 1: Flow chart for the evaluation of VOC* and SVOC*
g emissions from building products BB
Aussgnusﬁ zhur (}Fi:DTmelee fzr
gesundheitlichen ealth-relate
(Germany) — Sobedhmched A M L

after 3 days No .
TVOC; < 10 mg/im?? Reject

Yes l
No

Carcinogenic; VOCs of EU cat. 1 and 2! or —— Reject
1A and 1B%< 0.01 mg/m??

Yes l

Test2 No -
after 28 days TVOC,; < 1.0 mg/m?3? —— Reject
Yes
3 SVOC,, < 0.1 mgim?? e Reject
Yes
Carcinogenic; VOCs of EU cat. 1 and 2! or No > Reject
1A and 1B2?< 0.001 mg/m?®?

Yes l

; , : :
! ) Sensory testing (pilot phase) :

A e— "

Assessable compounds:
all VOCs with an LCI LN s Reject
R=2ZC/LClI*<1?

Yes

A 4
Non-assessable compounds:

sum of VOC with unknown LCI** m—» Reject
2 VOCy < 0.1 mg/m*?
Yes

Product is suitable for indoor use




®
Adsorption Technologies: our work — our life — our passion ZE@CHEM

A company of CPH Chemie + Papier Holding AG

" [ [

ZEOflair®

an existing solution
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An existing solution for Odor / VOC adsorption: ZEOflair®

ZEOflair(s) are zeolites, i.e. pure Aluminum Silicate, completely inert.

They are:

highly active adsorbent (typically up to 20% of their weight)
NON TOXIC

white

odorless

very fine powder (typical d90 < 12 micron)

easy to handle and free flowing powder

thermally stable up to 800°C.

i.e. they are not increasing the chemical complexity of any typical formulations.
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What is a Zeolites?

Aluminum-silicate general formula: (Na20.A1203.S5i02.xH20)

Sodalite Cage

Source of pictures: commons.wikimedia.org
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Molecular Sieves

e A-Type crystal:
- 3A (K-Form): 0.3 nm pores
- 4A (Na-Form): 0.4 nm pores
- 5A (Ca-Form): 0.5 nm pores

e X-Type crystal:
- 13X (Na-form): 0.9 nm pores
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How do the Zeolites work?

Zeolites can adsorb guest molecules dependent on:
— Molecular size
— Polarity

Zeolites are effective for the removal of undesired molecules even if these are in very
low concentrations (ppm or ppb) in inlet feed or in the media they are mixed in.

Selectivity is commonly driven by Hydrophilicity / Hydrophobicity
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Material selection: ZEOflair® Qualitative Product Comparison

ZEOflair® 110

A
ZEOflair® 810 ZEOflair® 300 .
ZEOflair® 200 air

£ ® ® zoflairv 800
[
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: . ZEOflair® 1000
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P Selectivity to -
HydroBhilic VOC Hydrophobic’ifoc
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ZEOflair®

In our daily life
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Real life objects:

/.
= Frischhaltetolie Fden alimentalre  F

Packaging industry:

Automotive industry
(smell of the new car)
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Indoor air quality control: the existing solutions

VOC adsorption

VOC adsorption from the surroundings:
from paints

— Buildings
— Paintings
— Coatings
— Textiles

VOC adsorption
from ceilings

VOC adsorption
from carpets

Zeochem
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Indoor Air Quality (IAQ)
Building & Constructions

Examples
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Ex. 1: Static Applications: PVC formulations

The odor concentration assessment has been realised by mean of dynamic olfactometry
at detection threshold according to EN 13725 standard.

PVC 170+ 70 -
PVC + 1% ZEOflair 70 £ 30 - 60%

Total VOC content is determined by GC-FID, according to VDA 277

PVC 15.5 -
PVC + 1% ZEOflair 11.9 -23%

ZEOflair shows a significant odor adsorption capacity, confirmed by a reduction of TVOC.
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Ex. 1: Static Applications: PVC formulations

The following identified compounds (only the ones with a concentration > 0.5 ug/g)
are significantly reduced or almost totally adsorbed:

virgin PVC PVC + ZEOflair
Compounds
ugc/g (ugC/g) % reduction
Butylethylketon 0.5 0.1 80%
2-ethyl-1-hexanol, trifluoroacetate 0.6 0.3 50%
2-ethyl-1-hexanol 9.3 6.7 28%
2,2,4,6,6-pentamethylheptane 3.2 3.1 3%

Furthermore the following identified compounds (with a concentration < 0.5 ug/g)
are totally adsorbed:

— N-butanol
— 1-butoxy-2-ethylhexane

None of the identified substances are listed in the Global Automotive declarable substances List (GADSL 02/2016)

None of the identified substances are listed in the Regulation EC No 1272/2008, updated to (EU) No 2015/1221 of 24-jul-2015 (CLP-regulation for
“Classification, Labelling and Packaging”)
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Ex. 1: PVC — Current Applications

The PVC treated with Zeoflair can be used for PVC flooring, PVC carpets and fulfil the
current regulations in terms of VOC emissions.
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Ex.2: Active Applications: indoor air quality control

Gypsum ceiling

Example: Formaldehyde and benzene reduction (TVOC) in a room impregnated by smoke.
Volume: 75 m3
Ratio surface of Gypsum panel / air volume: 0.3 m2/m3

MWM'A|

2200 100%

2185
2000 — uglm:

1800 *100%
1600
1400
1200
1000 —

800 =
600 ng/m?

*40%

TVOC / m’ di aria

400

200

n
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Ex.2: Gypsum — Current Applications

The Gypsum treated with Zeoflair can actively reduce by > 50% the daily VOC in a
room for more than 10 years

VOC adsorption
from cellings

Zeochem
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Ex. 3: Active VOC adsorption in the paints (under development)

Standard room 4 x5x2.5m

Volume: 50 m3
Surface painted: 60 m2
Paint in the room: about 9 kg
(11 paint x 8 m2 x 1.2 kg/l)

ZEOflair in the paint : 135 g (1.5% wt.) = 2.25 g/m2
Adsorption capacity (based on formaldehyde = FA) at saturation: about 15%

FA adsorbed at saturation: 20.25 g

-] ___»
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Ex. 3: Active VOC adsorption in the paints (under development)

Standard room 4 x5x2.5m

Daily formaldehyde inlet

Typically daily inlet of FA: 50 ug/m3
Adsorption efficiency on FA: 80%

5x recycles x
Number of air recycles per day: 5

FA daily adsorbed: (50 pg/m3 x 80%) x (5 x 50 m3) = 10 mg/day
Days before reaching saturation: 20°250 mg / 10 mg/day = 2025 days > 5.5y

A paint containing 1.5% wt. of ZEOflair is able to reduce by 80% the

daily FA concentration in a room for more than 5 years.
-]
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Ex. 4: Active VOC adsorption: new idea

Billboard 3 x 6 m

Surface “painted”: 18 m2

Paint on the billboard: about 2.7 kg
(11 paint x 8 m2 x 1.2 kg/l)

ZEOflair: 40 g (1.5% wt.) = 2.22 g/m2

Adsorption capacity (based on BTX: benzene, &

toluene, xylene) at saturation: about 10%

BTX adsorbed at saturation: 4 g

Typically BTX emission from a car (EURO V): 0.05 g/km

A billboard containing 1.5% wt. of ZEOflair is able to adsorb the BTX
generated by a car in 80 km.

-] ___2u
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An existing solution for Odor / VOC adsorption: ZEOflair®

ZEOflair(s) represent an existing solution commonly used in the industry, used as an
additive to remove undesirable odors and volatile organic compounds (VOC).

ZEOflair when added at 0.5 — 1.0 % in polymer before converting into end product
eliminates undesired odor and VOC (Static Adsorption), in order to fulfil the current
regulations (such as Afsset for France and AgBB for Germany)
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An existing solution for Odor / VOC adsorption: ZEOflair®

Moreover if the addition of ZEOflair allows having it mostly on the surface, like in
coating, when added at 0.5 — 2.0 %, the ZEOflair actively adsorbs the odor / VOC from
the environment (Active adsorption), like:

— kitchen odors

— new furniture

— Tobacco

— car off-gas

— and many others.

After having selected the proper ZEOflair grade, it is possible
then to reduce by 60 to 80% all the external malodors / VOC for
5 to 10 years (depending on the quantity of ZEOflair added).
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Thanks
for your kind
attention !

"What made you UNIQUE yesterday,
makes you a COMMODITY today,
and EXTINCT tomorrow,
unless you ADAPT to change.”

Gabriele Fenoggio

Global Sales Manager

Zeochem AG - Seestrasse 108 - CH-8707 Uetikon am See
Tel.: +41 44 922 93 62 - Fax: +41 44 920 20 93
gabriele.fenoggio@zeochem.com — www.zeochem.com (new!)
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