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POLYESTERY - trochu chemie

 Na rozdil od PE, PP,’PVC a PS vznikaji
POLYKONDENZACI (co to je, rozdil od
napr. radikalove iniciované polymerace)

« POLYKONDENZACE - zde funkéni
skupiny —-OH a -COOH

* Termoplastické polyestery

o Termoseticke polyestery
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POLYESTERY = trochu chemie
« TECHNICKY NAZEV: POLYESTER

« TRIVIALNI NAZEV (pfiklad):
polyethylentereftalat

« Zkratka (priklad): PETP, PBTP, ..
e PET - nespravna zkratka

* [IUPAC nazev (priklad):
poly(oxyethylenoxytereftaloyl)

e O]
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POLYESTERY

Termoplastickeé polyestery

» Polyethylentereftalat, zkratka: PETP

* Polybutylentereftalat, zkratka: PBTP
Termoseticke polyestery

» Patri sem mnoho polymeru ruzného
slozeni, zkratka: UP ( Unsatqrated
Polyesters — NENASYCENE

POLYESTERY),
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POLYESTERY - MATERIALY
BEZPOCTU POUZITI

Termoplastické polyestery

» Vstrikovani, hlavne jako kompozity se sklenenym
viaknem

» Vytlacovani
— Vlakna & monofily (nejrozsifen€jSi vlakno na svete, cca.
40 mil t/rok), data se meni k vyssSim > CINA
— Félie
— Vazaci pasky
— Desky
» VYFUKOVANI lahvi - od roku 1973 (USA)
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POLYAMIDY versus POLYESTERY

TERMOPLASTICKE
POLYAMIDY POLYESTERY
« SEMIKRYSTALICKY SEMIKRYSTALICKY
TERMOPLAST TERMOPLAST

« Krystalinita jen 30 — 50 %
hmot.
PAG
*+ T, (SUCHY)70°C
- T,220°C
PAG6
- T, (SUCHY) 80 °C
« T.,264 °C
- NASAKAVOST VODY:
jednotky % hmot.

Krystalinita jen 30 — 50 %
hmot
PBTP
T, 50°C
T, 220 °C
PETP
T, 67°C
T, 266 °C
NASAKAVOST VODY:
DESETINY % hmot. .
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POLYAMIDY versus POLYESTERY

POLYAMIDY TERMOPLASTICKE
POLYESTERY

. Vstiikovani— T T + Vstiikovani - ¥

+ Vlakna - J . Vlakna - T 1
 Folie -+ .+ Félie — 1
 Desky — | . Deskv — 1

e Lahve - { Y

: Léhve—TTT
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Termoplasticke polyestery - PBTP

Polybutylentereftalat, zkratka: PBTP
« Pouziti: hlavne vstrikovani jako kompozit
s kratkymi sklenenymi viakny
» Ostatni technologie (vytlacovani,
vyfukovani) jsou minoritni

» HLAVNI NEDOSTATEK PBTP i PETP
oproti POLYAMIDUM je NiZKA
HOUZEVNATOST

* Dalsim je vysoka citlivost na vlhkost pri
zpracovani, nutno susit < 0,03 % vody
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Termoplastickeé polyestery - PETP

Polyethylentereftalat, zkratka: PETP

* Pouziti: hlavné vlakna (zvlaknovani z taveniny)
— Kablik (nekonecné viakno)
— Hedvabi a kord (nekonecné viakno)

— Striz (kratka vlakna) > smésovani s vinou,
bavinou, atd.

 Dlouzeni dvoustupnove, pak srazeni nebo fixace

e Kopolykondenzace — kyselina isoftalova nebo 5-
sulfoizoftalova > BARVITELNOST POVRCHOVE,
jinak jen ve hmote (barviva a pigmenty — Cim se
iSi?)
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Termoplastickeé polyestery - PETP

POLYESTERY_7 - 2016

Young's modulus (E) 2800-3100 MPa |tuhost dobra
Tensile strength(o)) 55-75 MPa pevnost OK
notch test 3.6 kJ/m- HOUZEVNATOST MIZERNA
I e
Glass transition 67to 81 C nekrystalické ¢asti !
temperature (Tq)
. vtlaceni kruhové jehly 1 mm?
Vicat B 82 C do hloubky 1 mm
i -
meal-' e-xpansmn 7 10-5/K slusné, lepsi nez PP i PE
icoefficient (a)
Water absorption 0.16 VYBORNE! SPORTOVNI
(ASTM) ) OSACENI!
11. 4. 2016 POLYMERY A PLASTY V PRAXI 10



http://en.wikipedia.org/wiki/Young's_modulus
http://en.wikipedia.org/wiki/Young's_modulus
http://en.wikipedia.org/wiki/Young's_modulus
http://en.wikipedia.org/wiki/Pascal_(unit)
http://en.wikipedia.org/wiki/Tensile_strength
http://en.wikipedia.org/wiki/Notch_test
http://en.wikipedia.org/wiki/Kilojoule
http://en.wikipedia.org/wiki/Glass_transition_temperature
http://en.wikipedia.org/wiki/Glass_transition_temperature
http://en.wikipedia.org/wiki/Degree_Celsius
http://en.wikipedia.org/wiki/Degree_Celsius
http://en.wikipedia.org/wiki/Vicat_softening_point
http://en.wikipedia.org/wiki/Coefficient_of_thermal_expansion
http://en.wikipedia.org/wiki/Coefficient_of_thermal_expansion

Termoplastickeé polyestery - PETP

Properties

Molecular formula

(c10H804)n[1:l

Molar mass

variable

Ale nizsSi nez PP i PE,
protoze to je
polykondenzat

Density

1.38 g/lcm: (20 C),=
amorphous: 1.370 g/cms,m

single crystal: 1.455 g/cmain

Proto nelze pri
recyklaci oddelit od
PVC flotac¢neé

Melting point

> 250 C,z2 260 Cu

Boiling point

> 350 C (decomposes)

Pri horeni neskapava,
na rozdil od PP, PE a
PA, coz je dobré

Solubility in water

practically insoluble

To se da cekat!

Thermal . W Kovy maji desitky az
conductivity Lot L (e A L LhEnd stovky
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Termoplasticke polyestery - PETP

* Charakterizuji se viskozitou v roztoku, ’
vetsinou LOGARITMICKE VISKOZITNI
CISLO (LVC)

» VYSSI LVC > VYSSI MW

* Nyni se objevuji snahy pouzivat i zde

INDEX TOKU TAVENINY

e J4 davam prednost : LOGARITMICKE
VISKOZITNI CISLO

» Jsou I jiné viskozitni charakteristiky PETP
v roztoku
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LOGARITMICKE VISKOZITNI CiSLO (LVE)

Fiber grade
0.40-0.70 Textile
0.72-0.98 Technical, tire cord

Film grade
0.60-0.70 BoPET (biaxially oriented PET film)
0.70-1.00 Sheet grade for thermoforming

Bottle grade
0.70-0.78 Water bottles (flat)
0.78-0.85 Carbonated soft drink grade

Monofilament, engineering plastic
1.00-2.00
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Termoplastickeé polyestery - PETP
HOOC COOH

Kyselina 5-sulfo sodium
izoftalova

HOOC

Kyselina izoftalova
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Termoplasticke polyestery - PETP
folie |
Neorientované

Cca. 60 — 600 um
Pouziti termoforming — blistrove baleni

« Casto vyuzivan recyklat z lahvi

 Koextruze s PETG (A-B nebo A-B-A >
lepsi svaritelnost), PETG je vrstvou A
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Termoplasticke polyestery - PETP
folie Il
ORIENTOVANE
» VétsSinou BIAXIALNI ORIENTACE (BOPET)

 Cca.10 — 150 um

 Pouziti — baleni a elektrotechnika

. Casto koextruze s PP éi PE (A-B nebo A-
B-A > lepsi svaritelnost), PP Ci PE je
vrstvou A

 Temer nikdy neni vyuzivan recyklat z lahvi

11. 4. 2016 POLYMERY A PLASTY V PRAXI 16
POLYESTERY_7 - 2016



Termoplasticke polyestery - PETP
folie Il (BOPETP)

Resininlet

n directi TD) stretch
(draw ratio 1:2.0-3.5) Transversedirection [TD):s

- Machine direction (MD) stretch
— Extruder (draw ratio 3.0-5.0)
T

Casting roll

Tenter
Wind up roll
Edge trim
260 . =
240 - enrioe e samem et e g e e e e o e et e e o e e e ot e v e e e e m s e e m e e e [ e e s e
o 220 S . B it :
g 180} B S —— | S
= 160
g 140 £
120
£ 100 )
2 =0 \ o /
20 |
Extrusion Casting MD D Puliroll Winder
unit orientation orientation
FIGURE 14.11 Biaxial oriented extrusion cast film machine and typical temperature conditions
used during biaxial orientation film casting. Adapted from Refs 18, and 63.
11. 4. 2016 POLYMERY A PLASTY V PRAXI 17

POLYESTERY_7 - 2016



Termoplasticke polyestery - PETP
folie lll (termoforming)

g g % E \ Vacuum
Plunger-assist Final forming Finished
Infrared heating > Clampup I stretching and cooling i parts
1 (a) Plug-assist thermoforming

T Vacuum

Final forming Finished
Clampup <====p Prestretch =====P Prestretch === siid cooling parts
(b) Reverse draw thermoforming ‘
FIGURE 14.18 Thermoforming of heated _sheet over a female mold using plug-assist drawing and a male mold using reverse drawing
processes.
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PETP folie v praci restauratora a
konzervatora

e Separacni foélie pri zazehlovani
(obdobou jsou folie na peceni) > lze jit do
cca. 200 °C

* Transparentni obalky na
dokumenty

e Tkaneé i netkane podlozky pri
restaurovani obrazi (RENTOALAZ -
CO TO JE?)
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PETP folie na peceni

VYHODA PETP
VLAKEN:

Moznost opatrného
zehleni

7 . R, |
= ¥y T
. LA k. i gl -
AR e
= 0 A
- [ §
- ——
Wi LY

38x40 cm kT TRR

T L\
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Termoplastickeé polyestery PETP lahve

 DRUHE NEJROZSIRENEJSI POUZITI
o Zacatek roce 1973 v USA

* Postupné vytlacil z baleni mineralek a
dalSich nealkoholickych napoju PVC

» Technologie: ISBM (Injection Stretch
Blow Moulding)

 Predlisek > ohrati > rozfouknuti
 Vratné X nevratné lahve
 Recyklace PETP
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Support Iedge——-——\ Neck finish
J Neck
Body Shoulder
1
End cap
Body
Injection gate
Ag
Typical stretch ratios for PLA bottle
Axial stretch = Ag/A, 4
f
Hoop stretch ratio = Hg/H,, Base
Planar stretch ratio = AS x HS \
; T
Schematic representation of | bottle, showing their key features and main stretch ratios used for preform design.-
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Od monomeru k vyrobku PETP
klasicky postup z
NEOBNOVITELNYCH ZDROJU
e Ropa > destilace > pyrolyzni

BENZIN

» St&peni na kratdi uhlovodiky > déleni
produktu > ethylen

 Ethylenoxid

* Ethylenglykol
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Od monomeru k vyrobku PETP
Biopostup z )
OBNOVITELNYCH ZDROJU

e GREEN PETP > cukrova titina >
sacharoza > ethanol > dehydratace

e ETHYLEN
 Ethylenoxid
 Ethylenglykol
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Biopostyp
OBNOVITELNE ZDROJE
Versus

klasicky postup
NEOBNOVITELNE ZDROJE

- ZAKLADEM JE VZDY ETHYLEN

- ODLISNOST JE JEN V JEHO ZDROJI
- VLASTNI POLYKONDENZACE MUSI
BYT STEJNA
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Mattoni chysta V ¢em to muze spocivat?
revolucni ekolahev

Karlovarské minerdlni vody
(KMYV) chystaji novou ekolahev,
vyrobenou z tficeti procent ze
sloZek rostlinného puvodu.

., 1ato litrova ldhev, v niZ je tfe-
tina plastu nahrazena rostlinnou
sloZkou pochazejici ze zpracova-
ni cukrové (ftiny, predstavuje re-
voluci na trhu balenych vod,*
zdtraznil generdlni feditel KMV
Alessandro Pasquale.

Ekoldhev bude stoprocentné
recyklovatelnd. KMV ji uvedou
na tuzemsky trh v nasledujicich
tydnech s novym produktem —
Mattoni s extra jemnou perlivos-
ti. Balena bude po Zesti ekoldh-
vich v plastové f6lii, vyrobené az
z devadesati procent z obnovitel-
nych zdrojt.

KMYV investovaly v minulych
letech desitky miliéna korun do
ekologickych investic a inovaci.
Napfiklad do vysoce efektivni
vyrobni technologie, presunuti
casti dopravy ze silnice na Zelez-
nici ¢i do vyvoje odlehlené
lahve. Diky tomu ve firmé vyraz-
né poklesla spotifeba plastu
i energie.

., Véfime, Ze uvedenim ekolih-
ve nastavime v CR novy stan-
dard celému trhu balenych vod
a potvrdime trend zdravého Zi-
votniho stylu, ktery je ndm vlast-
ni,” uvedl Pasquale. (jn)

11. 4. 2016

[ustraéni foto KMV

skrob

- etanol

- etylén

- etylenoxid

« ETYLENGLYKOL
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CH,=CH, + Cl, + H,0 — HOCH,CH,Cl + HCl (7-1) Hzc\ /CHz + H,0 - HOCH,CH,0H

AH = —80kJmol™" (7-9)

2 HOCH,CH,Cl + Ca(OH), —

E. - OH, s 2 (7-2) V4 "
SN Hydrolyza ethylenoxidu
CH,=CH, + 30, — 2CO, + 2H,0 CH,=—CH, + 2AcOH + 10, —X1»
AH = —1327kImol ' (74)

— AcOCH,CH,OAc + H,O

H2C<7Cilz + 40, — 2CO, + 2H,0
AH = —1223 kI mol ' (7-8) ACOCHzCHzOAC Ao 2 Hzo [kat.]
— HOCH,CH,OH + 2 HOAc

Vedlejsi reakce

Diacetylace a jeho

(48] + Or — [Ag] O, B0, nasledna hydrolyza

- H,C
&N

/CH 2 + [Ag] O (7-6)

414810 & GH:SCHy ~ 200 + 2,0 4 4[Ag] 2. jednostupiiova oxida¢ni hydratace ethy-
o lenu:
[Ag].0z. + 2CO — 2CO, + [Ag] (7-8) CHZICHZ - Hzo + 0,5 02 -

—~ HOCH,CH,OH

[Ag] = stiibrny katalyzator

Vedlejsi reakce Nejmodernéjsi postup
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Coca-Cola unveils 100% renewable PET bottle

Repecca Coons
The Coca-Cola Company says it has produced the world's first polyethylene terephthalate (PET) bottle
from plant materials.

The beverage giant has since 2009 distributed more than 35 billion botties in nearly 40 countries u
version of PlantBottle packaging, which is made from up to 30% plant-based materials. The renew:
these bottles came from biobased ethylene glycol.

To achieve a 100% renewable PlantBottle, Coca-Cola partnered with Virent in 2011 to advan
BioFormPX technology to produce para-xylene from renewable resources. In 2014, The Coca-Cola ¢
an additional, unspecified investment to support an expansion of Virent's demonstration plant capal
help scale-up the separation and purification steps of the production process and produce large
BioFormPX.

By 2020, Coca-Cola aims to use PlantBottle packaging for all new PET plastic bottles, the company s:

The Coca-Cola Company continues its innovative leadership commitment to sustainability and is a val
Virent. Their support of our plans for the BioFormPX material in the next generation of PlantBott!
critical in attracting manufacturing investment from the PET supply chain.” says Lee Edwards, Virent C
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About six years ago, the beverage giant the Coca-Cola Company
(Atlanta, Georgia / United States; www.coca-colacompany.com)
had presented the first "Plant Bottle" produced 30 percent based on
renewable raw materials. Now, the former vision of a bottle 100%
Bio based was fulfilled. At the "World Expo - Milan"
(www.expo2015.org) the company has introduced a fully recyclable
bottle, whose raw materials comes from sugar cane and the
remains of its processing. Visually and functionally it does not differ
from the Cola bottles from traditional PET, it is said from Atlanta.
"Today a pioneering milestone for the packaging portfolio of our
company is used," R&D Chief Nancy Quan explains the
significance of the premiere for Coca-Cola. The consumer-oriented
company seeking sustainability for the packaging (see most
recently the KIWeb of the 15.10.2014) for a long time. The "Plant
Bottle" be used in the future in several size variants for water,
sparkling, juice and tea drinks. The brand is today known in more
than 40 countries around the world.

11. 4. 2016 POLYMERY A PLASTY V PRAXI 30
POLYESTERY_7 - 2016


http://www.coca-colacompany.com/
http://www.coca-colacompany.com/
http://www.coca-colacompany.com/
http://www.expo2015.org/

09 Jun 2015: Coca-Cola produces the first PET bottle made entirely from plants

PlantBottle packaging pushes the boundaries on sustainable innovation by using groundbreaking
technology to create a fully recyclable plastic bottle made from renewable plant materials.

PlantBottle packaging is TheCoca-ColaCompany’s vision to develop a more responsible plant-based
alternative to packaging traditionally made from fossil fuels and other non-renewable materials.
PlantBottle packaging uses patented technology that converts natural sugars found in plants into the
ingredients for making PET plastic bottles. The packaging looks, functions and recycles like traditional
PET but has a lighter footprint on the planet and its scarce resources.

Nancy Quan, Global Research and Development Officer, TheCoca-ColaCompany said “Today is a
pioneering milestone within our Company’s packaging portfolio. Our vision was to maximize game-
changing technology, using responsibly sourced plant-based materials to create the globe’s first fully
recyclable PET plastic bottle made entirely from renewable materials. We are delighted to unveil the first
bottles here at World Expo - a world-class exhibition where sustainable innovation is celebrated.”

PlantBottle packaging maintains the high quality package consumers expect but with the added benefit of
being made from renewable materials. It can be used for a variety of packaging sizes and across water,
sparkling, juice and tea beverage brands. Today, the company uses sugarcane and waste from the
sugarcane manufacturing process to create PlantBottle packaging. Both materials meet TheCoca-
ColaCompany’s established sustainability criteria used to identify plant-based ingredients for PlantBottle
material. These guiding principles include demonstrating improved environmental and social performance
as well as avoiding negative impacts on food security.

TheCoca-ColaCompany plans to continue investment in its award-winning PlantBottle packaging.

More information: www.coca-colacompany.com
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Kde se muzete dovédét vice?

» PFednasky - PRIRODNI POLYMERY

» STUDIUM LITERATURY - CLANKY,
PATENTY, meeeeeccmennane
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Ficurge 6.3. Stretch-blow molded polyester bottle. (a) Injection molded preform, (b)
blown bottle, and (¢} much of the elastic stretch recovered on reheating.
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PETP versus PETG

PETP PETG
« Etylenglykol + kyselina ¢ G - glassy = amorfni
tereftalova (para . Etylenglykol & jiné dioly
kyselina) + kyselina tereftalova a
* Krystalyzuje jiné izomery kyseliny

- KRYSTALICKA CAST > ftalove
vysoky b.t. (T,) >245- + Nekrystalyzuje

250 °C o + T,>cca. 70 °C, podle
« AMORFNI CAST >T, > slozeni
cca. 70 °C
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PETP versus PETG

PR,

phthalic acid isophthalic acid terephthalic acid

(ortho-phthalic acid) (meta-phthalic acid) (para-phthalic acid)

HU\/\O/\/UH Diethylenglykol
Ho/\/OH Ethylenglykol
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PETG - vyroba lahvi extruzni vyfukovani
(Extrusion Blow Moulding)
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PETP viakna (PET,
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Obr. 1-2. Svetovd produkcia vldkien (rok 1900—2000)
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PETP recyklace a pouziti recykiatu
- Fyzikalni recyklace — dominantni > PREDNASKY

* Chemicka recyklace (delano v
LABORATORNICH CVICENICH) — v praxi zatim
malo vyrobnich jednotek

Pouziti recyklatu
e Vlakna jako STRIZ > CLR > textilni vyrobky >
,mezikontitentalni PETovod"
« Vazaci pasky
* Folie na termoforming
« Kompozity na vstrikovani

* Orientované pasky textilni
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POLYESTERY - MATERIALY
BEZPOCTU POUZITI

Vyzkum a vyvoj termosetickych polyesteru ma
centrum v Pardubicich, a to jak na TU (drive
VSCHT) Pardubice, tak ve vyzkumném
ustavu SYNPO (dfive VUSPL)

 Kompozitni materialy se sklenenym viaknem
 Lepidla

 Tmely

« Natérove hmoty (alkydy)
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Naterovée hmoty (alkydy)
Dikarboxylova kyselina nebo jeji anhydrid
+

Alkoholy s tremi nebo Cctyrmi —OH skupinami
PRIKLAD:
Kys. Ftalova (ftalahydrid)
+
Glycerol nebo pentaerytritol

Pro zlepseni rozpustnosti se pridavaji
mastné kyseliny a/nebo kalafuna
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POLYESTEROVA lepidla a tmely

Rozdily

e LEPIDLA - obvykle nizkoviskézni, bez
anorganickych plniv, nanaseji se jen v
tenkeé vrstve

e TMELY - stredné az vysokoviskozni,
obsahuji organicka (napr. drevita
moucka) nebo anorganicka plniva
(kovoveé prasky, vapenec, mastek atd.)
pripadneé i pigmenty a barviva, nanaseji
se v silné vrstve, zaplnuji spary atd.
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POLYESTEROVE tmely

UP davaji moznost témer
nekone¢ného mnozstvi receptur
tmelu

 POLYMERBETON - smeés UP + pisek +
kamenivo + cement + anorganicka plniva
+ pigmenty + ... > restaurovani kamene,
jinak technicke pouziti (ACO Pribyslav)

* Tmely s drevitou mouckou — opravy

dieva. Moucku Ize mit rizné zrnitosti i
druhu dreva, moznost dobarveni
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POLYESTEROVE kompozitni materialy
se sklenenym viaknem

e UP = Roztoky nenasycenych
polyesteru v polymerace schopnych
monomerech

* Pri vytvrzovani (sitovani) dochazi k
reakci (obvykle iniciované peroxidy)
nenasycenych polyesteru a
nenasyceného monomeru (obvykle
styrén)
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NENASYCENE POLYESTERY

A - PRED VYTVRZENIM

B - PO VYTVRZENI

— nenasyceny polyester

d' styren R-R imiciator Re radikal
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NENASYCENE POLYESTERY -

Tmox b= — — e e e ———
: S g A - PRED
N ~VYTVRZENIM
200 | ol
© | S =7
X | S -
S | -2
Q150 | P o
g I~ N\
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65 I | \
50 | F | NB-PO
} | l VYTVRZENI
[ il 1 Obr. 11.4. Vytvrzovaci
i N 3 i | 10 charakteristika
;L:-' g - : t, — doba zgelovaténf, ¢
e tv =5 — vytvrzovaci doba, 7,
Zas /min — maximdlni teplota
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POLYESTEROVE kompozitni materialy
se sklenenym viaknem

» Kyselinova slozka — obvykle
maleinanhydrid Ci kyselina fumarova

* Diolova slozka — obvykle etyleglykol nebo
propylenglykol

» Sit'ujici monomer — obvykle styréen

* Iniciator — redox systém na bazi
organickeho peroxidu

 UP jsou zasadne dvouslozkove
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POLYESTEROVE kompozitni materialy
se sklenenym viaknem

« Vyroba UP v Ceské republice —
SPOLCHEMIE Usti nad Labem

» Lepidla a tmely na bazi UP v Ceské

republice - SPOLCHEMIE a ruzné mensi
firmy

* Prepregy — co to je, pouziti
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POLYESTEROVE Prepregy

» Sklenéna tkanina je prosycena , vCetné
iniciatoru a dalsich aditiv (napr. pigmenty,
zahustovace atd.) UP (pri daneé teplote
neni iniciace) s min. obsahem styrénu

« Potazeno LDPE fdlii, ktera se nelepi na UP (ma
separacni prostredky)

« Udela se z toho navin a je ulozeno
* U zpracovatele se udela prirez

« Vytopeny lis

 Vyrobek
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Lepeni POLYESTERU

* Pouzivaji se nenasyceneé polyestery > UP

* Proti stekani se pridavaji plniva, nejlepsi je
asi SiO, s retizkovou strukturou
primarnich nanocastic ,Fumed silica” >
TIXOTROPNI VLASTNOSTI > tede je je-|i
vystaven smykovemu napeti

* Pruznost spoje > delsi —CH,- retezec
dikarboxylove kyseliny nebo dialkoholu
(kys. adipova, dietylenglykol)
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Co si muzZete udélat v Iaboratomjch
cvicenich ohledné POLYESTERU?

e Vytvrzovani nenasycenych
polyesteru

e Chemicka recyklace PETP v
alkalickéem prostredi
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