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Casovy plan

Uvod do piedmétu, legislativa a nazvoslovi, anglicka terminologie, literatura.

Sbér, identifikace tridéni odpadu. Operace na suché cesté.

Recyklace — na mokré cesté

Zpracovani v taveniné a pribuzné operace

Recyklace termosetiu. Recyklace PET.

Recyklace vulkanizatu.

Chemicka recyklace.

Metody termického rozkladu. Energetické vyuziti.
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Problémy a perspektivy recyklace a likvidace polymerniho odpadu.

10

Recyklace versus biodegradace. Praktické priklady z literatury a
praxe.

11

Prakticka ukazka filtracniho testu PETP a PE (PIB)

12

EXKURZE | (PETKA C2) - RECYKLACE PET

13

EXKURZE 11 (SPALOVNA BRNO) - ENERGETICKE VYUZIT/
ODPADU
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Syllabus ,,Makromolekularni chemie®

Polymery pripravované polykondenzaci
* Polyestery
* Polyuretany
* Epoxidy
* Fenolformaldehydové pryskyrice
 Mocovinoformaldehydoveé pryskyrice
* Melaminoformaldehydove pryskyrice

14.10. 2014 Recyklace plastu & pryzi MU PfF
52014



Slovnicek na uvod

Jazyk vyraz
Cestina Termosety
Nemcina Duroplaste

Anglictina Thermosets
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CSN 64 0003 Plasty — Zhodnoceni plastového odpadu —
Nazvoslovi

Cesky anglicky
arnl recyklace plastu,

Primary recycling

material i vyrobek puvodni

Sekundarni recyklace plast, Secondary recycling
sekundarni recyklovani plastli

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

Fyzikalni recyklace plastu, fyzikalni Physical recycling
recyklovani plastu

Chemicka recyklace plastu, Reconstitution of plastic waste,
chemické recyklovani plastu, Chemical recycling — béZné se
rekonstituce plastového odpadu pouziva, ale neni v této normé

nsformation of plastic waste into
raw

Transformation of plastjc waste into
preména plastového odpa energy
energii, energetické vyuziti

plastového odpadu
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Regenerat versus recyklat

Cesky anglicky

Regenerat z vlastnich zdroju Reworked plastic
Material ziskany z vlastniho technologickeho
odpadu, urCeny pro pouziti uvnitr podniku

at z vnéjsich zdroju
Material z tec ického odpadu,
zpracovavany nebo prepracovs /
podnik, v némz vznikl

rocessed plastic
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Termosety

Ne vSechny polymery pripravované
polykondenzaci jsou TERMOSETY!!!

- PETP, PBTP
- PA6.6, PAG.12 ......
 PC (polykarbonaty

Polyadice X Polykondenzace!!!
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Termosety

Ne vSechny polymery pripravované
polykondenzaci jsou TERMOSETY!!!

— — ThErmoplastic Highly
chains crosslinked
. 5 thermoset
chains

..-'_"' -__,.-"'
Figure 2.4 Arrangements of thermoplastic and thermoset
molecular chaimns
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Thermoset Polymer

Termosety

Application

Table 2.6 Common thermoset materd
| ifetime ran

| Adhesives, electrical

Epoxy . 10 vears +
mnsulation
O | H:&at Il:'ELEI;.‘.HE
for ek rsaih | am.male surfaces, 10 vears +
' .e., kitchen worktops
Heart resistant
Phenolic handles for pans, 10 years +
ITONS, TOASLErs
Rigd or flexible
Polvurethane (P11 toams tor upholstery 10 years +

and insulation

Unsarurated
pn|}'l.‘:5tr.‘r5
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Partitions, toaster
| sides, sarellite dishes

10 vears +
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Kde jsou
TERMOSETY
Jesteé
pouzivany
pro
kratkodobé
aplikace?

Které
termoplasty

by je mohly
nahradit

v kratkodobych
i dlouhodobych
aplikacich?
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Termosety a recyklace?

* Az do nedavna byla povazovany na
NERECYKLOVATELNE > to snizovalo a
snizuje jejich souCasné uplatneni na trhu

« Snad jediné u polyuretanu (PUR) Ize uvaZovat

0 SOLVOLYZE > &im? > CHEMICKA
RECYKLACE

« Dalsi moznost pro PUR: REKONSTITUCE
(jedna z uloh ve skriptech UTB Zlin)
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Termosety a PROBLEMY recyklace

¢ Thermosetting polymers cannot be remoulded or reprocessed by remelting

o The majority of material in many thermoset composites is inorganic glass
reinforcement and mineral fillers |

* A wide range of reinforcements and fillers are used in thermoset composite
materials and these are present in varying proportions

o Thermoset composite waste is likely to be contaminated and often contains metal
Inserts or fasteners.

Jak se tedy recykluji?
grinding and re-use
selective chemical degradation
pyrolysis and re-use
e incineration with energy recovery.

e & @
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Alkoholyza PUR

' Ausgn_o_lyse von PU — Abfallen
I 0 0 i
|
-Wo —— - HN{ANH - c-—*—o
, Polyurethan i

| H—:—-GN‘-GH HON‘-O—*"H
] Oiol .

. :
f-? C- N FNH-
| -

0«@»

0
i

0-H  H-0

14.10. 2014 Recyklace plasti & pryzi MU PfF
52014

flussiges homogenes Polyolgemisch . ‘
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REKONSTITUCE PUR

VORAMER (DOW, www.dow.com):

* Prumyslové adhezivo — pojivo na bazi PUR
slozek

* Pouziti pro PUR, ale i pro vulkanizaty

 Pro lehceny PUR je objemovy pomer cca.

80/1 = PUR/ VORAMER

VORAMER* Industrial Adhesives and Binders can be used as
binder in a variety of recycling applications, bonding together
different kinds of shredded materials such as rubber, flexible
polyurethane foams, EVA, cork and gravel. VORAMER binders
are based on Dow's prepolymer technology and expertise.
These prepolymers can be MDI, MDI/TDI and TDI based.
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Termosety a recyklace?

 Pokud neobsahuje cenné plnivo: Pomlet a
vyuiit jako plnivo (tim se nebudeme zabyvat)

 Pokud obsahuje cenné pinivo:
— Pomlet
— Odtridit matrici a vyuzit jako plnivo

» Odtridit plnivo a znovu pouzit

14.10. 2014 Recyklace plastu & pryzi MU PfF
52014
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Odtridit plnivo a znovu pouzit

Cesky Anglicky
Vyztuzeny termoseticky utvar Sheet moulding compound
uréeny k tvarovani (pouziva se
vyraz PREPREG)
Obvykie ve tvaru s M c
plo$ného Gtvaru ZKRATKA:

Pouziva se u epoxidovych nebo (Castéjsi) polyesterovych odpadu
vyztuzenych sklenénou tkaninou nebo netkanou rohozi.

Pochopitelné az potom, co jsou vytvrzeny!
Vyteznost viaken: 10 — 30 %
K drceni jsou pouzivany KLADIVOVE MLYNY
nebo drtiCe se zvlaste odolnymi nozi
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Typickeé receptury SMC

SUPERLEVNA RECEPTURA (hodné CaCO.) ‘

Material Quantity (%) Function

Calcium carbonate 48 Filler

Fibreglass (25 mm lengths) 28 Reinforcement for strength and stiffness
Polyester 13 Polymer matrix

Low-profile additive 8 Shrinkage compensator for Class A surface
Magnesium oxide 2 Thickening agent
Additives I Catalyst, mould release. pigment
DRAHA RECEPTURA (BEZ CaCO,) ‘

Material Quantity (%) Function
Fibreglass (25 mm lengths) 28 Reinforcement for strength and stiffness
Polyester 13 Polymer matrix
Low-profile additive 8 Shrinkage compensator for Class A surface
Magnesium oxide 2 Thickening agent
Additives I Catalyst, mould release. pigment
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Uspora pouzitim recyklatu u receptury
SMC

Table 11.6. Weight savings for a 9 kg SMC hood
when using SMC recyclate. (Adapted from SMCAA
literature.)

Recycle content 10% 15% 25%
Weight reduction (%) —4.7 ~0. 7 —9.8
Weight reduction (kg) 0.43 0.6 0.9

A hood with a 25% recyclate content weighs 7.7 kg compared 1o 9 kg
for a virgin SMC part.
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http://upload.wikimedia.org/wikipedia/commons/1/15/Hammer_mill_open_angled_full.jpg
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Kladivovy mlyn (wikip
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http://upload.wikimedia.org/wikipedia/commons/6/62/Hammerm%C3%BChle.jpg

Drti¢ velkych kusu, drti¢ na hrubo
(Shredder)

14.10. 2014 Recyklace plastu & pryzi MU PfF
52014

21



Znovu pouzit — ale kde?

* Mleta matrice
— Plnivo do stejného materialu
— Plnivo pro termoplasty

« Odtridené plnivo
— Plnivo do stejného materialu

14.10. 2014 Recyklace plastu & pryzi MU PfF
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* Universities combine in thermoset recycling
research project.

* British Plastics & Rubber, July, 1995

THE universities of Nottingham and Brunel are collaborating in a
[pounds]600,000 project to develop recycling techniques for
thermoset polymer composites

« The RRECOM project -- the acronym stands for recycling and
recovery from composites materials -- is funded under the LINK
structural composites programme, with support from the DTI and
the Engineering & Physical Sciences Research Council. Half the
costs will be met by the 16 private sector companies that are
participating in the scheme.

 Nottingham will work on energy recovery processes and
recycling of incombustible materials. Brunel will examine
fragmentation techniques aimed at producing reinforcing fillers.

* Further details from the project manager, Dr Steve Pickering at

Nottingham University on 01159 513785.
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http://findarticles.com/p/articles/mi_hb4342/
http://findarticles.com/p/articles/mi_hb4342/is_199507/

Thermoset scrap study.
British Plastics & Rubber, February, 1997

Brunel University and the University of Nottingham are jointly
working on a research programme to study ways of dealing with
thermoset scrap.

The Brunel programme, led by Dr Peter Hornsby and Professor
Mike Bevis, is concentrating on size reduction and the use of
scrap as a functional filler in polymeric matrices. In commercial
trials, Birkbys Plastics is now moulding an existing automotive
component in a thermoplastic reinforced with scrap thermoset
filler.

Birkbys sees the exercise as an important step towards vehicle
recyclability. The work is part of the RRECOM - recycling and
recovery from composite materials - project that is supported
through the LINK structural composites programme, with funding
from the DTI and others. Sixteen collaborating...
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* Universities combine in thermoset recycling
research project.

 Publication: British Plastics & Rubber
Date: Saturday, July 1 1995

THE universities of Nottingham and Brunel are collaborating in
a [pounds]600,000 project to develop recycling techniques for
thermoset polymer composites.

« The RRECOM project -- the acronym stands for recycling and
recovery from composites materials -- is funded under the LINK
structural composites programme, with support from the DTI
and the Engineering & Physical Sciences Research Council
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 Thermoset recycling
project.(ENVIRONMENTAL ISSUES)

 Publication: High Performance Plastics
Date: Monday, Auqust 1 2005

A research project underway in the UK is looking at ways of
recycling thermoset-based FRPs in the automotive industry.

« Entitled Recycling Thermoset Composites (RECCOMP), it is a
Department of Trade and Industry (DTI)-funded programme
worth about 880 000 [pounds sterling] over three years. It is
being led by SIMS Group UK Ltd.

 The project is aimed at improving the UK's ability to respond to
environmental legislation on recycling of waste from FRPs.
Industry, in particular the automobile sector, is a significant
consumer of non-recyclable thermoset FRPs, 85% o
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Ktera vlakna ma smysl recyklovat?
UHLIKOVA!

R.E. Allred, L. D. Busselle, J. M. Shoemaker

Catalytic Process for Reclamation of
Carbon Fibres from Carbon/Epoxy
Composites

SPE Annual Recycling Conference 1999

http://www.plasticsresource.com/recycling/A
RC99/Allred.htm

Cim to katalyzuiji ale nefikaiji!
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Figure 2. SEM micrograph of residual resin flake in the
hackground with carbon fibers in the foreground (1 200x)
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Figure 3 SEM micry
0229 fu

O0E-0.7 MO.T-0.8 O0.5-0.8 Doe-1

Frgure . Surfaoce platf for the predicred puriny of the
carbon fiber product varying femperature and ime
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Snad je to pravda?

el




Ktera vlakna ma smysl recyklovat a ktera

asi ne?
Ma smysl NEMA smysl
- UHLIKOVA - SKLENENA
« CEDICOVA odpadni (smes

« SKLENENA vys$si

Jakosti

ruznych jemnosti,
povrchovych
uprav a druhu
skla)

14.10. 2014
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PribliZneé cené viaken

Viakno Cena (EUR/kg)

UHLIKOVA 20 - 25
CEDICOVA 3,5-5,2
SKLENENA 1,3-1,6
vyssi jakosti

Cena je zavisla na odebraném
mnozstvi a na povrchove uprave
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Priklad separovaného sklenéného viakna
po recyklaci SMC
patrné vyztuzeno netkanou rohozi)
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Ma smysl zabyvat se recyklaci SMC?
MA!
Odhad ZO ROKU 2007:

« V DOPRAVNI TECHNICE je v Evropé
pouzito cca. 145 000 t SMC rocne

* Polovina tohoto mnozstvi pripada na
osobni automobily

— Cca. 120 kg plastu/jedno auto
— 20 % z toho jsou KOMPOZITY!
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Co dnes dominuje u recyklace
termosetu? Energetické vyuziti!

Wirbelschicht- Pymtm Flncm von Kunststoffabfallen
Kunststoffabfalle i PR — -

4 Ikihler

= Wasser

e o > OlefTeer Destillations-
et oo essadsairpr LI L (ST kolonne

Pyrolysegases: V4 fur ProzeBwarme + 34 fur Fernwarme
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Je sanci PLASTBETON?

* Co to je plastbeton?

 Kde se pouziva?

 Kdo ho v tuzemsku vyrabi?

« Jaké ma slozky?

« Jaky termoseticky material by bylo
mozno takto recyklovat?

14.10. 2014 Recyklace plastu & pryzi MU PfF
52014

36



