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In thelast40yearsour generation consumed more energy than all previous
generations in the whole history of mankind.
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human population has increased up tdlh
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AGH Global primary energy consumption
Global primary energy consumpticn, measured in terawatt-hours (TWh] per year. Here 'other renewables' are renewable
technologies not including solar, wind, hydropower and traditional biofusls.

Other renewables

Let's first take a look at how global energy production- both in terms of quantity and source- -
140,000 TWh pave changed over the long-term. In the visualisation we have plotted global energy er.:lcleer

consumption from 1800 through to 2018, Note that you can use the absolute/relative toggle Naturslgss
120,000 TWh o the chart to view these in absolute numbers or as the percentage of the global total.

100,000 TWh
50,000 TWh Crudecil
60,000TWh
40,000 TWh
Coal

Traditional biofuels

1800 1850 1500 1950 2000 2018

Source: Vaclav Smil {20117} and BP Statistical Review of World Energy CCBY
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AGH  Share of energy from renewable sources
in the EU Member States

(2018, in % of gross final energy consumption)
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mm RAW MATERIALS AND ENERGVMHBNORLD

m Global energy crisis A back to nature?

A

Qil Gas Carbon Uranium Global
il as — Ener
Crisis ke Crisis % Crisis % Crisis |— Cris?sy

©

Publicis not awarethat energy crisis is not locddut globaland time
is running out!

U Fossilresourceqtakinginto accountthe current 2% average

annual growthof energy consumptiopwill be exhausted by approx.
70-120 years

U Exploitation of methane hydratesnayextend this period by
approx.60 years

U Nuclear technologies splitting atomsay extend this period by a
further approx.40 years
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A%" None of the used methods of primary energy production atlow

for the elimination of the threat of global energy crisis to our
civilization.

U Thereis atheoretical chance to avert this criddy control nuclear,
magnetic or laser fusion, as a cheap source of primary energy. "
have in practice approx. 100 years (maybe even with@800
years). But what does it mean for our civilization?

www.agh.edu.pl

U The seriousness of the situation does not reach to the
international community, in particular the decisionaking
politicians.

U Only a global scale integrated awotisis actions may give a
chance to take this greatest challenge of our civilization.
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What are non-renewable ~ What are fossil fuels? What's the problem?
sources of energy?

One day, e Earth's roserves of
thess fosls wil un cut.

cimate charge and polaition.

Elactricity

Non-renewable raw materialsvill be exhausted
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A Materials obtained from nonrenewable fossil raw
materials

A Biobased materials and recycled materials

A Material life cycle, sustainable materials and carbon
footprint

A Bioplastics

Non-renevable resources

acu Natural materials are only available in limited quantity
and do not undergo renewal in the time scale of
human life.

i Examples: crude oil, natural gas, coal, minerals,
underaround water
OIL AND NATURAL GAS FORMATION
OCEAN

www.agh.edu.pl

Oil & 6as Deposits

Tiny sea plants and animals  Over millions of years, the  Today, we drill down through
died and were buried on the remains were buried deeper layers of sand, silt, and
ocean floor. Over time, they and deeper.The enormous rock to reach the rock

were covered by layers of heat and pressure turned formations that contain oil
silt and sand. them into oil and gas. and gas deposits.

2022-05-05
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Non-renevable resources

lllmlll Raw materials and petrochemical products
AGH
Extraction Processing Application

(1 barrel of crude oil)

Heavy Fuel 011
(Residual)

(Heating

O] @~
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Carbons -‘ O otbec Disillates

Energy
(combustion
p
Distillation
Column http://science.howstuffwork: i gy 1ing5.htm

Non-renevable resources

Ill]ﬂlll Raw materials and petrochemical products
AGH

The classal production method of
polymeric materials involves the use of
spbstrates derived from crude oil and gag®e

polyvethylene

ethanol |

| ethylene oxide glycol ethers |

l— engine umlin(l
}—E ethylene glycol E:I

vinyl acetate | ethoxylates |

Raw
Hetural
Ges Methane:

Natural Gas
Processing

Methane

trichloroethylene ‘

tetrachloroethylene
1,2-dichloroethane }—E

w|g Optional vinyl chloride }—-| polyvinyl chloride
BlEls ges
o 2 z feeds Steann
Cracker
Optiaral
liuict
Crude feeds -
ol Benzeng, Toluene [isonropyl alcohol |
— Hylenes —
L Petroleum acrylonitrile
Refinery
poelvpropylene | polyol ‘
Produced by cracking any of the optional feeds propylene propylene oxide propylene glycol |

Praduced only by cracking any of the liquid feeds

glycol ethers
acrylic acid H acrylic polymers |

aliyl ¢hloride H epichlerohydrin H epoxy resins

CGrackingis the process whereby complex
organic molecules such as long chain
hydrocarbondrom mazut and oil fractionare
broken down into simpler molecules such as
light hydrocarbons, by the breaking of carbon
carbon bonds in the precursors.
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Non-renevable resources
Raw materials and petrochemical products

Raw
Matural o (| ethyibenzene |—+[ styrene |-+ polystyrenes |
Methy =
€e =k Methane é
Natural Gas E
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Produced by cracking any of the aptional fezds
Produced anly by cracking any of the luid feeds
[ toluene i
juene
metaxylenc [+ isephithalic acid

Cracking and reforming_re usedto obtain a N o .
number of useful organic compoundshich " o ]
thanks tofurther reactions (eg. @/ <l Q

polymerization) provide a wideange of

benzene

| toluene diisocyanate H polyurethanes |

benzoic acid capr olactum

polyamide resins ‘

unsaturated polyesters

phthalic anhydride

polymeric materials.

www.agh.edu.pl

Non-renevable resources

||| ||| Raw materials and petrochemical products

A GUIDE TO COMMON HOUSEHOLD PLASTICS

Plastics are substances called polymers - these are long, chain-like melecules, formed from many smaller molecules. We use a number of
different plastics in our day-m-day lives. This graphic looks at uses of the most frequently encountered, along with their chemical structures.
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2022-05-05



www.agh.edu.pl

www.agh.edu.pl

lllmlll Interdisciplinary Aspects of
AGH Materials Engineering
Materials from renewable resources

A Introduction - resources, raw materials and fossil fuels

A Materials obtained from nonrenewable fossil raw
materials

A Biobased materials and recycled materials

A Material life cycle, sustainable materials and carbon
footprint

A Bioplastics

15

Renevable resources

What is renewable energy? Why do we need renewable | | Why don’t we get all our
i ~ energy?  electricity from renewable
Mot of B electricity wo s in the UK. energy?

wen

= = fewind
N ok L

ured
‘anargy sources v, if one fals, 10 make akctricty in windy
ies, phaces.

o i fuma - a0 bing
 Wocan ure renewsbie snergy to provide prosesy Buiton and and o0t € sen

It's Only Natural A 5 garurts sincr

oo www 4t gov:

Thanks to a thoughtful management renewable resources
might not be exhausted.
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Renevable resources

Il

AGH [} Natural resources can be renewed within the time scale of
human life

U Water, soil, air

U Renewable energy (e.g. wind, solar, geothermal, biogas,
biofuels)

U Living matter - biomass (e.g. plants, animals, bacteria, algae)

A T
o ¥ >

Renevable resources
ll"m Biomass

L WA T

Agricultural crops
and residues

Sewage

Dedicated crops
and residues

Municipal Solid Biomass Forestry crops
Waste (MSW) Sources and residues

Industrial
residues

Sea weeds and
algae

Animal residues

Sources of (waste) biomass for conversion to energy

www.agh.edu.pl
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Renevable resources

“lmm Biomass
0 Biomass is:
- Abundant
Renewable
Carbon neutral

- The only sustainable source
of hydrocarbons.

o Biomass can:

Fill the gap between energy
demand and petroleum
availability in near term.

Be a renewable source of
hydrogen in the long term.

Renevable resources
mlﬂ Biomass

In 2010* (figure

Industrial use

dical plants an

garicn crops ]
Oil crops
Energy use

ps for solid biofue
400,000 Sugar and starch for bioethanol 2

Crops for biogas
Rapeseed for biodiesel/vegetable oil

2022-05-05
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Y Renevable resources
Biomass

co, . A

Biofuel

Heat
—_—
Electrlmty

Bio-based matenals

End-of-life bio-based materials k !

CQ released from combustion of biomass and biomass
derived products circulates in a closed circuit.

Biomass

m Non-renevable and renevable
M resources

BROKEN CIRCLE CLOSED CIRCLE

Fossils

CQreleased durlng combustion of fossil fuels
accumulates in the environmet Greenhouse effect

11
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Renevable resources

lllmlll Biomass

Purpose- Forest Agriculture Food and Municipal Fuel wood,
ops. Tesdoe ﬂ"b:emgng vastest Gung from hamvesting = -
j residues and scavenging Biomass can be used for
" m o _ﬁ ga & production of food for
| I 1 ‘ humans and animals,
~L chemicals, energy, and
44 polymeric materials
Animal Chemical Materials Global annual .
1 eimaybomass — Modern bioenergy
55.6 EJ biomass processinig
Modern more energetically
bloenergy Tradltional blomass ..
efficient (lower energy
Losses Losses
incusty loses) as compared to
traditional use of

U

AG

biomass; i.e. combusted
without processing (very
high energy losses).

http://cleanleap.com/02marketandindustry-trends/biomassenergy

. [ .

Renevable resources
BiomassA Energy

Biomass to Energy Conversion Pathways
Heat
(producer gas)
(CO+H,+ (Hy Ethanol Biodiesel Methane ((Hy)
Illustration by NREL
|-
‘UsT _KJ

2022-05-05
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Renevable resources

AGH
Primary
Product
Pyrolysis Bio-oil
Thermochemical n N
e car e Gasification Fuel gas
Combustion Heat
Fermentation Ethanol
Bioch
Conversion
Digestion Bio-gas
Mechanical S -
Conversion Mech oil

http://what -when-how.com/energyengineering/biomasgnergyengineering/

m Biomass
H Building materials

Conventional Building Material

Insulation
* Foam board
® Thermawrap

e

www.agh.edu.pl

Structural
» Bricks

» Concrete

* Metal

Flooring

» Concrete

* Wood
Laminate

o Tile

Illmlll BiomassA Energy and chemicals

1

Precursors
for
production
of polymer
materials

Green Building Material

| Sstructural

® Straw Bale

* Stone

» Timber
Frame

| Flooring

* Bamboo
® Corkwood
» Hardwood
 Stone

2022-05-05
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GreenHarvest Products
Made With Rapidly
Renewable Plant Fiber

www.agh.edu.pl
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Renevablaesources
Biomass

Wood: cellulose

Rapid growth, bountiful harvests

7,100 71,000

AIwSOyears 60

1 3Cre yieds
C xons of fioe

CHCUEIS M6 ¥ DIV L1 okE e 293¢ 1 LOON Sotwood Whvist Srvw or Sumias a1 Soek of Our IRSaUs Conkan a Chndt of Seen

Production eff|C|ency of toilet papefrom
dlﬁ%ﬁgs@}k @é‘r’lyclmgnglreeleasgtjgiI.cfm?ReIeaseID=909120

Renevable resources

Biomass from algae

Micro Algae
SUN
ENERGY

\. Feedstock | Yield (US gal/acre)
3 % e soya 40-50
2 o8 - é Rapeseed 110-145
[ ALGAE
'_5‘_‘- (RENEWABLE RESOURCE) SLycerin Mustard 140
2
= €O 650

!XIS'I’!NG
TECHNOLOGY

& D Palm

R!NEWAII.E

Source: Biodiesel 2020: A Global Market Survey, 2nd

2022-05-05
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Recycled materials
Package

il

CORRUGATED  CARTON TOWELS STATIONERY
BOXES BOKES  ANDTISSUE

6AS HEATING OR

A STEAM
PELLETS CONSUMER
PRODUCTS

&
et £

POWDER

INDUSTRIAL
APPLICATIONS

=2 Sl ¥

ROOFING CONSTRUCTION
TILES PANELS

“» N

' ‘ Majority of products made of polymeric materials, glass,
. ’ paper, metals can be reused and recycled

A Waste products are valuable raw materials

PAPERBOARD

m Recycled materials
lll Iﬂ Automotive industry

AGH
@ Ford Builds on Eco-Friendly Products and Process
as More Consumers Live Sustainable Lifestyles

Recycled and
Eco-conscious, reassembled
chromium-free ebony wood
tanning interior
leathers
Suede fabrics

made from
Pop bottles

Soy-based
polyurethane foams
seat cushions.

Post-consumer recycled
resins underbody systems

100 percent post-industrial
recycled yarns in seat fabrics

https://textontextiles.wordpress.com/2010/04/22/fords-makinggreenervehiclesthroughincreaseduseof-renewablerecyclablematerials/

2022-05-05

15



Recycled materials

Automotive industry
o T

(& Recydadmt;ials " Renewable materials ¢ Lightweight materials

Making Cars Greener

www.agh.edu.pl

http://ww.edmunds.com/cartechnology/renewableand-recycledmaterialshelp-makecarsgreen.html

m Recycled materials
lﬂ Automotive industry- tire production
Sustainable Materials

Natural Rubber Conventional Guayule glrlo;vn in ?;ig]
& regions will diversify the
TremiEaraiRbes g i? e Ta(t;l:,r:;m:bber 3 source of natural rubber
agp 2
Rayon v 5 g Rayon + - Ger;eral g:ade pufli;; can
i i % New Cellulosic produce the new fibers,
(Reinforced Fiber) S Fiber sl
. & suppliability
Synthetic Rubber Synthetic Rubber | Butadiene
from Petroleum @® from Biomass ‘ from bioethanol
83
28
=| Rubber Materials g E Rubber Materials | Cuging tiagem
] = i and anti-aging
§a sl E § froms Blofisas chemical from biomass
£ bl
-] [
g Filler § Filler from leein‘Iof:;cing carbtoE‘
= | from Petroleum & Coal 3 Biomass oo imenaks

2012092801.html BR’DGESm”E

P i Your Journey, Our Passion

2022-05-05
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Materials from renewable

A

A Introduction - resources, raw materials and fossil fuels

A Materials obtained from nonrenewable fossil raw
materials

A Biobased materials and recycled materials

A Material life cycle, sustainable materials and
carbon footprint

A Bioplastics

33

Sustainable development

U

AGH Sustainable developmenis development that meets the needs
of the present without compromising the ability of future
generations to meet their own needs.

Sustainable development has been describe
terms of three domainseconomic

environmentaland socialor ecology, economy
and equitythis has been expanded to includ ECONOMY ENVIRONMENT
fourth pillar ofculture

SUSTAINABLE
DEVELOPMENT

Sustainable development ties together conci

for the carrying capacity of natural systems v

the social, political, and economic challenge: S
faced by humanity

Civilization has reached a level of prosperity
possible to maintain, provided appropriate
management is assured.

World Commissiolen Environment and Development

2022-05-05
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Sustainablematerials and products

Sustainable productsre thoseproductsthat provide environmental, social ar
economic benefits while protecting public health and environment over thei
whole life cycle, from the extraction of raw materials until the final disposal.

Every material and product should be made so that it can be disassembled
its use is over, and so that all the materials of which it is made can then be
returned to the Earth after composting, or endlessly recycled as raw materi

0 Customer satisfactiarany products or services that do not meet customet
needs will not survive in the market in a long term.

0 Dual focusecological and social significance.

U Lifecycle orientation constantly environmentdiriendly during its entire life

(there must be no permanent damage to the environment).

U Significant improvementsave to contribute to dealing with soe&xological
problems on a global level.

U Continuous improvementhould be continuously improved regarding soci
and environmental variation.

U Competing offersmay serve as a benchmark regarding social and ecolog
performance.

http://pl.wikipedia.org/

Sustainable materials and products
Life cycle

The entire lifecycle of a product from inception, through engineering

design and manufacture, to service and disposal of manufactured
products.

MOST PREFERRED
REUSE
RECYCLE/COMPOST

,‘ | ENERGY RECOVERY
g LANDFILL
5.

LEAST PREFERRED

END-OF-LIFE
MANAGEMENT

2022-05-05

18



www.agh.edu.pl

Sustainable materials and products

!“M Life cycle
Life Cycle Analysis

extraction .
) processing

design
manufacture

repair

‘Q(7 disposal

sustainable-graphic-design.blogspot.com

www.agh.edu.pl

m Sustainable materials and products

Life cycle of package materials
AGH

The development of
knowledge in the field of
environmental protection m
which have occurred in

recent years has highlighted. gz

that the negative impact of
packaging must be
considered throughout thei

MATERIAL MFRS

DESIGN

For this reason, great importance has
beentaken on the design, manufacture
and use of packaging in accordance
with the principle of sustainable
development.

g

=5 ¢
§

&

&

RETAILERS

usE

http:/fwww.greenblue.org/

life cycle, not just in the <.
phase of waste & Vo »

2022-05-05

19



Certificates confirming that product contains
mmm materials from renevable sources

\ERT 2
P — 3

\ERT 5
%PE, 0. &5

VINCOTTE

@ :@ S@ E@ Germany

[Ieeer] vincorre| | [TYDREY)| vincorre| | [TYPRIRT)vincorre| | [TYTRTTY| vincorTe

between between between
more than 80 %

20 and 40 % 40 and 60 % 60 and 80 %
iy S - Biobased

www.agh.edu.pl
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Belgium

PRODUCT
PRODUCT 57% USA

In Poland, the evaluation of packaging materials for their content of renewable raw
@ materials was takeby COBRO and work is ongoing on the implementation of a

certification system on the basis of the content of the isotéffe
COBRO

COBRO/ Sy i(iNIXfye hIMRRERP22BRI 600 22461 Z

Iﬂm How to distinguishif materials are from renewabl®r

JJI non-renevableresources? il
AGH

Carbon footprint CO2

Acarbon footprintis historically defined ashe total set of greenhouse gas emissions

caused by afindividual, event, organization, prody&xpressed asarbon dioxide
equivalent CQe.

Acarbon footprint isameasure of the total amount of carbon dioxide ¢rénd
methane (Cl) emissions of a defined population, system or activity, considering all
relevant sources, sinks and storage within the spatial and temporal boundary of the
population, system or activity of interest.

Carbonfootprint isexpressedn kgor tons of CQ.

Different greenhouse gases to varying degrees contribute to global warming, and the
emissions allows t€Qe compare different gases on a common scale.
For example, a ton of methane is equivalent tot@nesof CQe.

2022-05-05
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mm How to distinguishf materials are from renewabler

non-renevableresources? 10009

Carbon footprint

CO2

The carbon footprint of the product inclsle
emissions from the extraction of raw materials from
which it was produced, production, use and disposal
or recycling after use.

Knowing what actions cause the greatest,CO
emission, companies catapttheir technology by
introdudng energysaving solutionand optimising
production transpotation reuse recycling, etc.

Conventionapolymersproducedfrom oil crude

contain carbon formed millions of years ago. While
the materials from pulp and crops (corn, sugar cane,
potatoes, etc., as well as waste from the afpod)
contain a "new" carbon content derived from
contemporary processes of photosynthesis.

http://www.carbonfootprint.com/calculator.aspx

Callus on 01256 345645

You are not logged in Login / Create Account  AA A

Business Services

Offsetting

Climate Change

Carbon Footprint Calculator

Language: English (United Kingdom) -

Liczba osb, ktére to lubig; 10 760.

My Account ;| Shopping Basket

Calculate

Emission Factors Individuals About Us Contact

€02 Reduction  Offsetting  Plant UK trees  Kenya Tree Planting

Economy class direct
0.16 tonnes: return flight from KRK

@ Retumn trip
From:
To:
Via (optional):
Class: Economy class
Trips: 1

http://www.carbonfootprin
t.com/calculator.aspx

©) One-way flight

[T ick to include radiative forcing  what's this?

Calculate & Add To Footprint

ouse [ETFTIRN Car ¢ N X N o\ to BRU
Flight carbon footprint calculator 2600 Kkm in a EU 2008
You can enter details for up to 3 flight itineraries . SKODA Octavia
0.48 tonnes:

Hatchback 1.9 TDI PD
105bhp Why create an account?

2600 km travelled

0-03 tgnnes: by international rail

I
ﬁ:tal Flights Footprint = 0.33 tonnes of COze il |

2022-05-05
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mmm How to distinguishif materials are from renewabler
\ca NON-renevableresources?
Carbon Footprint

An environmental comparison of polymers
10000

The carbon footprint of

7o polymeric materials
6000 derived from
petrochemical raw
— 1 matgrlals is different
4000 for different polymers

Carbon Footprint in kg CO2 eq/Tonne
g

PP (Rigidst PET (Rigids)  HDPE PYC (Rigids) PS5 iRigids) PC {Rigids}
(Rigids}

m Material production ®Forming © Transport = Disposal

How to distinguishif materials are from renewabl@r
|||m||| non-renevableresources?

Aln the upper atmosphere due to action Radiocarbon dating
of neutrons of co§m|c.rayN constantly PRODUCTION OF 14¢
transforms in radioactivéC. P\

R 4 PROTON
A This carbor“C spreads uniformly in the 2 \ VA Gesgey
atmosphere and in the form of G@nters s (&= /'x i

) R 3 T THERWAL

an organic carbon cycle in a variety of o [N s

0 ;

metabolic processes (photosynthesis, pros s
respiration, nutrition, etc.). A

\
A As long as the organism lives it : Pﬂomsw;;':;
exchanges organic matter with the s ¥
environment and the level of radioactive .

carbon4C in its body is similar to that in ;

the atmosphere. L

A The situation changes, when the body : camn i
dies- exchange of isotop&C stops and its ~ © Srmon. SRy
concentration starts to decrease (hdife 2 . A
time for 14C is 5730 years). i one Gram —» - 10ccunsimite

22
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How to distinguishif materials are from renewabl@r

mmm non-renevableresources? Radiocarbon dating
A To distinguish if polymeric materials BT

are derived from renewable resources \. e
(biomass)it is possibleto analysethe D N
content of #C and to compareto that " |
presentin living organisms i mm"* :
This method was developed by Willard

Libbyand histeamin 1949
In 1960 Libbyreceivedfor this work the
NobelPrizein Chemistry

<»omo

Willard Frank LibbyDecember 17, 1908 September 8, 1980) was an
American physical chemist noted for his role in the 1949 development of
radiocarbon dating, a process which revolutionized archaeology and
palaeontology

Sustainablematerials and products

lﬂmlﬂ Productionof biobasedpolymers
AGH 1,7 mintonnegd year

niebiodegradowalne ze
zZrodel odmawialnych [2)

biodegradowalne. w tvm ze Zrodel calkowite zdolnosci

nieodnawialoych

Sowrce: European Bioplastics | University of Applied Sciences and Arss Harnover (Status May 207 1)

Productionof classicalpolymersfrom non-renevableresourcescrudeoil, gag
265 mintonneg year

23
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lll]MSustainable materials and products

Aims and perspectives

A
] wable materials |

of
Non-rene

A"y

B
C

Resource use " S S }
: reduce raw material
: consumption
Increase the resource R h resource productivity)

: consn_xmption by * Half weight technology
increasing demands * Run-flat Technology (spareless)
(business as usual) + long life technology

A

o
s \\ { B
/ Line of |
ecological » 4
gica > { 1 recycle resources & use
capacity / { ] A
2 7 ! ] effectively
~— ! ] « retread technology and services
! 1 7% * non pneumatic tire
A { 1 « recycled rubber
( !
= B i C 1
3 t )
o t )
o { ] S 5
£ { 1 ’ expand and diversify
] C ¢ ) B I renewable resources
'
= | t . in rubber
2 E i « diversification of natural resources,
s [ } [

‘\ i such as blo-materials

BAU 100% Sustainable
(Business as usual) material

http://www.bridgestone.com/responsibilities/environment/mission/resources.html

]MSustainable materials and products
G The future

N

[or— |

SUSTAINABLE
MATERIALS

WITH BOTH
.| EYES OPEN

www.agh.edu.pl
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H

Illmlll Interdisciplinary Aspects of
AGH Materials Engineering
Materials from renewable

A Introduction - resources, raw materials and fossil fuels

A Materials obtained from nonrenewable fossil raw
materials

A Biobased materials and recycled materials

A Material life cycle, sustainable materials and carbon
footprint

A Bioplastics

49

Classification of polymeric materials
Illmlll depending on the origin and degradability

Biobased

723

PLA'T polylactide

" Bioplastics

e.g. PLA, PHA, '
PBS, Starch bler d= o0

biodegradable fEELITT e - . ...
Conventional Bioplastics
plastics

e.g. PBAT, PCL
e.g. PE, PP, PET

Fossil-based
Bioplastics- are materialsthat include both biodegradableplasticsmade from

renewableraw materials,aswell asbiodegradableplasticsmadefrom renewable
raw materials and biodegradablemanufacturedfrom petrochemicalfeedstocks
(def EuropearBioplastic¥ . poisk-

przemysl.bloog.pl/id,341585977 title, Tworzywabiodegradowalne,index.html?smoybbtticaid=613f41

ate adipate terephthalate)

2022-05-05
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Classification of polymeric materials
mmm depending on the origin and degradability

Degradation process model

Phase 1: Hydrolysis
Ve :
- S ]
YO Dec e ®
mlog]:cule . [@3 w:?;]l: :::‘Ivuule
hyd @]
b molecule

Phase 2: Biodegradation

Low Metal i oxidation
molecule ' mw“" mlﬂ‘:;D @ Lo."gd‘ams, ———»  Shortchains/ brittle
Flexible material

a
5 H HHHHH H H H H H H
00 0 G O S
s [ IR T80 el ] ]
E H HHHHH H H H H H H
s
s <> ‘ . microbial
& @ oxidation degradation
m Green Polyethylene
mm Idea
AGH
oA Alcohol fermentation
<(_ )= co
2
DVQ
Fotosynteza: |
asymilacja CO, |~ | S\ :
| Trzcina cukrowa - sacharoza CH,- CH,OH
Etanol z fermentacji
sacharozy
Recykling m = CH,=CH,
: < "
Recyeing Tt | T

The green polyethylene

e i é?) [ l

HDPE

WwWw.ag’

Spalanie
z odzyskiem | <— - -[CH, - CH,]-
energii Zielony polietylen
Polimeryzacja etylenu
Opakowania z polietylenu
http:/iwww.akademiaodpadowa.pl/444,a,11-alternaty terialy-op: 1awialnych.htm

2022-05-05
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Green Polyethylene
“Imm Production Braskem

2, Sugartane (rushing, 4, Polymerization

fermentation and
I Eitrusi Pﬁwder
xtrusion ;@
. i .

distiliation Catalyst
GENERATION OF ' ' ' f o
BIOELECTRICITY ) - - !
Though the V771114 . /111 l V /1114
remainder of cane e —

1, Plantation

www.agh.edu.pl

www.agh.edu.pl

sugar. — @ t j
Granules
—

7
& 9

Etanol g s e e il ]
T' : R g e s
; ENERGY
% RECYCLING
Ethylene T

}' : RECYCLING

3, Dehydration 6, Iransformation MACHINE

Recycling

I ! m q re e nTM P O |vethv| e n e http://www.braskem.com.br/site.aspx/W here-it-is-produced

m Green Polyethylene
“I Yield

AGH

GREEN POLYETHYLENE

-

A

| PRODUCE | PRODUCE { PRODUCE | PRODUCE

e FROM SUGARCANE TO GREEN POLYETHYLENE —

http://www.kobusch.com/en/we-innovate/rollstock/green-pe

2022-05-05
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m Green Polyethylene
Ill Advantages

AGH

U the use of green PE does not
require the use of other processing
techniques

http:/Awvww.braskem.com.br/site.aspx/W here-it-is-produced

Illmlll Green Polyethylene
acn Alternatine package material

I'm green™ Polyethylene
- HD-PE
- LLD-PE
- LD-PE

braskem.com.br/site. Where-it-

2022-05-05
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Il Green Polypropylene

AGH
BRASKEM LICENSOR
CH3-CH2OH H2C=CH2||  H3C-CH=CH-CH3 H3C-CH=CH2
Sugarcane Ethyldne Green
based — Dehydration ! i Dimerization Butene Propylene Polymerization

PP
Ethanol

Ethylene

Enzymes are used in the fermentation process to convert
sugars into ethanol and butene. Metathesis of ethylene and
butene produces propylene monomer.

https://polymerinnovationblog.com/bio-based-polypropylene-
multiple-synthetic-routes-under-investigation/

m Green poly(ethylene terephtalate) PET
I IIIPIantBottIe

Howis plantbottle PET Manufactured?
A

www.agh.edu.pl

A5 ’\
PET
Component A =
70% k
PET Resin e % °
Alcohol fermentation
o] [o (‘)‘ fl)
I I
HO-CH,-CH,-OH + HO—C—@*C_' CHz-CHz-O-COC-O
n
ethylene glycol terephthalic acic poly{ethylene terephthalate)
hitp:/iwww.cobro.org.plinip/index. php?option=com_content
+ (n-1) HeO &view=article&id=69&Itemid=69

29
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A

vy

< > co
Fotosynteza:
asymilacjaCO, |

Green poly(ethylene terephtalate) PET
lllmlll PlantBottle

AoH — Towards 100% bio-based PET —

This bio-based

. material will
h not require
> resources used
" iz
plantbottle: ’
I

BY THE END
OF 2022:

at least 95%
bio-based PET

2020:

up to 75%
bio-based
material in
PET bottles

TODAY, existing
technology in
the market is

30% limited to 30%
bio-based
w( material in PET
bottles.
NATURALL

BOTTLE ALLIANCE ttp:/fwwaw.cobro.org. pinipli P _content

&view=article&id=69&Itemid=69

m Renevable resources
lll IJJ Biomass\ processing into polymers

AGH

| Polyethylene Polylactide
) - >, A 4
1,.(»
Phntns\nrhesr.s Disposal of food

o % ~W0—,;

¥ Hydrolysis

Agricultural ’51 i
Energy
/ products Starch \ ,{elecmci(y)
i ( Oxygen
Degradatio ! ahal
e The cycle of Wter
Recykling = Lo
materiatowy | < PLA in nature
Growth media
= "™ (carbon sources)
Spalanie Products | .
z odzyskiem | <— B / Femmtsfen
ii elony polietylen . -
energii Clayjeplen S Srathess
Opakowania z polietylenu ” -
PLA Lactic acid

2022-05-05
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Y
=

“[mm Succinic acid and its derivatives

G

Corn growing Corn milling Fermentation Succinic acid

oil v el i B

ical conversion Succinic acid

Application (synthesis)

Polyuretanes - (butanodiol)

PBT - poly(butylene tereftalate) (butanodiol) i electrical insulator
PBS - poly(butylene succinate) i properties similar to PP; degradable

packaging material

m Poly(lactic acid) / Polylactide i PLA

aliphatic polyesters. It is fully biodegradable. It is obtained from
renewable natural resources such as maize.

Lactic acid
] Initiator
Jw/ [MDF‘.]
HO —"“
.3 Rlng-
. LA
Fermentation opening

polymerizati J Hydrolytic

OH S degradatio
¢ Oxidation 3 n
0
HO —
Mo CH CO; + HO HOJKTOH
OH
Glucose

Chem.Soc.Rev.,2010,39, 1724i 1746

en Polylactide (polylactic acid, PLA) - a polymer belonging to the group of

2022-05-05
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’..m... Poly(lactic acid) / Polylactide i PLA
\) A <
i - >
» ¥ 4 .

Photosynthesis Disposal of food

o\ Y
P / " ' - $

Water " ;"!‘ 4" Hydrolysis
o, Agricultural BUERE ~ =i

y4 ergy

/ BEOINESS Starch \ ,(electricit}')

Degradation ( 4P Oxygen
‘ The cycle of | Ve
PLAin nature
Growthmedia
i ™= (carbon sources)
\ / Fermentation
; Synthesis | Lactic acid
Processing )
fiacile il fermentation
PLA actic aci
http:/Aww i pli444,a,11 terialy i i htm

ll"“m Poly(lactic acid) / Polylactide T PLA

AGH medicine

Applications:
- implants (surgical
sutures, screws)
- paCkage SERVICEWARE NONWOVENS LACTIDES HOME TEXTILES
- foils for agriculture v
- bottles

- clothings . =

www.agh.edu.pl

- nonwovens FOOD PACKAGING  FOLDED CARTONS FILMS DURABLE GOODS

- fabrics H
- disposable cutlery
- packaging cardboard

CARDS BOTTLES APPAREL

A

{, Z (,l

N
WA

“http:/lwww. natureworkslic.com

32
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1. The initial growth of bacteria - fermentor |
2. Biosynthesis in a bioreactor (30AC, medium - sucrose)

2022-05-05

Polyhydroxybutyrate i PHB cH; 0

Il Jo-liant]

Polyhydroxybutyrate (PHB) is a polyhydroxyalkanoate (PHA)
a polymer belonging to the polyesters class

PHB is produced by bacteria (Ralstonia eutropha). [ '

PHB-derived plastics are attractive because they are:
- compostable

- derived from renewables

- biodegradable

It is the first thermoplastic polymer produced by biosynthesis introduced
into the market.

PHB slowly decomposes to hydroxybutyric acid and then to water and

carbon dioxide under the influence of bacteria present in the sail,
sewage or silt, especially in anaerobic conditions.

http://pl.wikipedia.org/

Production of polyhydroxybutyrate (PHB)
m Biosynthesis

J
Steam S

Water T

Medium —{"7} 4

Washing unit

Strain

Ralstonia eutropha

Concentration of

K PHB in each cell
W of Ralstonia
3b 4 eutropha is 80%.

Seperation Seperation Concentrated
Fermentor | Fermentor Il unit unit cell suspension

Yield: 100 kg PHB
from 1 m3 of broth

- fermentor Il

3. Separation of bacteria from the broth
4. Concentration of bacteria suspension

33
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Production of polyhydroxybutyrate

@]M Bioseparation

Concentrated
cell suspension

X

Solvent recovery

Precipitation
vessel

j_

Extraction vessel PHB
5 s—o Cellrest
Cellrest 83paration Dryi n&entrifuge

Isolation of PHB from bacteria:

5. Extraction

6. Cell separation by centrifugation
7. PHB precipitation (of purity 98%)
8. Drying

9. Granulation

www.agh.edu.pl

PHB production
Iﬂmﬂ] New method GMO

A pHB - s produced in genetically modified bacteria

E. coli

For PHB synthesis 3 genes
are needed: phaA, phaB and
#1
w» bhaC
#3
#4€= Thanks to modification of the order of the
#S(WT) genes used in the synthesis of PHB:
hiad sequence CAB T Wildtype i (WT)T in
sequence BCA PHB with high molecular

phaA & phaB : Monomer supplying enzyme genes R
phaC : PHB synthase gene mass was obtained

Promoter

Introduced gene cluster

Ori-EC

pGETS109-pha
15.5 Kbp

Ori-BS

Gene expression level

3 Application '
b Gene BCA(#4) PP &
J}_‘:;J Rearrangemey Biodegradable ‘ =
§ CAB( *V thermoplastics l\_ﬂ\/ i
- Pl Strong fibers and films
A N (Mw>3,000,000)
104 108 108 107 108

Molecular mass http://www.iem.titech.ac.jp/tsuge/english.html
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lllmlll Application of polyhydroxybutyrate

AGH
I

sHampoo b
BOTTLE

WOVEN MEDICAL
\ PATCHES

A =

bl i DISPOSABLE
b RAZOR

URGICAL
TITCHES

|

DJSPOSABLE
NIVES AND FORKS

DISPOSABLE
CupP
NAPPY
LININGS

=

Day 45

www.agh.edu.pl

SURGICAL
PINS

http://www.technologystudent.com/prddes1/biopola.htm

“Imlﬂ Starch

AGH - Plant reserve material
- Stored in the forms of grains in
plastids

Applications:

- food industry (thickener,
stabilizer, emulsifier, carrier)
-paper industry

- production of adhesives
- packaging materials "o

Lostok

(thermoplastic starch) Thermoplastic
Starch

U-glycosidic bond

www.agh.edu.pl

2022-05-05
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llj stareh

Plant polysaccharide, consisting of
glucose units-connected by U
glycosidic bonds.

CH,0H

HOHO ° o CH,OH

Q
It plays the role of a backup L e o
CH,CH HO o]
1 o
substance in plants (energy storage).
Amylose

Starch consists of two fractions: o con
- amylose - linear polymer ‘wm

- amylopectin - a branched polymg&

HO
CHZOH HO

- The share of individual fractions
- differs depending on the origin.
Sources. potatoes, maize, cassava

CHZOH

Amylopectine

http://www.biodeg.net/biomaterial.html

mmm Starch

AGH A starch grains have a radial

Starch occurs in the plant material in -~ structure with alternating

the form of grains, the size and shape  crystalline and amorphous

of which are characteristic of individual  regjons.

plant species. A Crystal regions i amylopectin
Amorphous regions - amylose
and branches of amylopectin

! ]
\\I’ﬁ
7

Starch grains have a diameter 0.51 100&

A morphous

1 - 100 ym

Starch grains derived from wheat

http://www.biodeg.net/biomaterial.html
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] Starch

Starch-based materials

Melting point of the starch: 220-240AC
Decomposition temperature: 220AC

F
W ter content
Bakery, Felatinized
food. .. Expanded starch
starch
Reinforced Destructured Plasticized
Plastic starch statch
Destructuring level

Presence of water and plasticizers necessary to obtain plasticised starch

http://www.biodeg.net/biomaterial.html

m“ Starch

H  Processing

fain’
SP0 T
=
Q‘; o Ui 2
o

>=>

Mative starch

Fragmentation Melting

~,

* Destructurization -

+water R
+ polyols Plastification Depolymerization ™
= Dry-blend

@j@:@
\J

Plasticized
Starch

Thermoplastic plasticised starch (TPS) is obtained by extrusion.
After mixing the starch granules with water and a plasticizer
(polyol) and then extrusion, the crystal structure of the grains is

destroyed - an amorphous polymer melts.

With time passing, it undergoes aging (retrogradation) due to the
loss of water and ordering of the structure. hip:mwww.biodeg.netibiomaterial.htmi

2022-05-05
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A odorless

A colorless

A non-toxic non-toxic

A biodegradable

A are characterized by low oxygen permeability

A Trays for frozen food

www.agh.edu.pl

2022-05-05

Starch

“lmm Application

AGH

Food stuff foils:

and low humidity

- for baking in ovens or
processing in microwave ovens P
- similar properties as PP but = ///5
lower tensile strength S

- lose their properties over time as
well as in contact with food w w
) B

BIONYL S TPS (thermoplastic starch)

“Im Starch

IJI Application

ASTM D6: oo“_h ;

< GB/T 20197 GD b,

Biodegradable mulch from thermoplastic starch and polyester
(PBAT), blow molded, decomposes in 90 days in contact with soil

Mulch - a protective cover of soil, placed on its surface mainly to
offset the adverse effects of habitat factors.

http://bridgetrade.en.alibaba.com/product/1800313451-220600394/100_biodegradable_plastic_mulch_film.html

GB/T 20197

38
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lllmm Starch
acy APplication
o : o PTPS-05
Vs _ 8X145MM
—QV = “'9. i"—s‘\-, \

.
BioWare Biodegradable starch-based pen

Figure 2. Products made with Mater-Bi® TPS bioplastic

4%
ASTM D6400
GB/T 20197

“lmm Cellulose

AGH HO HO

The main component of the cell wall of the plants. |
The most widespread biopolymer on the Earth. \o

Linear polysaccharide built of 3,000 to
14,000 glucose molecules connected
b y -1,8-glycosidic bonds

Cellulose

b-glycosidic bond

It is a raw material in the textile, paper and
pharmaceutical industries, as well as in the

www.agh.edu.pl

production of explosives (nitrocellulose),
varnishes and plastics.

Paper In average wood contains 45-50% cellulose

2022-05-05
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AGH

Renevable resources
BiomassA processing into polymers
Wood: lignin, cellulose, hemicellulose

www.agh.edu.pl
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Lignoecellulose- the most abundant
source of biomass

Complex
Contains

cellulose,

Complex

processing is a challenge

U

AGH

(Hemi)
Cellulose

Ligno
cellulosic
biomass

. 4)@ Lignin

U Wide range of chemicals can be obtained

from wood.

0 They contain several, different chemical
functionalities.
U To process them into fuels they should

C—
\ nflP: o A Biomass resources \ \
T e @
5 e [oF ) N7
— D= PO S Gt . Lignin / Fat / Cellulose
Yo A oo & P -

Can be easily
metabolised to glucose
by e.g. fung

".Li n{ \ Ce!lulose
Lignin Théno lastics Eg A
i T
CE ," a ;iﬂ\l: \E

Biodegradation

raw material

several fractions: lignin
hemicellulose
chemical structure

‘Glucuronoarabinosylan, typical of commelinid
‘monac

Hemicelluloses

http://pubs.rsc.org/en/content/articlehtm|/2015/py/c5py00263]

Renevable resources
Biomass\ processing into polymers
Wood: lignin, cellulose, hemicellulose

B

- Depolymerisation f

- Selective bond

" on Y - cleavage
w ™
Q °. s 1 - Deoxygenation
> # T (
35 P 3 - Reduction
fi b ¢ ] w S —

o Sy

unctionalisation

- C-C bond formation | |

- Selective oxidation

- Polymerisation/
Oligomerisation

.
[ vonesieuonoun; o jere1

be defunctionalised.

U To produce chemicals (e.g. drugs) or ‘J M

polymers such high level of

functionalization is beneficial.

http://berc.berkeley.edu/homogeneousatalysisbiomassconversion/

2022-05-05
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m Renevableresources
lll Ill BiomassA processingnto polymers

AGH

W PLANT FIBRE

l ENZYMES

Wood: lignin, cellulose, hemlcellulose

S
=~

a class of enzymes
produced chiefly by fungi,
bacteria, and protozoans
that catalyze the cellulolysis
(or hydrolysis) of cellulose

Distillation

l
o)

CELLULOSE ETHANOL ELECTRICITY

Enzymes produced
by fungi are used

_ to degrade |
“UsT cellulose J
Renevableesources

www.agh.edu.pl

AGH

lllmlll Biomasd\ processingnto polymers

Wod: lignin, cellulose, he

Fibrillation

Cellulose Nanofbnls

(CNFs)
Chemical \?”\)‘
Treatment
Functionalized Celluloses
Lignin o]
’é\A, ?
OR
Glucose New
Polyesters
°“ Monomer + 4
Synthesis OR

«(j\/\/(o%’

Phenolic compounds

2022-05-05
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Cellulose este

Softwood Trees

Plasdc%!} w
| ¢

Tenite Cellulosic
Plastice Compounding

www.agh.edu.pl

Tenite Cellulosle
Plastic Pellats

5 kg wood = 1 kg cellulose plastic

http://www.mindfully.org/Plastic/Trees-Into-Plastic.htm

“l]mﬂ Cellulose nanofibres

; A A Eee

Wood-Pulp Factory  Eastman Cellulose Esters

IIIII|||| Cellulose i thermoplastic materials

AGH
A Acquiring cellulose nanofibres requires
(depending on the type of raw material)

Natural cellulose

- Intensive machining
- Chemical treatment (in the case of
using wood as a substrate it is necessary

Mechanical and
chemical treatment

F

to remove lignin and hemicellulose)

A Acids (pH 2-6) decay of

Microfibrils
1

hemicellulose by hydrolysis
A Bases (pH 8-10) dissolve lignin at
elevated temperature

Y o u nrgodlulus ~ 130 GPa
Strength ~ 60 GPa

www.agh.edu.pl

Whiskers, nanowhiskers, nanocrystals - crystalline cellulose fibers

’ ‘ Acid hydrolysis

Crystallites in
fibrous form

Microfibrils

—_—

=

Nanocrystals

2022-05-05
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Cellulose nanofibres

Crystalline array
of molecules in
a micelle

Cellulose
microfibril

U

AGH

2022-05-05
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Nanocomposites with
cellulose nanofibers in
biodegradable matrices of
synthetic, natural (also
bacterial) origin

|

— \ + Acid
[ —_—

S~

Nanocrystals

U

Individual cellulose 7
molecules |-

>\

~ Polysaccharides
(other than
cellulose)

> Celllulo?e
S Y molecules
o - @ @
> o-e@@®

Bacteria

d g (Acetobakter xylinum
-‘ Gluconacetobacterxylnum)

L=0.5-2 ym L = 150-300 nm L =100-200 nm
d=15nm d=5nm d=15nm
L/d =67 LUd=45 ud=10

Cellulose - derivatives

Application

Cellulose acetate

Nitrocelullose

Metylocellulose

Carboxymetylocellulose

Paints, varnishes, foils, filtration
membranes

Celluloid: first plastic, film films,
everyday materials

Withdrawn from production 1
flammable

Target cotton - explosive

Thickener, lubricant, artificial saliva
and artificial tears, adhesives,
additive to mortars

Thickener, emulsifier, lubricant,
chromatographic bed for protein
separation
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Materials from renewable
llllﬂlll resourcees for medicine

AGH
Collagen - structural protein, the basic component of the extracellular matrix (ECM)

Hyaluronic acid - a glycosaminoglycan (a kind of a polysaccharide) present in
| the extracellular matrix

Extracellular

matrix
ECM
%
E{
g Cell
5 membrane

Figure 7-5 Cell and Molecular Biology, 4/e (© 2005 John Wiley & Sons)

Collagen i structure
U J

AGH ) ) o Structure
Collagenis atrimer ( 3 ¢ o thélieed) U

To associate with the trimer, i.e. a functional protein has
been created, post-translational processing
(modification of individual amino acids) is necessar
- proline Y hydroxyproline

- lysine Y galactose-, hydroxy-, glucosolysine

Application of Natural Collagen
on wet skin

Collagen is used in cosmetics,

pharmaceuticals, as sutures, dressings, ”.
fillers and tissue reconstruction ’ .

5
=
=
4
) Bl Gide PERIO
L] = j. PERIO _
z c Aot iy et
= - T metre 160291
: il ’ |
= L ernh®
lich |
N e 1
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@m

G

I Collagen T manufacturing
» Animal derived resources

Manufacturing

Mechanical desintegration
Collagen sources: |0f the raw material

- connective tissue of Degreasing by soaking in hot water :

slaughter animals (fat <2%) and roasting (30 min, 100
oC)
(skin, tendons, @
intestines) Removal of the mineral fraction
- fish skins, spines (bone) for 5 days of treatment in HCI

. (pH <1.5) / K,CO4 or Na,CO
bladders, strings, e

scales _ »
Extraction of collagen by boiling
in distilled water

http://www.co-corngroup.com/products/gelatin

Collagen i manufacturing
IMHJJI Plants derived resources

AGH
Recombinant human plant-derived collagen (Plant-derived recombinant
human collagen Collage™ - CollPlant) isolated from transgenic tobacco,
enriched with 5 additional genes.

GMO

Transgenic tobacco contains
5 human genes:

[ Nucleus

Vacuﬂ

[
| Procollagen ‘
\_ $ Human Genes _/

2 genes - responsible for the Greenhouse 7 Leaf Plant Cell

synthesis of polypeptide chains

www.agh.edu.pl

colll, coll2

P4HU and P4Hb proline-4-
hydroxylaseases responsible
for proline modification

LH3 lysine hydroxylase - a
gene responsible for the
modification of lysine

Extraction Purification Recombinant

Yield: 1 g collagen/kg dried leafs Cologen

http://www.collplant.com/collage_brochure.pdf
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II[]“]]] Hyaluronic acid - application

AGH

Application

Pharmacology

Medicine and

Ay

Biomedicine

OH

OH
o
HO Sn (o] N
\

H

o

n

Dermatology and plastic surgery

www.agh.edu.pl

Normal

Wound dressing
Tissue regeneration

: Ortohopedics
Drug delivery Reumatology
systems Ophtamology
- Otolaryngology

! i ! (A iE :

Rheumatoid Arthritis

Production Methods for Hyaluronan - Review Article,

Carmen G. Boeriu, Jan Springer, Floor K. Kooy, Lambertus A. M. van den Broek,Gerrit Eggink,

International Journal of Carbohydrate Chemistry 2013

AGH

oduction Methods for
aluronan - Review
fticle,

hrmen G. Boeriu, et al.
ternational Journal of
Carbohydrate Chemistry
2013

S geb.edu.pl

Extraction from
animal tisssues

2

Rooster combs,
umbilical cord,
bovine ointment
from the joint
capsule
bovine lymph

wadami
S ‘ http:/www.wdmbeautysupply.com

I[[]“]j]Hyaluronic acid - manufacturing

2 2 2

Bacterial

fermentation SRR

¥

Streptococci,
Enterococcus
feccalis
Agrobacterium
sp.

S <

Enzymes
extracted from
Streptococcus

puogenes

Pasteurella
multocida

2022-05-05
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AGH
Technology

Extraction
from animal
tissues

Bacterial
frermentation

1.edu.pl

Enzymatic
biocatalysis

U

AGH

D

seagrass

=N

=

Alginic acid

Pros

Well-established 1
technology

Simple raw materials, low
cost of acquisition

M,, ~20 MDa

Advanced technology
M,, ~1T 4 MDa
High yield

The possibility of very good
bioprocess parameters
control

M, ~0.557 2.5 Mda

No risk of infection

A high quality product, very
standarised

Alginates

Component of the cell walls of many algae and

2 Alginic acid is a linear copolymer composed of D N

Sodium Alginate

Gelation

“l]“m Hyaluronic acid - manufacturing

Cons

The product requires advanced
purification (low efficiency), no
standard - tissue-dependent, low
yields, risk of contamination with
proteins, nucleic acids and zoonotic
viruses

GMO application
The risk of bacterial infections with
endotoxins, proteins, nucleic acids

A very promising technology at the
initial stage of development
Low economic justification so far

Production Methods for Hyaluronan - Review Article,

Carmen G. Boeriu, et al. International Journal of
Carbohydrate Chemistry 2013

mannuric and L-guluronic acid blocks
2 Ability to form hydrogels crosslinked by Ca2* ions

2022-05-05
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WET CHOPPED SEAY

SODIUM CARBONATE SOLUTION  ———»|

i Alginates
AGH Mangfac_turing and Nat O Nge [T
application _O)KO_

\ﬂmﬂON }_.| SEAWEED RESIDUE
e Thickening agent | Im
e Food additive (E400) -

emulsifier, gelling
ADD
agent CALCIUM CHLORIDE  ——p f4—— ADD ACID
e Cosmetics ingredient - | CALCTUN ALGINATE | | ALGRIC ACD |
shower gels,
toothpastes ropaam ———
e Dressing material ALGINIG ACHD FIORES ALGIIC ACID
é Rubber mOdIfler In tlre ;gngC‘RBa"«‘E —n ¢_;331UMCLRBDNAH
production - improves somamaE | [ SoouMALGHATE
flexibility
CALCYUM ALGINATE PROCESS ALGINIC ACID PROCESS

ulmm Chitin/Chitosan

acn Chitin - biopolymer obtained from crustaceans' shells, the
second (after cellulose) the most common biopolymer
Chitosan - a product of deacetylation of chitin, soluble in

aC|dS Chitin Chitosan
G —\\

rmula: C16H28N2011.(C8H13NO5)n
ication: Hexosamines, Biopolymer

2022-05-05
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www.agh.edu.pl

"Im]" Chitin/Chitosan

honeycomb-like
multilayer twisted plywood of mineralized

Homarus americanus cuticle chitin-protein planes chitin-protein plane

B —1 11111113 -
| — 111111 »

0 s ca. 3nm )
\:c‘a.mA [  6.20 000 .
N-acetyl-glucosamine » . i : . .

molecules alfa-chitin chains chitin nanofibrils chitin-protein fibers

wrapped with in mineral-protein
proteins matrix

Front. Mater., 16 March 2015 | http://dx.doi.org/10.3389/fmats.2015.00020

“l]mﬂ Chitin/Chitosan - application

AGH

A Natural pesticide (induces defense reactions in plants)
A Water filtration (precipitation of pollutants)
A Varnishes (self-healing materials)

A Dressings (good blood staining and clotting properties,
antibacterial)

A Drug delivery (pH-sensitive)

www.agh.edu.pl

A Foils for food storage
A Slimming preparations

2022-05-05
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m Polymers from renewable resources -
“l m advantages

Reduction in CO,
emission

ju.pl

agh.ec

Reduction of oil consumption

lﬂm Polymers from renewable resources -
G

A

edu.pl

.agh.

wWww

Production of classic petroleum-based materials - 265 min t.

Reducing the amount of waste

w Production 1.7 mIn tonnes

2022-05-05
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