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Casovy plan

1 20.9. | Dovolend — bude nahrazeno EXKURZI |
2 27.9. Uvod do predmétu, legislativa a nazvoslovi, anglicka terminologie, literatura
3 4.10. Sbér, identifikace tridéni odpadu. Operace na mokré a na suché cesté.
4 11.10. | Zpracovatelské technologie v taveniné. Aditiva pro recyklaty.
5 18.10. | Recyklace termosett — vlozim jen prednasku, budu v Ciné
6 25.10. | Recyklace termoplasti. Recyklace PET.
7 1.11. Recyklace vulkanizatu.
8 8.11. Chemicka recyklace
9 15.11. | Metody termického rozkladu. Energetické vyuziti.
10 22.11. | Problémy a perspektivy recyklace a likvidace polymerniho odpadu.
11 | 29.11. Recyklace versus biodegradace
12 | 6.12. | Praktické priklady z literatury a praxe
13 | 13.12. REZERVA
14 | 20.12. | Mate jesté v tomto tydnu vyuku? Budete chtit prijit?
14 | Leden | EXKURZE I (ndhrada za 20. 9. 2010) — termin po vzdjemné dohodé
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Ceho se to asi netyka?

* Pryze
— U jednorazovych vyrobku se to reSi absenci
stabilizace
* Termosety (fenol-formaldehydove,
mocovino —formaldehydové, melamino —
formaldehydove, polyesterové, epoxidove)
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Ceho se to tedy tyka?

 Termoplasty

— Vyrobky tenkostéenne - co si pod tim
predstavit?

— Vyrobky pro jednorazové ci kratkodobé
pouziti - co si pod tim predstavit?

Tedy ne dily automobilu, domaci spotrebice,
vypocetni a kopirovaci techniku, plasty ve
stavebnictvi atd.
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Co uz vite z prednasek

MAKROMOLEKULARNI CHEMIE
12. Prirodni polymery:

* Polysacharidy: celulosa,skrob,
hemicelulosy, lignin, ...

* Polypreny: prirodni kauCuk, gutaperca,...

* Polypeptidy: typy bilkovin
BIOCHEMIE

* Enzymy, .......

* DNA, RNA, ...
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Literatura pro hlubsi studium

J. Dvorakova: PRIRODNi POLYMERY, skripta
VSCHT Praha, 1990

* J. Kodet, K. Babor: Modifikované
skroby,dextriny a lepidla, SNTL Praha, 1991

« V. Hladik a kol.: Textilni vlakna, kapitoly: XI.
Celul6zova vlakna, Xl. Proteinova viakna, SNTL
Praha, 1970

* J. Mleziva, J. Kalal: Zaklady makromolekularni
chemie, kapitola 6. PRIRODNI POLYMERY,
SNTL Praha, 1986.
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Co to jsou biopolymery = prirodni
polymery?

1. Prirodni produkty - po izolaci a vyéisténi je
mozno je pouzit tak, jak jsou z prirodnich zdroju
ziskany

— VIna, bavlna, prirodni hedvabi, skrob, ...

2. Modifikované prirodni produkty - po
izolaci a vycistéeni je nutno je chemicky nebo
fyzikalné modifikovat tak, abychom dostali
produkty pouzitelnymi €i zlepsenymi viastnostmi

— Regenerovana celuléza, acetaty celulézy, ...
— Celuloid (chemicka + fyzikalni modifikace)
— Galatit (kasein + formaldehyd) (eng: Galalith )
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Co jsou biopolymerni = prirodni viakna?

1. Celulézova viakna

— Zdrojem jsou drfeviny nebo byliny
Viakna semenna (bavina, atd.)
Viakna z lodyh a listu (len, juta, konopi, SISAL, atd.)

- VLAKNA Z DREVIN

2. Bilkovinna viakna

— Srst obratlovcu (vina, stétiny, atd.)

— Sekret hmyzu (prirodni hedvabi, selak (eng.
SHELLAC), atd.)
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Co ziva priroda vytvori, to dokaze i sama
rozlozit
1. Biologicky rozklad (degradace)

— Uginnou latkou jsou enzymy produkované rostlinami a
zivocCichy
« Selektivita > analyzy DNA

«  Podminky nutné pro jejich aktivitu (voda, vzduch,
teplota)

2. Chemicky rozklad (deqgradace) > doc. Petruj

— Uginnou latkou jsou relativné jednoduché latky (ve
srovnani s enzymy) — kyslik, ozén, kyseliny, zasady

« Selektivita > obvykle zadna

Podminky nutné pro jejich aktivitu (voda, vzduch,
teplota)

- Casto spoluptlisobeni zareni, zvlasté UV
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Rozpor doby

dlouhodoba zivotnost X rychly rozpad

1. Dlouhodoba zivotnost
—  Folniky (PRIKLAD)
—  Ochrana stromku proti okusu zvéri
—  Vazaci motouzy dievin a bylin (PRIKLAD)

2. Rychly rozklad (rozpad)
—  MulCovaci félie na sezénni plodiny
— Odnosné tasky
— Vazaci motouzy, které se v zemi po zaorani rozpadnou

IDEALNI STAV

PRESNE + 2 TYDNY NASTAVENA ZIVOTNOST V DANEM
PROSTREDI

LZE TO VUBEC DOSAHNOUT???
29.11.2010 Recyklace 9 2010
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Co tedy jsou podle sou¢asnych nazoru
BIOPLASTY?

1. Diraz je nutno klast na PUVOD UHLIKU v
polymeru

2. Soucasny nazor:

— Plasty zalozené na biomase a biodegradovatelné (celul6za
a jeji derivaty)

— Plasty zalozené na biomase nebo obnovitelnych zdrojich,
ale ne nutné biodegradovatelné (PLA)

— Plasty zalozené na fosilnich zdrojich, ale
biodegradovatelné (PVOH)

OTAZKA

KOLIK MUSIi BYT PODIL BIOPLASTU VE HMOTE, ABY BYLY

POVAZOVANY ZA BIOPLASTY??? 127 337 1007
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kyselina 2-
hydroxypropanova

Trivialni nazev kyselina mlécna

Sumarni vzorec C,;H,O,
O Vzhled bily prasek

Viastnosti

Molarni hmotnost 90,08 g/mol

H Teplota tani 53°C (16’,8 c
racemat)
G H Teplota varu 122 °C (20 hPa)
Hustota 1,209 g/cm?
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PLA (polylacticacid) — chemicky
vyrobena z biologicky vyrobené suroviny
* Ring-opening polymerization of lactide

to polylactide

a | Octan nebo chlorid cinaty |

HE |\ Catalyst+ © CH, 0] CH O
0 Heat L
- O0—CH—C—0—CH—C
0
EHE — —11
o
Lactide Polylactide
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Production

As of December 2005, NatureWorks was the primary producer of PLA
(bioplastic) in the United States.

Other companies involved in PLA manufacturing are Toyota (Japan), PURAC
Biomaterials (The Netherlands), Hycail (The Netherlands), Galactic (Belgium),
DURECT (US) and several Chinese manufacturers. The primary producer of
PDLL%J&C, a wholly owned subsidiary of CSM located in the

Netherlands— poly-DL-lactide (PDLLA) which is amorphous
Galactic and Total Petrochemicals operate a joint-venture, Futerro, that is

developing a second generation of polylactic acid product. This project
includes the building of a PLA pilot plant of 1500 tonnes/year in Belgium.

The Korean research center KAIST has announced that they have found a way
to produce PLA using bio-engineered Escherichia coli. 14!

Recycling code

Currently, SPI Resin identification code 7 is applicable. In 2007, a State

Senate bill in California (SB 898)2l proposed the marking of PLA with a new
"0" code. However, this part of the bill was removed before passage.®! 7]
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P3HB (poly — 3 - hydroxybutyrat) —
BIOLOGICKY vyrobeny z biologicke
suroviny

CHy O

H
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P4HB (poly — 4 - hydroxybutyrat) —
BIOLOGICKY vyrobeny z biologicke
suroviny

H
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KOMPOSTOVATELNOST
- KOMPOSTOVATELNOST -z definovany Cas

podlehne biologickému rozkladu v prostredi primyslového
kompostovani, tj. musi se stat toto:

— Probéhne BIODEGRADACE, tj. asimilace na CO,, H,0,
organické a anorganickeé latky srovnatelny s jinymi

biodegradovatelnymi materialy (obvykle bavina)

— Nastane desintegrace na castice okem nepostrehnutelné
nebo nerozlisitelné

— Nevznikaji jedovaté zplodiny rozkladu

NORMY (jsou, CSN, ISO, ASTM, DIN ...)

CSN EN 14 046 Obaly — Hodnoceni tplné aerobni biodegradace
obalovych materialll pri fizenych podminkach kompostovani —
Metoda analytického stanoveni uvolnéného kysli¢niku
uhli¢itého
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KOMPOSTOVATELNOST - CSN EN 14995

Plasty - Hodnoceni kompostability - Zkusebni
plan a specifikace
6407 ZkousSeni plasti a vyrobku z plastu

Norma je v klasifikaci ICS zarazena do skupin: 13.030.99
Ostatni normy tykajici se odpadu

83.080.01 Plastické hmoty obecné

Oznadeni CSN EN 14995 (640781)

Cena 310 K¢ v¢. DPH (anglicky original 124 Br. Liber!)
Datum schvaleni 2007-07-01 Datum ucinnosti 2007-08-01
Jazyk angli¢tina (obsahuje pouze anglicky original
normy)

Pocet stran 24 stran formatu A4 EAN kéd 8590963780443
Dostupnost skladem (tisk na pockani)
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BIODEGRADOVATELNOST

KOMPOSTOVATELNOST = jedna z

moznosti BIODEGRADOVATELNOSTI

« AEROBNI
« ANAEROBNI

— BIODEGRACE V BIOLOGICKY AKTIVNI PUDE

— V RICNI VODE

— V MORSKE VODE

— V CISTIRENSKEM KALU

NORMY (ISO, ASTM, DIN ...)
— Jen ISO ma na toto 12 norem!
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Standard EN 13432 and EN 14995 — Proof
of compostability of plastic products

« Chemical test: Disclosure of all constituents, threshold values
for heavy metals are to be adhered to.

- Biodegradability in watery medium (oxygen consumption and
production of CO,): Proof must be made that at least 90% of the
organic material is converted into CO, within 6 months.

- Disintegration in compost: After 3 months’ composting and
subsequent sifting through a 2 mm sieve, no more than 10%
residue may remain, as compared to the original mass.

* Practical test of compostability in a semi-industrial (or
industrial) composting facility: No negative influence on the
composting process is permitted.

« Compost application: Examination of the effect of resultant
compost on plant growth(agronomic test), ecotoxicity test.
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ISO norma na BIODEGRADACI

« The EN standard test methods are based on the scientific definitions
of the ISO standards 14851,

« 14852 (aerobic degradability in water),
« 14853 (anaerobic degradability in water)
« 14855 (aerobic composting).

 The association European Bioplastics calls to approve plastic
products according to EN 13432, respectively EN 14995, if the
marketer advertises the product to be "compostable” or
"biodegradable”. Because these terms are not always used
correctly, the association has published information on so-called
"degradable" or "oxo-degradable" plastic products. Producers have
signed a voluntary self commitment on product certification which
had been acknowlegded by the European DG Enterprise.
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BIODEGRADOVATELNOST

Titulky novin
vyjmutych ze
staré skladky
odhaluji
MYTUS o
biodegradaci
papiru
(podle
Modern
Plastics,
April, 1990,
WASTE
SOLUTIONS

p. 61)
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Jesté neco, nez zamirime Kk jadru
problému

Ceny
« Plasty zalozené na fosilnich zdrojich:1,3 — 1,5 EUR/kg (pred
krizi)
« Estery celulozy: 5 - 9 EUR/kg
- PLA: az 4 EUR/kg

Vyroby (t/rok)

* Plasty zalozené na fosilnich zdrojich: 100 000 000
 PLA: 150 000 (rok 2005)

- Bioplasty celkem (rok 2007): 262 000
— Plasty zalozené na biomase a biodegradovatelné: 80 %
— Plasty zalozené na biomase, ale ne nutné biodegradovatelné: 12 %
— Plasty zalozené na fosilnich zdrojich, ale biodegradovatelné: 8 %
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Co je a co neni biodegradace

 Oxodegradace
» UV degradace

* Pridavky biodegradabilnich slozek do
standardnich termoplastu (napred
castecna biodegradace)

« Skutecneée biodegradabilni polymery,
napr. celuloza, skrob
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Co je oxodegradace

* Vznik radikalu > kyslik nebo 0zén > peroxid >
radikaloveé stéepeni na hlavnim retezci +

zmeny barvy jako nasledek vzniku
chromoforu

+ Cim ji chemicky ,,popohnat*“?
— Zakopolymerované nestabilni skupiny,
— Pridavek latek (iontti) katalyzujicich oxidaci > ??
— Pridavek latek snadno podléhajicich oxidaci > ??

VYSLEDEK
— Desintegrace

— Zvyseni hydrofilnosti
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Principy a problemy oxodegradace

Cim ji chemicky ,,popohnat“?
« Zakopolymerované nestabilni skupiny,
« Pridavek latek (ionta) katalyzujicich oxidaci > ??
* Pridavek latek snadno podléehajicich oxidaci > ??
 Dvouslozkoveé systemy

Jakeé jsou s tim problemy?
* Proces bhézi stale a tézko se da regulovat (pokud
ano, tak jak?)

* Vyrobek tak muiize zdegradovat béhem skladovani
tak, ze ztrati uzithou hodnotu!
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Priklady a problemy oxodegradace

Cim ji chemicky ,,popohnat“?
« Stearat zelezity

« Laurat kobaltnaty
« NENASYCENE OLEJE

PRIKLADY

 Odnosneé tasky

« Brokové strelivo (plastova zatka s chraniéem broku)
- Tkaniny na fixaci svahu

 Vhodné pro kompostovani
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Priklad snadno oxidovatelneé latky

 LNENY Olej patfi mezi tzv. zasychajici oleje, coz znamena, ze
pfi expozici vzduchu tvrdne. Je smési riiznych triglyceridu, které se
liSi svymi mastnymi kyselinami. Triglyceridy ve Inéném oleji jsou
odvozeny prevazné od téchto mastnych kyselin:

« nasycené kyseliny: kyselina palmitova (cca 7 %) a kyselina stearova
(3,4 - 4,6 %),

 mononenasycena kyselina olejova (18,5 - 22,6 %),

« dvojité nenasycena kyselina linolova (14,2 - 17 %),

« trojité nenasycena (omeqga-3 mastna kyselina) kyselina a-linolenova
(51,9 - 55,2%).121

* Vzhledem k vysokému obsahu nenasycenych esteru je Inény olej
zvlastné nachylny na polymerizacni reakce, je-li vystaven kysliku ve
vzduchu. Tato polymerizace ma za nasledek tuhnuti materialu, coz se
projevuje jako “"zasychani".
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Priklad snadno oxidovatelné latky -
Inény olej
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Priklad — Symphony Environment

e b Carton

b Hydrogen
‘ n ' § Oxygen
-+ 1 Micrg-organisms
‘ ¥ (Sterotophomonassp,
Pselidomanas 5,

W ' Rodococcus,
Adnetobacter $p, et

Aktivni aditivum oxo degradace
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Priklad — Symphony Environment

d,w turns ordinary plastic at the end of its useful life
into a material with a completely different molecular
structure. At that stage it is no longer a plastic and has
become a material which can be safely bio-assimilated

__i'n' the open environment by a similar process as a leaf.

dw is a polymer-based masterbatch made with

-Speclallv formulated IP. When d,w is added to the plastic

product, it will control and shnrte:n the degradation
cand bindegradatmn process. There is no need to stop

using piastlcs, just add 1% of “d ,winside” your normal
. plastic product at the manufacturmg stage and Ieau&?'
_-'the rest tu nature O | |

.I'-d W ha$ beren tﬂsted for ecmtnx:city m sml Productsf:}
-:"made with d.w are re-usable and recyclable! and have
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Normal plastic

Used throughout industry and has been tested and proven
safe for food, medical, farming and many other
applications.

Can be reused.

Will eventually degrade to CO, and H,O but can take many
decades.

Will not meet any degradable or biodegradable standards.

Can be recycled, though stabilisers will normally be
required to replace properties lost during the process.
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d>w Controlled-life Plastic Technology

~d,w improves the excellent properties of normal
plastic by controlling and reducing its lifespan and
making it more environmentally acceptable.,

No change in performance and optical properties of
the normal plastic product.

Low cost, because products made with d,w technology
comprise more than 99.5% normal polymer and are
made with the same machines.

Meets ASTM D6954 standard for plastics that degrade
in the environment by a combination of oxidation and
biodegradation.

29.11.2010 Recyklace 9 2010 33



Principy a problemy UV degradace

Cim ji chemicky ,,popohnat“?
- Zakopolymerované nestabilni skupiny, hlavne
karbonyl > nyni malo pouzivaneé
« Upraveny TiO,
« Stearat zelezity > VIBA Photodegradable PE ...

Jakeé jsou s tim problemy?

* Proces casto béezi i jako oxodegradace (proto napr.
ten specialni TiO,)

* Nehodi se pro kompostovani
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Problémy pro recyklaci

« Zaneseni hmoty s nepouzitelnymi
vlastnostmi do recyklatu

 Termooxidacni a/nebo UV stabilita recyklatu
je zhorsena

« Zhorsena barva recyklatu > cerna to vyresi

* Vliv na mechanickou cistotu obvykle zadny —
snad jedine plus

ADITIVACE PRODEGRADANTY =
POHROMA PRO RECYKLACI
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Pridavky biodegradabilnich slozek do

standardnich termoplastu

« SKROB, CELULOZOVA VLAKNA, DREVITA MOUCKA
(smeés celudzy a dalsich biodegradovatelnych latek)

PRINCIP BIODEGRADACE V TOMTO PRIPADE

« Biopolymer musi byt v kontaktu biologickymi
pusobiteli, produkujicimi enzymy

« Degradaci se zvetsi povrch a tim usnadni

termooxidacni degradace > ztrata mechanickych
vlastnosti > snadnejsi desintegrace

 Vznik polarnich latek > hydrofilnost > lepsi atak
enzymy
* Nizkomolekularni polarni latky > asimilace na CO,,

H,0 IDEALNI PRIPAD)
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Pridavky biodegradabilnich slozek do
standardnich termoplastu

PRIKLADY CO JSEM DELAL JA

- Odnosné tasky (SKROB + TEROOXIDACNI ADITIVA)

- Brokové stielivo (SKROB + TEROOXIDACNI
ADITIVA)

. Stépena bikomponentni vlakna se Skrobem — nosié
aktivniho kalu do Cistiren (tedy ne hned degradace)

« Kompozity PP Ci PE a drevita moucka — tady je opet
nutné systém ,,popohnat” termooxidaci ¢i UV
senzibilizaci
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Problémy pro recyklaci

e Termicka nestabilita a navlhavost
plniv — hlavni problém

 Termooxidacni a/nebo UV stabilita recyklatu
je zhorsSena (pokud jsou pouzity
»,popohanéece degradace)

* Vliv na mechanickou cistotu obvykle VELMI
KRITICKY

ADITIVACE BIOPOLYMERY =
POHROMA PRO RECYKLACI

29.11.2010 Recyklace 9 2010
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So called "Bio-degradable™ Plastics

* Plastic bags and other products, e.g. agricultural mulching
films, made with polyethylene (PE) are appearing on the market
with the claim of being "degradable™, or "bio-, UV- or oxo-
degradable”, and sometimes even "compostable". The
underlying technology is based on special additives, which, if
incorporated into standard PE resins, are purported to
accelerate the degradation of the film products. This
technology and the products are not new, and since their first
appearance on the market in the 80s many doubts have been
expressed as to whether these products provide what they
promise. Such doubts are still valid in the current context.
False Claims have been sentenced
The way of advertising these products has been examined in two
lawsuits. In both cases the sentence was that producers/marketers
made false claims with respect to degradability or compostability.
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Hlavni mystifikace okolo
biodegradace

 Degradace vlivem nezivych prirodnich
Cinitelu pusobicich v prirodeé je
vydavana za BIODEGRADACI!

* Neni jasné receno, kolik hmoty procent
za jakych podminek a za jak dlouho
podlehne biodegradaci (asimilaci) na
CO,, HO

 ,,Trocha nestabilnich latek prece
resyklaci nevadi“ — ZASADNI OMYL!
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Jak sladit biodegradaci (degradovatelné
plasty obecne) a recyklaci?

* Povinne znacit degradovatelné plasty,
at’ uz je zpusob jakykoli

* Pouzivat degradovatelnée plasty jenom
tam, kde je prakticky vyloucen jejich
sber k recyklaci

* Neprotlacovat degradovatelné plasty
tam, kde bude témer jisté pouzit jiny
zpusob likvidace , obvykle spalovani

29.11.2010 Recyklace 9 2010

41



Ambiciozni mlady chemik a RECYKLACE
polymerniho odpadu

* Vyvoj novych biodegradovatelnych
plasti obecné

* Viceslozkoveé prodegradacni systéemy s
lépe ovladatelnym nacasovanim
rozkladu

» Rizeni difiize slozek ve vicevrstvych
systémech

* Vyvoj a vyuziti tzv. traceru pro dany typ
plastovych vyrobku
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