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Vyzva - recyklace plastového odpadu

twice as much plastic In landfills and
x waste as in 200p0 7 20/ O the environment
Extraction Productlon
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Recycled Incinerated

Cross-cutting impacts of plastics life cycle
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Greenr_lOl_Jse Air pollution Health risks Wildlife and Soil and Wwater
gas emissions ecosystems pollution

’\
C} elementar

EXCELLENCE IN ELEMENTS




“
Hodnota plastu v priibéhu jeho Zivotniho cyklu C}elementar
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Source: R&D Webcast: Circular Economy at BASF
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Chemicka recyklace plastii

Mechanical Recycling

* Washed, shredded, pelletized
» Polymer to polymer

+ Clean single-stream waste

* Lower quality

» 3-7 times recyclable

Semi-
Basic Monomers, finished Plastic
Crude Oil I A Naphtha 1T chemicals l additives, etc. goods a = goods
s —
E— - —_— HEN —— Em— | E— ®
Extraction Refinery A Steam cracker Chemical Plastics Manufactured Plastic
production production goods waste

Chemical Recycling
Shredded, pyrolyzide, purified
Waste to oil
Mixed (hard-to-recycle) waste
Virgin-grade quality
Infinitely recyclable

Source: R&D Webcast: Circular Economy at BASF 4
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Role CHNOS v PtO — kontrola kvality C}elementar

EXCELLENCE IN ELEMENTS
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vy&&i pomér — naroéné&jéi rafinace Quality control

N/O/S @@

- deaktivace katalyzatord

Pyrolysis oil
Mixed oil

koroze vyrobniho zafizeni

S/N ® - Y,

+emisni limity

o ®

+ ropa ma maly obsah O, pyrolyzni olej naopak vysoky

+ Znalost obsahu O usnadriuje rozhodovani, jak pyrolyzni olej michat s ropou
< pozadavek na < 100 ppm O pred dalSim pouzitim

O je soucasti CO, > uhlik musi byt recyklovan a ne preménén na CO,



Elementarni analyza organickych materialt

Elementarni analyza:
Stanoveni elementarniho slozeni latky

Organické materialy jsou v moderni chemii
definovany jako slouceniny na bazi uhliku,
odvozené z zivych organismd. Vétsina z nich je
kombinaci nékolika nejlehcich prvkd, zejména
vodiku, uhliku, dusiku a kysliku.
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125 YEARS OF
INSTRUMENTAL
ELEMENTAL ANALYSIS
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Elementar — spolecnost specializujici se jen a pouze (. Jelementar
na elementarni analyzu

=

Vacuum Generators

The Vacuum Company

Nobel Prize for Fritz Preg|

in honor for fundamental research Vaccuum Generators
In micro elemental analysis is founded in Manchester Th .
e first fully automatic elemental
Heraeus 9, by mlea.”SI of o to manufacture UHV valves and First IRMS instrument analyzer with TCD detection was
was founded eraeus analytical technique components. MM602 introduced

1923

Dennstedt patent "Gber die The first elemental analyzer for The first The High temperature The EA business of Heraeus was sold
vereinfachte Elementaranalytik,, simultaneous detection of carbon, Dumas Nitrogen/Protein analyzer TOC analyzer in a management buyout and
was the basis for the hydrogen, and nitrogen was invented. was introduced was introduced restructured under the brand name

1st instrument generation Elementar.
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Elementar — spolecnost specializujici se jen a pouze (. Jelementar
na elementarni analyzu

Elementar UK
ol — - — 7’

(formerly Isoprime Ltd.)
is acquired.
vario TOC cube trace SN cube rapid N exceed®, rapid OXY cube®

IsoPrime High-Performance Bench Top
by Micromass/Waters

2010 2014

Introduction of the "cube" platform rapid CS cube, vario ISOTOPE cube, IsoPrime 100 vario MAX cube, isoprime® visION:
vario MICRO cube, vario EL cube, vario PYRO cube® 100V Head Amp iso TOC cube Bundled solutions for
vario MACRO cube, rapid N cube geology, ecology, petroleum, food,
forensics
- = _— 3 . ! N\ ——
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Elementar — spolecnost specializujici se jen a pouze (. Jelementar
na elementarni analyzu

‘m

rapid MAX N exceed®, rapid MICRO N cube  soli TOC® cube, acquray® series, iso CHROM LC cube Elementar moves into new headquarters
in Langenselbold near Frankfurt, Germany

> ..mm!m %

Introduction of the inductar® series: isoprime precisION®,
inductar CS cube, inductar ONH cube, iso FLOW

inductar EL cube
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Reseni od Elementar pro pyrolyzni [ Jelementar
recyklaci
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- Analytickeé vyzvy

Vysoky obsah C

nizky obsah N a S

vysoky tlak pri spalovani (vybusna smés)

nizké koncentrace O (<100 ppm)

10
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akademické pouziti

omezeny rozsah CHNS

jedna kolona

navazka 2-5 mg

11



vario MACRO cube

- nehomogenni vzorky — vzorky
separovaného odpadu

- kolona pro kazdy prvek
- navazka 10-100 mg

[[[[[[[[[[[[[[[[[[[[
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vario EL cube ~ elementar

EXCELLENCE IN ELEMENTS

petrochemie

flexibilni systém
moznost rozsireni

kolony pro kazdy prvek

navazka 2-30 mg

13
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Idealni reseni pro CHNS analyzu C}elementar

EXCELLENCE IN ELEMENTS

vario EL cube

CHNS analysis
- Moznost analyzovat pevné I kapalné vzorky
« s TCD a moznost stopové S pomoci IR

- APT idealni pro vzorky s vysokym obsahem Ca H —
pyrolyzni oleje

14



The perfect solution for O analysis

rapid OXY cube

Stanoveni O pomoci vysokoteplotni pyrolyzy
- Kapalné i pevné vzorky
- s TCD a/nebo IC detekci

[[[[[[[[[[[[[[[[[[[[
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vario EL cube
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vario EL cube

analyza ~20 mg vzorku
+

vysoka citlivost
+

nizké provozni naklady

16
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Podavac pevnych vzorku 2 elementar

EXCELLENCE IN ELEMENTS

- vario EL cube je vyban podavacem pro 80 pevnych vzorkd
« Moznost pridavani vzorkl béhem analyzy
« Vzorky jsou baleny do cinovych kapsli

« Kapalné nebo vazké vzorky je mozné pipetovat do kalisku z cinu, zabalit a stanovit jako
pevny vzorek

17
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Lis pro kapalne vzorky (2 elementar

EXCELLENCE IN ELEMENTS
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Blank-free sample introduction (. Jelementar

[[[[[[[[[[[[[[[[[[[[

- Patentovany kulovy ventil zamezuje vstupu vzduchu do systému

> Nulovy blank

»>Zamezuje ztraté nebo zdvojeni vzorku

»Snadna udrzba
3. Prechod vzorku

do spalovaci trubice
2. He proplach
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Podavac kapalnych vzorkt (S elementar
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Overview of the vario EL cube: CHNS

Sample Carousel \

Blank-Free

savave | (@ | g v 1) Vkladani vzorku a odstranéni

T g e okolniho vzduchu
=

2) Spalovaci a redukéni trubice
(= N,, CO,, H,0, SO,)

3) Teplotné zavisla separace plyn(

Combustion Tube

4) TCD a IC detekce

Reduction Tube

CO,-selective H,0-selective S0,-selective

Trapping Columns

C

21
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CHNS Mode at 1150 °C Vzorek Obsagll_';i\llcsi C}elementar
N, COy «— \ _

H,0,50, =4

' «<— Ag pro odstranéni
halogen(

Katalyticka oxidace pomoci
WO; za pritomnosti O,

¥ Redukce pomoci
médenych pilin &
odstranéni zbyvajiciho O,

0,, N,, NO,, CO,,
< SO,, SOs, H,0, HCl,... <
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Intelligent gas separation via patented APT (. Jelementar

N

X X
[ [ |
M4 X

CO,-selective H,0-selective SO0,-selective

Trapping Columns

Blank-Free
Ball Valve

Sample Carousel

&~

Reduction Tube

Combustion Tube

‘He
€o,

\

EXCELLENCE IN ELEMENTS

CO,, H,0, SO, zachyceny na odpovidajici
koloné

N, prochazi primo na TCD

Teplotné fizena separace:

1) software detekuje navrat
chromatogramu na 0 (baseline)

2) Rychlé zahrati nasledujici kolony

3) Nasleduiici plyn je uvolnén rychle a
koncentrované — zretelny pik

23
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Advanced Purge and Trap — sharpest peaks (. Jelementar

unit EXCELLENCE IN ELEMENTS
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Detectors: TCD + optional IR (2 elementar

EXCELLENCE IN ELEMENTS

Sample Carousel \

-
V jedné analyze:
S0 o
) I - CHNS pomoci TCD

2 e

- (stopy) S via IC

Reduction Tub:
Combustion Tube

60 x vysSi sensitivita pro S

CO,-selective H,0-selective S0,-selective
Trapping Columns w




740 760 780 800
21 mg carbon black oil

820 840 860 880

‘\
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sulfur peak area

TCD IR

1338 80596

—J

60 x increase in signal

26
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Neprime stanoveni O (2 elementar

EXCELLENCE IN ELEMENTS

« O =100 — CHN — S — popel

 Nedostatky:

- Casové narocné "The result so obtained is affected by errors
oy, . s incurred in the other determinations of the

 Vnaseni a scitani chyb ultimate analysis and also by the changes in

weight of the ash-forming constituents of
ignition.” (ASTM D3176)

Nutnost az tfi analyzatord

Ve ’
i’
INTERNATIONAL

Standards Worldwide

27



Primeé stanoveni kysliku: reduktivni pyrolyza (. Jelementar
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- Vzorek je rozlozen v proudu He za prebytku C (saze)

- Kyslik obsazeny ve vzorku je preveden na oxid uhelnaty
« CO detekovan

- Pomér CO a CO, teplotné zavisly:
CO,+C>2CO
2CO0>CO,+C

28



Boudouard euqilibrium

Fraction of CO and COZ
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Moznost stanoveni O prestavbou
CHNS analyzatoru
(UNICUBE, vario EL cube)

- pyrolysis T approx. 1100° C

- Zavislé na matrici

« Vnos blanku z sklenéné spalovaci
(pyrolyzni) trubice

- Prestavba do O modu zaberecca1l -2 h
conversion to oxygen mode (1-2h)

. 'y
rapid OXY cube < elementar

LLE

- Pyrolyza pri cca. 1450° C
- Nevznika CO, = nezavislé na matrici
- blank-free pyrolysis reactor

- Fluorované vzorky nevnaseji do stanoveni
falesny blank

- Presné a stabilni vysledky

- Analyator neni nutné prestavovat, 3.5
min na jednu analyzu time

30



The perfect solution for O analysis

rapid OXY cube

Analyza obsahu kysliku pyrolyzou
- Vhodny pro pevné I kapalné vzorky
- s TCD a/nebo IR detekci

[[[[[[[[[[[[[[[[[[[[
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CO adsorpcni kolona (. Jelemgntar

EXCELLENCE IN ELEMENTS

- Stejny princip jako pro CHS kolony
« koncentrace CO

- Uvolnéni CO pouze po zahrati; je uvolnén
rychle a najednou l

chromatogram s vysokym a uzkym pikem
Moznost detekce na TCD a/nebo IC

32
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