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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.

Problémy a perspektivy recyklace a likvidace polymerniho

10 | 22.11. odpadu.

11 | 29.11. | Recyklace versus biodegradace

12 | 6.12. | Praktické priklady z literatury a praxe

13 | 13.12. REZERVA

14 | 20.12. | Mate jeste v tomto tydnu vyuku? Budete chtit prijit?
14 | Leden | EXKURZE I (ndhrada za 20. 9. 2010) — termin po vzdjemné dohodé
15.11.2010 Recyklace 8 2010




Vestirna v Delfach

Umeélecké ztvarnéni Pythie sedici
na trojnozce; z pukliny pod ni
stoupaji vypary (pry etylén) , které
ji mély pomoci k vidénim
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Co byl stav roku 19877 e CHEMIE

MATERIALOV

SIEGFRIED POLLER

CHEMIA

na prahu tretieho
tisicrocia

SMENA
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Perspektivy chemie materialu v roce 1987

Plasty dobyvaju svet /143
Na kazdy uéel vhodny material /144
Plasty v stavebnictve /148
VyEsie, dalej, rychlejsie /151
Budu auta z plastov? /154
Co bude s gumou? /156
Odevy z retorty /161
Ako diho bude este drevo moderné? /166
Papier buducnosti — z ¢oho a na o /168
Sklo je stary material, ale ma velké perspektivy /172
Iné kremicditanové a im podobné materialy /181
Vysoka pec na konci 20. storoéia /185
Paleta materidlov sa stale rozsiruje /188
Boj proti korozii /192
Co sa ¢im nahradza /1986

O RECYKLACI ANI SLOVO V CELE KNIZE!
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CSN 64 0003 Plasty — Zhodnoceni plastového odpadu —
Nazvoslovi

Cesky anglicky

Primarni recyklace plastu, Primary recycling
primarni recyklovani plastu

Proces, pri némz se z plastového

odpadu ziskava material Ci

vyrobek z tohoto materialu, ktery

ma stejné nebo podobneé vilastnosti

jako material i vyrobek puvodni

Sekundarni recyklace plastt, Secondary recycling
sekundarni recyklovani plast

Proces, prfi némz se z plastového

odpadu ziskava material Ci

vyrobek, jehoz vlastnosti jsou

znacne odliSné od materialu

puvodniho
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CSN 64 0003 Plasty — Zhodnoceni plastového odpadu —
Nazvoslovi

Cesky anglicky
Pramyslovy plastovy odpad Industrial plastic waste,
Material znameho slozeni Industrial plastic scrap

pochazejici z vnitropodnikovych
technologickych operaci,
neznehodnoceny pouzivanim
vyrobku; muze obsahovat plast
jednoho druhu Ci typu nebo smes

plastu
Technologicky plastovy odpad Industrial single material plastic
Material znameho slozeni scrap

pochazejici z technologické
operace, neznehodnoceny
pouzivanim vyrobku; obsahuje
pouze plast jednoho druhu €i typu
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Jak zhruba vypadala pred rokem 1990
recyklace plastu a pryze |

Nemysleme si, ze se tehdy vSechen odpad vyhazoval
na skladky:

* Primarni recyklace plastu, primarni recyklovani
plastu

 Technologicky plastovy odpad > zpét do technologie

* Prumyslovy plastovy odpad > nenaroéné vyrobky,
napr. ...

* Prodej do zahranici, napr. ataktika z polymerace PP
> export jako aditivum do asfaltt

« Skladkovani bylo ale rozhodné dosti rozsirené
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Jak zhruba vypadala pred rokem 1990
recyklace plastu a pryze li

 JZD Slusovice

— Uzivatelsky odpad (LDPE pytle od hnojiv)
— Technologicky odpad (PP viakna)
— Oboje skoncilo nezdarem

« Sbér HDPE lahvi od motorovych oleju
— Uzivatelsky odpad

— Problemy recyklace, snahy o reseni (PIB,
Kamaplast), priciny nezdaru

— Mozna technologicka reseni v budoucnu ..
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Vesteni versus predpovidani

Predpovidani pocasi se studuje dokonce na MF
fakulté Univerzity Karlovy, ale presto casto
nevychazi. PROC?

Predpovidani ekonomického vyvoje se také studuje
vysokych $kolach a vychazi jesté hare! PROC?
Predpovidani vyvoje vedy a techniky se nikde
nestuduje (jako obor na vysoké skole) a vychazi
spiSe lépe nez hiife! PROC?

Kdy se vyvoj vedy a techniky neda predpovedet a
proc?

,Problemy a perspektivy“ — synonymum ,,
Predpovidani vyvoje ,,
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Problémy a perspektivy ma smysl
probirat!
* Revoluce versus evoluce (elektronka versus
tranzistor)
 Co ztoho Ize predpovedet?
* Co lze predpovedet v oblasti recyklace
plastl a pryze?
—JEN EVOLUCIH!
+ KAM SMERUJE?

22.11.2010 Recyklace 9 2010 11



Co Ize predpovedet v oblasti recyklace
plastl a pryze?
- LEGISLATIVNIi VYVOJ BUDE PATRNE
HLAVNIM CINITELEM URCUJICIM

VYVOJ V OBORU (oznaéovani,
recyklacni kvoty, atd.)

« Spor obchod (pohyb zbozi) X snadna
recyklace a vratneé obaly — zatim vitezi
obchod

* Postupné zlepsovani postoje verejnosti
— na to bych ja nevsadil!
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Co ovlivnuje recyklovatelnost vyrobku

22.11.2010

o

Trade
reguirements i T

ismantling

DESIGNER

Competition “/’/ \\

Safety

Consumer
needs

Environmental :
considerations Protection

Figure 9.1 Design considerations for recycling
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Co z toho muze
nejvice ovlivnit
chemik ¢i
materialovy
inzenyr?
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Stav v Evrope pred 10 lety

Feedstock
Post consurmer AFE;EZEK recyclimng
collectable waste 2.1 %0
TOTAL 129,166
ktonnes/ywear
rMechanical
recycling
et a.2%
b4
Landfill Energy
recowe ry
T1T9.1 %
Imn-house
recyclimg
TOTAL 1.523
ktonnes/year
Industrial plastics scrap -
handled externally enit -] MMechanical e
TOTAL 2,055 recycling Europe
ktonnes/year
0%
h
Export outside
Landfill S A

Figure 10.1 Plastic waste recovery routes in Europe in 1999,
(Sowwrce: APME, 200 1)
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LEGISLATIVNI VYVOJ

« Zatim situace vypada tak, ze prave
LEGISLATIVA je rozhoduijici!
— Tlak verejnosti
-ODBORNA STANOVISKA
KVALIFIKOVANYCH LIDI >

TO MUSITE BYT PRAVE VY!

* Lze oCekavat sjednocovani legislativy
uvnitr EU, i kdyz tomu tak zatim vzdy
neni
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Table 10.2 Difference in EU legislation/instruments for
plastic packaging recycling in 1996 [3]

Country Materials | Objectives Instruments
: 50% of ‘Cost-plus’ system:
: Packaging : \
Belgium 5ot packaging collection of household
i waste by 2001 | waste financed by a fee.
70%-85% Charges on non-refillable
All of packaging | containers. Voluntary
Finland packaging | waste deposit-refund on plastic
waste recovered by | bottles. Shared producer
2001 responsibility.
Mandatory deposit/
- &49%, plasiiz refund system. 'DSD
Germany | Packaging . system responsible for
recycling :
collection and recovery
of packaging.
T Recycling rate | Mandatory consortium.
containegrs of 40% plastic, | Raw material charge of
Italy .71 15% plastic 10% on virgin PE sold
packaging ) :
packaging for film production.
waste .
waste recovery | Waste disposal charges.
22.11.2010 Recyklace 9 2010

Rlzné
legislativni
cesty v
minulosti a
vyhledy
(snahy) do
budoucna
HLAVNI
SNAHA:
OMEZIT
MNOZSTVi A
ZVYSIT
PODIL
RECYKLACE

16



Prehled pouziti plastu do ruznych oblasti

Table 10.1 Breakdown of plastic consumption by sector

Postupny
prinik plasti
do obalu zacal
u nas nekdy v
obdobi 1955 -
1960

Sector Plastic consumption (%)
Packaging 41
Building/construction 19
Household 18
Electrical/electronics 8
Automotive

Other 7

« Co ma nejvetsi nadeéji na zvyseni podilu
materialoveé recyklace?
 Kde naopak dat prednost energetickemu

vyuziti?

e Co se asi bude muset skladkovat i nadale?

22.11.2010
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Packaging and Packaging Waste Directive
94/62/EC (1 790 000 zaznamu na Google)

The recovery and recycling targets set by the original Directive for packaging
waste were revised in 2004 by an amending Directive 2004/12/EC, increasing
the recycling targets to be met by Member States by 2008 to:

60% overall recovery of packaging waste; and
55% minimum and 80% maximum recycling of packaging waste.
The amending Directive set material specific recycling targets be weight, as

follows: glass (60%), paper and board (60%), metals (50%), plastics (22.5%),
and wood.

Next stages in the Directive

31 December 2007 — Official deadline set in the Directive for setting targets for
the next 5 year period (2009-2014)*

31 December 2008 - UK deadline for meeting targets set by amending Directive
2004/12/EC

31 December 2011 - Derogation states deadline for meeting new targets
(Portugal, Greece, Ireland)

31 December 2012-15 - Extended deadline for new Member States to meet the
Directives 2008 targets.
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Waste Electrical and Electronic Equipment
Directive (WEEE Directive) 2002/96/EU
(248 000 zaznamu na Google)

Directive 2002/96/EC on waste electrical and electronic equipment
(WEEE) which, together with the RoHS Directive 2002/95/EC,
became European Law in February 2003, setting collection,
recycling and recovery targets for all types of electrical goods.

The directive imposes the responsibility for the disposal of waste
electrical and electronic equipment on the manufacturers of
such equipment. Those companies should establish an
infrastructure for collecting WEEE, in such a way that "Users of
electrical and electronic equipment from private households
should have the possibility of returning WEEE at least free of
charge". Also, the companies are compelled to use the
collected waste in an ecologically-friendly manner, either by
ecological disposal or by reuse/refurbishment of the collected
WEEE.
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RoHS Directive 2002/95/EC

The Directive on the restriction of the use of certain hazardous substances in electrical and
electronic equipment 2002/95/EC ( listen (help-info); commonly referred to as the Restriction of
Hazardous Substances Directive or RoHS) was adopted in February 2003 by the European
Union.l'l The RoHS directive took effect on 1 July 2006, and is required to be enforced and
become law in each member state. This directive restricts the use of six hazardous materials in
the manufacture of various types of electronic and electrical equipment. It is closely linked with the
Waste Electrical and Electronic Equipment Directive (WEEE) 2002/96/EC which sets collection,
recycling and recovery targets for electrical goods and is part of a legislative initiative to solve the
problem of huge amounts of toxic e-waste.

* RoOHS is often referred to as the lead-free directive, but it restricts the use of the following six
substances:

* Lead (Pb)

Mercury (Hg)

« Cadmium (Cd)

« Hexavalent chromium (Cré*)

» Polybrominated biphenyls (PBB)

»  Polybrominated diphenyl ether (PBDE)

« PBB and PBDE are flame retardants used in several plastics.

«  The maximum permitted concentrations are 0.1% or 1000 ppm (except for cadmium, which is
limited to 0.01% or 100 ppm) by weight of homogeneous material. This means that the limits do
not apply to the weight of the finished product, or even to a component, but to any single
substance that could (theoretically) be separated mechanically—for example, the sheath on a
cable or the tinning on a component lead.
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WEEE a plasty

Table 10.3 Composition of WEEE waste stream P RO B L E MY:
Material % wt
Metal: ferrous 49 M n O h 0
Metal: -f 7
Pl::zc non-ferrous — d ru h lol p I astcl
Glass 5 &
Others 13 C aSto

drobnée dily
Zastriky
kovU

Figure 10.2 Waste Mobile phone mountain (left), mobile phone
pieces (right) (Source: N. Goodship)
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End of Life Vehicles (ELV) Directive
(2000/53/EC)

Directive 2000/53/EC is meant to minimize the impact of the end of
life of vehicles on environment by restricting the use of certain
heavy metals in new vehicles from 1 July 2003. The objective is
to ensure that 85% of an end of life vehicle by weight will be
recycled by the year 2006, increasing to 95% by the year 2015
with additional de-pollution tasks being progressively
introduced.

« prohibits the use of lead, mercury, cadmium and hexavalent
chromium. These heavy metals should only be used in certain
applications according to a list which will be regularly
reviewed. This will help to ensure that certain materials and
components do not become shredder residues, and are not
incinerated or disposed of in landfills.
introduces a “certificate of destruction” for scrapped vehicles;
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End of Life Vehicles (ELV) Directive
(2000/53/EC)

requires producers to mark certain vehicle components to aid
recycling;

requires producers to make available dismantling information
in respect of new vehicles;

states that producers must provide free take back for vehicles
put on the market from 1 July 2002, if such vehicles have a
negative value when scrapped;

requires that ELVs can only be scrapped (‘treated’) by
authorised treatment facilities, which must meet tightened
environmental standards.

The annexe Il of the EC Directive 2000/53/EC is amended by the
Decision 2002/525/EC, which specifies that the use of Cr(Vl) is
forbidden except for corrosion preventing of key components
not exceeding a maximum of 2 g of Cr(VI) per vehicle.
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Kde ziskat skutecne posledni informace
o plastech — vyroba, spotreba,
recyklace?

« The Compelling Facts About Plastics 2009”

« An analysis of European plastics production,
demand and recovery for 2008
Published September 2009

PlasticsEurope

Assotiation of Plastics Manufactures
www.plasticseurope.org

Drive: www.apme.org (adresa uz neni aktivni)
www.plastics2020challenge.com > vyhled do roku 2020
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Figure 12. Centinued decoupling of plastics waste and landnill
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Mionne

Flgure 12, Strong continued growth of recycling and energy recovery
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Figure 15, Plastics industry production in | bty
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Jak to odhaduji ja?

 Rozhoduijici bude legislativni tlak, patrné na
urovni EU > minimalizovat skladkovani

« Surovinova recyklace bude dale v utlumu

* Energeticka recyklace poroste a nahradi
skladkovani

» Materialova recyklace poroste

22.11.2010 Recyklace 9 2010
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Energeticka recyklace

 Bude dominovat u pryzi
* Bude dominovat u termosetu

* Bude cca. polovinou v recyklaci obalu
— PETP
— HDPE
— LDPE

* Druha polovina termoplastu, hlavné
styrénové plasty z oball a vicevrstvé obaly >
energeticka recyklace
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Surovinova recyklace

* Prirodni zdroje uhlovodiku stale nejsou dost
drahé, aby tato cesta byla ekonomicky
sobéstacna, tj. provozovatelna bez dotaci

 Pokud se neobjevi nové postupy deleni
vyslednych surovin, budou problémy trvat

« Zbytky po rozkladu asi budou spalovany jako
nebezpecny odpad a popel solidifikovan a
skladkovan
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Materialova recyklace

* Nyni v krizi nasledkem dumpingovych cen
prvotnich plastu (PE, PP)

 Bude se rozvijet recyklace PETP, ale budou
zde problémy s novymi kopolymery, napr.
PETP

* Vyrazny rust zaznamena recyklace vypocetni
a kopirovaci techniky

* Vyrazny rust zaznamena recyklace domacich
spotrebiél
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Ambiciozni mlady chemik a RECYKLACE
polymerniho odpadu

* Analyza vstupu a vystupu jednotky

» Kinetika a katalyza procesu

. Cisténi produkt

* Procesy likvidace zbytku po recyklaci
(plasma?)

* Procesy a aparaty — spise véc pro
strojare a chemické inzenyry
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