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1 Uvod do predmétu, legislativa a nazvoslovi, anglicka terminologie, literatura.
2 Shér, identifikace tridéni odpadu. Operace na suché cesté.
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4 Zpracovani v taveniné a pribuzné operace
5 Recyklace termosetu.
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5.12. | Priprava na zkousku nebo predtermin
8.11.2016 2

Recyklace plastd a pryzi MU PRF 2016_8




Trochu aktualit neuskodi

AL WESGS EUF*EEF

MADE IN BRITAIN CAMPAIGN: Eco Plastics
recycles 800,000 bottles an hour and will
double turnover this year to £40m

Kolik to muze byt
tun za hodinu?
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A British company that recycles 800,000 plastic bottles every hour is set to more than double its
turnover this year, rising from £18.5 million to £40 million.

Eco Plastips, 1!.-urhi+::l'| last year agreed a ten-year £200 million deal to recycle Coca-Cola bottles into new
ones, making it the biggest plastic bottle recycler in Europe, says it has already increased capacity by
800 per cent in the past five years.

And there is potential for further growth. Managing director Jonathan Short says: ‘When the business
stanafdvgmum 25,000 tons were recycled, compared with 420,000 |ast year. The industry has grown
massively.

‘More councils have adopted kerbside collection and we buy off their waste management companies.
When we started we made three products, now we make 11 after sorting the waste, such as milk

botties, Cola, water, household cleaning, film, and yoghurt pots.

‘We chop the plastic down to 15mm pieces like confetti and put it through & hot wash process. We can
then make a new plastic used for the thermoforming industry, for example the plastic punnets you get
raspbemes in at the supermarket. We also make new botiles.’

Eco Plastics, based in Lincoln, is an entrant in Financial Mail's Made in Britain competition, which
recognises innovative manufacturing firms. it employs 180 staff and also has offices in Newcastle and
Hong Kong.

Jonathan, 48, says he beleves Eco Plastics should win because it has taken a new industry and
leap-frogged the European competition’.

He adds: 'The UK has been viewed as the dirty man of Eurcpe, but we have seen an opportunity and
grasped it. We now have the world's largest sorting plant and the best technology.'

The judging for Financial Mail's Made in Britain awards takes place next week
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CSN 64 0003 Plasty — Zhodnoceni plastového odpadu —
Nazvoslovi

Cesky anglicky
FyzZikatmiwecyklace plastu, fyzikalni PRy lin
recyklovani plastu

]

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

inové zhodnoceni plastu, Transformation of
premeéna plastove adu na . .
suroviny surovinove vyuziti ~P-|i$tlc waste into raw
plastového odpadu materials

[y hodnoceni plastl, Transformation of
premena plastove . .

energii, energetické vyuziti
plastového odpadu energy
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Zakladni schéma — chemicka X
inova recyklace

olymer
Monomer
Toto uz jsme CASTECNE
probirali u pryzi!
T Petroleum products,
Feedstock > .
e.g., paraffin, waxes
Figure 8. STIicat recychig of polymers
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MONOGRAPHS

; CLEAN TECHNOLOGY |KNOVEL, mozna i Google Books

Feedstock Recycling of

Plastic Wastes
CHAPTER 2

Chemical Depolymerization

Jose Aguado
Department of Experimental Sciences and Engineering, Rey Juan
Carlos University, Mostoles, Spain

David P. Serrano
Chemical Engineering Department, Complutense University of
Madrid, Spain

ISBN 0-85404-531-7
A catalogue record for this book is available from the British Library
© The Royal Society of Chemistry 1999
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Chemicka recyklace plastl, chemické recyklovani
plastu

Chemicky nebo tepelny rozklad druhové tfridéného plastového odpadu na
jednoduché slouc¢eniny, obvykle monomery, z nichz se chemickymi
procesy pripravi novy material

Priklad — chemického recyklovani plastii

Odrezky, piliny a hobliny z blokového PMMA se termicky rozlozi
(depolymerace) na metylmetakrylat (monomer)

Priklad — proces NENI chemické recyklovani plastt

Vtoky a nestandardni vystriky ze vstrikovaciho PMMA se podrti, pretavi,
zgranuluji a znovu pouziji na vstrikovani

CHs CHs CHs

CH;— C—CH,—C—CH,—C——

l

COOCH; COOCH; COOCH;

o [
- CHQ—T_CHZ—TH +* CHE:T
COOCH, COOCH;, COOCH,
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Depolymerace PMMA

COOCH; COOCH; COOCHa

CHs CHs CH;
S— "_CHZ—C_CHE‘—CH + CH2=C
COOCH;  COOCHs COOCH
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Termicka depolymerace PMMA

* Poprve patentovano v Nemecku uz v
roce 1949

Dalsi procesy:

— Depolymerace ve dvojsnekovem extruderu
(1998)

— Termicky rozklad drte pri 500 °C (1997)
firmy ICI & Mitsubishi Rayon
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Monomer recovery by pyrolysis of poly(methyl
methacrylate) (PMMA)

 W. Kaminsky and J. Franck
* University of Hamburg, 2000 Hamburg 13, Edmund-Siemens-Allee 1 Germany
« Abstract

« There are many processes to recover the valuable methylmethacrylate (MMA)
of PMMA waste. The yield of MMA using melting vessels or heated screw
feeders is not sufficient and lies between 50 and 80 wt%. In a indirectly heated
fluidized bed process with a temperature of 450°C more than 97 wt% of the
PMMA could be recovered as monomer. The yield depends on the pyrolysis
temperature.

« At 590°C the gas fraction increases drastically. The main components
of the gas are methane, ethene, propene, carbon monoxide and
carbon dioxide. The main component in the liquid beside the MMA is
methyl acrylate. It is possible to polymerize the liquid to new PMMA
after distillation without any other purification. Even filled and
coloured PMMA materials like rear lights of cars could be polymerized
to a polymerization grade liquid.

 Journal of Analvytical and Applied Pyrolysis

Volume 19, July 1991, Pages 311-318
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The characterization of recycled PMMA

The paper presents a study related to the possibility of obtaining

polymers through the polymerization of liquid products, consisting

mainly on methyl methacrylate (MMA), resulted from thermal

degradation of poly(methyl methacrylate) (PMMA), at 450 °C in a

I . : :

chemically recycled without any purification. The PMMA obtained from

monomers resulted by thermal degradation of virgin PMMA is clear
transparent; while PMMA polymerized from the liquid obtained by
depolymerization of 20 years old PMMA (PMMA waste) is opaque due
to the presence of impurities, which influence both the polymerization

\process and the properties of the obtained PMMA. )

The compressive and flexural strength and Vickers hardness have been
determined and closed values have been found for polymers obtained
from MMA resulted through depolymerization of virgin PMMA and that
from PMMA waste.

Journal of Alloys and Compounds
Volume 483, Issues 1-2, 26 August 2009, Pages 432-436
14th International Symposium on Metastable and Nano-Materials
(ISMANAM-2007)

8.11. 2016 Recyklace plastd a pryzi MU PRF 12
2016_8




8.11. 2016

" EVE Bina-

sdbar pedagag- it |

107,407

-

Zpracovani
polymeru

- = g

e — =

- Iahnratnml cviéeni pro 4, rn&nik .'!'.P'-‘E "hami"l:kynh

Lahuraturni priprava, zpreaovanj
“a ;kﬁ*_éer- pulymu.

—— — . m————
— ——T

A. KRALSVA - L ﬁuﬁﬁuﬁx

Recyklace plastd a pryzi MU PRF
2016_8

13




214 Pifiprava methylmethakrylatu a styrenu depolymeraci

Depolymerace je tepelna destrukce polymeru na puvodni monomer.
Probiha Fetézovym mechanismem pfi teplotach vyssich nez 200 °C. Snadno
depolymeruji makromolekularni latky obsahujici v retézei kvartérni uhlik
ncbo heteroatom (napf. polymethylmethakrylat, polybutylmethakrylat,
polystyren, polyamid 6). Cim v&§i je relativni molekulova hmotnost po-
lymeru, tim niz8i je pocateéni teplota rozkladu. Rychlost depolymerace
zavisi 1 na tlaku; za snizeného tlaku probiha reakce rychleji. Depolymerace
se vyuZiva pi1 zpracovani nevratného odpadu z vySe uvedenych polymera.

Polymery obsahujici v fetézci navazané skupiny —Cl, —F, —OH,
—OR (napf. polyvinylchlorid, polyvinylidenchlorid, celulosa, polyvinyl-
alkohol) nedepolymeruji. Pfi zahfivani polymeru se uvedené skupiny od-
Stépuji v podobé halogenovodiku, vody nebo alkoholu, a to jiZ pfi teplo-
tach niZSich neZ 200°C. Produktem tepeiné destrukce neni monomer,
ale smés latek ruzneho sloZzeni. Priklad degradace PVC pii zahfivani
je uveden v udebnici Kralova A., Klimanek L.: Zpracovani polymerii pro 3.
a 4. rocnik SPSCH*) (odd. 3.2.1).
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Depolymerace PMMA a PS:

T I
~+CH 2-—-(?37 — nCH,=C
CH,00C COOCH,

—ECHz—fT".‘H}n— — n CHzi(i','H

C
7N Z2N
S
HC CH HC CH
L4 s P
L C
H
3
2
1 (A
a——— 17
wlN : Obr. 1. Aparatura pro
e 5] depolymeraci
&= i — polymer, 2 — drak,
8 o L 3 — pryZova zatka,
# 4 — odvodna trubitka,
_ 5 — odmérna zkumavka,
= 6 — chladici lazen (smés
7 ; - vody a ledu), 7 — monomer,
o AN 8 — kahan, 9 — vata
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Ukoly

{. Na laboratornich vahich navaite Glomky organického skla
nebo granule polystyrenu v mno¥stvi 4 a% 6 g Zahfivejte je pozvolna
ve zkumavkové aparaturce podle obr. 1. Pozorujte chovani polymeru
pfi zahfivani i vznikajici monomer. Po skond&eni depolymerace zjistéte
vitézek monomeru v mililitrech a v gramech a vyjadfete jej v procen-

tech.

Obr. 1. Aparatura pro

3 depolymeraci
o , ; — I — polymer, 2 — drZak,
-8 E___" : 3 — pryZova zatka,
- 4 — odvodna trubitka,
3 5 — odmérna zkumavka,
_ —H H 6 — chladici lazei (smés
?___,b vody a ledu), 7 — monomer,
e Rt s 8 — kahan, 9 — vata

2. U pfipraveného monomeru dokazte pFitomnost dvojné vazby
reakci s bromovou vodou. Do zkumavky odlijte 1 m! monomeru a pii-

dejte 1 ml &erstvé pripravené bromové vody. Kapaliny se navzajem nemisi,
a proto obsah zkumavky dilkladné protiepejte. Pozorovani popiste, vy-
svétlete a vyjadiete rovnici.

- - B i 4 & " +*
" LA B o ™ | I S r
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3. Ovéite, co se déje pii zahfivani polyvinylchloridu. Do obdobne

aparatury jako na obr. 1, ale bez jimky na monomer a chladici lazng,
vsypte asi 1 cm® PVC-pragku. Pak velmi pozvolna polymer zahfivejte
a sledujte jeho zmény. Navihéeny univerzalni indikatorovy papirek pfiloZte
k usti ohnuté trubicky a sledujte pH vychézejicich plynii. Potom rozkladne
produkty jimejte (probublavejte) do 2 ml roztoku AgNO;. Pozorovani
popiste a zdivodnéte slovné i rovnicemi,
Bezpeénost prdce. Monomery jsou hoflave, jedovaté a zapéchaji, a proto
pracujte v digestofi. Nepopalte se taveninou polymerd. Zkumavku zahfi-
vejte pozvolna po celé délce, aby nepraskla. Drive, neZ preruSite zahfivani
zkumavky, odstavte jimku, aby se chladny monomer nenasal podtlakem
do reakéni zkumavky, protoZe jinak by praskla. Rovnéz pokusy s bromo-
vou vodou provadgjte v digestofi. Pfi potfisnéni bromovou vodou pokoZzku
nejdfive oplachnéte proudem vody a pak roztokem thiosiranu sodneho.
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Kontrolni otdazky

Objasnéte, co je depolymerace a za jakych podminek probiha,
Které polymery jsou schopny depolymerace?

Kieré polymery nedepolymeruji a co se s nimi d&je pfi zahFivani?
Jaké je praktické vyu#iti depolymerace?

Objasnéte chovani polyvinylchloridu pfi zahfiviani.

Jak se dokazuji dvojné vazby v monomerech?

7. Jaky je rozdil mezi depolymeraci a degradaci?

Nam se v cvicenich termicka depolymerace
PMMA nedari. Je to podle PUVODNI

LITERATURY dost slozitejsi, nez se pise v
uéebnicich. LITERATURU MAM A PUJCIM.

Termicka depolymerace PMM,AV se Provédéla, a
mozna provadi dodnes, v POVAZSKE CHEMICKE
ZAVODY ZILINA (vyrobce PMMA)

8.11. 2016 . .. . 18
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Termicka a mechanicka depolymerace
jinych polymeru

* Polystyrén (PS) — priklad co se déeje a
uvolnuje pri roztrzeni kelimku

* Polyoxymetylem (POM) — priklad co se
deje pri zpracovani ...............
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Termicka depolymerace polystyrénu

 Rozklad pouze pevné faze vede k velkéemu podilu
pevného uhlikového zbytku a smési plynu bez valné
ceny > my mivame ve cvicenich slusny vytezek >
hodnoceni podle INDEXU LOMU, protoze GC
nemame k dispozici

 Termicka depolymerace v pritomnosti tezkych (=
vysokovroucich) olejovych frakci >

— 52 % styrénu,

— 19,5 % metyl styrénu

— 13,6 % toluénu

— 11,6 % benzénu
— 3,3 % kumenu

8.11. 2016
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Katalyzovana depolymerace polystyréenu
w—{CH,—CH—— CH,—CH  CH,=CH

VelRN<iN<l

CHE =CH
waste EPS styrene divinyl benzene

Bazické odneéti benzylového protonu (napr. BaO)
Zipovy mechanizmus odstépovani styrénu

Teploty cca. 350 °C

Vytézky styrénu az 90 %

(Zhang Z. , et al, Ind. Eng. Chem. Res. 34, 4514, (1995))
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Které materialy jsou vhodnéeé pro
chemickou recyklaci?

* Polymery depolymerujici termicky
(PMMA)

* Polymery majici polarni vazby v
hlavnim retéezci (PETP, PA, PUR, PC,
POM, ..)

* Polymery s vyssi mérnou cenou (PC,
POM, ..)
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Polyoxymetylén (POM) - depolymerace

Vznika kationtovou polymeraci formaldehydu nebo
jeho cyklického trimeru — trioxanu

Vzorec: [-CH,-O-],
Rozklad pouze pevné faze se v praxi k recyklaci
nepouziva

Je vyuzivano nestability POM v pritomnosti silnych
kyselin, napr. H,SO,
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Polyoxymetylén (POM) - depolymerace

10 &
a 13% : 3.5x10 -Tg/min cm?
8 . o 15% : 4.3x10 ' g/min cm?
N XN x 18% :6.7x10 '?gfmin cm?
- * 20% : 9.9x10 ~G/min cm?
= X
o
-y
o X
Z 4 L #*
i3 #
2 L & 3
" [y
#* o A
0 X . . !
0 100 200 300 400 500 600
Time [min]
A 13% O 15% X 18% * 20%
Figure 9.23. Decomposition rate of polyacetal in sulfuric acid of different concen-
trations. (Courtesy of K.-F. Mick and M. Hoffmockel of Hoechst AG, Werk Ticona,
Kelsterbach, Germany.)
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Polyoxymetylén (POM) - depolymerace

-10

Reaction Order : 2.14
-12

In(k)

8 IE'M g/mol ks min GrTIE

-18 K'=3.8x10"

-20

0 0.5 1 1.5 2
In([H+])

Figure 9.24. Kinetics plot of the acidolysis of polyacetal giving a reaction order
214, (Courtesy of K-F. Mick and M. Hoffmockel of Hoechst AG, Werk Ticona,
Kelsterbach, Germany.}
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Polyoxymetylén (POM) - depolymerace

VIBRATION
CONVEYER METAL REMOVAL DEVICE

GRINDER E é i
OFFGAS
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STORAGE WATER

FEEDER
BALANCE
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1:> H,S0, e HOT WATER <:

®
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REACTOR N ]
4 FILTER
UNIT
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Figure 9.22. Schematic of process for the chemical recycling of polyacetals b' acidolysis. [F:u'tesy of K-F. Muck and
M. Hoffmockel of Hoechst AG, Werk Ticona, Kelsterbach, Germany |
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Polyuretany

0O

I I
O0=C=N-R—-N=C=0 + HO—R-0OH —mp» %C—NH—R—NH—C—O—R'—O}'
n

Diisocyanate Diol Polyurethane

,f-s O O ,~ \ ,"s\
\ " i/ H,0 / 1
(R OTC NH=R“-NH-C{+O- —» [2 ROHp@ 2 COp + H_N—R'—NH
\ \ \ / 2 2
s_,/ s-,/ So’/
Polyurethane Diamine
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HYDROLYZA PUR

- -y
0 : i \\
\ J

H,0 ) JEER g

G NH—-@—CH3 . mc—nn—@

Diisocyanate

Polyurethane
( polyether-toluenediisocyanate)

AT

Otazka chemickeé

rovnovahy, katalyzy i H0
L | | '
kinetiky! . ; NH, S
\ /
Se’
TDA

Scheme 2.5 Mechanism for the hydrolysis of a polyether-based toluene diisocyanate.”’
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Pres cast 8 asi bude
;| vypousténi pevnych zbytkii

]
]
I
/]
'I
I — vstup odpadu, 2 = noZovy
mlyn, 3 — miyn, 4 - zisobnik
\ ~ ' . v

s, 4rté, 5 — podivaci Snck, 6 -
\ ' .

splnici ndsypka, 7 -

N e .
dw\lfnckovy reaktor, 8 —
uzavisgei nastavec, 9 — Skrtici

ventil, .10 kondenzitor, :
11 - mﬂumwTF 12 ="
zasobnik hydrolyzitu, {3 -
odvod odplynu, 14 — odvod

hydrolyzitu, 15 — privod vody

Obr. 33. Schéma zafizeni pro hydrolyzu lchéeného  do reaktoru: a aZ i -
polyurcthanu temperaéni pasma
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- Recyklace polyuretanovych matraci

Firma H & S Anlagentechnik GmbH, Sulingen, vyvinula
inovativni technologii a reaktorove zarizeni, pomoci nichz
lze provadet chemickou premeéenu polyuretanove (PU) leh-
cené hmoty z matraci na vysoce kvalitni polyoly, které se
pak daji vyuzit k vyrobé tvrdych lehcenych materiald.

Nova technologie je zalozena na optimalizovaném
procesu acidolyzy a dovoluje podle vynalezcu ziskavat vy-
soce kvalitni polyoly, kterymi se muze nahrazovat az 50 26
primarnich polyold, aniz by dochazelo k ovlivhovani fyzi-
kalnich a mechanickych viastnosti vysledného produktu.
Cely tento postup byl prakticky ovérovany na kontinualni
vyrobni lince u jednoho evropského vyrobce polyuretano-
vych izolacnich paneld.

Polyoly ziskané novou technologii vykazuji dobrou reak-
tivitu a neQbsahuji zadneé nebezpecné primarni aromatic-
ké aminy. Naklady na zpétneé ziskavani polyold jsou adajné
az o 35 2% nizsi, nez je trzni cena primarnich polyold.

Vyvinuté zarizeni zahrnuje podle firmy H & S reaktor,
skladovaci a dopravni zarizeni pevnych a kapalnych
vstupnich materiald a dovoluje ziskavat rocné az 2500 t
sekundarnich polyoll.

http://www.kunststoff-magazin.de/zerkleinerung-
recycling/recyclingtechnik--post-consumer-matratzen-recyclen.htm
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Neue RecyclingtechnikPost-Consumer-Matratzen
recyclen

Eine Technologie und Reaktoranlage fur die chemische Umwandlung von PU-
Schaumstoff aus Post-Consumer-Matratzen in hochwertige Polyole flr den Einsatz
in PU-Hartschaumen hat das Unternehmen H und S nach eigenen Angaben

entwickelt.

8.11. 2016
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Da Matratzen nicht biologisch abbaubar sind, ist es schwierig, sie auf
herkommliche Weise zu recyceiln. Von den bis zu 30 Millionen Matratzen, die
nach Unternehmensangaben jahrlich in der EU entsorgt werden, finden
schatzungsweise 60 Prozent ihr Ende als ,,Sperrmull” auf der Deponie,
wahrend 40 Prozent in einem vergleichsweise teuren Verfahren verbrannt
werden.

Die neue Technologie basiere auf einem optimierten Acidolyse-Verfahren und
ermogliche die Gewinnung hochwertiger Polyole, die bis zu 50 Prozent der
Neupolyole ersetzen konnen, ohne die physischen und mechanischen
Eigenschaften des Endprodukts zu beeintrachtigen. Das Verfahren sei bereits
auf einer kontinuierlich arbeitenden Produktionsanlage eines europaischen
Herstellers von PU-Dammplatten erprobt worden.

Im Gegensatz zu den bisher bekannten Verfahren weisen, so der Entwickler,
diee Polyole eine gute Reaktivitat auf und enthalten keine gefahrlichen

Polyole seien um etwa 35 Prozent niedriger als der Marktpreis von
Neupolyolen. Die neue Anlage umfasst samtliche Reaktor-, Lager- und
Fordereinrichtungen fur die festen und flussigen Eingangsstoffe sowie das
ruckgewonnene Polyol und ermoglicht die Gewinnung von rund 2500 Tonnen
Polyol pro Jahr.
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Mozna spisSe
nadrz na
katalyzator
solvolyzy a
dalSi reagenty
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Se o 1. Reactor
~~\2. Activation tank
'3. Silo and feeding
System

~.._ forPUresidues
~4. Cooling tank

~o 5.

=~ 6. Filtration system
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GLYKOLYZA PUR

Benzyl-phenyl-carbamate

, . ’ O
Otazka ’chemlcke’ . @_NH_ 5= CHy—CHOH
rovnovahy, katalyzy i <
kl ne tl ky' ,C\X{O / 2-Hydroxyethylphenyicarbamate
"
W
i
O+l @ @
2
Diphenylurea

Scheme 2.3  Glycolysis of benzyl-phenyl-carbamate and diphenylurea.®
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AMINOLYZA PUR
Reakce s amoniakem nebo aminy
Po rozkladu je pridavkem
propylénoxidu vytvaren polyol a tim
posunovana rovnovaha

(l)H
'CHz"‘CH“CH
R-NH_ 4+ 2 CH{—CH-CH, —— R-N_ 3
. 3 CHy=CH-CH,
OH
Amine Propylene oxide Polyol

o — 192
Scheme 2.6  Conversion of primary amines into polyols by reaction with propylene oxide.
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Polyetherurethane

20 NH,

0
5 H2N-©— —@— + 4 on{cnz}on v 10 HN~C- NH, + HO~

Diamine Diol Urea Polyether polyol

Scheme 2.7 Stoichiometry of the ammonolysis of a polyether urethane.”
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Extract

1. Ammonolysis
+ Extraction

Residue:
Polyetherpolyol

Diisocyanate

2. Extraction

Aqu. solution
of urea

( water )

Chain extender

&
|

Separauon

]
J
cater Am.,.ﬁ]
1
)

of Dml

Phosgmtion
of Amine

i

Polyurethane
l
=
-

Diol
( Chain égtender )

Figure 2.6 Flow diagram of a process for polyurethane ammonolysis by treatment with

supercritical ammonia.”
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Figure 2.7 Flow diagram of the Ford hydroglyeolysis process for the degradation of

8.11. 2016

SLYCOL /
WALTER-

WASTE FOAM
CATALYST
REACTOR
HEXADEC ANE
—...-__h—uu-\-.—h- SEF."-
MIXER Thz"“
HEATER
GLYCOL COOLER
POL YOL
TO
PURIFICATION
SEP'N
TANK
-—l |
AMINES g VACLIM STILL
WASTE

polyurethanes.”

(Reprinted with permission from J. Braslaw and J.L. Gerlock, Ind. Eng.

Chem. Process Des. Dev., 23, 552. © 1984 ACS)
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Neco aktualniho k chemickeé
recyklaci PUR

V ramci programu TACR
(technologicka agentura Ceské
republiky) podala jedna lokalni
universita projekt na
chemickou recyklaci PUR.

Je ale misto obvyklych cca. 300
zadosti, letos ca. 1000 zadosti!
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Chemicka recyklace PETP

e Rozlozeni az na monomery
e Rozlozeni na OLIGOMERY
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TPA
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PETP - polymerace

0
+ 2 HO-CH,-CH.-OH il
E > HO=CHy=CHy=0—C

0O~

BHET

-2H0

- n HO-CH,-CH,-OH || .

¥

PET

Scheme 2.1 Routes of PET preparation.
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—~o-~—-c-<\jé-@~-nwi i~ CHy-OH
rer : polycsterpaolyol
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= o
T ; J ig Y
oo p—E-o-cnronh
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© CHOM 9 = ¢
> HC-0-C , C-0—CH,

© HO—GHg CHOH
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> HO—6—f, .
- & P oG
HO—CH— CH- O '
TPA
Obr. 8 Rizné spisoby solvolyzy PET.
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Figure 2.2 Hydroxyl number evolution during the glycolysis of clear and green recycled

8.11. 2016

PET."®

(From S. Baliga and W.T. Wong, J. Polym.

‘Sci. Polym. Chem., 1989, 27,

2071. Reprinted with permission from John Wiley & Sons Ltd.)
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Teplota cca.
150 °C
Katalyza
kysela

Degradation of PET / %
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Yields of TPA and EG / unit %

Figure 2.3 Effect of the sulfuric acid concentration in PET hydrolysis (150°C, S h):
@ PET conversion, /\ TPA yield, (] ethylene giycol yield.>*
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101 Teplota cca. 50 °C
. - | Katalyza
o Alkalicka
A (bazicka)

0.6 4

Yield of TPA-K, (mol/mol PET)

Reaction time (min)

Figure 2.4 TPA-K, yield versus time during PET decomposition by treatment at 50°C
with KOH in a mixed solvent of ethanol and ethers ( SOIEDSQF(}I%}: O no ether,
@ dioxane, A tetrahydrofuran, A\ 1,2-dimethoxyethane.

8. 11. 2016 Recyklace plastd a pryzi MU PRF 46
2016_8




8.11. 2016

20,000 - 30,000+

PET
MW
600 psi HWYDROLYSIS
800 psi HYDROLYSIS
EXTRUDER
' PRE-GLYCOLYSIS
3,000
ARBITRARY POINT
OF TRANSFER
OLIGOMERS
: 600 psi
: HYDROLYSIS
(BHET, 2544
MONOMERS |
(TASEG} frrrrrr—T T T T Y
0 5 W0 B 2 30

REACTION TIME TO COMPLETION (MIN) ——
Figure 2.5 Change of the PET molecular weight along the time for different degradation
treatments.”

(© M.L. Doerr, US Patent, 4620032, 1986)
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Priklad chemicke recyklace PETP 1
Cesky patent 296 280 ze dne 29.12.2005

Zpusob chemické recyklace odpadniho
polyetylentereftalatu

TRENDY V PATENTECH NA
CHEMICKOU RECYKLACI PETP

e Zamereni na ziskavani kyseliny tereftalove
— Vytvorit a izolovat jeji sul
— Kyselinou (Napr. HCI) premeénit zpét na kyselinu
tereftalovou
e Solvolyza na oligomery
— PUR,
— UP (nenasycené polyesterové pryskyrice)
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Priklad chemicke recyklace PETP 2

SPOLCHEMIE Usti nad Labem

— Slozka do polyesterovych termosetickych
pryskyric
— Slozka do polyuretanu
PROBLEM

Zahranicni spolumajitel jednotku
demontoval a odvezl do zapadni
Evropy
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Priklad chemicke recyklace PETP 3

s RECYKLACE NA MONOMERY

- Délam to v laborkach na MU a dobre
to vychazi

e RECYKLACE NA OLIGOMERY

— Delali jsme to uz 2x na MU na
objednavku a dobre to vychazi
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Polyamidy

Polyamidy dnes tvori mimoradne
rozsahlou skupinu termoplastu s
mnoha aplikacemi

- PAG

- PA 6,6
- PA 6,12,
- PA 6,10
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Polyamidy — chemicka recyklace

Hydrolyza v prostredi kyselém, neutralnim
nebo zasaditéem

Kde se uplatnuje nebo kde ma sanci se
uplatnit?
* Vyrobek, kde je PA ve smeési s jinymi
polymery, napr. koberce
« BRIMROSE Corporation of America
(www.brimrose.com): Application Report
Polymer 11: Classifying N6, N66, and PP

carpet Pieces Using AOTF- NIR
Spectroscopy
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HoN -+ CH, . COOH

Aminocarboxylic acid
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5 N—H
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l NaOH
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l HCI
HOOC |+ CH5 1 COOH + 2 NacCl
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Scheme 2.8 Iy drolysis of raviori-6 arid riyiori-6.6.7
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NYLON-6

mg{CHZtNH-ﬁ-E{CHZtNHm

+ NH3
C=0 0O
-H,0
CH i 2 _
[ 2£r!m H2N—C{CH2]—5NH2 e N-C-ECHZtNHz
_______________________________ Aminocaproamide Aminocapronitrile
NYLON-6,6
| Il
mHN-ECHthH—j.-C-ECH2}CM
+NHg
0O
Il I -2H,0
HaNTCHy 3-NH, H2N-C*ECH2}40-—NH2 - NEC-ECHz}-“CEN
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Scheme 2.9 Mechanism of the ammonolysis of nylon-6 and nylon-6,6.'%
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CHEMICKA RECYKLACE polymerniho
odpadu - OBECNE PROBLEMY

* Oproti fyzikalni recyklaci je moc chemie
a moc procesu a aparatu > vySSi naroky
na investice a na kvalifikaci obsluhy

* Co se zbytkem po procesu? Obvykle
,NebezpecCny odpad” >
— Rozumné vyuziti zadneé
— Skladkovani problematické
— Spalovani drahe
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Ambiciézni mlady chemik a CHEMICKA
RECYKLACE polymerniho odpadu

« Analyza vstupu a vystupu jednotky

» Kinetika a katalyza procesu

» Cisténi produktu

* Procesy likvidace zbytku po recyklaci
(plasma?)

* Procesy a aparaty — spise vec pro
strojare a chemické inzenyry
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Paradox chemicke recyklace versus
fyzikalni recyklace PETP

CHEMICKA RECYKLACE

* Chemicky to vypada jednoduse

» Spousta ¢lanku a patentu

 Minimum Uspé&snych realizaci (ZATIM)
FYZIKALNI RECYKLACE

o Zdanlivé malo chemie

* Minimum technicky prinosnych ¢lanku

 Hodneée uspesnych realizaci
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K premysleni

* ProC se chemicky nerecykluji PE a PP?
* ProC se chemicky nerecykluje PVC?

* ProcC Ize chemicky recyklovat PS,
PMMA a POM?

* ProcC Ize chemicky recyklovat PETP,
PUR, PA, PBTP?
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100% recyklovatelny obal. Pridejte se k nam a recyklujte.
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virvoja snizill o 20 %%, Pokud ale
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