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Kde pracuiji

POLYMER INSITUTE BRNO; Brne | GASCONTROPLAST , Havirov

Cim se zabyvam

POLYMER INSITUTEBRNO ~ — — — | Materialovy vyzkum, koncentraty pro
Brno - zpracovdni termoplasti
GASCONTROPLAST Technologicky vyzkum — vyroba trubek a
Havirov desek

Kde a co ucim

VUT, FCH, Ustav chemie |+ Recyklace a likvidace polymerniho odpadu
materiald * Navrhovdni vyrobki z plastii
MU, Fakulta - Recyklace plastu a pryzi
prirodovédecka, - Polymery a plasty v praxi
obor chemie  PFirodni polymery

- Cviéeni z chemie polymeru
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LEKCE | datum téma
Uvod do piedmétu - Zaklady syntézy polymert. Struktura a
1 16.11. nazvoslovi polymeru
2 23.1l. | Polyetylén a kopolymery etylénu
3 2.1ll. | Polypropylén a kopolymery propylénu
4 9.lll. | Polyvinylchlorid, mékCené a nemékceneé PVC
3 16.11l. | Styrénové termoplasty
6 23.1ll. | Polyamidy
7 30.1ll. | Polyestery
8 |6.IV.|VELIKONOCE
9 13.1V. | Fenolformaldehydové pryskyfice
10 | 20.1V. | Epoxidové pryskyfrice, Polyuretany
11 27.1IV. | Polyesterové pryskyfice, Degradace polymeru — zakladni informace
12 4.V. | Silikony, Sitované elastomerni materialy
13 11.V. KOLOKVIUM
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E - LEARNING

Prednasky Budou vystaveny na e-learning
Chripkova epidemie a podobné Prednaska bude vystavena na e-
problémy learning
Dotazy a pripominky Zasilat na moji FAKULTNI

Intranetovou adresu

Co byste meéli predem védeét
(,,Prerequitisities®)

Organicka chemie Nazvoslovi monomert
Fyzika Zakladni pojmy o vztahu
mechanického napéti télesa a jeho
deformaci
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Cile predmetu

Seznamit studenty se zakladnimi syntetickymi
polymernimi materialy, jejich vlastnostmi a
pouzitim. Duraz bude kladen na pouziti
v praci konzervatora a restauratora. Otazkam
mechanizmu polymeraci bude vénovana
minimalni pozornost, protoze toto pokryva
prednaska MAKROMOLEKULARNI CHEMIE.
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Vztah tohoto predmeétu k jinym
predmétum
Polymery a plasty v praxi - zakladni informace o

nazvoslovi, vlastnostech a hlavné POUZITI

MAKROMOLEKULARNI CHEMIE - pokrogila

iInformace o mechanismu a kinetice vzniku
syntetickych polymeru (POLYREAKCE) a FYZIKA

POLYMERU

Technologie zpracovani plasta > VUT FCH, Ustav
chemie materialu

Navrhovani vyrobku z plasta > VUT FCH, Ustav
chemie materialu

Degradace a stabilizace polymeru > VUT FCH,
Ustav chemie materialu
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Co si muzeme predstavit pod pojmem
,, Polymery a plasty v praxi “?

» Vytvarné hledisko > prumyslové
vytvarnictvi (design) > priklad PET lahev

* Konstrukéni hledisko > ,klasicky pristup®
X MKP (FEM)

 Technologicke hledisko > nastroj,
vyroba

* Materialove hledisko > volba hmoty
na dany vyrobek a aplikaci > POUZITI
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SCIENCE FOR CONSERVATORS
Volume1l

An Introduction to

MATERIALS

Conservation Science Teaching Series

THE CONSERVATION UNIT
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SCIENCE FOR CONSERVATORS
Volume 2

CLEANING

Conservation Science Teaching Series

THE CONSERVATION UNIT

POLYMERY A PLASTY V PRAXI
1-2015

10



16.2.2015
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CONSERVATORS

VOLUME

Adhesives|

MUSEUMS &
GALLERIES j
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Bez nazvoslovi to nepujde

e JIUPAC - STRUKTURNI NAZEV >

ZMINIME POUZE KRATCE > podrobnéji v pfedmétu
,Makromolekularni chemie* (doc. Ing. Sindelar,
Ph.D.)

e TRIVIALNI NAZEV > toto budeme

pouzivat

o ZKRATKA POLYMERU > toto budeme

pouzivat

e OBCHODNI NAZEYV > toto budeme CASTO

pouzivat
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Priklad nazvoslovi 1

e STRUKTURNI NAZEYV - poly(ethylen)

 TRIVIALNI NAZEV - polyethylen
(polyetylen)

e ZKRATKA POLYMERU - LDPE
(nizkohustotni — LD, polyethylen — PE)

« OBCHODNI NAZEYV - Bralen NA 7-25
(NA — zkratka pouziti, 7-25 — Ciselny kod
vlastnosti)
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Priklad nazvoslovi 2

e STRUKTURNI NAZEYV - poly(1-
fenylethylen)

e TRIVIALNI NAZEV - polystyrén
« ZKRATKA POLYMERU - PS

« OBCHODNI NAZEV - Krasten 552
(552 — pouziti & Ciselny kod vlastnosti)
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Jak se v tom vyznat?

e STRUKTURNI NAZEV - musi mit
kazdy polymer!

e TRIVIALNI NAZEV - maji jen v praxi
bézne pouzivané polymery

e ZKRATKA POLYMERU - maji spise
jen prumyslové bézné pouzivané
polymery, ale jsou VYJIMKY

« OBCHODNI NAZEV - maji jen
primyslové VYRABENE MATERIALY
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Na co se spotrebovava ropa?

 Kolik tun ropy ® rsmssssszmssssass tirok

spotrebuje cca.
roche CR?

e %
e Jaky podil ropy .
se spotrebuje na .
pIaSty v CR? ------------------------
e Jaké plastyv ® CssEEsEsEEEEEEsEEEEEEEEs
Vyrébime v CR? L —
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Major Thermoplastics —
World Demand Distribution, by Polymer

Million (2005-2025)
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Major Thermoplastics —
World Consumption Growth Rate, by Polymer
(2005-2013 vs 2013-2017)
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Rozdeleni

Monomer, oligomer, makromolekula, polymer,

plast
 Monomer — molekula (molekuly) majici
schopnost opakovanim reakce vytvaret linearni
Ci vetvenou makromolekulu Ci oligomer

* Oligomer — spojeni 2 — 10 molekul (monomeru)

 Makromolekula — molekula vznikla spojovanim
mensSich molekul (monomeru) ve velkou
molekulu, > 10 jednotek monomeru

 Polymer — latka slozena z makromolekul, latka
bez aditiv

16.2.2015 POLYMERY A PLASTY V PRAXI 19
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Rozdeleni
* PLAST - polymer + aditiva (EXISTUJI
VYJIMKY)
e Plasty
— TERMOPLASTY
— TERMOSETY
 Vulkanizaty
- Kaucuk

- Kauéuk + VULKANIZECNI/I PRISADY
> PRYZ = VULKANIZOVANY
KAUCUK
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TROCHU CIZOJAZYCNE TERMINOLOGIE 1

Polymer
Polymerace

Nazev podle Americké chemické
spoleénosti (liSi se od IUPAC
nazvu)

Plast, obvykle TERMOPLAST
Pryskyfrice, TERMOSET (rozdil od

napr. prirodnich pryskyric)

Tavenina
Zpracovani
Vlastnost
Tuhost
Tvrdost
Pruhlednost
Houzevnatost

16.2.2015

Polymer
Polymerization

ACS name (American Chemical
Society Name)

Plastic, Thermoplastic (Resin am.)

Thermoset, Thermosetting plastic,
(Resin am.)

Melt
Processing

Property

Stiffness

Hardness

Transparency, Optical clarity
Impact strength
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SLOVNIKY

Slovniky Tistené
Elektronické « Slovnik vstrikovani plastu
Lingea Lexikon, 2. vydani, ISBN 80-7225-153-8
vCetné technického a « Anglicko — cesky
ekonomickeho slovniku automobilovy slovnik ISBN
80-7226-52-9

 Anglicko — cesky letecky
slovnik ISBN 80-85927-92-6

« Anglicko — cesky velky
chemicky slovnik ISBN 978-
80-7080-793-4
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Je to tvrde nebo je to mekke

Je to tvrdé

Je to méekkeé

»Je to tvrdé, tak je to
BAKELIT“

Toto je typicky laicky
vyraz, kterého by se
mel kvalifikovany

chemik (alespon Bc.)
VYVAROVAT

Vynalezce Leo Hendrik
Baekeland >
fenolformaldehydova
pryskyrice (TERMOSET)

,Je to mekke, tak je to
IGELIT"
Toto je typicky laicky
vyraz, kterého by se
mel kvalifikovany

chemik (alespon Bc.)
VYVAROVAT

Vyrobce IG Farben

>

mekcené
>obchodni
(firma uz NEXISTUJE!)

PVC
nazev s ®

16.2.2015
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Vzhuru k nazvoslovi 1!

Polymer

Acrylonitrile butadiene styrene (ABS)

Acrylic (PMMA)

Celluloid

Cellulose acetate

Polyurethane (PU)

|[Ethylene-Vinyl Acetate (EVA)

[Ethylene vinyl alcohol (EVOH)

Fluoroplastics (PTFE, alongside with FEP, PFA, CTFE, ECTFE,

ETFE)

Polyvinyl acetate (PVA)

Polyoxymethylene (POM or Acetal)

Polyphenylene oxide (PPO)

16.2.2015 POLYMERY A PLASTY V PRAXI
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http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
http://en.wikipedia.org/wiki/Polymethyl_methacrylate
http://en.wikipedia.org/wiki/Celluloid
http://en.wikipedia.org/wiki/Cellulose_acetate
http://en.wikipedia.org/wiki/Cellulose_acetate
http://en.wikipedia.org/wiki/Cellulose_acetate
http://en.wikipedia.org/wiki/Polyurethane
http://en.wikipedia.org/wiki/Ethylene-Vinyl_Acetate
http://en.wikipedia.org/wiki/Ethylene-Vinyl_Acetate
http://en.wikipedia.org/wiki/Ethylene-Vinyl_Acetate
http://en.wikipedia.org/wiki/Ethylene-Vinyl_Acetate
http://en.wikipedia.org/wiki/EVOH
http://en.wikipedia.org/wiki/EVOH
http://en.wikipedia.org/wiki/EVOH
http://en.wikipedia.org/wiki/EVOH
http://en.wikipedia.org/wiki/Fluoropolymer
http://en.wikipedia.org/wiki/PTFE
http://en.wikipedia.org/wiki/CTFE
http://en.wikipedia.org/wiki/ECTFE
http://en.wikipedia.org/wiki/ETFE
http://en.wikipedia.org/wiki/Polyvinyl_acetate
http://en.wikipedia.org/wiki/Polyvinyl_acetate
http://en.wikipedia.org/wiki/Polyvinyl_acetate
http://en.wikipedia.org/wiki/Polyoxymethylene
http://en.wikipedia.org/wiki/Polyphenylene_oxide
http://en.wikipedia.org/wiki/Polyphenylene_oxide
http://en.wikipedia.org/wiki/Polyphenylene_oxide

Vzhuru k nazvoslovi 2!

Polymer

Polyamide (PA or Nylon)

Polybutadiene (PBD)

Polybutylene (PB)

Polycaprolactone (PCL)

Polyethylene terephthalate (PET)

Polycarbonate (PC)

Polyethylene (PE)

Polylactic acid (PLA)

Polypropylene (PP)

Polystyrene (PS)

Polyvinyl chloride (PVC)
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http://en.wikipedia.org/wiki/Polyamide
http://en.wikipedia.org/wiki/Polybutadiene
http://en.wikipedia.org/wiki/Polybutylene
http://en.wikipedia.org/wiki/Polycaprolactone
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polyethylene_terephthalate
http://en.wikipedia.org/wiki/Polycarbonate
http://en.wikipedia.org/wiki/Polyethylene
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Polylactic_acid
http://en.wikipedia.org/wiki/Polypropylene
http://en.wikipedia.org/wiki/Polystyrene
http://en.wikipedia.org/wiki/Polyvinyl_chloride
http://en.wikipedia.org/wiki/Polyvinyl_chloride
http://en.wikipedia.org/wiki/Polyvinyl_chloride

Tab. 1.3 Nomenklatura polymert

Struktura polymeru

Trivialni nazev

Strukturni nazev

1-2015

| —+CH,3}; polymethylen poly(methylen)
—CH,CH.J- polyethylen poly(ethylen)
polystyren poly(1-fenylethylen)
—ECH—CHz-]T polyvinylalkohol poly(1-hydroxy-
I ethylen)
OH
—E(I'JH-——CHZ_:IT polyakrylonitril poly(1-kyanoethylen)
CN
—+OCH ;1 polyformaldehyd poly(oxymethylen)
—+OCH,CH ;1 polyethylenoxid poly(oxyethylen)
e
T+ C==CH., polyisobutylen poly(1,1-dimethyl-
| ethylen)
CH3 n
—ECH=CH—CH2CH23: polybutadien poly(1-butenylen)
—FCH——CHZ:-— polyvinylacetat poly(1-acetoxy-
| ethylen
NOOCCHS_,J n
—:(IIH———CHZ:’— polyvinylchlorid poly(1-chlorethylen)
Cl K| b
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A[(IZH—-CH;,
COOCH, |,

1—OCH,CH,00C

o *

~NH(CH,),NHOC(CH,),CO}-

+NHCO(CH,)}-
’_'
~+—0—C

16.2.2015

H,

Hj

polymethylakrylat

polyfenylenoxid

polyethylen-
tereftalat |

polyhexamethylen-
adipamid
poly-6-kaprolaktam

—

polykarbonat
z dianu

-

POLYMERY A PLASTY V PRAXI
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poly[ 1-(methoxy-
karbonyl)ethylen ]

poly(oxy-1,4-fenylen)

poly(oxyethylenoxy-
tereftaloyl)

poly(iminohexamethylen-
iminoadipoyl)
poly[imino(1-oxohexa-
methylen)]

polys‘oxykarbonyloxy—

-1,4-fenylen-isopropyliden-
-1,4-fenylen)
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Tab. 1.4 Zkratky nejvyznamné&jSich polymeru

CA — acetat celulosy POM — polyformaldehyd
CAB  — acetobutyrat celulosy Pr — polypropylen
CMC — karboxymethylcelulosa PPO - polyfenylenoxid
CN — nitrat celulosy PPOX — polypropylenoxid
EC — ethylcelulosa PS — polystyren
EP — epoxidova pryskyfice PTFE — polytetrafluorethylen
MF — melaminformaldehydova PUR — polyurethan

pryskyfice PVAC - polyvinylacetat
PA — polyamid PVAL - polyvinylalkohol
PAN  — polyakrylonitril PVB — polyvinylbutyral
PL. — polykarbonat PVC — polyvinylchlorid
PCTFE — polychlortrifluorethylen PVDC — polyvinylidenchlorid
PDAP — polydiallylftalat PVF — polyvinylfluorid
PE — polyethylen PVFM — polyvinylformal
PEOX — polyethylenoxid SI — silikony
PETP — polyethylentereftalat UF — mocovinoformaldehydova
PF — fenolformaldehydova pryskyfice

pryskyfice UP — nenasycena polyesterova
PIB — polyisobutylen pryskyfice
PMMA — polymethylmethakrylat
16.2.2015 POLYMERY A PLASTY V PRAXI 28
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ABS — terpolymer akrylonitril-butadien-styren

E/P — kopolymer ethylen-propylen
S/B — kopolymer styren-butadien
E/VAC — kopolymer ethylen-vinylacetat
SAN — kopolymer styren-akrylonitril

VC/VAC — kopolymer vinylchlorid-vinylacetat

16.2.2015 POLYMERY A PLASTY V PRAXI 29
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STRUKTURA Polymeru 1

Block copolymer Star polymer Comb polymer Brush polymer
AB, star Paim-tree AB,, H-shaped B AB, Dumbbell {(pom-pom)
Ring block Star block AB,, Coil-cycle-coil Star A B,

| To prenechame do MAKROMOLEKULARNi CHEMIE |

16.2.2015 POLYMERY A PLASTY V PRAXI 30
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polvmeru 2

G A AL AL
J U L .

U WU G

_ - Vetveni makromolekuly
CHs,

|
-CH—CH,—+ [POLYPROPYLEN —
- - N |obvykle neni vetveny
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//upload.wikimedia.org/wikipedia/commons/7/79/Polymer_Branch.svg
//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg
//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polymeru 3

a - linearni, b - vetvena, c - sitovana

16.2.2015 POLYMERY A PLASTY V PRAXI 32
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polymeru 4

—— = — = nenasyceny polyester

dstyren R-R iniciator Re radikal
Sit'ovana struktura polyesteru
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polvmeru 5
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Linearni amorfni polymer - struktura

16.2.2015 POLYMERY A PLASTY V PRAXI 34
1-2015



//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA
Polymeru 6/1

Obrazky na titulni strané: JaniGek, M. Mikroshopické
snimky izotermni krystalizace polypropylenu s vyuzitim
hot-stage pri teploté - stav po & min pri 130 °C, Nahore
nukleacni aktivita celulozoveha vigkna, ker vustue
__ v riist transkrystalicke wrsty, dofe potiaceni tohoto jevy
1 10 esterifikaci povichy kyselinou dekanovou, Zvétieno

100wrat. Barvy jsou udélany digitalnim
zpracovanim obrazu!
Muze to vypadat vytvarné
zajimaveé.
Krystalizace v podobé tzv.
SFEROLITU. Ty jsou v objemu
kulovité, ale v plose kruhovite.
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polymeru 6/2

Linearni semikrystalicky polymer -
struktura (a — krystalicke domeny)
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polymeru 7 - PE

Tab. 2.2. Tridéni PE podle hustoty r":'::‘i :: ;:i::zl:h\:

Typ Zkratka Hustota (g/cm?)
PE s velmi nizkou hustotou ULDPE (Ultra-Low Density) 0,888-0,915
PE s nizkou hustotou LDPE (Low Density) 0,910-0,955
Line4drni PE s nizkou hustotou | LLDPE (Linear Low Density# 0,918-0,955
PE se stfedni hustotou MDPE (Medium Density) 0,925-0,940
PE s vysokou hustotou HDPE (High Density) 0,941-0,954
PE s vysokou molekulovou HMW-HDPE (High 0,944-0,954
hmotnosti Molecular Weight HDPE) | MH = 200 000-500 000
PE s ultravysokou molekulovou | UHMW-HDPE (Ultra-High 0,955-0,957
hmotnost{ Molecular Weight HDPE |MH = 3 000 000-6 000 000
Typicky semikrystalicky plast
16.2.2015 POLYMERY A PLASTY V PRAXI 37
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

STRUKTURA Polymeru 8 - PE

l /
3a 3b
2 /Z/L

Obr. 2.1, Struktura makromolekul riznych typd PE: I - HDPE, 2 - LLDPE (krétké vétveni),
1« LDPE (dlouhé a krétké vétvent, a - trubkovy reaktor, b - autokldv)

Typicky semikrystalicky plast

16.2.2015 POLYMERY A PLASTY V PRAXI 38
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STRUKTURA Polymeru 9

* Nizkomolekularni krystalicka
latka - krystaly velikosti mm az cm,
krystalinita >> 100 % hmot.

e Semikrystalicky polymer - krystaly
velikosti 102 nm az 103 nm, krystalinita <

100 % hmot., typicky okolo 50 = 30 %
hmot.

e Amorfni polymer — krystalinita 0 %
hmot.

16.2.2015 POLYMERY A PLASTY V PRAXI 39
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//upload.wikimedia.org/wikipedia/commons/b/bd/Polypropylene.svg

Typicky semikrystalicky

plast - PE
Typ PE Hustota (g/cm?) Obchodni nazev
LDPE 0,921 Bralen NA 7-25
HDPE 0,962 Liten MB 72
UHMWPE 0,940 GUR 4113 UHMW-PE
LLDPE 0,925 Flexirene MT 40 A

16.2.2015 POLYMERY A PLASTY V PRAXI
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POLYMERY A PLASTY V
PRAXI - BIRD NESTING

RNDr. Ladislav Pospisil, CSc.

16.2.2015 POLYMERY A PLASTY V PRAXI
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The construction kit for the bird
nesting boxes supplied by the
Dutch company Wilnest is a
clever application of Luran S
(ASA), a styrene-acrylonitrile
copolymer impact modified with
acrylic rubber. The double-
walled and hence well insulated
plastic structure consists
almost completely of the
lightweight and weather-
resistant material.

The copolymer from the
PlasticsPlus family of Basf is
especially suitable for outdoor
applications thanks to the high
chemical resistance, impact
strength and UV resistance. NoO
woodpecker or squirrel can
harm this robust material.

The smooth surface of Luran S
also prevents the chicks from
leaving the nest too soon and
increases their survival
prospects. The nesting boxes
are injection moulded at AKG
Mouldings (Netherlands) and, if
required, the box can be
converted to a feeding place.

www.basf.com
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Slovnicek

veverka
datel
ptaCatka
krmitko

hnizdisté, ptaci budka
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Nizozémska firma Wilnest pouZila ASA (kopolymer akry-
lesteru, styrenu a akrylonitrilu) k vyrobé dvousténnych
ptacich budek. Pouzila k tomu LURAN S od firmy BASF.
Zminény plast se vyznacuje veimi dobrou odolnosti vici
povétrnostnim vlivim, UV zareni a vétSiné chemikalii. Je
houzevnaty a podle vyrobce ma oboustranné hladky po-
vrch.

' Ptadi budka z kopolymeru ASA

Hiadkost vnéjsi strany brani mladata pred vetSimi ne-
prateli (veverkami a vétSimi ptaky) a vnitfni hladky povrch
Znemoziuje mladatam, aby sama opustila hnizdo, pokud
jsou pfilis mala. :
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