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1 TERMINOLOGIE - priklad

Cesky

Anglicky

Recyklace plastl,
recyklovani plastt

Tridéni plastového
odpadu

Zhodnocovani plastového
odpadu

Primarni recyklace plastt,
primarni recyklovani
plastu

Sekundarni recyklace
plastt, sekundarni
recyklovani plasttl

Physical recycling

Reconstitution of plastic
waste, Chemical recycling

Transformation of plastic
waste into raw materials

Transformation of plastic
waste into energy

Industrial plastic waste,
Industrial plastic scrap




2 PREKLAD - priklad

CARBON BLACK

Commercial plant makes
carbon black from old tyres

Carbon Clean Tech, of
Germany, says it has devel-
oped the first commercial-
scale plant for recovered
carbon black (RCB).

Thermal depolymerisation
Is used to extract fillers from
post-consumer rubber
products such as tyres. After
processing, the RCB can be
used as a substitute for
traditional carbon black in
many applications, says the
company.

“We have the only opera-
tional industrial scale facility in
Europe,” said Joe Hallett, the
company's R&D manager.

The company began with a
lab-scale proof of concept
phase in 2005 and set up a
pilot plant in 2007. In 2011, it
began industrial production
- and started selling product
to customers the following
year.

This year, it has plans to
expand output by building a
second production line.

The company says that its
unigue manufacturing process
allows it to produce its TintX

family of products - with

varying levels of dispersion.

The company ran tests to
compare its performance in
LDPE masterbatch against a
standard N330 grade of carbon
black: one compound used just
N330, the other replaced half
of it with CCT's 6400 product.
Dispersion was identical,
though some other properties
such as melting temperature
and torque were slightly
reduced.

In 60-70 micron blown
LDPE film, with 1% carbon
black concentration, the

blends showed similar
jetness and undertone.
Similar results were seen in
polypropylene [PP).

"RCB has moved firmly
from ‘will it work’ to the
‘what will the standard be’
phase,” said Hallett.

The company intends to
forge partnerships in future,
in which its RCB will be
paired with ‘green’ polymers.

The company presented
the technology at this year's
Masterbatch conference in
Germany.

www.carbon-clean-tech.com




Plastics recycling forges
ahead in Europe

Plastics recovery and recycling Plastics recovery in 31% of plastic waste, equiva-
has leapt ahead in Europe in Europe, 2014 lent to around 8m tonnes.
Small island countries Malta
and Cyprus landfilled at least
80% of their waste.

the last two years, according to
the trade body that represents
polymer producers.

At a ‘Circular Economy’ e Since 2006, landfill rates

have fallen by 38%, while
energy recovery and

event in Poland in October,
PlasticsEurope said that
recycling have soared by
recovery reached 69.2% in e 46% and 64% respectively.
2014 - compared to 62% in ‘ E“"%;T:;:“” At the same event,
2012. ‘

Recycling alone reached
nearly 30%, for which the top

recycling and energy

PlasticsEurope also recom-
mended banning the landfill-

ing of recyclable and other

performer was Norway (with a Total: 25.8m tonnes of recoverable materials by 2025.
rate of 40%]. Energy recovery post-consumer plastic waste It goes beyond the EU's
reached almost 40%, though Source: Consultic proposal to ban only recyclable
many countries - notably materials from landfill - as
Switzerland and Austria - countries with landfill bans all this does not take account of

treated more than 70% of their ~ had landfill rates of below 5%. energy recovery, says
waste plastics in this way. In Europe as a whole, PlasticsEurope.
The nine European landfilling still accounts for ' www.plasticseurope.org



VinylPlus scheme adds 1,000 jobs

VinylPlus says that its scheme emissions annually. materials, including pipes and
to recycle PVC has created The figures are calculated on window profiles, VinylPlus
1,000 jobs across Europe. the basis that one employee is members - who are PVC

The 481,000 tonnes of needed to recycle 500 tonnes of producers - have managed to
waste PVC recycled across PVC per year, while each reduce the energy intensity of
Europe in 2014 contributed to kilogramme of PVC that is PVC production,
the direct employment in recycled saves 2kq of CO,. “From 2007 to 2013, there
recycling plants, it said. Energy demand for recycling was a 10.2% decrease in

In addition, it said that PVC PVC is typically around 90% energy consumption to
recycling has saved around lower than virgin PVC production.  produce one tonne of PVC,”
one million tonnes of carbon As well as recycling PVC said Arjen Sevenster, technical

and environmental affairs

manager for the European

Council of Vinyl Manufacturers

(ECVM). "Resin producers are

targeting a 20% reduction of

energy consumption by 2020.”
By that time, VinylPlus

o ) intends to be recycling 800,000

4 : i W N tonnes/year of PVC,

VinylPlus recycled 481,000 tonnes of PVC in 2014 www.vinylplus.eu

3 OTAZKY - ptiklad

1. Jak se z hlediska vazeb v hlavnim retézci lisi fyzikalni a chemicka
recyklace?

2. Procje nutno prirecyklaci pytlii z LDPE taveninu filtrovat a jak
se to provadi?

3. Proc se pri recyklaci PETP pridava do myciho roztoku NaOH
a proc je vyhodné provadét myti na zvysSené teploty?

4. Jaké odpady vznikaji pri recyklaci PETP a jak se s nimi naklada,
pripadné jak je 1ze dale vyuzit?



. Jak byste od sebe rozdélili drt z polyamidu, kde nékteré castice
obsahuji kov?

. Co toje proces ,Bottle to Bottle“ (jak zni cesky nazev a kterého plastu
se to tyka) a jaké jsou jeho problematické prvky?



4 CHEMICKA RECYKLACE - piiklady
5. Pyrolyza polystyrenu

Ukol:

Pomocl pyrolyzy ziskejte zodpadniho PS monomer. Sianovte vytézek produktu a

posud’'te moZnosti recyklace.

Uvod:

Jednou zmetod recyklace polymernich materialii je pyrolyza, ktera v nékterych
pfipadech umoZinje ziskdvani jejich viichozich monomera depolymeraci, ktera probiha za
zvyiené teploty.

Depolymerace nasledovana repolymeraci je svého druhu idealni recyklagni metodou
(terciarni recyklace), zejména pokud je odpad znaéné zneéistény, riznobarevny a obsahuje
piniva. Pouze n€kolik polymer je schopno depolymerace pfi zahfivani. Ptikladem mohou
byt polystyren (PS) a polymethylmethakrylat (PMMA). Depolymerace probihi
radikilovym mechanismem, v obraceném smyslu nez polymerace, tedy dochazi
k postupnému od$tépovani monomeru z fetdzce polymeru. Pro polystyren je proces
znazornén na obrdzku ¢ 10. Zakladnim predpokladem pro depolymeraéni mechanismus
tepelné degradace polymeru je relativni stabilita vznikajictho radikdlu. Nevyhodou je
znacna energetickd niro¢nost procesu, ve srovnani s fyzikalnimi procesy zpracovévajicimi
nedestruktivné recyklované polymery. Na druhou stranu miie b¥t depelymerace
energeticky vyhodngjsi, neZ syntéza monomer de novo. Také ziskanim a noveu

polymeraci z precisténého monomeru lze ziskat zcela ¢isty produkt.
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Obr. 10 Depolymerace polystyrenu
Pomiucky:
Laboratorni vihy, 50 ml bafika s kulatym dnem a zdbrusem, chladié, topné hnizdo,

predloha, ledova lazefi (miska, led, voda), sklenéna ty¢inka, 17i¢ka, kapatko, mékka tuzka,

vyvijeci chromatografickd komora,



Chemikalie:
Polystyren, studend voda + led, hexan p.a., silufol nebo alugram, toluen p.a.,

koncentrovana kyselina sirova p.a., vodny roztok manganistanu draselného (0,5hm%).

Bezpefnost price:

Pyrolyzu i manipulace s produktem provadéjte v digestofi, po dobu experimentu dbejte
zvysené opatrnosti a vyvarujte se kontaktu produktu s ki# a jeho vdechovani. Pozor na
zapalnost produktu. Pfi prici s koncentrovanou kyselinou pouZivejte ochranné bryle a

rukavice, nepipetujte, stali kapatko, pracujte nad fotografickou miskou.

Obr. 11 Schéma aparatury pro pyrolyzu PS.

Postup prace:
Pfiprava vzorku:

Proto, aby se usetfil éas v laboratofi, pouZijete pfedem pfipraveny vzorek PS, postadi asi

5 g materialu nadrceného na mendi kousky.
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Postup pyrolyzy PS:

Do 50 ml baiiky s kulatym dnem pfeved'te navazku pfesné asi 5 g PS.

Sestavie aparaturu (viz, obrizek & 11) se sestupnym chladi¢em, hlavu kolony
obalte hlinikovou flif, chladici medium neni tieba: ohfev zapnéte aZ po kontrole
aparatury vyuéujicim.

Zahfivejte batiku v topném hnizdé (nastavte maximalnf teplotu 300°C, proé?) a
zanedlouho miZete pozorovat v sestupném chladi¢i kapky destilujictho se
produktu.

Vznikajici produkt jimejte do ledovou vodou chlazend piedlohy. Reakci
ukondete, aZ se jiZ netvofi Zadny produkt. Nechte aparaturu zchladnout na

laboratorni teplotu.

Produkt a jeho identifikace:

Po ukonéeni pyrolyzy vvjméte predlohu z ldzné, zvenku osudte a zvate. Popidte vzhled

produktu. Stanovte vyt&Zek procesu. po skonceni experimentu zvaZte i zbytek v pyrolyzni

barice, popiste také jeho vzhled. Provedte nasledujici dikazni reakce:

L
2,

Chromatografie na tenké vrstva (silikagel, hexan), urcete ry. (viz. dale)

Pridejte kapku produktu ke 2ml destilovang vody a 2ml konc. H;SO,; ve
zkumavkéch. Misi se tyto kapaliny?

K asi 0,5 ml produktu pfidavejte za protfepavani po kapkach vodny roztok KMnO,,
Pozorujte zménu zbarveni, zkousku ukondete as zbyva jen nepatrné mmnoZstvi
s vodou nemisitelného produktu. Popiste probihajici déje.

Zméfte FTIR absorpéni spektrum produktu, pokud neni spektrometr dostupny,
pracujte se spcktrem, které ohdrFite od vyudujiciho.

Tenkovrstva chromatografie

L

Vzorek se nanese ve formé malé kulaté skvinky na tenkou vrstvu (na start
Vyznaceny tuzkou na chromatogramu) a poté se nechd mobilni fize vzlinat péry
tenké vrstvy, Mobilni fize (rozpoustédlo, nebo &astéji jejich smés) un4asi
molekuly délené latky ze vzorku, které se diky interakcim se staciondmi faz{ vice

nebo méné zpozd’uji za postupujicim Eelem mobilni fize, ¢imZ se smés dalj.
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TYKAJIi SE VAS JEN DOPLNUJICi OTAZKY, NE IDENTIFIKACE A TLC.

S

F

Nanasime 0,1% aZ 5% roztoky v mnoZstvi 200 nl az 20 pl do skvm o primém
2 aZ 6 mm.

Chromatogram se vyviji v uzaviené chromatografické komofe, kterd je dobfc
nasycena parari mobilnf fize.

Vyvijeni se ukondi vybrianim chromatogramu z wvyvijeci komory, kdyz Eelo
mobilni faze dosahne téméf protilehlého okraje papiru &i tenké vrstvy.

Celo mobilnf fize se ozna&i tuzkou.

Chromatogram se wvysufi a skvmy nebarevnych analytd je tfeba pred
vyhodnocovanim chromatogramu detegovat pouzitim vhodné detekéni metody.
Separované analyty jsou charakterizovany tzv. retardaénim fakiorem ry. ktery je
definovan jako podil rvchlosti skvrny pFislusného analytu a rychlosti &ela mobilnf
fAze, coZ se prakticky urfuje jako podil vzdélenosti stfedu pfisludné skviny od
startu ke vzdélenosti ¢ela od startu.

Nakladdni s produktem:

Zbyly &isty produkt pfedejte vyuéujicimu. Odpad shromaZd'ujte v odpadni zisobnici

v digestofi.

Dopliaujici otazky:
1. Vyjadfete proces depolymerace PS a PMMA chemickymi rovnicemi.
2. Jakou technologii se provadi depolymerace PMMA?
3. lakeé plasty lze recyklovat pyrolyzou? Jaky je produkt recyklace?
4. Vysvétlete pribéh dikaznich testi a reakei produktu.
5. Interpretujte IR absorpéni spektrum produktu.
6. Jaké jiné metody recyklace PS pouzivaji?
7. Jaké vyuziti miiZe mit recyklovany styren?
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Dalsi ptriklad je napt. chemicka recyklace PETP, cozZ vloZim jako separatni soubor.



