Bu Griin, WorldStar 2006 yarismasinda dereceye girmistir.

Plastikler cok saglam malzemeler olarak bilinir.
Farkli sekillerde proses edilmelerinin yani sira,
diger bircok malzemeden daha hafif ve daha
ucuzdurlar. Bu nedenle, giinimiizde bircok
endUstriyel ve ticari uygulamada sikca tercih
edilmektedirler.

Son yillarda biyoplastikler olarak ismini
duydugumuz malzemeler ise, yenilenebilen
hammaddelerden yapilan yenilikci plastiklerdir.
Bircok uygulamada, daha énce kullanilan fosil
plastiklerinin (cogunlukla petrolden elde
edilen) ve diger plastik malzemelerin yerini
alabilmektedirler. Bazi bilim adamlar ve
mihendisler ise, hem bunlar geleneksel
makinelere uyarlamaya calismakta; hem de
biyoplastik malzemelerin yeni Rullanim
bicimlerini arastirmaktadirlar. Ornegin,
giinlimizde, ambalaj malzemeleri, tek
Rullamimhk bardak-catal-bicaklar ve
biyoplastiklerden imal edilen bahce malzemeleri
gibi Griinlere piyasada daha sik rastlamaktayiz.
Biyocdziiniir yani dogada ayrisabilen polimerler
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olarak siniflandirilan bu malzemelerle ilgili
olarak, dzellikle ambalaj endiistrisinde rekabet
giderek artmaktadir. Sinirli dretim Rapasitesine
bagli diger eRonomik dezavantajlar, artan
petrol fiyatlari ve bu malzemelerin Rullanimini
destekleyici bazi politik tedbirlerle
dengelenebilir.

Hammaddeler

Biyoplastikler bircok bitkisel hammaddeden
iretilebilmeRle beraber, nisasta dnemli bir
yere sahiptir. Seliiloz ve seker de diger Gnemli
hammaddelerdendir.

Etilen, propilen ve stiren gibi Rimyasal
hammaddeler petrol ve dogalgazdan elde
edildigi icin, fiyat dalgalanmalarindan cok
etkilenirler. Bugin, bu petrokimya sanayisinde
PE (polietilen), PS (polistiren), PP (polipropilen)
ya da PVC (polivinil Rloriir) icin ton basina
yaRlasik 1.000-1.500 Euro ddenmektedir.
AncaR, alternatif olarak biyoplastik Rullanimina
gecmek, su an icin pahali bir secim olarak
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yorumlanabilir. Yenilenebilen hammaddelerden
elde edilen malzemelerin maliyetlerinin
geleneksel plastiklerden iki ya da dort Rat
pahali oldugu gozleniyor.

Ancak, fiyatlarin sik Rullanilan plastiklerle
ayni seviyelere gelmesi sadece zaman
meselesidir. Bu da ancak, biyoplastik dretiminin
genis odlceRli endistriyel miktarlarda ve
tesislerde baslamasiyla beraber meydana
geleceR gibi gdriniyor. Su noktada,
yenilenebilen hammaddelerden Uretilen
malzemeler endiistride yeni yeni Rullaniimaya
baslanmistir. Diinya capindaki plastik
pazarindaki paylart yaklasik 250,000 ton/yil
olup ne yazik ki toplam plastik hammadde
tiketimi (yaklasik 300 milyon ton/yil)
icerisinde, ihmal edilebilir dizeydedir.

Biyoplastiklerin Uretimi ve islenmesi
Tahmini % 80 biyoplastik pazar payi ile
termoplastik nisasta bu sektdrde lider
Ronumundadir. Saf nisastay! termoplastik bir



Kapasite (1.000 ton/yil) 2007 2010
Petrokimyasal hammadde bazli 44 110
Petrokimyasal katki maddeleri iceren/Karisimlar 81 386
Yenilenebilen hammadde bazli 189 901
Toplam 314 1397

malzeme haline getirebilmeR icin gliserin ve
sorbitol gibi dogal plastiklestiriciler
eklenmelidir.

Karistirma islemi tek ya da cogu zaman cift
vidall ekstruderlerde yapilir. Hammaddeler
Raristirilir, isitilir ve homojen bir maddeye
donstirilereR icindeki su buharlastirilr.
Sicaklik Rosullarinin dengeli olmasi sogutma
suyu sistemi ile saglanir. Erstruderin ucunda,
erimis termoplastik nisasta, ekstruderin uc
Rismindan tel halinde disari ciRar ve
sogutularak graniil haline getirilir.

Son Uriin olan termoplastik nisastada artik
Rristal bilesenler bulunmadigi icin diger
polimer bilesenleri ile Raristinimaya son derece
uygun durumdadir. Diger polimer bilesenler
genelliRle malzemelerin dzelliklerini
gliclendirmeR icin Ratilir, ciinki termoplastik
nisasta su cekmeye meyilli oldugundan,
ylizeyi yapisRanlastirir ve fiziksel ozellikleri
iklim Rosullarina gdre degistirir. Bu nedenle
malzemenin saf halde Rullanilmasi ancak ilac
endiistrisinde tibbi preparatlar icin yapilan
Rapsiiller gibi nis uygulamalarla sinirhdr.

Diger bir biyoplastik tiri ise polimer ve
nisasta olmak iizere iki ayri fazdan (phase)
olusan plastik karisimidir. Ekstruderdeki sicak
ve susuz ortamda, suda ¢oziinebilen nisasta
faz, suda cozinemeyen plastik faz ile
Rarisarak suya dayanikli bir nisasta plastigi
meydana getirir.

Karisimlardan olusan bu bilesikler, plastik
end(istrisinde daha sonra Rullanilmak iizere
0zel olarak imal edilirler. Granil olarak temin
edilebilen bilesikler, mevcut makinelerle film,
enjeksiyon Raliplanmis drinler ya da

kaplamalar haline getirilebilir. Ornekler arasinda
posetler, yogurt Raplari veya icecek Rutulari,
saksilar, catal kasik, bebek bezi filmleri,
Raplamali kRagit ve Rarton sayilabilir.

Laktik asit, seRer ya da nisastanin
fermantasyonu ile elde edilen bir yan Griindir.
Laktobasil gibi mikroorganizmalar endstriyel
dlcekte Rullanilirlar, glikozla etkilesen bu
organizmalar, onu laktik aside dondstrir.
Polimerleserek polilaktik asit (PLA) haline
gelen laktik asit coR yonliiligi nedeniyle
biyoplastik tretiminde, farkli uygulamalara
uygunlugu ile drneR bir malzemedir.

Polimerlestirme sirasinda, Iaktik asitler,
onlardan elde edilen PLA plastiginde istenen
ozellikler olacak sekilde birlesirler. Olasi
biyoplastik Griin cesidi, PLA'min glikolik asit
gibi diger monomerlerle Ropolimerlesmesiyle
desteklenir. Ister kati, ister akiskan olsun;
bu sekilde elde edilen Ropolimerlerde
neredeyse her tiir 6zellik bulunabilir. PLA'arin
ve diger Ropolimerlerin dogada ayrismasi,
bilesimlerine bagli olarak, hizlidan yavasa
dogru degisir. Ornein; poli-L-1aktik asit (L
tipi isomer olusumu polimerlestirme sirasinda
meydana gelir) icin yilar gerekirken; poliglikolik
asit icin aylar ve polilaktik-D (PLA'nin D tipi
izomeri) ve L-aktik icin birkac hafta yeterli
olur.

PLA'nin Rararlilig, film ve Raplarin seffaflig,
termoplastik dzellikler ve plastik isleyicilerinde
zaten mevcut olan makinelerde Rolay
islenebilme gibi avantajlari vardir. Ancak, PLA
icin bir de dezavantaj s6z Ronusudur.
Yumusama noktast yaklasik 60°C oldugu icin,
bu malzemeden (retilen sicak icecek bardaklari
gibi Griin uygulamalari siniclidr.

PLA dretim tesisleri ABD, Hollanda, Japonya
ve (in'de bulunmaktadir. PLA ve Rarisimlari,
graniiller halinde temin edilebilir. Ozellikle
Risa omrli ambalaj filmleri ve Raplarda
(6rnegin iceceR ve yogurt Raplari, meyve,
sebze ve et tabaklari gibi) dnemli potansiyeli
vardir.

Polihidroksil biterik asit (PHB) en ilging
biyoplastiklerden biridir. Erime noktasi
130°C'nin Gzerinde olup berrak filmler
olusturur ve coR iyi meRanik ozelliklere
sahiptir. Baz! orta dlceRli treticilerin yani sira,
Glney AmeriRa seker endistrisi oyunculari
da PHB Gretimini endistriyel dlcekte ton
basina 5.000 Euro altindaki fiyatlarla
baslatmay! planlamaktadir. Ayni zamanda,

Bu Griin, WorldStar 2007 yarismasinda dereceye girmistir.
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enerji deposu olarak PHB Ureten transgenik
bitkiler yetistirilmektedir. Ancak, bu
biyoplastiklerin dogrudan yenilenebilen
Raynaklardan elde edilmesi birkac yil
siirecektir.

Seliiloz plastikler genellikle asetik asitle
yapilana benzer bir esterlestirme ile pamuktan
dretilirler. En bilineni seliiloz asetattir. Seliloz
plastikler ambalaj endistrisindeki filmlerde
Rullanilir. Polikaprolakton gibi tamamen
sentetik biyoplastikler de vardir.

Fosil hammaddelerden yani petrol gibi
hammaddelerden de biyoplastikler elde
edilmeye calisilmaktadir. En bilinenleri polyester
amidler ve polyester Ropolimerlerdir. Bunlar
daha ok seffaf filmlerde ve PLA ya da nisasta
ile bilesim yapmada Rullanilir. Bunlarin baslica
kullanim alani ¢6ziinebilen (degradable) film
drinleridir.

Biyoplastik Uygulamalari
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- Ambalaj malzemeleri:
Biyoplastikler sisirme film, cok Ratli film,
diiz film ve isiyla sekillendirilmis (termoform)
irGin imalatinda kullanilir. Ornek olarak
genellikle ambalaj Greticileri tarafindan
dretilen alisveris posetleri; cikolata, meyve,
sebze, et ve yumurta tabaklar-tepsileri; siit
driinG ve su siseleri; meyve ve sebze fileleri
ya da torbalari; blister ambalajlar; kozmetik
{rin Ravanozlari ve tipleri, PLA su sisesi
(ABD'de ticari olaraR piyasaya strtilmistr),
do@ada ¢oziinebilen-ayrisabilen malzeme ile
Rapl kagit ve Rartonlar verilebilir.

- Sofra driinleri;
Biyoplastikler genellikle yemek servisi
malzemeleri gibi tek kullanimlik drinler icin
kullanilir. Ornek olarak tabak, catal-Rasik,
tepsi, pipet ve hamburger icin ambalaj
filmleri-Ragitlarr verilebilir.

- Bahge driinleri:
Ornek olarak malc filmleri; bantlar ve Rlipsler;
mantar Gretimi icin ¢dzinebilen-ayrisabilen
filmler; toprak erozyonunu 6nleyen film,
bant ve aglar verilebilir.

- Farmasotik uygulamalar:
Termoplastik nisasta gibi geri emilebilen
biyoplastiRler Rapsiiller veya tabletler icin
malzeme olarak jelatine alternatif olabilir.
PLA polimerleri cerrahi malzeme, geri
emilebilen implant, igne ve plaka olarak da
Rullanilir.

- Hijyenik malzemeler:
BebeR bezleri, bebek bezi filmleri, Radin
pedleri 6rnek olarak verilebilir.

Kompostlama Kriterleri

Malzemeler icin standartlar, testler ve dogru
etiketleme olmadig stirece, tiiketiciler “bulanik
sularda balik avliyor” diyebiliriz. IBAW -
European Bioplastics (Uluslararasi Dogada
(oztinebilen Polimerler Dernegi ve (alisma
Gruplan) altinda birlesen biyoplastik endistrisi
temsilcileri, dogada ¢6z{inebilen-ayrisabilen
malzemelerin ve ciiriitiilebilen plastik Grtnlerin
belgelenip etiRetlenmesi icin bir sistem
gelistirmistir.

Biyoplastikler, Rompostlanan-ciriitiilebilen
malzemelerden yapilmis driinler icin
belgelendirme standartlari olan EN 13432,
EN 14995, 150 17088 veya ASTM D-6400'e
uygun olmalidir. EN 13432'de tanimlanan
Rompostlama, AB Ambalaj ve Ambalaj Atiklari
Direktifi (94/62/EC) ve (6p Gémme Sahalari
Konsey Direktifi (1999/31/EC) gibi yasal
diizenlemelerden de etkilenmistir. Hesaplama
2001 yilinda COPA (AB Zirai Orgiitler Komitesi)
ve (GECA (AB Zirai Isbirligi Genel Komitesi)
tarafindan yapilmistir.

‘ ®

compostable
EN13432

g compostsarbasr

Kullandiktan sonra kompostlanan Grdnler icin “Kompostlanabilir”
logosu.



Biyoplastikler icin Tahmin Edilen Kapasiteler

Tablo 2: Avrupa'da biyoplastikler icin tahmini kapasiteler

Sonug

Yenilenebilen kaynaklardan elde edilen
biyoplastikler, petrol ya da dogal gazdan elde
edilen sik Rullanilan diger ticari polimerlerin
var oldugu plastik endistrisinde, az da olsa
Rendilerine yer edinmis gdriiniiyorlar. Ozellikle
son yillarda, biyoplastiklerin hammadde
yelpazesi hizli bir bicimde gelismistir. Bu
malzemelerin ok cesitli uygulama alanlari
vardir. Ornegin, bazi meyve ve sebzelerin
ambalajlanmasinda su buhari gecirebilen PLA
(polilaktik asit) film tercih edilebilmektedir.

Biyoplastiklerden imal edilmis, organik atiklarin
Rondugu ¢op torbalari gibi Grlinler tiiketiciler

tarafindan daha sik tercih edilmeye
baslanmistir.

Zirai biyoplastik filmler, tarim arac ve
gerecleriyle topraga gdmiilebilir ve toprakta
ayrisabilirler.

Yakin gelecekte, cogunlukla, yeni
biyoplastiklerden Gretilmis gida ambalaji
ornekleri ile Rarsilasacagimiz tahmin ediliyor.
Bu ileri teknoloji dirGini malzemeler, ambalaj
sektdrinde Rullanilan genis polimer malzeme
yelpazesini zenginlestirecek gibi goriiniiyor.

Kaynaklar:

1. “Biodegradability: A Panacea for Packaging”,
Pira International Ltd., 2005.

2. “Bioplastics” Report, FNR (Fachagentur
Nachwachsende Rohstoffe), 2006.

3. ASD - Ambalaj Literatiirii Arsivi, 2009.

4. www.ibaw.org
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Bioplastics

Prepared by: Aslihan Arikan, Research Specialist, ASD
Chemical Engineer, Polymer Science & Technology (M. Sc.)

Plastics are very strong, can be processed in
many ways and are also lighter and cheaper than
the most other materials. Therefore, they might
be the primary choice in many industrial and
commercial applications.

Bioplastics is the designation for innovative
plastics manufactured from regenerative raw
materials. They can replace the previously used
fossil plastics and plastic materials in many
applications. Some scientists and technicians are
currently not only engaged in adapting them to
conventional machines, but are also discovering
new uses of bioplastic materials. For example,
packaging materials, disposable cutlery and flower
pots made of bioplastics are already available in
the market.

Biodegradable polymers are becoming, especially
in the packaging industry, more and more
competitive. The remaining economic disadvantages
due to limited production capacity can be
compensated by rising oil prices and supporting
political measures.

Raw Materials

Although bioplastics can be manufactured from
many vegetable raw materials, starch is gaining
3 key position. Cellulose and sugar also have
certain significance.

Because the chemical raw materials such as
ethylene, propylene and styrene, are gained from
oil and natural gas, they are subject to the
associated price fluctuations. Today, the industry
pays around €1,000-1,500/tons of PE
(polyethylene), PS (polystyrene), PP (polypropylene)
or PVC (polyviny! chloride). However, falling back
on bioplastics as an alternative is considerably
more expensive at this time. Materials from
regenerative raw materials cost around twice or
four times more than standard plastics.

However, prices comparable with those for
conventional plastics are just a question of time.
This will occur as soon as the production of
bioplastics begins in large-scale industrial
quantities and plants. At this moment, materials
from regenerative raw materials are at the
beginning of their industrial use. Their share in
the world-wide plastics market at around 250,000
tons/year is negligible.

Production and Processing of Bioplastics
With an estimated 80% bioplastics market share,
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(apacity (1000 tons/year)

Petrochemical raw material base
Petrochemical additives/Blend components
Renewable raw material base

Total

the thermoplastic starch is the leader in this field.
To convert native starch into a thermoplastic
material, natural plasticizers such as glycerine
and sorbitol must be added.

Mixing occurs in one or often twin-screw
extruders. The raw materials are mixed, heated
and converted into 3 homogeneous substance,
from which the water is extracted. A cooling
water system ensures stable temperature
conditions. At the end of the extruder, the molten
thermoplastic starch discharges as a strand
through 3 nozzle plate and is granulated after
cooling.

Because the end product, the thermoplastic
starch, no longer contains crystalline components,
it is excellently suited to the admixture of other
polymer components. The latter are usually added
to improve the properties of the material, as
thermoplastic starch has a tendency to absorb
water, making the surface sticky and changing
the physical properties according to the climatic
conditions. Usage as a material in its pure form
is therefore restricted to niche applications such
as capsules for medical preparations in the
pharmaceutical industry.

Another type of bioplastic is the plastic blend
consisting of two phases, a polymer phase and
starch phase. In the hot, anhydrous smelt in the
extruder, the water-soluble, dispersed phase is
mixed with the water-insoluble, continuous plastic
phase to form a water-resistant starch plastic.

Blends compounds are tailor-made for further
utilization in the plastics processing industry.
Available as granules, they can be converted with
existing machinery into films, injection molded
articles or coatings. Examples are carrier bags,
yoghurt containers or drinking beakers, plants
pots, cutlery, nappy films, coated paper and
cardboard.

Lactic acid is a by-product created by the

2007 2010
44 110
81 386
189 901
314 1.397

fermentation of sugar or starch. Microorganisms
such as lactobacilli are utilized on an industrial
scale, which have an affinity to glucose and
ferment it into lactic acid. Polymerized to polylactide
(PLA), lactic acid opens unforeseen perspectives
for the production of bioplastics due to its
diversity.

During the polymerization, the lactides combine
in 3 way that PLA plastic gained from them have
the desired properties. The spectrum of possible
plastics is supplemented by the copolymerization
of PLA with other monomers such as glycolic acid.
Whether though or viscous: the copolymers gained
by this can have almost any properties. PLAs and
their copolymers are quickly to hardly biodegradable
depending on their composition. For example;
poly-L-lactide (L type isomer formation occurs
during polymerization) requires years; polyglycolide
requires months and polylactide-D (D type isomer
of PLA) and L-lactide degrades in just a few weeks.

PLA has the advantages that are high stability,
the transparency of films, tubs and containers,
the thermoplastic properties and simple use in
machinery already existing in the plastic processing
industry. However, PLA also has 3 disadvantage.
Because the softening point is around 60 degrees
Celsius, the material is only conditionally suitable
to manufacture drinking beakers for hot beverages.

PLA production plants now exist in the United
States, the Netherlands, Japan and China. PLA
and its blends are available as granules. It has
a great potential particularly for short-lived
packaging films and deep drawn products (e.g.
drink or yoghurt tubs, fruit, vegetable and meat
trays).

Polyhydroxy! buteric acid (PHB) is one of the
most interesting bioplastics. It has a melting
point of over 130 degrees Celsius; forming clear
films and has excellent mechanical properties. As
well as some mid-sized producers, the South
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American sugar industry now also intends to
commence the PHB production on an industrial
scale at prices under £€5,000/tons. In the meantime,
transgenic plants are being cultivated, which
produce PHB as an energy store. However, it will
take several years until a bioplastic can actually
be harvested directly from renewable resources.

Cellulose plastics are usually produced from
cotton by esterification like with acetic acid. The
most common one is cellulose acetate. Cellulose
plastics are used for films in the packaging industry.
There are also fully synthetic bioplastics such as
polycaprolactone.

Bioplastics from fossil raw materials are trying
to be developed. The most common ones are
polyester amides and polyester copolymers. They
are mainly used for transparent films and also
compounding with PLA or starch. They are used
for mainly degradable film products.

Bioplastics Applications

- Packaging materials:
Bioplastics are used for the manufacture of
blown films, multilayered films, flat films,
thermoformed products. Examples are carrier
bags; trays for chocolates, fruit, vegetables,
meat and eggs; bottles for dairy products
and water; nets or bags for fruit and

Potentials for Bioplastics

vegetables; blister packaging; jars, tubes
and for cosmetic articles, PLA mineral water
bottle (in the United States, it is commercially
available), biodegradable material coated
paper and cardboard.
- (atering products:
Bioplastics are commonly used for short-
lived products like catering materials.
Examples are plates, cutlery, trays, drinking
straws, wrapping films for burgers.
- Garden products:
Examples are mulch films; tapes and clips;
degradable films for mushroom cultivation;
films, tapes and nets to prevent soil erosion.
- Pharmaceutical applications:
Reabsorbable bioplastics like thermoplastic
starch can be used as an alternative to
gelatin as a material for capsules or tablets.
PLA polymers are used as surgical materials,
reabsorbable implants, pins and plates.
- Hygienic materials:
Diapers, nappy films, ladies sanitary products
can be given as examples.

Compostability Standard
Without standardized tests and labeling, customers
are fishing in troubled waters. The bioplastics

industry, organized under IBAW (International
Biodegradable Polymers Association and Working
Groups), has developed a system for the certification
and Iabeling of biodegradable materials and
compostable plastic products.

Bioplastics should be in conformity with EN
13432, EN 14995, 150 17088 veya ASTM D-6400
the certification standards for the products made
from compostable materials. The compostability
defined in EN 13432 which is affected by further
legal frameworks like EU Packaging and Packaging
Waste Directive (94/62/EC) and the Council Directive
on the Llandfill of Waste (1999/31/EC).

L§

compaostablo
EN13432

“Compostable” logo for the products being composted after use.

(atering
Bags to gather biological-organic waste

Biodegradable mulch films

Nappies made completely of biodegradable polymers

Light packages, trays, tubs
Fruit and vegetable packages
Components for vehicle tires
Total

450,000 tons/year
100,000 tons/year
130,000 tons/year
80,000 tons/year
400,000 tons/year
400,000 tons/year
200,000 tons/year
1,760,000 tons/year

Estimation was done by COPA (Committee of Agricultural Organizations in EU) and CGECA (General Committee for the Agricultural Cooperation in EU) in 2001.

Conclusion
Bioplastics made from renewable resources
complement conventional plastics based on oil or
natural gas. They enhance the raw material range
and provide new property profiles. There is a wide
variety of interesting applications for bioplastics.
For example, some fruit and vegetables are wrapped
in water vapor permeable polylactide (PLA) film.
Moreover, plastics are used for biodegradable
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packaging such as biodegradable rubbish bags for
organic waste that the consumers can find this
usage very environmentally friendly.

Bioplastics in agricultural film can be ploughed
in as they biodegrade in the soil.

In the estimated future, additional packaging
applications for bioplastics will emerge, for example
mostly in the food segment. As high-tech materials,
bioplastics enhance the wide range of polymer

materials available for packaging applications.
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