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TAK TOMU MOC NEVERIM. Co vy?

Larvy, které miluji plasty

Planetu Zemi zahlcuji plasty. Jen letos se jich v USA vyprodukovalo \
ha 33 miliond tun. Ve svétovych ocednech jich pak skoncilo na (
devét miliond tun. S odstranénim plastd by nam oviem mohly

vyrazné pomoci larvy potemnika

ei-Min Wu ze
Stanfordu
a jeho

spolupracovnici
navrhuji pouzit

k zastaveni pl
viny moudcné Cerv;
Zjistili todz. ze larvy
potemniki moucnych
jsou ochowné pozirat po-
lystyren a2 podobné umélé
hmoty. Mikrobi v jejich stfevech
dovedou polystyren rozlozit a zuzitkovat.
Bvlo to prekvapeni, ale rozhodné
piijemné. Stovka moucnych cervii
v laboratornich podminkdch sezere kolem
35 miligramu polystyrenu za den. Ve na-
svédcéuje tomu, ze se mouéni ¢ervi mohou
krmit umélymi hmotami, aniz by to mélo
viditelné disledky na jejich zdravi.

16. 10. 2017

Také jejich exkrementy byly
podrobeny dislednému zkou-
mdni. Podle dosavadnich
zjisténi to vypadd, ze takro
ptetrdveny plast je pfiroze-
né rozlozitelny a mohl by
’ se v budoucnu pouzivar
napfiklad na hnojeni.
Dobré vysledky nyni
védce ze Stanfordu povzbu-
dily také k hleddni morské-
ho ckvivalentu moucnych cervi.

Potemnik moucn

Potemnik je velmi béZny brouk, ktery
se vyskytuje pfedevsim v oblastech

obydlenych clovékem. RozmnoZuje
se snadno a ve velkych poctech. Je

V Pacifiku se jiz nékolik desitek
let tvoii tzv. Odpadkovy ostrov
sestdvajici z drobnych plasto-
vych &astecek, jehoz plocha
je podle nékterych odhada
az milion ¢tvereénich
kilometra. Kvili své ldkavé
barevnosti se pak odpadem
zivi nejen ptdci, ale také béiné
lovené ryby — a toxiny se tak
dostdvaji zpét do lidského
potravniho retézce.

skodlivy predevsim pro zemédélskou
produkci, protoZe jeho larvy maji
obrovsky apetit a Zivi se

sklizenym obilim. KT

RECYKLACE PLASTU A PRYZi MU PRF 62017



Syllabus ,,Makromolekularni chemie*

Polymery pripravovaneé polykondenzaci
* Polyestery
* Polyuretany
* Epoxidy
* Fenolformaldehydove pryskyrice
 Mocovinoformaldehydove pryskyrice
 Melaminoformaldehydové pryskyrice
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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

arni recyklace plastu, Primary recycling

material ¢i vyrobek puvodni

Sekundarni recyklace plastu, Secondary recycling
sekundarni recyklovani plastu

Proces, pfi némz se z plastového

odpadu ziskava material Ci

vyrobek, jehoz vlastnosti jsou

znacne odlisSné 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

nstitution of plastic waste,
Chem recycling — béznée se
pouziva, a ni v této normeé

Transformation o stic waste into

raw materials

suroviny surovinové vyuziti
plastového odpadu

Energetické zhodnoceni plastu, Transformation of plastic waste into
preména plastového odpadu na energy

energii, energetické vyuziti

plastového odpadu
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Regenerat versus recyklat

Cesky anglicky

Regenerat z vlastnich zdroj Reworked plastic
Material ziskany z vlastniho technologického
odpadu, ureny pro pouziti uvnitf podniku

at z vnéjsich zdroj
Material z tec ického odpadu,
zpracovavany nebo prepraCovs /
podnik, v némz vznikl

rocessed plastic

16. 10. 2017 RECYKLACE PLASTU A PRYZi 7
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Termosety

Ne vSechny polymery pripravovane
polykondenzaci jsou TERMOSETY!!!

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

Polyadice X Polykondenzace!!!
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Termosety

Ne vSechny polymery pripravovane
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 +

RECYKLACE PLASTU A PRYZi
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Kde jsou
TERMOSETY
Jeste
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 sniZzovalo 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)

16. 10. 2017 RECYKLACE PLASTU A PRYZi
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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.
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Alkoholyza PUR

Alkoholyse von PU — Abfallen

_ ' 0 0 |
: |
;i 3 —— £
--0 "‘:"‘ E'HN-‘//’%%_NH‘ c ___,t__ 0
} Polyurethan :
CH——O0MOH  HOMO0——H
| Oiol |
: : Q T8 9
M0 C-HN{7ANH-C
- H i 0
7 $
- H-0

flussiges homogenes Polyolgemisch
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Toto je ale
- CHEMICKA

<2~ RECYKLACE

oo
H

:\
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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 pomeér 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.

16. 10. 2017 RECYKLACE PLASTU A PRYZi 14
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http://www.dow.com/

Termosety a recyklace?

 Pokud neobsahuje cenné plnivo: Pomlet a
Vinl't jako pInivo (tim se nebudeme zabyvat)

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

» Odtridit plnivo a znovu pouzit

16. 10. 2017 RECYKLACE PLASTU A PRYZi
MU PRF 6 2017
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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
plosného Gtvaru ZKRATKA: SMC

Pouziva se u epoxidovych nebo (€astéjsi) polyesterovych

odpadul 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 zvlasté odolnymi nozi

16. 10. 2017 RECYKLACE PLASTU A PRYZi
MU PRF 6 2017

16



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

i Magnesium oxide | 2 Thickening agent

“Adanvey T ! l 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

IMagnesium oxide | 2 Thickening agent

Additives l Catalyst, mould release, pigment

16. 10. 2017 RECYKLACE PLASTU A PRYZi MU PRF 62017 17



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.

16. 10. 2017 RECYKLACE PLASTU A PRYZi
MU PRF 6 2017
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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)

16. 10. 2017 RECYKLACE PLASTU A PRYZi
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Znovu pouzit — ale kde?

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

« Odtridené plnivo
— Plnivo do stejného materialu

16. 10. 2017 RECYKLACE PLASTU A PRYZi
MU PRF 6 2017

22



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.

16. 10. 2017 RECYKLACE PLASTU A PRYZi 23
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http://findarticles.com/p/articles/mi_hb4342/
http://findarticles.com/p/articles/mi_hb4342/is_199507/

e 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...

16. 10. 2017 RECYKLACE PLASTU A PRYZi 24
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http://findarticles.com/p/articles/mi_hb4342/
http://findarticles.com/p/articles/mi_hb4342/is_199702/

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

16. 10. 2017 RECYKLACE PLASTU A PRYZi 25
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http://www.allbusiness.com/british-plastics-rubber/8479699-1.html
http://www.allbusiness.com/british-plastics-rubber/19950701/8484381-1.html

Thermoset recycling project
(ENVIRONMENTAL ISSUES)

 Publication: High Performance Plastics
Date: Monday, August 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

16. 10. 2017 RECYKLACE PLASTU A PRYZi 26
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http://www.allbusiness.com/high-performance-plastics/8250332-1.html
http://www.allbusiness.com/high-performance-plastics/20050801/8251311-1.html

Ktera viakna 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 katalyzuji ale nefikaji!
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http://www.plasticsresource.com/recycling/ARC99/Allred.htm
http://www.plasticsresource.com/recycling/ARC99/Allred.htm

Figure 2. SEM micrograph of residual resin flake in the
hackground with carbon fibers in the foreground (1 200x)

RECYKLACE PLASTU A PRYZI
MU PRF 62017
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Figure 3 SEM micrograph of reclaimed carhon fiber with
0. 22%6 fww) residual resin (500x)
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Snad je to pravda?

Trek u2 reeyluje kompozi
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Firma DELL - uhlikova viakna

http://greenchemicalsblog.com/2015/10/12/dell-partners-with-sabic-for-recycled-
carbon-fibers/
http://www.dell.com/learn/us/en/vn/press-releases/2015-09-28-dell-launches-industry
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Ktera vlakna ma smysl recyklovat a ktera
asi ne?

Ma smysl NEMA smysl|

e UHLIKOVA ||- SKLENENA

odpadni (smes

. CEDK;QVAj riiznych jemnosti,
- SKLENENA vy33i || povrchovych
jakosti uprav a druhu

skia)
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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 separovanéeho skleneného viakna
po recyklaci SMC
patrne vyztuzeno netkanou rohozi)
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TATO FIRMA UZ
RECYKLACI SMC
NEDELA, ASI SE TO
NEVYPLACELO



Jak je mozno usnadnit separaci
viaken?

e Nabobtnani organickym
rozpoustediem
- Naklady na hygienu a regeneraci

rozpoustedia

e Povrchoveée aktivni latkou, ktera
difunduje podél viaken a separuje
je od matrice

- Vodna baze, ale pomerne nova vec >
SANCE PRO VAS!
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Ma smysl zabyvat se recyklaci SMC?
MA!
Odhad Z 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!

16. 10. 2017 RECYKLACE PLASTU A PRYZi
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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?

« Jakée ma slozky?

« Jaky termoseticky material by bylo
mozno takto recyklovat?

16. 10. 2017 RECYKLACE PLASTU A PRYZi
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TOTO SE MI ZDA ZAJIMAVE. Co vam?

Védci na Fakulté chemické, Ustavu chemie potravin a
biotechnologii — doc. Ing. Jifina Omelkova, CSc. a Ing.
Miroslava Zichova, vyvinuli technologii slouzici k priprave a
vyuziti drte z bezbarvych PET lahvi, na kterou Ize
imobilizovat biologicky aktivni latky. Imobilizace

v biotechnologiich pfedstavuje ,fechniky pouzivané pro fyzikalni
nebo chemickou fixaci bunék, organel, enzymu nebo jinych proteinu
(napr. monoklonalnich protilatek) na pevny povrch nebo zadrzenych
membranou” (2).

Proces pripravy nosice pro imobilizaci PET lahvi spocCiva

v rozdrceni plastovych obalu. Vznikla drt’ se dale separuje na dilCi
frakce, priCemz Castice mensSi nez 0,8 mm se pouziji k imobilizaci.
Aktivace nosiCe pro imobilizaci enzymu probéhne trepanim drté

v kombinaci s acetonem, kterée trva v rozmezi 5 az 10 hodin.
Ziskany nosi¢ pro imobilizaci enzymu se nasledné vysusi. Enzym se
poté aplikuje do reakCni smesi
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