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Programacao da disciplina

Data Atividade Data Atividade
09/Setembro Contextualizacao 28/Outubro AcUcares e Furanos
16/Setembro Polimeros: conceitos basicos o4/Novembro Celulose
23/Setembro Polimeros: conceitos basicos 11/Novembro Amido

Rotas ndo-fosseis para etileno,
30/Setembro propileno, glicerol, etilenoglicol e 18/Novembro Exopolissacarideos
ac. tereftalico
07/Outubro Oleos vegetais 25/Novembro Quitina e quitosana
14/Outubro CASOS - Parte 1 og/Dezembro Polihidroxialcanoatos
21/Outubro Terpenos e terpendides 16/Dezembro CASOS - Parte 2




Poli (hidroxialcanoatos)
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Poli (hidroxialcanoatos)

Acucar de cana, bagaco de cana,
acidos organicos, Oleos vegetais, etc.

Sacarose, glicose, arabinose, lactose,
gluconato, acetato, etc.

Hidroxiacil-CoA

PHAn enzima

CoA PHA sintase

PHA, .1

mateéria-prima

metabolismo
bacteriano

‘ MBIQCup

‘B‘IOCUP

B’loCu}J



Poli (hidroxialcanoatos)

Formula quimica geral dos PHAs

n pode variar de 1 a 3. Quando o grupo R for igual a H, CH;, CH,CH,, para n=1, os
PHA séo classificados como scl-PHA (“short chain length”), ou seja, compostos por
mondémeros de cadeia curta; quando R = (CH,),CH; a (CH,)3sCH;, os monémeros s&o
considerados de cadeia média, constituindo os mcl-PHA (“medium chain length”)

https://www.youtube.com/watch?v=YWs VVLNWCO0
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https://www.youtube.com/watch?v=YWs_VVLNWC0

Poli (hidroxialcanoatos)

Biodegradable bioplastics 2019 vs. 2024

1,500
1,334
1,174
]’200 ........................................................... PBAT
PBS

$
S ® PLA
S
S ® PHA
= @® Starch blends

® Others

2019 2024

Bio-on (Bologna, Italia)

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets

https://cen.acs.org/business/biobased-chemicals/PHA-biopolymer-whose-time-finally/97/i35
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Poli (hidroxialcanoatos)

Microbial cell
harbouring PHA
granules; PHA
general structure

Conversion of renewable biomass
to convertible substrates =
(Upstream Processing)

A
R4 ((u_l" OH
2 X

PHA biosynthesis in
bioreactors
(Bioengineering)

_ Extraction of PHA from Biomass
(Downstream Processing)

PHA-based items

Composting of PHA-based items
after their life span; CO,-generation

Crude PHA

Fonte: M. Koller, The EuroBiotech Journal, 2019, 3, 32.



Poli (hidroxialcanoatos)

Impacto do custo de recuperacédo de PHASs no custo total do processo de producgéao:
até 50% do valor do produto

---------------------------------------------------------------------------------------------------

Uso de solventes: alcoois superiores e '
seus ésteres (p. ex. alcool isoamilico, ‘\,
acetato de amila, acetato de isoamilae /
oleo fusel) ’

pureza superior a 99%, mas
pode haver perda de
propriedades

...............................................................................................

. Ralstonia eutropha (Cupriavidus

X .\ necator): bromelina (89% de pureza |

# | do produto); pancreatina (90% de |
pureza do produto )

..............................................................................................

tratamento enzimatico



PHB

Biomass
Feedstock

Lignocellulosic waste
Dairy industry waste
Oil industry waste

Starchy substrates

-

Sucrose based substrates
-
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Fonte: R. Sirohia et al., Bioresource Technology 2020, 311, 123536.

Poly-3-
hydroxybutyrate



PHB

Atividade
anti-biofilme

Artemia franciscana

tilapia-do-Nilo
Maior resisténcia a

Menor incidéncia de patégenos

vibriose
em camaroes



PHB

Enge-

I EE]
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tecidos

Blendas
e
compo-

sitos

Aqui-
cultura

“Biofouling”

l Macroscopic fouling community

I Tertiary colonizers I . o

I Secondary colonizers ]

I Primary colonizers I

Particles of
organic matter
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PHB

Aqui-
cultura

Enge-

I EE]
de
tecidos

Blendas
: [ Altamente ‘
biocompativel s ’-
e biodegradavel
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PHB

Enge-

nharia
de
tecidos

Vasta gama de
possibilidades

Aqui-
cultura

Agentes
anti-
incrus-

tantes

Carbohydrate Polymers 250 (2020) 116867

Contents lists available at ScienceDirect

Carbohydrate Polymers

» s
ELSEVIER journal homepage: www.elsevier.com/locate/carbpol

Biopolymer blends of polyhydroxybutyrate and polylactic acid reinforced M)

with cellulose nanofibrils

Deniz Aydemir™”*, Douglas J. Gardner”

x250 300 um

201906/13  13:00 HL

Check for |
updates

CNFs
Aggregates




PHB

scaffold
e cells
Vasta gama de cultura
possibilidades
Enge- Agentes
nharia anti- drug
de incrus-
tecidos tantes b .o Bar = 2mm
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e
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PHB-co-HV

0 copolimero composto por
unidades monomeéricas de
quatro e cinco atomos

- O‘;H de carbono
ENMAT Y1000P PHBV
polymer for injection molding =
/ thermoforming (5) ENmAT
€18.15
3

per KG helianPolymers -



PHB-co-HV

embalagens, liberacao
controlada de farmacos,
engenharia de tecidos
Y Sk iy )

- 25

PHBV Applications:

- Bone tissue engineering

- Cartilage tissue engineering
- Drug delivery systems

- Food packaging

- Wound dressing

- Wound covering mats

- Material engineering

- Surgical sutures

- Medical packaging

- Cardiovascular stents
- Bioimaging

- Power nanogenerator
- Bioassay systems

- Joint arthroplasty

- Fertilizer releasing Biosystems
- Agricultural releasing system

- Fonte: Y. Farrag et al., J. Nanopart. Res. 2018, 20, 71.

|
i
'.
A

— | | Fonte: M. |. Ibrahim et al., Journal of Polymers and the
Environment 2020, DOI: 10.1007/s10924-020-01946-x



Poli (hidroxialcanoatos)

Instituto de Agroquimica Y Tecnologia de Alimentos (Espanha) - ypack.eu

return to
soil, circular
bioeconomy

compost &
biodegradation
testing

The YPACK project (www.ypack.eu) has received
Funding from the European Union's Horizon 2020
research and innovation programme under grant

YPACK: innovative circular bioeconomy

& YPACK packaging
in compost is

D,

food packaging solutions

food industry %

ﬁ by-products as
raw materials S
(2

%%

processing
the materials

energy for microbial fermentation
which produces biopolymer (PHBV)

-» adding value to industrial surpluses

extract micro cellulose
as filler material

* YPACK 23: PHA commercial biopolymer (CB)
* YPACK 25: Using almond shell + PHA CB
* YPACK 27: Using almond shell +

cheese whey + PHA CB

O
e,

* YPACK 210: 50% PHBV
* YPACK 211: 30% PHBV

=> all the grades will be food contact approved

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)

* tray: 100% in 90 days polyhydroxyalkanoate

= = = +food contact film:
100% in <40 days

N

ongoing
* YPACK 23:
y suitable for modified atmosphere
prod uction packaging (e.g. red meat, fresh pasta)
of tray & food ' « YPACK 25 and 27:

] suitable for respiring goods
contact film (e.g. fruit & vegetables)

-» only grades with no allergenicity
will be commercialised

agreement N°773872.
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Degradacao de polimeros

processo ocasionado por varios

fatores responsaveis pela perda
de algumas de suas
propriedades fisicas

cisao da cadeia
polimeérica

guebra da estrutura no
reticulo cristalino
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(Bio)degradacao de polimeros

fotores abidticos fokores bidticos
‘ @ ‘.

bacte pla
L. B S H BN .
tempZ%rature ‘
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Degradacao de polimeros

fotodegradacao

Microplastics

\
Photo- &~ N

fragmentation ©

radiacao
uv

Nanoplastics

degradacao
quimica
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Degradacao de polimeros

degradacao por oxidacao

|

introducédo de atomos de oxigénio na
estrutura do material

|

elastémeros insaturados sao muito

suscetiveis a oxidagdo devido a presenca \  rRH O\

de duplas ligagées no esqueleto
polimérico e a falta de cristalinidade

NR KT, O,




Biodegradacao de polimeros

degradacao por
microrganismos

degradacao por
macrorganismos

bactérias e
fungos
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POLIMEROS
BIODEGRADAVEIS
COMERCIAIS

Fonte: KLOSS, J. R. Sintese e
caracterizagao de poliuretanos
biodegradaveis a base de poli(e-
caprolactona), 2007, 203f. Dissertagao
(Doutorado em Ciéncias) — Universidade
Federal do Parana, Curitiba, 2007.

Marca

Produtor Registrada Aplicagao Materiais
Bayer BAK 1095 Filmes e chapas Poliéster amidas
Idroplast Agribag Distribuidor quimico E{)/I'L(‘alcool viniico)
Biotec Bioplast Filmes e chapas Amido termoplastico

Mantas protetoras de Amidoi/
Novamont MasterBi 2 policaprolactona
plantagdes e vasos (PCL)
Liberagao controlada de Policaprolactona
Solvay S.A. | CAPA,600 fertilizantes (PCL)
Cargill Dow |Eco PLA Mantas~protetoras de Poli(acido latico)
plantagdes e vasos (PLA)
Eastman Eastar Bio Cobertura de raizes Copoliésteres
Novon Degra-Novon Mantas~protetoras de Amido modificado
plantagcdes e vasos
’ Embalagens para produtos | Poli(alcool vinilico)
TPS, Inc. Vinex quimicos PVA
BSL Sconace Il Filmes e vasos Amido modificado
Du Pont Biomax Mantas~protetoras de Resinas poliéster
plantagcdes e vasos
Embalagens, tubetes de | g ovibutirato
PHB reflorestamento e outras .
. PHB o (PHB) produzido por
Industrial aplicagdes baseadas na B
RS bactéria
injecao.
Fabricagao de embalagens | Copoliéster de 1,4-
flexiveis, colaminagdao com |butanodiol, aido
Basf Ecoflex . e i
papel filme para adipico e acido
plasticultura. terefalico
Embalagens injetadas, Eam sombinads de
tubetes para Ecoflex:s (i
Basf Ecobras reflorestamento, sacolas

plasticas e embalagens para
cosméticos

polimero vegetal a
base de milho




1. AMBIENTE MARINHO: 30 °C, 90% de
biodegradagao em no maximo 6 meses

2. AGUA DOCE: 21 °C, 90% de 3

biodegradagao em no maximo 56 dias '(A\‘
3. SOLO: 25 °C, 90% de biodegradacao em
NO Maximo 2 a?os .‘ @,&;}.’T q;@“’
4. COMPOSTAGEM DOMESTICA: 28 °C, 4 YV@KVG
90% de biodegradacdo em no maximo 12 -
meses S
5. COMPOSTAGEM INDUSTRIAL: 58 °C,
90% de biodegradacdo em um periodo | 2] :
., PBS PLA @ pPBAT
maximo de 6 meses o =
6. DIGESTAO ANAEROBICA: Termofilica  A@\ @ =@\
52 °C/mesofilica 37 °C; especificacido padrao P e
ainda n&o disponivel, mas 90% geralmente A Y Om @‘C’l .om
considerado como completamente @ pBsA W e B W oo =
. > (L)), — '7(_;\;4 m;@; VQ;Djmami@%
| blodegradavell o ] @A@X ‘-v: e \.v:_ e
7. ATERRO: Nenhuma especificacdo padrao
ou esquema de certificagcao disponivel, uma ¢S =) (=
vez que esta ”32 ﬁr: Z‘Z \(,)izzao proferencial - coiors &) by Prn &) Gy o @)
‘ @ﬁ‘( al @V @f\;f a@l ; @ ; f'ymeﬁ ( @’
http://bio-based.eu/graphics/#top VA@XV YV‘K@XV Y‘ﬁi@}vv'
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THE CHEMISTRY OF BIODEGRADABLE PLASTICS

COMMON BIOPOLYMERS & SOURCES EVERYDAY USES OF BIOPOLYMERS

I € /%

( POLYLACTIC ACID (PLA)

Obtained from fermented plant starch from corn,
cassava, sugar cane or sugar beet.

( POLYHYDROXYALKANOATES (PHAS) )

RN,

<« poly-(R)-3-hydroxybutyrate (P3HB)

n

Extracted from bacteria, which produce it via the
fermentation of sugar or lipids.

( THERMOPLASTIC STARCHES (TPS) )

CH,OH CH,OH CH,OH -
o, o) o,
OH OH OH y
o OH
o O

OH 300-600 OH
Starches from plant materials are heated with water,
then mixed with plasticisers or other polymers.

Biodegradable coffee cups are
paper cups with a PLA lining to
make the paper waterproof.

PLA has the second largest
production volume of any
biopolymer (behind TPS). It
is also used in plastic films,
bottles, and food containers.

PLA and TPS both find use
in the manufacture of plastic
cutlery that'’s biodegradable.

TPS is also used in food waste
bags and some magazine
wrappers. PHAs have fewer
uses, but have medical uses
such as in surgical sutures.

ADVANTAGES AND DISADVANTAGES

GLOBAL PLASTIC PRODUCTION

CONVENTIONAL BIODEGRADABLE &
PLASTICS BIOPLASTICS

B— 2.1

million tonnes million tonnes

Use of bioplastics is increasing, but they still account for
less than 1% of the global plastics market (as of 2018).

CONDITIONS FOR BIODEGRADING

| «

MOISTURE OXYGEN  MICROORGANISMS TEMPERATURE
Compostable plastics need specific conditions to break
down - and take much longer to do so completely if they
go to landfill instead of being recycled. However, they still
break down faster than conventional plastics.

mit G

Biodegradable plastics are more expensive than plastics
derived from fossil fuels on weight basis, and require

land to grow raw materials. However, the greenhouse gas
emissions associated with their production are lower.

© Andy Brunning/Compound Interest 2019 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem @@@@
BY NC ND

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 licence.
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