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PLASTICS ARE EVERYWHERE!
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Synthetic polymers for demand ...

You'll find them in:

transport
packaging
building and
construction

electrical and
electronics

medicine
sports
agriculture, etc.

Ford Looks to Mother Nature to
Create Greener, Lighter Plastics

Soy-foam seats

Post-consumer
recycled underbody
systems

Post-industrial
recycled fabric

Natural fiber-reinforced plastics Polylactic acid (PLA)

HELPING TO
ADVANCE MEDICINE

Thanks to plastics:

people live healthier,
longer and more fulfilling
lives than at any time in
history

medical breakthroughs
considered unthinkable

50 years are now possible.



POTROSNJA POLIMERNIH MATERIJALA U SVETU

PRODUCTION OF PLASTIC

Global annual plastic production in million tonnes. FORECAST

More than half of all the
plastics ever produced have
been made since 2000.
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Kucna elektronika

W 11:30 am Lunch with Helen
® Search: Intemet content and My c.

TOSHIBA




Ambalaza:

- Sitna ambalaza (boce, tube, kantice ...)
 Krupna ambalaza (burad, kante, rezervoari....
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Gradevinsko-konstrukcioni materijali

* Profili
* Cevi
e Zidne obloge

* Podne obloge
e Stolarija
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predmet: Svojstva i primena plasticnih materijala
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What is polymer and
different types of polymers

( Types of Polymer )

Synthetlc Natural Thermoplastics Thermosetting Elastomers Fibers Biopolymers
Polymers Polymers

Synthesized by Occur naturally can be melted polymers These polymers These These polymers
humans using in living and remolded undergo a have rubber-like polymers are are produced by
various organisms multiple times. permanent elasticity and long and thin living organisms
chem|cal ; Examples of change in their can be stretched and are or can be
Proteins, P
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Plastika visokih performansi
InZenjerska plastika

Plastika za Siroku potrosnju

KB



NEMODIFICIRANI

Celuloza
Pamuk
Svila
Yuna

predmet: Svojstva i primena plasticnih materijala

POLIMERI

|
[ PRIRODNI POLIMERI |
I

| MODIFICIRANI |

]
[SINTETSKI POLIMERI |

!
[ LANCANA POLIMERIZACIJA |
I

! 1 |
[ DUROMERI | [ELASTOMERI | [ PLASTOMERI |

|
[ECASTOMER |

Kazeini
Vulkan-fiber

Ciklirani kau€uk
Klorirani kaufuk
Prirodni kauEuk
(NR)

Celulozni acetat
(CA)

Celulozni
acetobutirat
{CAB)
Celulozni
mijeSani esten
Celulozni nitrat
(Ch)

Celulozni
propionat {CP)

Butadienski kautuk
(BR)
Etilen/propilen/dienski
kautuk (EPDM)
Etilen/propilenski kaubuk
{EPM)

Fluerirani kauEuk {FPM)
lzobuten -izoprenski
kautuk (lIR)
Kloroprenski kaufuk
(CR)

Nitrilni kautuk (NBR)
Stiren/butadienski
kautuk (SBR)

PLASTOMERI

Akrilnitrilfbutadien/stiren (ABS)
Fluorirani plastomeri:

- poliftetrafluotetilen) (PTFE)
- pstali

lenomeri

Kaplieviti poliesteri {LCP)
Poliacetilen

Poliakrilonitril (PAN)
Poliarilester

Polibuten-1 (PB)

Polietilen (PE)

Polifostazin

Poliizobutilen (PIB)
Poli{metil-metakrilat) (PMMA)
Poli{d-metilpenten-1) {PMP)
Poli{oksimetilen) (POM)
Polipropilen {PP)

Polistiren (PS)
Polifvinil-acetaf) (PVAC)
Poli{viniliden-klorid) (PVDC)
Polifvinil-karbazol) {(PVK)
Poli{vinil-Korid) (PVC)

Stiren/akrilonitril kopolimer {SAN)

POLIMERIZACIJA POLIMERIZAT
I ]
POLIADICIJA | POLIKONDENZACIJA |
POLIADUKT | POLII(ONDENZ&T|
|
[ (STUPNJEVITA) POLIADICIJA |
| 1 | 1
DUROMERI | PLASTOMERI | [ DURDMERI | PLASTOMERI
Epoksidi (EP) Klorirani Fenol-formaldehid Poliamid (PA)
Poliizotijanurat (PIR) polieter {PF) Poliarileter {(PAE)
Umrezeni poliuretani Linearni Melamin-formaldehid | Poli{eter-eter-keten)
{PUR) poliuretan {MF) {PEEK)
MezasiGeni poliesteri | Poli{eter-imid) (PEI)
{um Poli{eter-keton) (PEK)
Polifamidimid) (PAI) | Poli{eter-sulfon) {PES)
Polibenzimidazol Polietilen-tereftalat) (PET)
(PBI) Polifenilen-eter) (FPE)
Poli{dialilftalat) Poli{fenilen-oksid) (PPO)
{PDAP) Poliffenilen-sulfid) (PPS)
| ELASTOMERI I Poli{eter-amid) (PEA) | Polikarbonat {PC)
Poliimid (PI) Polisulfon {(PSL)
Polivretanski kautuk Silikoni {SI)
{EU, AU) Urea-formaldehid
{up)

ELASTOMERI

Silikonski kauuk {Q)
Tiokol



predmet: Fizicka i fazna stanja polimera
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linearna razgranata umrezena
Van der Valsove | imajuiboéne kovalentno vezani prostorna mreza
veze veze lanci i poprecno um- 3D mreza
rezeni
Glavne grupe Termoplasti Elastomeri Duromeri
Struktura kristalna amorfna amorfna amorfna
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predmet: Tehnologije oblikovanja plastike

m  KONTINUIRANI POSTUPCI
CIKLICKI POSTUPCI Pl aStl C Pr oces Sln g

Raw is pellets

or powder

Clamping Injection Cooling Ejection

Examples of addltlves on master batch .

7w

Softeners Reinforcing agents Flame retardants

. i-
| o addtve wih additie

Colorants UV degradants

~.L, parison within

open mold
exlruder i
tubin gand pipes |
arison

—>

sheet and film
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structural parts closed

air blown
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predmet: Masine i uredaji za preradu plastike

L jedinica za zatvaranje kalpa kalup jedinica za ubrizgavanje
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PLASTIC INJECTION MOLDING MACHINE




predmet: Projektovanje alata za plastiku




SOFTVERSKI PAKETI

1. Programski paketi za automatizovano projektovanje (CAD modelovanje alata i delova):
* AutoCad/Mechanical
*  Pro/Engineer
* Catia %
. UGS NX \f‘ :;“;
* SolidEdge...
Create Runner | Create . Run

2. Softverski paket za simulaciju procesa i Cooling System M1 e
obllkovanja (CAE analiza) - MOLDEX3D

Provera mesta ubrizgavanja
* Linije spajanja
* Kuvalitet otpreska

* Analiza napona
* Toplotna analiza ‘

» Tecenje materijala :
e Greske pezesiceiigansen saesce

v <

3. Softveri za CAM, CAPP

Injection
Pressure

/




... jedan Master rad iz predmeta Projektovanje alata za plastiku




predmet: Termicka obrada savremenih alata

Typical features

* Finish: Polishing is the common
treatment, with mirror polishing
employed in the high end.

To increase the hardness level
and extend the life span, some
makers conduct nickel or
chrome plating.

* Construction: Suppliers make
independent parts that can be integrated
into a seamless whole for products such
as showers. Single-part kinds use metal
and adopt a cuboid shape.

* Material: High-quality
die steel is widely
employed. A popular
choice is the S136H,
which can be sourced
locally and features
30 to 35HRC, even
reaching 55HRC after
heat treating. Upscale
products often use
imported counterparts
such as the P series
from the US and the
2738 from Germany.
Inputs for metal
injection can be in
aluminum or zinc alloy.

* Service life: The average
life span is 300,000 to
500,000 shots. Makers are
extending this by using
imported die steel such
as the P20H, 718H and
2738, which could support
up to 700,000 shots.
Chrome and nickel plating
also prolongs the mold’s
service life.

* Hardness: The mainstream

range is 20 to 50HRC.
Suppliers are raising this to
45 to 55HRC.




Predmet: BRZA IZRADA PROTOTIPA | ALATA

3D PRINTING

- % — ~ )
Biology students can c LAS s Ro O M Design and Engineering
study cross-sections of 3B brintarsh Iy b diak 38 B ik students can make
hearts or other organs. rinters have actually been aroun for about years arriers like DFO‘O‘VDES of their
costs are breaking down, so they are now very affordable and easy to use. creatione

3D Printing has caught the attention of educators who are looking into ways
to incorporate it into the classroom.

Using 3D Printers in the classroom could mean:
rchitectural students
can print new or
existing designs.
'y T History classes can
T print artifacts for
closer examination
g &
‘e .
\V
D
' VR ™

Chemistry students can
print out complex
molecules to study.

Engineering students
can print modified car
or robot parts.

Geography students can print Graphic design students Food Technology students

out topography, population can create prototypes can design molds and

or demographics of an area. of product designs cookie cutter templates ’ PIINTING
QW SYSTEMS

Ueliack goar creatinty

1 CAD

2 STL corwert

3 File transfer to machine
4 Machine satup

5 Build

6 Remove

7 Post-process

8 Application

How does FDM compare with
traditional processes for
Lamborghini Lab?

Method Cost _IF;?]Z
Traditional 540,000 120
process ' days
FDM Technology F3,000 20 days

12

Savings ?9326,':;10 days

’ (80%)



predmet: Savremeni obradni sistemi za preradu plastike

Bulk Truck Unloading System




predmet: Dizajn i funkcionalnost proizvoda




predmet: Plastika i zastita zivotne sredine
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Plastic is transported
to a plastic factory

O
o
J THAT IS RECYCLED

PLASTICS RECYCLING OVERVIEW
Sort your waste and collect
Plastic is made into by a Plastic recycling company
new products which are
resold on the open market 1
FEK > Bl
Facnlnyfnrﬂnnl
WHAT HAPPENS
TO PLASTIC
el ? sundln\'lanh-ue

Plastic Grind
packed for shipment

Senton for

I further processing E E

mm"ww'm’“"‘“lﬂ Plastic is inspected and sorted

Sent on for
further processing

HOW A BOTTLE IS RECYCLED

‘GOOD JOB! You tossed that plastic bottle into the recycling bin rather than
straight into the trash. But do you know what will happen to that bottle now?

COLLECTION

NEXT
APPLICATIONS

Amount of trash the

verage person
p.oaum ina .

3 4 Percentage of tash
that'srecycled
A%

SOUSCES: « it/ wwwepagor/ » it/ fearth3licomy/

Processing Plant of Recycled Plastic

conrse shredder
—— sprink ler / washer

/ ’ fine ;hfcddrr

Granulation

Silo
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m Zasto ovaj modul?

ogroman asortiman proizvoda na bazi polimera (plastika, guma, itd.)
uzlazni trend proizvodnje i prerade polimera u svetu

znacajna proizvodnja delova od plastike u nasoj zemilji

kontinuirana zamena metalnih delova komponentama od plastike
svakodnevni razvoj novih materijala na bazi polimera (kompoziti, nano-
materijali, biopolimeri itd.)

tehnologije prerade polimernih materijala veoma su zastupljene u malim i
srednjim preduzeé¢ima

mogucénost naucno-istrazivaCkog, poseta fabrikama, strucna praksa i
radno angazovanje tokom studija...

NA TRZISTU RADA POSTOJI NEDOSTATAK INZENJERA OVOGA
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GDE SE ZAPOSLITI?!

Hipol - Odzaci

Aling Conel — Gajdobra
Hemofarm — Vrsac
Minakva — Novi Sad
Inmold — Pozega

PeStan — Arandelovac
Apatinska pivara — Apatin
Norma group -Subotica
Grundfos — Indija
Hemovent - Beograd
Sintelon, Tarket — Backa palanka
Texo - Indjija

Neofyton — Novi Sad..........
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