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I. Introduction

New environmental regulations, societal concerns, and a growing environmental
awareness throughout the world have triggered the search for new products and
processes that are compatible with the environment. Sustainability, Industrial
ecology, Ecoefficiency, and green chemistry are the new principles that are guiding
the development of the next generation of products and processes. Thus, new
products have to be designed and engineered from “conception to reincarnation™
incorporating a holistic “life cycle thinking approach”. The ecological impact of
raw material resources used in the manufacture of a product and the ultimate fate
(disposal) of the product when it enters the waste stream has to be factored into the
design of the product. The use of annually renewable resources and the
biodegradability or recyclability of the product is becoming an important design
criterion. This has opened up new market opportunities for developing
biodegradable and biobased products as the next generation of sustainable
materials that meets ecological and economic requirements -- ecoefficient
products.[1-3]

Currently, most products are designed with limited consideration to its ecological
footprint especially as it relates to its ultimate disposability. Of particular concern
are plastics used in single-use disposable packaging and consumer goods.
Designing these materials to be biodegradable and ensuring that they end up in an
appropriate disposal system is environmentally and ecologically sound. For
example, by composting our biodegradable plastic and paper waste along with
other "organic" compostable materials like yard, food, and agricultural wastes, we
can generate much-needed carbon-rich compost (humic material). Compost
amended soil has beneficial effects by increasing soil organic carbon, increasing
water and nutrient retention, reducing chemical inputs, and suppressing plant
discase. Composting is increasingly a critical element for maintaining the
sustainability of our agriculture system [4].
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ASTM, European (CEN), German (DIN), Japan (JIS) and ISO (International
Standards Organization) Standards have been developed or are under development
to evaluate biodegradability under different environmental/disposal conditions like
composting, soil, marine, wastewater treatment facility, and anaerobic digesters.
ISO has also formed a technical committee (ISO/TC 207) to address
standardization in the field of environmental management and brings to the
forefront the need for industry to address how their products and processes impact
the environment. It is expected that these Standards will have an impact on the
industry similar to ISO 9000. These and other programs like “Responsible Care”
will continue to drive industry towards ecoefficient products like biodegradable
plastics.

Biodegradable plastics and biobased products based on annually renewable
agricultural and biomass feedstocks can form the basis for a portfolio of
sustainable, ecoefficient packaging products that can compete and capture markets
currently dominated by products based exclusively on petroleum feedstocks.
Biodegradable plastic packaging products are under commercialization by several
small and major companies.

This paper provides a broad overview of the major technology developments to
manufacture eco-efficient, sustainable, biodegradable packaging plastics
specifically focusing on the technologies that this author has contributed to. In
addition, a brief summary of evolving worldwide Standards for biodegradable
plastics is reviewed.

I1. Biodegradable Plastics Technologies

Aliphatic polyesters and copolyesters
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Incorporation of an ester group on the backbone of the polymer opens up the
polymer to attack by nonspecific esterase secreted by soil microorganisms and
water (hydrolytic attack). In all probability both enzymatic and hydrolytic
mechanisms operate in varying degrees during the biodegradation process.
Ultimately the polymer chains are broken down into smaller molecules, which are
readily assimilated by soil microorganisms.
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Several biodegradable plastic film technologies based on aliphatic polyesters and
copolyesters have emerged spearheaded by Eastman Chemical, DuPont, BASF,
Mitsui Chemicals, Showa High Polymer. The following figure shows the general

copolyester structure. Aliphatic polyesters like poly(e-caprolactone) and poly(lactic
acid) are also viable biodegradable polyesters that are being marketed.

However, the problem with these polyesters is cost and rate of biodegradation.
Reactive blending with Starch ofters the advantage of cost reduction, enhanced rate
of biodegradation and the cco advantage of using a renewable agricultural resource.

Poly (Lactic acid) Polymers
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Hydrolysis of cornstarch yields simple sugars that can be readily fermented into
lactic acid. L-Lactic acid is produced by the bacterial fermentation of corn sugar
(D-glucose): CoH>04 = 2C3H,05, AGo(250C) = -136kJ/mol. There is considerable
commercial and R&D activity in the field of biodegradable plastics based on lactic
acid polymers. The basic chemistry involves step polymerization (condensation
polymerization) of lactic acid (a-hydroxy acid). Mitsui Chemicals (Japan) have
successfully reported on the preparation of high molecular weight poly(lactic acid)
polymer by the direct condensation route. Another route to high molecular weight
PLA is through the dilactone of lactic acid. The attached reaction scheme illustrates
the two approaches.

The fundamental technology and engineering development for PLA polymers that
currently forms the basis for the 10 MM pound PLA plant currently operated by
Cargill was developed by us [5-7]. With over 50 billion in annual sales, Cargill is
the largest privately held company in the US. Recently, Cargill formed a joint
venture with Dow Chemical Company to manufacture and sell PLA polymers. The
first commercial product, a thermoformed yogurt cup (Dannon) has aebuted in
Germany.
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Starch Esters
Structure of Starch Esters
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Random copolymer of mono, di, and trf substituted starch ester
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The first starch plastics in the marketplace were starch filled polyethylene. They
were only bio-disintegrable and not completely biodegradable in practical time
frames. Data showed that only the surface starch biodegraded leaving behind a
recalcitrant polyethylene material. Products made from these resins do not meet the
criteria of complete biodegradability in defined disposal systems (like composting)
and within the operational time frames of the disposal system

Modification of the starch -OH groups by esterification chemistry to form starch
esters of appropriate degree of substitution (1.5 to 3.0 ds) imparts thermoplasticity
and water resistance [8]. Unmodified starch shows no thermal transitions except
the onset of thermal degradation at around 260 “C. Starch acetate of ds 1.5 shows a
sharp glass transition at 155°C an | starch propionate of same ds had a Tg of 128°C.
Plasticizers like glycerol triacetate and diethyl succinate are completely miscible
with starch esters and can be used to improve processability. Water resistance of
the starch esters is greatly improved over the unmodified starch. The starch ester
resin reinforced with biofibers [9] has properties comparable to general-purpose
polystyrene (see Table below).

EverCorn Inc., a Michigan company is commercializing biodegradable plastics
based on starch esters and blends [10] of starch esters with aliphatic polyesters.
Appropriately formulated starch esters with plasticizers and other additives provide
resin compositions that can be used to make injection molded products and for
direct lamination onto Kraft paper. Starch acetates up to ds=2.5 undergo complete
and rapid bidegradation. In the case of starch triacetates, 70% of the carbon is

544



2" INTERNATIONAL PACKAGING CONGRESS & EXHIBITION

converted to CO, at 58°C in 45 days [11]. National Starch & Chemical offer
intermediate ds starch esters for biodegradable plastics applications.

Although, properties of the starch ester resin are comparable to polystyrene, and
can be injection molded in cycle times comparable to polystyrene, two problems
surface. Cost, and in some applications, weight because of its higher density. If one
could effectively foam the product in an extrusion or injection molding operation,
less material will be required and so the cost per article would be less. This would
be true for all biodegradable plastics. Therefore, generic process technology to
make biodegfadable foam plastics would be very useful in the effort to successfully
commercialize biodegradable plattic products.

Starch Foam Technology

National Starch & Chemical in a series of patents [12,13] disclosed the preparation
of foamed loose fill packaging material based on starch which has the resilience
and compressibility of PS. The material used is high amylose corn starch with 70%
amylose content. The high amylose corn starch was modified using propylene
oxide (about 0.5 % degree of substitution, up to 10% by weight) and water is used
as the plasticizer and blowing agent. The process is conducted in a twin screw
extruder with appropriate screw elements and using an annular die. We have been
working in the development and further improvement of the loose fill packaging
material and extending it to produce sheets and other shaped articles.

This year, in conjunction with us, a Michigan based small business, KTM
Industries/KidTech Tools, is cleverly exploiting the lightweight, non-toxic, water
wetable adhesive property of the extrusion foamed starch articles in the toys
(construction materials), educational, games, arts & crafts for children. It’s first
product a multi-colored foamed noodle under the trade name “Wet N’ Set Magic
Nuudles™ is being sold in speci@lty toy and teacher supply stores in the United
States and worldwide (visit web site www.wetnset.com). Its initial reception by the
schoolteachers’ community has been tremendous. The ability to create and
construct shapes and objects, using a completely safe starch material and water as
the binder (glue), opens up tremendous opportunity for developing educational
building modules. Special education students, and elderly adults would find this
material very useful and educational

Starch-poly(e-caprolactone) blend technology [14-17]

This reactive blend technology was developed by us for biodegradable film
applications like lawn & leaf collection compost bags, agricultural mulch film etc.
The technology involves the following steps:
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e Preparation of thermoplastic starch -- Plasticization of the starch in a twin
screw extruder with appropriate screw elements [15, 17] using glycerol as the
plasticizer with little or no wi ter in a co-rotating twin screw extruder.

* Polymerization (REX) of cpsilon caprolactone directly in an extruder with
residence times of 2-3 minutes, to provide a novel, multi-arm, branched
polycaprolactone polymer having M, values greater than 100,000 and M,
values around 300 to 400,000 using Aluminium trialkoxides as catalyst [17].
Commer ially, PCL is produced using a batch process with a residence time of
around 4 hours.

¢ Down stream compounding of the new, branched polymer by reactive blending
with thermoplastic starch during the extrusion polymerization operation. Some
grafting of the PCL chains on to the starch occurs during this step, and the
insitu generated graft copolymer is able to compatibilize the two phases giving
better properties to the resulting blend.

Finally, a one step continuous process to prepare compatibilized poly(e-
caprolactone)-thermoplastic starch blends from caprolactone monomer and starch
using two extruders in a T configuration has been developed.

Three other companies, Novamont (Italy), BioCorp, and Milleta (Biotech Division,
Germany), are manufacturing sterch-PCL blends for film applications (compost
bags, trash bags). Starch is plasticized using water or hydroxy solvents and blended
with a commercial poly caprolactone (Tone 787) polymer from Union Carbide.

I11. Standards For Biodegradable Plastics (18)

When industry began implementing approaches to design biodegradable plastics
and products, questions about the practicality, efficacy, and the effects of such
products on the environment were raised. The U.S. Federal Trade Commission
(FTC), a group of State Attorney General's, State legislatures, and the U.S.
Congress became very concerned about the various degradability and
environmental claims being made, especially as they related to existing waste
management practices. Verification of degradability claims and environmental fate
and effects of the new degradable products using acceptable well-defined testing
protocols were lacking.

Several companies introduced starch filled (6-15%) polyolefins that were claimed
to be biodegradable materials. At best, these materials only disintegrated and did
not completely biodegrade.

Standards have been developed or are under development by National Standards
bodies (USA (ASTM); European (CEN), German (DIN), Japan (JIS)) and the
International ~ Standards  Organization (ISO) to evaluate and quantify
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biodegradability under different environmental/disposal  conditions  like
composting, soil, marine, wastewater treatment facility, and anaerobic digesters.
The Standards are in harmony with each other and there are no major differences
between them. It is expected that the ISO Standards will bring all these Standards
together and provide globally acceptable Standards. Certification and logo schemes
based on these Standards are in place.

IV. ASTM (USA)

ASTM Technical Committee on Plastics (D20) formed a subcommittee D20.96 on
“Environmentally Degradable Plastics”™ to address the issue of standards for
degradable polymers. The scope of the subcommittee was the promotion of
knowledge, and the development of standards (classification, guide, practice, test
method, terminology, and specification) for plastics, which are intended to
environmentally degrade. One hundred and seventy plus members representing a
broad spectrum of interests ranging from producers, converters, users, consumers,
and general interest joined the subcommittee. Industry, government, academia, and
national laboratories were represented on the subcommittee.

A major milzstone was met with the approval of the “Standard Specification for
Compostable ~ Plastics”  D6400-99. This  Standard  establishes  criteria
(specifications) for plastics and products made from plastics to be labeled
compostable. It establishes whether plastics and products made from plastics will
compost satisfactorily, including biodegrading at a rate comparable to known
compostable materials. This specification is comparable to what is being developed
by CEN (European Committee for Standardization) in Europe today, and in
harmony with the German Standard (DIN 54900), moving the industry closer to
global standards. The Specification Standard is based on and references three other
D20.96 Standard documents for the testing and identification of plastics that will
biodegrade and compost satisfactorily.

V. European Standards (CEN, DIN)

The European Commission (EC) has mandated the development of Standards for
Biodegradable Packaging Materials. This is under the jurisdiction of CEN TC
261 (packaging)/SC4  (packaging &  environment)/WG2(degradability &
compostability). The Standard (EN 13432) is very similar to the ASTM D6002,
except that it has pass/fail specifications built into it. The key specification is the
requirement of >90% biodegradability for blends, copolymers etc., as measured by
ISO 14855 (controlled composting) test method.
In Germany for biodegradable plastics to be accepted in compost operations and
satisfy the DSD requirement, the plastic will have to pass the DIN 54900. This is
similar to the CEN standard and is a three tiered testing protocol (like the ASTM
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—

D6002). It has the same strict pass/fail requirements of the CEN Standard -
requiring complete biodegradability and disintegration to become a integral part of
the compost. A product certification from DIN-CERTO (an affiliate of the DIN
Standards Organization) would be needed — third part validation.

VI. International Standards Organization (Iso) Standards

ISO/TC 61 is the International Committee responsible for Plastics standards. Under
this committee biodegradable plastic International Standards are in development in
Subcommittee 5, Working Group 22. These Standards are in harmony with the
ASTM, CEN (European), and DIN (German) Standards. Several Standards have
issues and more are under development. The issued Standards are:
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PLASTIKLESTIRILMIS PVC FILMLERINDEN DOP
GOCU

PLASTICIZER MIGRATION FROM PVC-DOP FiLMS
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Ege Uni. Miih. Fak. Kimya Miih. Bl., 35100, Bornova-izmir/Turkey
ulutans@eng.ege.edu.tr

Abstract

Plasticizer loss from plasticized polyvinyl chloride(PVC) is of importance for both
the degradation of material itself and the contamination of the material which is in
touch with it, by the plasticizer. Both aspects were investiated within this study and
60 and 120 micron films which were prepared plasticizing PVC with dioctyl
phthalate(DOP) were heated for gelation at 160°C for varying times. The weight
loss durin heating mainly originates from the evaporation of the plasticizer. Besides
DOP, the other liquid component which is used as thermal stabilizer, epoxidized
soy bean oil (EPSO) also migrated. Migration of plasticizers from films to n-
hexane was investigated through the UV and IR analyses on the solvent and the
films.

Key words: Plasticizer, plasticizer migration, diffusion, gelation, plasticizer,
extraction

Ozet

Plastiklestirilmis ~ Poli-vinil ~ kloriir(PVC)'den  plastiklegtirici  kaybi,  gerek
malzemenin kendi ozelliklerinin bozulmasi, gerekse gogen plastiklestiricinin
degme durumundaki malzemeyi kirletmesi yoniiyle 6nem tagir. Bu ¢aligmada
plastiklestirici gog¢ii her iki yonden aragtirilmig, bu amagla 60 ve 120 mikron
kalinlikta hazirlanan, dioktil ftalat (DOP) ile plastiklestirilmis PVC filmler
160°Cde, jellesme saglamak iizere degisen siirelerle 1sitilmistir. Isitma siirecindeki
agirlik kaybi baslica uzaklasan plastiklestiriciden kaynaklanmaktadir. DOP un yam
sira diger sivi bilesen olan, 1sil kararli kilict olarak kullanilan epoksidize soya
yaginin da  (EPSO) gogtiigii  gozlenmigtir.  Bu  filmlerden yapida Kkalan
plastiklestiricinin ekstraksiyonda n-hegzan igine gogii, filmlere ve g¢oziicuye
uygulanan UV ve IR analizleri ile aragtirilmigtir.
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I. Giris ve Amag

Ambalaj, giday: istenmeyen ¢evre kosullarindan, dig ortamla fiziksel ve kimyasal
etkilesimden, vb. koruma olanagi saglar, gidanin taginmasi ve tiikketiminde olumlu

katkilar saglar.

PVC (polivinil Kkloriir),  plastiklestirilmis sekilde ambalaj uygulamalarinda,
yiyecek, kan veya baska bir ¢oziicliyle temas halinde bulunabilir. Bu kosullar
altinda, plastiklestirici, temas ettigi siviya go¢ edebilir ve bu go¢ sonucu, gidanin
kimyasal yapisinda zararh etkilesimler, gidanin goriiniim ve kalitesinde kayiplar
gozlenir. Diger tarafta, ozellikle plastiklestiricilerin kendisinden gog ettigi
plastiklerde, sadece daha zayif mekanik 6zellikler ve goriiniimde bozulmalar
goriilmistiir.

Plastik gociiniin gozlendigi kati-sivi sistemlerde plastiklestiricinin siviya gogii ile
stvinin plastik i¢ine ilerlemesi eslik eder. Yaymma siireci, hareketli sinirda
yaymmma problemi tiiriindedir. PVC plastisol, lum ve daha kiigiik PVC
pargaciklarmin plastiklestirici iginde dagildigr bir sistemdir. Ancak iginde 10pm’
topaklar da  bulunabilir. Etiivde jellesme siirecinde yaklagik160°C’de,
plastiklestiricinin PVC igine yaymmasi siireci, jellesme olarak tanimlanir[1]. Oda
sicakhiginda plastisol beyaz ve opaktir. Camsi gegis sicakligi iizerinde sitildiginda
PVC molekiillerinin ara bosluklari plastiklestirici ile dolar ve yart saydam bir yapi
olusur.

‘Audounin ve ark. [2], 85-120 °C’de PVC’den plastiklestirici gogiiniin Fick yasasina
uydugunu gozlediler. Bu ¢aligmalarinda yiizeyde bir plastiklestirici-zengin fazin
varhgmi saptadilar. Bu sicakliklarda yaslandirilmig filmlere uyguladiklart uzama
gerilimi testlerinde yaglanma ve plastiklestirici kaybma bagh olarak uzamanin
azaldigini belirlediler. Plastiklestiriciden agirlik kaybinin  kritik bir degere
yaklagsmasi durumunda mekanik ve elektriksel 6zelliklerin ¢ok degistigini,
baslangigta elastik olan malzemenin camsilastigini gozlediler. Papaspyrides [3] de
ozellikle hafif yaglara yiiksek oranda plastiklestirici gogii durumunda benzer
gozlemler yapti. Ayrica go¢ sirasinda polimer yapisinda olusan ve yapiy: daha siki,
daha diizenli hale getiren degisimler oldugunu ve bunun igeri giren sivinin
desorpsiyonunu yavaslattigint kaydetti.

Messadi ve ark. [4], DOP’un PVC’den n-heptan ve fistik yagina gogiinii ve sividan
PVC’ye gogii incelediler ve bu kargi-yayinma olaymimn sivinin PVC igine girmesi
ve PVC’den sivi ortama yayimma seklinde iki agsamali oldugunu, bunun sonucunda
PVC’de opaklagsma gozlendigini rapor ettiler. Gogen maddelerin saptanmasinda
spektroskopik yontemlerden yararlanilabilir. Gortseva ve Kofanov [5], DOP’un
yayinma yansima elektron spektrumunda 236 ve 276 nm’ de bandlar verdigini ve
236 nm bandinn PVC’den sulu ¢ozeltilere gegen ftalatlarin saptanmasinda
kullanilabilecegini gosterdiler.
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Ambalaj malzemelerinde plastiklestirici  gogiinii  6nlemek igin  bir ydntem,
malzemeyi kisa siireli olarak bir ¢oziiciiye daldinp ¢ikararak  yiizeyden
plastiklestiriciyi uzaklastirmak ve filmin yiizeyinden merkeze dogru artan bir
plastiklestirici derigsim profili olugturmaktir[6]. Daldirma siiresinin saptanmasinda
plastiklestiricinin yayimrhgi 6nem tagir.

Plastiklestirici  gogii  ¢ahismalarinda  literatiirde  ¢esitli - sivilar — kullanildig:
goriilmiigtiir.

Bu ¢aliymada Aboutaybi ve ark.”in [7] kullandigi ve Food and Drug Administration
tarafindan sivi gida maddelerine benzestigi belirlenen n-hegzan kullanilmig, gog
olgusunu incelerken onlarin kullandigi modelden (Esitlk-1) yararlamilmistir.  Bu
model Fick yasasina uyan taginimin kisa zaman degerlendirmesi ile etkin yayinma
katsayisinim bulunmasini saglar.

M/M..= 4/d*(DVIT)"* Esitlik-1

Denklikte M/M.. t anindaki agirhk kaybmin sonsuz zamandakine oranini, d film
kalinhgini, D etkin yaymma katsayisini belirtir.

Plastiklestiricinin = gerek  film iginde, gerekse sivi fazda saptanmasinda
spektroskopik yontemlerden yararlanilmistir.,

I1. Arag, Gere¢ ve Yontem

PVC plastisoller, PVC'nin (Petkim 38/74) 60phr DOP(Sankim), 5 phr EPSO
(Akdeniz Kimya, Akstab, Alpex 5.6), 2.75phr kalsiyum stearat (Merck) ve
0.275phr g¢inko stearat (Merck) ile karistirnnlmasiyla hazirlandi. Plastisol iginde
hapsolan hava vakumla uzaklastirildi. Plastisollerden, Sheen marka film aplikatorii
ile cam {izerinde, ASTM D823’¢ gore hazirlanan 60 ve 120 mikron kalinhktaki
filmler 160°C’ye sitilmis hava dolasimhi finnda  (FN 500, NUVE) degisen
siirelerle jellestirme amaciyla isitildi. Bu filmlerin 1sil iglem sirasinda agirhk kayb,
gesirtli zaman araliklarinda filmlerin tartilmasi ile izlendi. Filmlerden soksilet
ekstraksiyonunda ile n-hegzan i¢ine gogen plastiklestirici ise hem filmlerin agirhik
kaybr ile, hem de spektroskopik olarak incelendi. Filmlerin infrared spektrumlar
dogrudan, sivilarin ise KBr disk iizerine damlatilarak, yiizde gegirgenlik olarak
alindt. (Calismada  Shimadzu IR 470 ve Jasco 7800 UV-goriiniir
Spektrofotometreler kullanildi.

I11. Bulgular ve Tartisma
Isitma siiresi-arttik¢a ekstraksiyonda filmlerden agirhik kaybi Tablo1 de goriildiigii
gibi azalmaktadir. Bunun nedeni isitma siirecinde jellesme ilerledikge yapidan
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plastiklestirici gogiiniin giiglesmesi olabilecegi gibi, ekstraksiyondan once, etiivde
plastiklestiricinin buharlagarak u-aklasmasi da olabilir.

Aynica,  kahn filmlerde incelere oranla daha az agirhk kaybi oldugu
gozlenmektedir. Kalin filmler, birim madde miktar1 basina daha az ytizeyc sahip
oldugundan, gerek etiivde, gerekse ekstraksiyonla uzaklagma daha azalmig olabilir.
Bunu yorumlayabilmek igin, etiivde isitma siirecinde agirhik kaybi izlenmistir
(Tablo 2).

Tablo 1. Plastiklestirilmis PVC filmlerin ekstraksivonda agirhk kaybi, %m

Isitma siiresi, dakika 10 20 30 60
60u filmler, %m 37.97 34.20 29.39 16.85
120u filmler, %m 34.95 32.49 30.41 25.14

Tablo 2. Plastiklestirilmis PVC filmlerin etiivde agirhik kaybi, %m

Isitma siiresi, 60 filmler, — 120p filmler,

dakika %om %om
3 0 1.68
5 0 3.76
10 0 4.20
15 6.08 4.30
20 9.38 6.38
30 9.58 11.79
45 14.52 12.97
60 18.73 16.30

Agirlik kaybi incelenen maddeler igin bir kiitle denkligi olugturulabilir:
Toplam kiitle kilybl = Mggiivde ugan + Mekstrakte edilen

Burada ekstraksiyonda ¢ozeltiye gegcen miktar igin, etiivde uzaklasan miktardan
kaynaklanan bir diizeltme yapilmalidir:

% cozeltiye gecen="%ekstraksiyonda uzaklasan*(100-%etiivde uzaklagan)/100

Ekstraksiyonda uzaklagan miktarler bu gekilde hesaplanmig ve sonuglar Tablo 3 de,
toplam uzaklagan madde miktarlari ise Tablo-4’de verilmistir. Toplam uzaklagan
madde miktarinin kritik deger olan %20-27 degerlerini agmasi, malzemenin oda
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sicakhgindaki ozelliklerini ¢ok etkiler[2]. Kritik agirhk kaybi Esitlik-2'ye gore
hesaplanir:

me=m;[(my/my)-(v/(1-v. )(dy/d,)] Esitlik-2

Egitlik-2de v. 0.22-0.30 arahiginda bir sabittir, m kiitleyi, d yogunlugu verir,
I plastiklestiriciyi, 2 polimeri, ¢ kritik degeri ifade eder.

Ekstraksiyon sonrasi bu &rneklerde kirilganlasma ve  opaklasma gézlenmistir.
Uzun isitma siirelerinin de tavlama etkisine benzer etkiler yaratmasi kaginilmazdir.
Ancak drneklerde yanma ve bozunma tiirti durumlar gézlenmemistir.

Tablo 3. Filmlerden ekstraksiyonda giogen madde miktar, diizeltilmis, %my

Isitma siiresi, dakika 10 20 30 60
o0u filmler, %my 37.97 30.99 26.57 13.69
120p filmler, %my 33.48 30.42 26.82 21.04

Tablo 4. Filmlerin toplam agirhik kaybi, %om,

Isitma siiresi, dakika 10 20 30) 60
60u filmler, %m, 37.97 40.37 36.15 32.42
120u filmler, %m, 37.68 36.80 38.61 37.34

Tablo 4’deki degerler, kuramsal olarak baslangigta PVC’ye eklenmis olan DOP ve
EPSO’nun tamamen gégmesi ve uzaklagsmasi ile bulunacak degere (%38.685),
deneysel hata siirlan i¢inde, ¢ok yakindir. Etiivde uzaklasan ve ekstaksiyonda
gogen maddelerin gergekten DOP ve EPSO olup olmadigi ise, UV ve IR
spektrumlart ile incelenebilir,

DOP™ un ve EPSO’ nun UV spektrumunda, her ikisinin de yaklagik 240 nm’de en
yiiksek absorbansi  verdigi  gozlenmistir.  Temiz n-hegzan  Gortseva  ve
Kofanov'un[5] verdigi 236nm’ye ¢ok vakin olan bu dalga boyunda absorbans
vermedigi halde, ekstraksiyon sonrasi kirli n-hegzanin da yiiksek absorbans verdigi
gozlendi (Sekil.1). Filmlerde ise, bu absorbansin 6zellikle 60 dakika isitilmis ince
(60 mikron) filmde ekstraksiyon sonrasinda ¢ok diistiigii gozlendi. Uzun 1sitma
zamanmnin ince filmde daha fazla plastiklestirici buharlagmasina neden oldugu,
Tablo 2 de de goriilmektedir. PVC de bozunma ve konjuge dien yapilart (C=C)ise
DOP” un ve EPSO™ nun filmlerle spektrumlarin értiigmesi nedeniyle incelenemedi.
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DOP, EPSO ve kirli hegzanin IR spektrumlari Sekil 2'de, 60p filmlerin IR
spektrumlari ise Sekil 3’de verilmistir. 60 ve 120u filmler benzer karekteristikler
gostermektedir. Bu spektrumlarda isitma siiresi artinca plastiklestiricilere iligkin
1720 cm™ pikinin derinliginin azaldigi gozlenmektedir. Ekstraksiyon sonrasi igin
de benzer durum gozlenmistir. Ancak, 2950 cm™ deki ester pikinde belirin bir fark
gozlenmemistir. Stearatlara iliskin 1570 ve 1530 cm™ piklerinin isitma siiresi
arttikga zayiflamasi ise, bu sil kararh kihicilanin harcandiginin yani islev
gordiigiiniin - gostergesidir. Ekstraksiyon oncesi ve sonrasi bu piklerde degigim
olmamasi ise, stearatlarin ekstrakte olmadiginin gostergesidir. Bu durumda, sadece
DOP ve EPSO’nun agirhk kaybi hesaplarinda dikkate alinmasinin dogru bir
yaklasim oldugu anlagilmaktadir. Isil bozunma sonucu PVC’den karboksilik ait
olusumu 1700 c¢m™ asit pikinin 1720 cm’ ester pikiyle girisimi nedeniyle
yorumlanamazken, hava ortaminda hidroperoksit olusumuna iliskin 3400 cm™ piki
de belirgin bir farklilagma gostermemistir.
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Sekil 1- A.Filmlerin UV spektrumlari, 1sitma siireleri: 60p , 10 dak.(1) and 60
dak.(2), ve 120u, 10 dak.(3) ard 60 dak.(4). B.Kirli(1) ve temiz hegzan’in(2);
C.DOP(3) ve EPSO(4)'nun UV spektrumlari

Etiivde 1sitmada  DOP’un buharlagarak tagimimina iliskin yayinma katsayisi, kisa
zaman modellerinden[5] hesaplandi. Bu modelde bir t aminda gogen miktarin
sonsuz zamanda gogen miktara orani, zamanin karckokiine karsi grafige
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alindiginda Fick yasasina uyan tagimim olaylarinda baslangigtaki dogrusal kismin
egiminden yaymma katsayisi hesaplanabilir. Béyle bir galismada DOP’un havada
yayinma Kkatsayisi, 60 ve 120 mikron filmler igin sirasiyla 2.714 ve 9.97*10

‘em’/s olarak bulundu. Ulutan(8) ¢alismasinda vakumda, 85.5 “C’de DOP gixil
igin yaymnirhigi 1.37* 10°cm?/s olarak rapor etmistir. Sicaklik, basing, film kalinhigi
etkileri elbette yaymirhk degerlerini etkileyecektir. Kalin filmlerin daha yiiksek
yaymirhk — vermesi, yiizeyde DOP’ca zengin bir tabakanin  varhgimi

diigiindiirmektedir. Ambalaj uygulamalarinda yiizeydeki fazla plastiklestiricinin
¢oziiciiye hizla daldirma ile uzaklastirilmasi[6] Onerilmektedir.
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Sekil 2- Kirli hegzan(1), DOP(2) ve EPSO(3)’nun IR spektrumlari.
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Sekil 3- 10 dak(1) ve 60 dak(2) isitilmig 60 p filmlerin ekstraksiyondan once; ve
ayni filmlerin ekstraksiyondan sonra (3,4) IR spektrumlari.

IV. Sonug¢

Jellesme siirecindeki 1sil islem, plastiklestirilmis PVC’den &nemli olgiide
plastiklestiricinin buharlasarak uzaklagsmasina neden olmaktadir. Buna Kargilik,
uzun siireli 1sil islemler filme yapisal saglamlik da kazandirmadigindan film
igindeki plastiklestirici her durumda n-hegzan ile ekstrakte edilebilmektedir.
Sadece DOP degil, ikincil plastiklestirici ve 1sil kararli kilict EPSO da ayni sekilde
davranmaktadir.  Bu durumda uzun isitma siiregleri yerine film yiizeyindeki
DOP’un  uzaklastirilmasi ile plastiklestiricinin -~ gida  maddesine  gogiiniin
engellenebilecegi disiiniilmektedir. Calismanin ilerleyen asamalarinda degigen
sicakliklarda ¢oziicti igine plastiklestirici gogiiniin incelenmesi planlanmaktadir.
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TURKIYE’DE AMBALAJ ATIKLARI, GERI KAZANIM
UYGULAMALARI VE GERI KAZANIM SANAYIi

0.C.NEYIM, EMMETIN, A.EROZTURK

Entegre Kati Auk Yonetim sisteminin bir parg¢asi olan geri kazanim; yeniden
kullanim, organik veya maddesel geri doniisiim veya enerji kazamimi amaciyla
atiklarin ayri ayri toplanarak tasnif edilmesidir. Geri kazanilabilir atik tiirleri ise ;
ambalaj atiklari,ingsaat/moloz atiklari,organik atiklar ve 6zel nitelikli atiklardir. Bu
¢ahsma kapsaminda evsel kati atiklarin iginde yer alan ambalaj atiklarinin geri
kazanimi incelenmektedir.

Son wyillarda ambalaj sektoriindeki gelismelere ve tiiketim ahgskanlhiklarinin
degigimine paralel olarak ambalajh tiriin kullanimi yayginlasmakta buna paralel
olarak evsel kati atiklar igindeki ambalaj au@i yiizdesi ve miktar da artmaktadir,
Bunun dogal sonucu olarak geri kazanim ve geri doniigiim iilkemizde ekonomik
bir deger haline gelmigtir. Bununla birlikte T.C.Cevre Bakanligi tarafindan 1991
ythinda yaymlanan “Kati Atiklarin Kontrolii Yonetmeligi” ile geri kazamim yerel
yonetimler ve ilgili sanayi kuruluslari igin yasal zorunluluk haline déniismiistiir.

D.LE. tarafindan 1993 yilinda yapilan arastirmayla Tiirkiye'de yillik evsel ve
endiistriyel kati auk miktarlari ile bu kati atiklarin kompozisyonu belirlenmistir. Bu
aragtirmaya gore iilkemizde Kisi bagina ortalama yillik evsel atik miktarinin 187 kg,
toplam evsel atik miktarinin ise yaklagik 11 = 12 milyon ton oldugunu séylemek
miimkiindiir. Belediye atigi olarak adlandinilan ve toplamp bertaraf edilme
sorumlulugu Belediyelere ait olan atiklara kiigiik isyerleri ve ticarethanelerden
¢ikan atiklar da dahil oldugundan, buralardan kaynaklanan yillik 9 — 10 milyon ton
atugr da goz oniinde bulundurmak gerekmektedir. Bu durumda Belediye atiklarinin
yillik toplami 19 =20 milyon ton olmaktadir.

Evsel atiklar i¢indeki cam, metal, plastik, kagit ve karton gibi geri kazanilabilir
atiklarin payr yaz aylarinda % 8,5 — 22,9, kis aylarinda ise % 3,7 — 15,6 arasinda
degisim gostermektedir. Bu rakamlar g¢ergevesinde iilkemizdeki cam, metal,
plastik, kagit ve karton gibi geri kazanilabilir evsel nitelikli atik miktarinin yilhik 2
- 2.5 milyon ton oldugunu séyleyebiliriz.
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Tablo 1. D.I.LE Evsel Atiklarin Kompozisyonu (1993)

Donem Kigi Bagi Cop Yas Atik Kiil, Ciiruf ~ Geri Kazamilabilir

Kg/giin % % Atik %
Yaz 0,6 80,25 3,9 15,84
Kis 0,47 50,31 41,06 8,64
Ortalama - 64,2 23 11,9

Tiirkiye’de atiklarin geri kazanimi konusundaki yasal zorunluluk 1991 yilinda
T.C.Cevre Bakanlhig tarafindan yayinlanan Kati Atiklarin Kontrolii Yonetmeligi ile
yiiriirliige girmigtir. Yilhk 2 2.5 milyon ton geri kazanilabilir atgin yalnizca 300
bin tonu bu yonetmelik kapsamindadir.

Ulkemizde yilda yaklasik 1 milyon ton atik geri kazammaktadir. Bu miktarin
bilyiikk bir kismi ¢6p dokme sahalarindan ve sokaklardan ilkel ve sagliksiz
kosullarda toplanmaktadir. Ancak ¢6p sahalarindan ve sokaklardan toplanan
atiklarim bir kismi organik atikla karnistigi i¢in degerlendirilememektedir. Daha
saghkli ve verimli bir geri kazanmim sistemi olusturmanin temel kogulu geri
kazarilabilir atiklarin kaynaginda yani konutlarda, igyerlerinde, okullarda, otel ve
tatil kdylerinde ¢opten ayn toplanmasidir. Bu gekilde daha temiz ve fazla miktarda
atik daha ekonomik bir sekilde toplanabilir. Bu sistemin olusturulabilmesinin temel
kosulu Belediye — Tiiketici — Geri Doniisiim Sanayinin uygun yasal diizenlemeler
gergevesinde aktif bir sekilde sistemin iginde yer almast ve sorumluluk
istlenmesidir. Dogru bir geri kazanim sisteminde tiiketicinin sorumlulugu geri
kazanilabilir atiklari kaynaginda ¢opten ayn biriktirmektir. Belediye ise tiiketicinin
ayirdigi bu atiklari ¢opten ayri temiz bir gekilde toplamak ve cinslerine gore
ayirmakla sorumludur. Sanayi sorumlulugu ise Belediyenin topladigi ve cinslerine
gore ayirdigi bu atiklarr alip geri dontistiirmektir.

Evsel nitelikli ambalaj atiklarinin geri kazanimi igin en uygun model, daha énce de
belirtildigi gibi kaynakta ayri toplamadir. Kaynakta ayri toplama, geri kazanilabilir
nitelikli cam, metal, plastik, kagit ve karton tiirii ambalaj atiklarinin organik
atiklarla karismadan ayri toplanmasi anlamina gelmektedir.Boylesi bir modelin
toplanacak malzemenin Kalitesini artirmaktan, diizenli depolama alanlarindan
saglanacak hacimsel tasarrufa kadar bir ¢ok faydasi bulunmaktadir.

Oncelikle s6z konusu sistemin uygulanmasi durumunda, geri kazanilabilir nitelikli
atiklar higbir sekilde mevcut ¢op toplama sistematigine dahil edilmemis olacak ve
dolaysi ile sokak toplayicilarinin neden oldugu problemler dogal olarak ortadan
kalkacaktir. Bilindigi gibi, sokak toplayicilari cam, metal, plastik kagit ve karton
tiirii atiklari toplayabilmek igin konteynerleri karigtirmaktadir. Bu tiir faaliyetler
konteynerleri deforme etmekte, ¢oplerin dagilmasina sebep olarak kotii koku ve
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sincklenme kadar ¢op toplama siiresini uzatmakta ve verilen hizmetleri
zorlastirmaktadir.

Yapilan arastirmalar iilke genelinde evsel nitelikli ambalajlarin tiim at@in hacimsel
anlamda vaklasik %30’unu teskil ettifini gdstermektedir. Baska bir deyisle,
ambalaj atiklari ¢Op toplama kamyonlarinin, aktarma istasyonu silolarmm ve
diizenli depolama alanlarinin {igte birini isgal etmektedir. S6z konusu atiklarin ayri
toplanmasi ile; ¢op toplama kamyonlarindan ve aktarma istasyonlarindan tasarruf
edilecek hacimle araglarin daha az siirede daha genis bolgelere hizmet verebilmesi,
diizenli depolama alanlarindan tasarruf edilecek hacimle de alanin faydal 6mriiniin
arttirtlmasi yolu ile ciddi ekonomik faydalarin saglanmasi miimkiin olabilecektir.

Mevcut sistemde, geri kazanilabilir nitelikli atiklar, ¢6plerle birlikte atilmakta, daha
sonra ¢op kamyonlari ile sikistirilarak toplanmakta ve aktarma istasyonlarinda bir
kez daha sikigtirilarak diizenli depolama alanlarina gonderilmekte ve tiim bu
islemlerin  sonunda atiklar, geri kazanmilabilir. niteliklerini  biiyiik oranda
yitirmektedirler.

Ay toplama sistemi ile cam, metal, plastik, kagit ve karton tiirii atklar organik
atiklardan ayri toplanmakta ve Ozelliklerini yitirmeleri engellenmektedir. Bu
sayede hem teknolojik hem de ekonomik anlamda ciddi kazanglar saglanmaktadir.

CEVKO Vakfi diizgiin bir geri kazanim sisteminin olugsmasi amaciyla Belediye ve
sanayii isbirligi ile geri kazanim uygulamalarini siirdiirmektedir. Ik kez 1993
yilinda Bakirkoy Belediyesi igbirligi ile Atakoy bolgesinde 6.200 konutluk bir pilot
bolgede baglatilan bu uygulamalar halen 55 belediye igbirligi ile yaklagik 183.000
konutta ve 750.000 kisinin katthmi ile diizenli ve siirekli bir sekilde
yiiriitillmektedir.
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Tablo 2. Diizenli Geri Kazanim Uygulamalarim Siirdiiren Belediyeler

Bugiine Kadar

Belediye Adi Konut Sayisi  Isyeri/Otel Sayisi  Toplanan Atik
Miktari (TON)
Bakirkoy 23.000 g 2.250
Bahgelievler 8.850 18 2.075
Bursa-Niliifer 13.109 - 1.100
Bursa-Osmangazi 10.161 - 991
Bursa-Yildirim 2.560 . 378
izmit-Bekirpasa 2.700 - 72
izmit-Saraybahge 3.000 - 65
Kiigitkgekmece 1.000 - 84
Silivri 450 - 30
Besiktas 2500 | 406
Eskisehir-Tepebagi 6.200 - 373
Eskigehir-Odunpazar 5.300 - 239
Zeytinburnu 500 - 26
Beyoglu - 31 300
izmir-Cesme 200 - 25

Kocaeli Belediyeler Birligi 27.500
(21 Belediye)

Marmaris - 70 14.887
Kusadasi 1.072 146 426
istanbul-Catalca 250 -

Konak 3957 34 115
Antalya 1.000

Tokat-Niksar 900

Canakkale 2.550 - 96
Soke 900 . 23
Mimarsinan-istanbul 5.000 - 167
Bursa Biiyiiksehir Bel. - 6 60
Yalova 5314 - 50
Adapazar 7.905 - 30
Diizce 5.348 - 16
Kadikoy 14.000 5 102
Bandirma 8.250 - 56
Ankara-ETIMESGUT 8.309 150
Ozel Cevre Koruma 11.400 . 459
Bolgeleri

GENEL TOPLAM 183.185 311 25.050

(CEVKO Vakfi 2001)
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GCEVKO Vakfi'nin yerel yonetimlerle birlikte yaklasik on yildir siirdiirdiigii ayn
toplama galismalarindan elde edilen tecriibeler, iilkemizde iki modelin daha verimli
olarak uygulanabildigini gostermektedir. Her iki model de, temelde geri
kazanilabilir nitelikli atiklarin ¢opten ayri biriktirilmesini esas almakla birlikte,
pratikte bir takim fakhliklar igermektedir.

Proje uygulama sathasinda hangi modelin daha uygun olacagmin tespitinde etkili
olacak faktorler asagida siralanmistir :

a Niifus

a  Yiiz olgtimii

2 Sosyo-ekonomik yapi

0 Mevcut atik toplama sistemi
0 Tiketim ahskanliklar

a  Mevcut bilgesel altyap:

0 Yerel yonetim imkanlari

0 Maliyet

Yukaridaki faktérler géz 6niinde bulundurularak, posetli veya konteynerli toplama
sistemlerinden  hangisinin  daha uygun oldugu belirlenecek ve hayata
gecirilebilecektir.

I. Posetli Toplama Modeli

Bu model, daha ziyade apartman gorevlilerinin bulundugu, belirli bir hizmet
sistematigine sahip toplu konut alanlari ve siteler i¢in daha uygun goriilmektedir.
Bu sistemde, kat sakinleri geri kazanilabilir nitelikli ambalaj atiklarini her hangi bir
poset igerisinde ¢Opten ayri biriktirerek apartman gorevlilerine ayrica teslim
etmekte, apartman gorevlileri ise bu pogetleri yerel yonetimlerce kendilerine teslim
edilen biiyiik torbalar igerisinde biriktirerek, belirlenen giinde kapi Oniine
¢ikartmakta, séz konusu torbalar da yerel yonetimler tarafindan ¢opten ayri olarak
toplanarak ekonomiye geri kazandirilmaktadir.

Yapilagsmanin ¢ok seyrek, yerlesik niifusun az, konteynerli toplamanin yaygin
oldugu yerlerde bu tip sistemlerin, * bring-center” tabir edilen geri kazanim
noktalari ile desteklenmesi uygun olmaktadir. Bélgede yasayanlar, ambalaj atiklari
olugtukga getirip bu konteynerlere atmakta ve yerel yonetimler de bunlari belirli bir
program g¢ergevesinde ayrica toplamaktadirlar. “Bring center” uygulamalari,
giivenlik ~ sorununun  olmadigi  bolgelerde  gerek  malzeme toplamanin
kolaylastinlmasi gerekse de ¢aligmalarin birer gostergesi olmasi sebebi ile ¢ok
biiyiik 6nem tagimaktadir. Belirli bir verime ulagildiginda ise, posetli uygulamalar
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gerek yerel yonetimler gerekse de proje bolgesinde yasayanlar igin daha pratik hale
gelmektedir.

Il. Konteynerli Toplama Modeli

Posetli toplamadan ¢ok, konteynerli toplama sistemin yaygin oldugu ve belirli bir
sosyo-ekonomik diizeyde bulunan bolgeler i¢in daha uygun olan bu modelde, alan
dahilinde ¢6p konteynerlerinin yanina ambalaj atiklarinin atilabilecegi konteynerler
yerlestirilmektedir. S6z konusu bu konteynerler, ayri bir aragla ¢opten ayri
toplanmakta ve ekonomiye geri kazandirilmaktadir.

Yaganilan deprem felaketlerini miiteakip, finansmani Avrupa insani Yardim
Orgiitii ( ECHO ) tarafindan saglanan ve proje yiiriitiiciiliigii Birlesmis Milletler
Kalkinma Programi ( UNDP ) ve CEVKO Vakfi tarafindan gergeklestirilen bir
hibe kredi gergevesinde boylesi bir sistem hayata gegirilmistir. Adapazari, Diizce
ve Yalova'da belirlenen 53 prefabrik konut bolgesine bu destek programi
¢ergevesinde 3000 adet geri kazanim konteyneri ve 49 adet geri kazanim iinitesi
yerlestirmek sureti ile bir ayri toplama sistemi olusturulmus, bu konteynerlerin
diizenli olarak toplanabilmesi amaci ile yerel yonetimler ayri toplama araglari ile
desteklenmis ve toplanan atiklarin tiirlerine gore ayrilabilmesi igin ii¢ ilde birer
ambalaj atif1 ayirma tesisi faaliyete gegirilmigtir.

Temelde ayni amaca hizmet eden bu ayn toplama modellerinde kargilagilan en
temel ve ortak sorun, bolge sakinlerinin konu ile ilgili bilin¢lendirilmesidir.
Kurulmaya ¢ahgilan sistem her ne kadar bire bir egitim ¢aligmalari ile desteklense
de, ilke genelinde belirli bir c¢evresel duyarhhiga erisilememis olmasi,
uygulamalarin hayata gegirilmesinde karsilagilan en biiyiik zorluktur.

GCEVKO Vakfi — Belediye igbirligi ile yiiriitiilen bu projeler kapsaminda toplanan
atiklarin miktarlari ve kompozisyonlari diizenli olarak takip edilmektedir. Bu
sekilde hem bu uygulamalarin verimlilikleri takip edilmekte hem de ¢aligmalara
kaynak olacak istatistik rakamlar ortaya ¢ikmaktadir. Proje verimliligi konut basina
haftada toplanan atik miktari ve bu atiklarin iginden ¢ikan ¢op miktari yani fire
oraniyla takip edilmektedir. Konut bagimna haftalik toplanan malzeme miktarlarinda
bolgesel ozelliklere gore degisiklikler gozlemlenmektedir. Halen devam eden
belediye geri kazanim uygulamalarinda ortalama 0,600 kg / konut-hafta’hk bir
verimlilige ulagmis olup dort yil boyunca haftalik toplama rakamlarinin bir araya
getirilmesi ile elde edilen sonugtur.
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Tablo 3. Degisik Bolgelerde Gozlenen Toplama Verimlilikleri (CEVKO Vakfi

2001)

BOLGE

Verimlilik (Kg/konut-hafta)

Eskisehir/Tepebasi
Besiktas
istanbul/Bahgelievler
Bandirma
Istanbul/Kiigiikgekmece
istanbul/Mimarsinan
izmir/Konak
(anakkale
Aydin/Soke
Bursa/Niliifer
Bursa/Yildirim
Diizce

Bursa/Osmangazi

0,406
1,257
0,940
0,480
0,544
0,310
0,320
0,614
0,300
0,554
1,410
0,480
0,699

Toplanan atiklarin kompozisyonlarina bakildiginda agirhkh olarak cam, kagit ve
karton tiirii atiklarin yer aldigi goriilmektedir. Asagidaki tabloda geri kazanim
uygulamalarinmi siirdiiren bazi belediyelerin topladigi atiklarin kompozisyonlari

verilmistir.

Tablo 4. Degisik Bolgelerde Devam Eden Geri Kazanmim
Toplanan Malzemelerin Kompozisyonu (CEVKO Vakfi 2001)

Uygulamalarinda

Malzeme Bakirkoy Begiktas  Eskischir  Marmaris ~ Soke  Konak
Cinsi Bahgelievler
Kagit-Karton % 38 % 52 % 38 % 37 %39 %44
Cam % 32 % 24 % 33 % 25 %22 %22
Metal % 9 % 6 % 12 % 5 D19 %5
Plastik % 21 % 18 % 17 % 33 %20 %29
TOPLAM % 100 % 100 % 100 % 100 %100 %100
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Yukaridaki tabloda goriilebilecegi gibi toplanan malzemelerin kompozisyonunda
bolgesel farkliliklar olabilmektedir. Bu farklar o bélgedeki sosyo — ekonomik
durum ve tiiketim ahskanliklarinin farkliliklarindan olusmaktadir. Halen devam
eden belediye geri kazanim projelerinde toplanan atiklarin kompozisyonun
ortalamasi yaklasik olarak agagida verilmigtir.

Tablo 5. 15 Belediye Tarafindan Devam Eden Geri Kazamm

Uygulamalarinda Toplanan Atiklarin Ortalama Kompozisyonlari (CEVKO
Vakfi 2001)

Malzeme Cinsi Yiizdesi
Kagit-Karton %o 42
Cam % 28
Metal % T
Plastik % 23

TOPLAM %0 100

II1. Ayirma Tesisleri :

Evsel veya ticari kaynaklarda olusan degerlendirilebilir ambalaj atiklarinin diizenli
ve temiz bir sekilde geri doniigiim tesislerine satilmasini temin edebilmek igin
ayirma tesislerine ihtiya¢ vardir. Ayirma tesisleri kapasite ve ¢alisma bigimlerine
gore gesitli tiirlere ayrilir, ancak manuel veya otomatik ayirma tesisleri olarak iki
ana grupta islenmektedir. Ulkemizde isletim kolayligi ve ilk yatirim maliyetinin
diigiikliigii nedeniyle manuel ayirma tesisleri tercih edilmektedir. 2000 yilinda
Adapazari-Diizce ve Yalova'da igletime giren 3 adet ayirma tesisi ile iilkemizde
faal olarak hizmet veren tesis sayisi 6’ya ulasmistir. Bu tesislerin 6zellikleri
asagida belirtilmistir.
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Tablo 6. Mevcut Ayirma Tesisleri

Bolge  Tesisin Tiirii Kapasite Minimum Personel
Bakirkoy Manuel 10 ton/vardiya 11
Bursa Manuel - 11
Kadikoy Manuel " 11
Adapazari Manuel " 11
Diizce Manuel 6 ton/vardiya 9
Yalova Manuel 6 ton/vardiya 9

Ayirma tesislerinin kurulmasi igin bazi minimum degerlere ihtiya¢ vardir. Bu
minimum degerler ayirma tesisisin isletimini garanti edecek degerler clmahdir. Bu
gergevede bir degerlendirme yapildiginda genellikle evlere yonelik bir geri
kazanim uygulamasinda malzeme degerlendirilmesini temin etmek amaci ile
kurulabilecek minimum kapasite 6 ton / giin —vardiya’dir. Bu kapasite ile kurulacak
bir ayirma tesisi ile 3 vardiyada ayda 400 ton geri kazamlabilir atik ayirma
islemine tabi tutulabilmektedir. Bu ¢aptaki bir tesis vardiya bagina yaklagik 75.000
konuta hizmet verebilmektedir.

Bu tiir ayirma tesislerinin gelir ve gider hesaplari, mali etiitleri olduk¢a merak
edilen bir konudur. Bu konuda net bir gelir/gider yapisi olusturmak oldukga zordur.
Ciinkii bu tiir igletmelerde gelirler ve giderler biitiinii ile giren ve ¢gikan malzeme
kompozisyonuna baghdir. Bu g¢alismada segici bir malzeme toplamadan ziyade,
evlere yonelik yalmzca degerlendirilebilir atiklarin ayn toplandigi ¢alismalar baz
alinmustir,

Bu ¢alismalardan derlenen Kkapasitesi 6 ton / giin — vardiya olarak belirlenen bir
geri kazanimi ayirma tesisi ekonomik etiidii ekli grafikte (Sekil =2) verilmistir. Bu
grafik giinliik kapasitesi 6 ton olan bir ayirma tesisinin 2 yillik ¢aligmasi sonucunda
elde edilen degerlerden olugmugtur.
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AYIRMA TESIiSi EKONOMIK ETUDU
(EVSEL VE TICARI KAYNAKLARDAN TOPLANAN GERI
KAZANILABILIR ATIKLAR)

1y e R S —

GELIR- GIDER $

10 30 50 80 120 150 180 200 230 270 300 330 380 420 450
AYRILAN TONAJ ( TON/AY)

Sekil 1. Ayirma tesisi i¢in (6 ton — giin vardiya kapasiteli) ekonomik verimlilik
egrisi

l. Ayirma tesislerinin ekonomik verimliligi iglenen malzeme miktari ile
orantihdir.

o

Ayirma tesisinde gelir — gider dengesi 80 — 100 ton civarinda olusmaktadir.

3. Ayirma tesisinin ekonomik verimliligi giris malzeme Kkalitesi, miktari ve
malzemenin cinsleri ile dogru orantihdir.

Kabuller : - kisi basi giinliik ayirma limiti = 500 kg

— ortalama isgilik = 350 $/ay

— 1$¢i sayist = Her vardiya i¢in kapasite ile orantili 4 — 12 Kisi
—  bakim onarim = is¢ilik x %20

- diger giderler = toplam x %10

Malzeme Girdisi :
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Evsel Ticari (otel vb)

Cam %32 %025
Plastikler %21 024
Kagit/karton %36 %37
Metal/tencke %8 %1
Diger %3 %04

Yukarida verilen kabuller evsel atiklar ile ilgili olarak 1 yil siire ile yaklagik 25.000
konuttan alinan malzemenin ayirim sonrasindaki dagilimi gostermektedir. Ancak
son malzeme degerlendirmenin verimli yapilabilmesi i¢in cam, metal, plastik ve
kagit olan 4 ana malzeme grubunun kendi iginde daha detayl tasnifi
gerekmektedir. Bu tasnif sonrasindaki dagilimi gosteren 1 yillik ortalama degerleri
veren malzeme dagilimi Sekil — 2°de verilmigtir.

BAKIRKOY AYIRMA TESISI 1997-1998 DONEMI GIKAN MALZEME KOMPOZISY ONU

L.Karton
Alimin. %2 Beyaz
g PE/PP . " i Karton
Naylon oy %6 L %15
pvc %
%4
PET
%4
Teneke ) Gazete
%8 %18
Cam
%32

Sekil 2. Ayirma Tesisi Ayrilan Malzeme Kompozisyonu ( Bir Yillik Analiz
Ortalamasi )

Bu bilgiler 1s1ginda 6zellike iizerinde durulmasi gereken konu atik ayirma tesisleri
ancak %80 kapasite ve tizerinde kendi isletme giderlerini kargilayacaktir.

IV. Geri Doniisiim Sanayii :
Ozellikle son yillarda iilkemizde geri kazanilabilir atiklarim ekonomik deger
kazanmasi ve bu konudaki yasal zorunluluklarmn yiriirlige girmesi bu tiir
malzemeleri toplayan veya geri doniisiimiinii yapan igletmeler ve sanayi kuruluslar
olusmaya baslamistir.
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Tablo: 7 Tiirkiye’de Geri Doniisiim Oranlan

Pazara Siiriilen Geri Kazanilan Geri Kazanim
(ton/y1l) (ton/y1l) %
Kagit-Karton 1.800.000 590.000 33
Cam 330.000 75.000 23
Metal 150.000 50.000 30
Plastik 550.000 180.000 33
TOPLAM 2.830.000 895.000 32

Halen Tiirkiye'de yilda 800.000 ton ile 1 milyon ton arasinda kagit-karton, cam,
metal ve plastik toplanarak geri dontistiiriildiigii tahmin edilmektedir.

Ancak oOzellikle plastik atiklar konusunda elde edilen rakamlar, sektoriin
dagimkhig ve ¢ok sayida kiigiik isletmelerin bulunmasi nedeni ile tahmini olarak
verilmektedir. Yukaridaki tabloda verilen bilgiler 6zellikle evsel ve ticari tiiketime
yonelik atiklart kapsamaktadir. Sanayiden kaynaklanan atiklar dahil edilmemigtir.
Bu tablodaki rakamlar ve 6zellikle son yillarda bu konuda yapilan yatirnmlar ve de
bunlarin kapasiteleri gz 6niine alindiginda mevcut geri déntigiim endiistrisinin
kapasitesinin ~ Tiirkiye’de geri  kazanmilabilir atiklarin % 40 - 50’sinin
degerlendirilebilecegi anlagilmaktadir. Bu oranlar 6zellikle Avrupa iilkelerindeki
gelismeler dikkate alindiginda oldukga basarihdir.

Son yillarda geri dontigiimle ilgili yapilan yatinmlar agagida 6zetlenmistir:

Tablo 8. Mevcut Geri Doniisiim Sanayii (1997)

Malzeme Cinsi Yatirnm Miktari Kurulus Tarihi  Kapasite (ton/yil)
Hurda PET 3MILYON $ 1994 12.000
Aliiminyum 20 MILYON § 1996 50.000
Hurda Cam 800 MILYAR TL 120.000

(5 adet tesis)

Yiiksek Yogunluklu PE 3MILYON $§ 1995 7.000
Karton igecek Kutusu 0,6 MILYON $ 1995 4.000
Kagit-Karton 1.500.000

(G ok sayida tesis)

TOPLAM 1.693.000
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Yukandaki tabloda goriildiigii gibi 1994 yilindan sonra geri doniigiim ile ilgili
sanayi tesislerinin kurulmasi hizlanmis ve bu tesislerin kapasiteleri yillik toplam
1,7 milyon tona ulasmistir. Bunlarin disinda Ozellikle plastikle ilgili birgok kiigiik
ve orta Olgekli igletmelerin oldugu da goz oniine alindiginda iilkemizde geri
dontigiim sanayinin tam Kkapasiteyle ¢aligabilmesi igin daha fazla miktarda temiz
malzemenin ¢épten ayri toplanmasi gerekmektedir.

Bu ¢alismada kullanilan verilerin olugsmasinda biiyiik Katkilari bulunan Konak,
Marmaris, Bahgelievler, Besiktas, Bursa ve Eskisehir Biiyiiksehir Belediyelerine
tesekkiir ederiz.
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SEPARATE COLLECTION OF PACKAGING WASTE IN
GERMANY AND INVESTIGATION OF DSD SYSTEM
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Summary

Germany established An Ordinance on the Avoidance of Packaging Waste
(Packaging Ordinance) in 1991. According to the Packaging Ordinance, domestic
and foreign manufacturers and distributors are required to take back all transport
packaging such as crates, drums, pallets, and styrofoam containers (i.e., primary
packaging) and recycle or reuse these materials. These regulations were expanded
in 1992, and all secondary packaging materials became included. Accordingly,
manufacturers, distributors, and retailers are now required to take back and recycle
secondary packaging (e.g., cardboard boxes, blister packs, and other product
packaging such as that used to prevent theft, for protection, and for promotional
purposes) from consumers. Since 1993, the Ordinance was further expanded to
include all types of consumer packaging used to contain and transport goods from
the point of sale to consumption. In this paper, some information is given abuout
DSD system.

Keywords: DSD, Packaging wate.

Ozet

Almanya’da 1991 yilinda ambalaj atiklarinin bertarafi konusunda bir yonetmelik
yaymlanmistir. Bu ambalaj yonetmeligine gore, biitiin yerli ve yabanci iiretici ve
dagiticilar kasa, varil, paletler ve storofor gibi biitiin tagima ambalajlarini ya geri
dontistiirmek yada tekrar kullanmak zorundadirlar. Bu yonetmelik 1992 yilinda
genigletilmis ve biitiin ikincil ambalaj malzemeleri de bu yonetmelige dahil
edilmistir. Buna bagh olarak iireticiler, dagiticilar ve perakende saticilar ikincil
ambalaj malzemelerini miisterilerinden geri ahp geri doniigtime dahil etmek
zorundadirlar. 1993 yilindan bu yana yonetmelik daha da gelistirilerek, satig
noktasindan tiiketime kadar iiriinii tasimak ve korumak amaciyla kullanilan biitiin
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ambalaj malzemelerini kapsar hale getirilmistir. Bu bildiride, Almanya’da
uygulanan DSD sistemi hakkinda bilgi verilecektir.

Anahtar Kelimeler: DSD, ambalaj atig

I. Introduction

The Packaging Ordinance states that manufacturers, retailers, and distributors (both
domestic and foreign) may be exempt from taking back packaging if they
participate in an established national waste management program. Such a program
had been in existence in Germany since 1990, under the Duales System
Deutschland GmbH (Dual System of Germany, DSD). The Duales System is a
non-profit organization set up to collect, sort, and recycle post-consumer packaging
from both households and small businesses throughout the country. By
participating in the Duales System program, manufacturers may label their
products with the Green Dot. A Green Dot indicates to the consumer that the
manufacturer of the product participates in the program, and that instead of
returning the packaging to the manufacturer or distributor, the packaging should be
collected, sorted, and recycled through the Duales System program.

II. What Is DSD?

Green Dot operates as a response by industry and trade associations to avoid
individual take-back regulations. In fact, its overall goal is the prevention of
excess, unnecessary waste. In this regard the Green Dot fee structure acts as an
incentive for manufacturers to reduce the amount of packaging they use for their
products in the design of products and packaging. Manufacturers wishing to obtain
the Green Dot must pay a license fee to the Duales System. Fees are based on the
type and weight of the packaging materials. In general, the heavier and more
difficult it is to recycle the packaging, the higher the license fees. Fees vary
according to the packaging materials, with plastics having the highest fees and
natural materials and glass having the lowest fees. License fees range from about
DM 3.00/kg to DM 0.15/kg ($1.70 US to $0.08 US).

The Duales System collects glass, paper, eardboard, and lightweight materials such
as polystyrene, plastic, beverage containers, composites made of a mixture of
materials, aluminum, and tin-plate. The Duales System has established two types of
collection systems, which can be modified to accommodate existing local and
regional collection systems. The first, and most widespread, is the curbside system
where consumers collect Green Dot packages (except glass, paper, and cardboard)
in the yellow bags or bins provided to their households. The bags/bins are placed
on the curbside to be collected during the regular garbage pick-up. Glass, paper,
and cardboard are collected separately in special bins/containers set up in the
neighborhood. Glass is often separated according to color. In the curbside system,

576



2" INTERNATIONAL PACKAGING CONGRESS & EXHIBITION

the consumer does the basic initial sorting of the packaging. The alternate system is
the “bring” system where consumers bring all their waste packaging to central
collection stations. Under the “bring” system all packaging is sorted by Duales
System employees into different bins, which are set up for the different packaging
materials.

Once collected, the materials are sorted by waste management companies under
contract to the Duales System. After sorting, they are ready to be shipped to
recycling facilities. According to the Duales System Deutschland GmbH, the
recycling goals set by the Packaging Ordinance have been met since the Green Dot
program began. Since 1992, one year after the Packaging Ordinance went into
effect, the weight of packaging consumed (i.e., not for recycling) in Germany has
steadily declined. Because of the take-back requirements set by the Ordinance, and
the license fee structure, manufacturers have been motivated to reduce the weight
of their packaging in order to reduce their eventual recycling costs.

Methodology of DSD

The Duales System collects glass, paper, cardboard, and lightweight materials such
as polystyrene, plastic, beverage containers, composites made of a mixture of
materials, aluminum, and tin-plate. These product categories were chosen based on
evaluations of their environmental impacts, as well as their potential for reuse and
recyclability. The Duales System establishes criteria for these product categories,
which manufacturers must adhere to for their packaging materials in order to be
part of the program. That is, packaging made with paper products must meet
certain standards set by the program in order for that packaging to be awarded the
Green Dot, and therefore be accepted for recycling through the program.

Current Situation in Germany

In countries with high income per capita and low employment in agriculture
packaging waste is one of the most important sources of houschold waste.
Estimation of household waste potential in Germany (before any separate
collection and recycling; remaining waste after intensive separate collection about
80 to 200 kg per person per year) is given in Table | and illustrated in Figure 1.
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Table 1- Estimation of Household Waste Potential in Germany

Kg / capita.year

Packaging waste (paper, plastics, metal) 90
Waste paper (not packaging) 60
Biowaste 100
Others, not recycables (e.g. nappies, ash) 70

Remaining waste after intensive separate collection is about 80 to 200
kg/capita.year.

waste paper
(not packaging)
19% ~ biowaste

31%

others; not
recyclables
packaging | — (e
‘, .g.
waste - nappies,ash)
28% 22%

Figure 1- [llustration of estimated household waste potential in Germany

With respect to volume of waste packaging waste can reach as much as 50 percent
of houschold waste. Since without any regulation a rapid increase of municipal
waste can be observed (Figure 2), packaging waste regulations seem to be one the
most important tools in municipal waste management.
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trend withoul

kagin
packaging waste , regulaton

14000 - regulaton 1991
12000 4
10000
8000
6000
4000

1000 va

2000
Jahr 1988 | 1990 | 1991 | 1992 | 1993
mcompound | 309 | 395 | 412 | 407 | 393 |
‘Baluminium 102 | 118 | 124 1LL 114 I
| mtin plate 904 | 730 | 793 | 752 | 723
\mplascs | 1277 | 1442 | 1607 | 1542 | 1501 |
'mglass | 3146 | 4205 | 4637 | 4426 | 4247
|mpaper, cardboard | 3982 | 5088 | 5217 | 5041 | 4883 |

Figure 2- Packaging waste in Germany 1998 — 1993 in 1000 tons/year

As mentioned above, the first German packaging ordinance came into force in
1991 with the aim of packaging waste minimisation by recycling under the
following conditions:

take back and recycling of sales packaging form households, workshops
and small businesses, administration , but nor from industry without
charge by producer and trade

take back and recycling of secondary packaging without charge by trade
take back and recycling of transport packaging

deposit on one-way beverage packaging.

However, these points 1 to 3 may be exempted if a second (dual) system that
operates a nation-wide, consumer-oriented basis is set up alongside the municipal
system and if this meets the recycling targets specified by the government in the
Packaging Ordinance.

In Table 2 recycling targets for sales packaging material according to packaging
ordinance 1998 in Germany.
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Table 2- Recycling Targets for Sales Packaging Material According to
Packaging Ordinance 1998 in Germany

Packaging material reuse in per cent by  reuse in per cent by weight

weight after 01/01/1996 after 01/01/1999
Glass 70 % 75 %
tin plate 70 % 70 %
Aluminium 50 % 60 %
paper and cardboard 60 % 70 %
Composites 50 % 60 %
plastic,
60% of which has to be 50 % 60 %
recycled materially;
Biologically degradable after July 2002 at least. 60
plastic per cent composted

There are more than 250 packaging waste sorting facilities operated by private
sector. A.R.T. ,with its capacity of 25000 ton/year, is such a facility and it is the
one of the modern one in Europe. DSD system supported the facility with 1,3
million DM. A.R.T facility some systems may separate 4 different plastic types.
Proportion of plastic waste in all packaging wastes collected by DSD is about 35%
and it is almost 92% pure.

Some prices for packaging waste in DSD system is given in the following tables.
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Table 3- Prices for Packaging Waste in DSD System

Packaging Type DM/kg (2001) Cent/kg (2002)
Glass 0.15 7.6
Paper-Cardboard 0.40 204
Tin plate 0.56 28.6
Aluminium and other metals 1.50 76.6
Plastics 2.95 150.8
Packaging Properties Pf/Unit (2001) Cent/kg (2002)
<SOmL &<2g 0.10 0.05
<SOmL & >2¢g 0.20 0.10
50-200mL & <3¢ 0.30 0.15
50-200mL & >3 ¢ 0.60 0.30
> 200 - 400 mL 0.70 0.35
> 400 mL - 3L 0.90 0.46
s3.L ; 1.20 0.61
Packaging Properties Pf/Unit (2001) Cent/kg (2002)
<150ecm’&<2g 0.10 0.05
< 150 cm’ 0.20 0.10
<150cm* &>2g 0.20 0.10
150-300cm* & <3 g 0.3 0.15
150-300cm*>3 g 0.40 0.20
> 300 - 1,600 cm’ 0.60 0.30
> 1,600 cm’ 0.90 0.45

III. Conclusion

According to the Packaging Ordinance, domestic and foreign manufacturers and
distributors are required to take back all packaging waste including transport
packaging such as crates, drums, pallets, and styrofoam containers, cardboard
boxes, blister packs, and other product packaging such as that used to prevent theft,
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for protection, and for promotional purposes. This reduces the amount of
packaging waste as seen in Figure 2.
Manufacturers wishing to obtain the Green Dot must pay a license fee to the

Duales System. Fees are based on the type and weight of the packaging materials.
The collected fees are used to support new waste processing facilities.
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TUKETIM SONRASI PVC SISELERIN YENIDE:.
ISLENMESINDE EKLENEN ISIL KARARLLI
KILICILARIN ETKISI

IMPACT OF ADDITIONAL THERMAL STABILIZERS
ON REPROCESSING OF POST-CONSUMER PVC
BOTTLES

B Sevgi ULUTAN
Ege Uni. Miih. Fak. Kimya Miih. Bl., 35100, Bornova-izmir/Turkey
ulutan@bornova.ege.edu.tr

Abstract

In re-processing of PVC on recycling, the heat stabilizers, which are consumed
during its first processing, have to be made up. In the present study, the granules
prepared by grinding of post-consumer PVC bottles were mixed with DOP as
plasticizer and with epoxidized soy bean oil, calcium stearate, and zinc stearate as
thermal stabilizers. Then the films were obtained through the evaporation of methyl
ethyl ketone, which is used as solvent to dissolve the abovementioned mixture, and
the heat treatments were applied for 15-45 minutes at 140 and 160°C. The
structural changes were investigated employing UV, IR, and DSC analyses
methods. In addition, the weight loss during the heat treatments was also
calculated. The weight loss is attributed partly to the decomposition of PVC and
the evaporation of volatile components and mainly to the removal of solvent upon
heating.

In conclusion, it is understood that the thermal stabilizers used in this study
sufficiently prevent the degradation of PVC during its production process.
Although this study was conducted on water bottles to be recycled, it may be
thought for application of other, similarly formulated PVC based, for instance, of
packaging films.

Keywords: PVC packaging, PVC bottles, thermal stabilization, PVC recycling,
plasticized PVC.
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Ozet

PVC’nin geri doniisiim amaciyla yeniden islenmesinde, ilk islenisinde harcanmig
olan 1s1l kararh kilicilarin eklenmesi gerekir. Bu ¢aligmada tiiketim sonrasi PVC su
siselerinden Ggiitiilerek hazirlanan graniiller, plastiklestirici olarak DOP ve 1sil
kararli kilici epoksidize soya yagi, Kalsiyum stearat ve ¢inko stearat ile
karistirtlmistir. Daha sonra metil etil keton kullanilarak ¢oziindiiriilen karisimdan
¢oziictiniin buharlasmasi ile filmler elde edilmis ve bu filmlere 140 ve 160°C"da
15-45 dakika 1s1l iglem uygulanmistir. Filmlerde olusan yapisal degisiklikler UV,
IR, DSC analizi yontemleri ile incelenmigtir. Ayrica isil islemlerde agirhk kaybi da
hesaplanmig, agirhk kaybi kismen PVC’nin bozunmasina ve ugucu bilesenlerin
uzaklagmasina, daha gok da ¢o6ziicii kalintisinin buharlagmasina baglanmigtir.

Sonug olarak bu ¢alismada hazirlanan karigimda kullanilan 1si1l kararh kilicilarin
PVC’yi iiretim siirecinde bozunmasini engellemede yeterli olacagi anlagilmistir.
Galigma su siselerinin geri doniigiimii igin yapilmig olmakla birlikte, benzer gekilde
is1l kararliligr saglanmig diger PVC esasli malzemelere, 6rnegin ambalaj filmlerine
uygulanmasi diistiniilebilir.

I. Giris ve Amag

PVC (polivinil kloriir), plastiklestirilmis sekilde ambalaj uygulamalarinda yaygin
olarak kullanilmaktadir. Bu malzemelerin hizli tiiketimi, ¢evresel agidan geri
kazanmay: zorunlu kilar. Amerika’daki bir vinil enstitiisiiniin 1993 yilinda yaptig
bir galismada, farkli PVC formiilasyonlarinin birbiriyle yiiksek uyumluluk tasidig:
ve Ozellikle ambalaj sonrasi atiklar temizligi nedeniyle geri doniigiime ¢ok uygun
bulunmustur.

Daha 6nceki ¢alismada [1] PVC siselere dogrudan isil iglem uygulandiginda kararh
kilicilarin ilk isleniste harcanmis oldugundan, ikinci isleniste yiiksek sicaklikta
yetersiz kaldigi gozlenmisti. Bu durumda geri doniisiim islemlerinde kararli
kilicilarin eklenmesi gereklidir. [k kullanimda iiriinde yiiksek performans saglayan
katkilar, geri doniisiimii saglandiginda da olumlu etkilerini siirdiiriirler[2].Kurgunlu
ve Kalaylilara gore etkinligi daha diisiik olmakla birlikte, kalsiyum-ginko esash
kararli kilicilar hem kursuna esashlara zararsiz olusuyla, kalay esashlara da
ucuzlugu ile tstiinliik tasir. Bu kararli kilicilar ayrica PVC iginde kaydirici gorevi
goriirler. Kalsiyum esashlar fiisyonu kolaylagtirip, viskositeyi artirma ézelligine de
sahiptir [3].

Giiniimiizde su siselerinde yerini biiyiik 6lgide PET e devretmis olsa da, PVC
ozellikle taze et sariminda film olarak yaygin sekilde kullanilmaktadir. Bu amagla
polietilen 6nerilmigse de polistren tepslere yapisma gii¢liigii gostermigtir. PVC
ayrica oksijen maskesi, ayakkabi astar, sise kapaklarinin contasi, masa ortiisii gibi
tirtinlerde kullanilmaktadir [4].
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I1. Arag, Gere¢ ve Yontem

i. Ornek hazirlama: Tiiketim sonrasi mavi renkli PVC siseler dnce 1 cm’
bityiikligiinde pargalar halinde kesildi. Bu &rnekler laboratuvar tipi bir gekigli
degirmende Ogiitiilip yikandi. Elde edilen toz haldeki PVC'ye 20phr
DOP(Sankim), 5 phr EPSO (Akdeniz Kimya, Akstab, Alpex 5.6), 2.8 phr kalsiyum
stearat (Merck) ve 0.3 phr ginko stearat (Merck) eklendi. Kangim, 80°C’de
manyetik ¢ubukla siirekli karistirilarak metil etil keton (MEK) iginde ¢oziildii.
PVC/MEK oram 1:75 olark alindi. ('6zeltiden petri kaplarina dokiilen 6rnekler bir
giin ¢eker ocak i¢inde ag¢ik havada buharlagmaya birakilarak 100-200 mikron
kalinlikta filmler elde edildi.

ii. Isil Islem ve agirhk kaybi: Ornek filmlere 15-45 dakika siirelerle 140 ve
160°C’ye 1siilmis hava dolagimh firnda (FN 500, NUVE) 1sil islem uygulandi.
Filmlerin islem 6ncesi ve sonrasi agirliklart kaydedildi.

iii. Spektroskopik inceleme: Filmlerin 1sil iglem 6ncesi ve sonrasinda infrared ve
ultravyole-goriiniir bélge spektrumlart alindi. Caligmada Shimadzu IR 470 ve Jasco
7800 UV-goriiniir Spektrofotometreler kullanildi.

iv.Diferansiyel Taramali Kalorimetre (DSC) ¢alismasi: Filmlerin DSC egrileri, oda
sicakhigindan 200°Cye 10 "C/dakika hizla 1sitma ve yaklagik 2°C/dakika hizla oda
sicakhigina sogutma seklinde, hava ortaminda, aluminyum kap i¢inde alind.

I11. Bulgular ve Tartisma

Isitma siiresi ve sicakhik arttikga 1s1l islemde filmlerden agirhk kaybr artmaktadir
(Tablo.1).

Tablo 1. PVC filmlerin isitma siirecinde agirhk kaybi, %m

[sitma stiresi, dakika 15 30 45
140°C de 1s1tma, %m 9.00 10.39 11.66
160°C de 1sitma, %m 12.68 25.63 2

Bu agirhk kaybr baslica plastiklestiricinin ve film iiretiminde kullantlan ¢oziiciiniin
(MEK) uzaklagmasindan  kaynaklanmaktadir.  Sise  {retiminde PVC'ye
plastiklestirici katildigi daha 6nceki ¢ahgmada saptanmigti. Isil iglemde kararh
kilicilar harcanarak azahirken, plastiklestirici de buharlasarak eksilir. Bu ¢alismada
yapidan uzaklasabilecegi diistiniilen DOP ve EPSO’nun film igindeki toplam
miktari, %19.5" dir.

Ayrica PVC’nin bozunmasi sonucunda hidrojen Kkloriir ayrilir. Bu yapisal
bozunmalar, UV analizinde polienlerin olusumu seklinde gozlenebilir. Sekil.1'de
o 0/~ - . ws s _se a8 . o« L

ornek olarak 140°C’yesitilan filmlerin UV-goriiniir bolge spektrumlart verilmigtir.
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Olugan polienlerin arastirilmasinda, film kalinhklarindaki farkliliktan kaynaklanan
sapmalan diizeltmek iizere, ¢esitli polien gruplarina kargi gelen absorbanslarin,
1100 nm absorbansina orani alinmigtir. Tablo.2’de verilen bu degerlendirmede,
140°C’de 15 dakika 1sil islem goren ornegin XA;/A 00 degerinin 1sil iglem
gormemiy filmin degeriyle ¢ok yakin oldugu goriilmektedir. Ancak siire ve sicaklik
arttik¢a, daha yiiksek degerler gozlenmektedir.

Bu durumda kararhi kilicilarin, 140°C’deki prosesler igin yeterli oldugu, ancak daha
yitksek sicakliklarda ¢alismak gerektiginde daha gii¢lii kararh kihcilara gerek
olabilecegi anlagilmaktadir.

Absorbans

i

200.0 400.0 600.0 800.0 1000.0 1100.0
dalga boyu, A, nm

Sekil 1. 140°C’de 1s1 islem uygulanan filmlerin UV spektrumlari
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Tablo 2. Cesitli sicakhiklarda degisen siirelerle islem gormiis . PVC filmlerin
baslangi¢ kalinhiklari ve UV analizinde bulunan absorbans oranlart (Ay/A ;100 )

Siire  Sicakhk Kalinhk 335 360 415 470 504

dakika e mikron nm nan nm nm nm 2A Ao
0 - 123 29.02 2322 18.57 16.11 1224 99.16

15 140 138 3229 2235 1738 1490 14.07 100.99
30 140 138 41.95 3279 26.69 22.12 20.59 144.14
45 140 70 164.27 12499 89.27 66.06 58.92 503.51

15 160 110 6443 4545 29.54 2272 2045 182.59
30 160 245 193.84 99.96 44.88 39.69 2244 4008l

Eklenecek karali kilicilarin segiminde ise, oncelikle bir 6nceki uygulamada
kullamilan kararh kihcilarla uyumlulugun arastinilmasi gerekir. Kalayli kararli
kilicilar pahali  oldugundan, kursunlular ve agir metal tuzlan ise gida
uygulamalarinda ve gevresel agidan 6zellikle kullanim 6mrii kisa iiriinlerde kabul
gormemektedir.

Isil islemde olusan yapisal degisiklikleri ve buharlagan maddeleri analiz edebilmek
igin IR spektroskopisinden yararlanilabilir. . $ekil.2’de &rnek olarak 140°C"ye
isitilan filmlerin infrared spektrumlari verilmistir. Onceki galigmada [ 1] stearatlara
ait oldugu belirtilen bandlarin yani sira, bozunmaya iliskin bandlar da
incelenmistir.
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al m 0 i

Absorbans

0.5 A 1
/

. r

A i A

4000.0 30000 2000.0 1500.0 1800.0 5000
dalga sayis;, cm’

Sekil 2. 140°C’de 151l islem uygulanan filmlerin IR spektrumlar

Tablo 3. Cesitli sicakhiklarda degisen siirelerle islem gérmiis . PVC filmlerin
baglangi¢c kalinhiklar: velR analizinde bulunan bagil absorbans degerleri

Siire Sicaklik i 3 r P
daliea oc 700 cm 800 cm 1530 cm 1570 ¢cm
0 - 5.04 2.28 1.06 41
15 140 5.80 2.81 8l 1.28
30 140 5.38 2.47 76 1.24
45 140 6.56 3.01 .67 .83
15 160 5.99 2.88 1.18 .85
30 160 231 2.88 1.80 53

IR spektrumlarinda, stearat yapilarina iliskin 800 ve 700 cm™ ikiz bantlarinm
yanisira, ¢inko ve kalsiyum stearatlarda gozlenen 1570 ve 1530 em™ pikleri
iizerinde de durulmustur. Band yiikseklikleri film kalinh@ma béliinerek gergek
bagil gegirgenlik degerleri hesaplanmis ve Tablo.3"de verilmistir. Siselerdeki boya
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maddesinin  hazirlanan  filmlerde homojen dagilmamasindan  kaynaklanan
sapmalara ragmen, 1sitma siiresi arttikga pik yiiksekliklerinin  zayiflamas:
gozlenebilmektedir. Bu piklerin isil iglemden sonra goriilebilmesi ise miktar olarak
yeterli olduklarini ve Kkararli kilictlarin - harcandigint  ancak tiikenmedigini
gostermektedir.

Bu spektrumlarda isitma siiresi artinca plastiklestiricilere iliskin 1720 cm™ pikinin
degisimi, pik yiiksekliginin fazla olmasi ve 1700 ¢cm” deki, bozunan PVC
yapisinda olusan karboksilik asitlere ait olmasi gereken pikle drtiigmesi nedeniyle
gozlenememistir. Plastiklestiricinin 2950 ¢m™ deki ester piki de tam olarak
almamamigtir Bozunmalar sonucu hava ortaminda hidroperoksit olusumuna iligkin

3400 ¢cm’ pikinin belirgin bir farkhlasma gostermeyisi, 6nemli bir bozunma
olmadigimi kanitlar niteliktedir,

—

Is1 akisy, mw

~10.0 3

sicakhk, “C

45.0 2% 50 ¥3 100 128 150 108 200

Sekil 3. PVC filmlerin lisil islem 6ncesi 2.140°C de, 3. 160"C*de 30 dakika 1sil
islem sonrasi DSC egrileri

Sekil.3"de verilen DSC egrilerinde, 1s1l islem oncesi ve sonrasi yapilarda 6nemli bir
fark gorillmemistir. Bu érneklerin DSC 6ncesi ve sonrasi agirliklart Tablo4 de
goriildiigii gibidir. DSC analizindeki isitmada 6rneklerin agirlik kaybi, %!1’in
altindadir. Yani madde kaybi ve bozulmalar gozlenmemektedir. 130°C civarinda
¢inko stearatin, 178°C civarinda da kalsiyum stearatin erime pikinin gozlenmesi de,
IR bulgular sonrasinda beklenen bir sonugtur.
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Tablo 4. DSC analizinde PVC filmlerin analiz 6ncesi ve sonrasi

[sil islem yok 140 °C 160 °C
DSC o6ncesi 30.60 41.70 37.00
DSC sonrasi 30.30 41.70 36.50

Y fark 0.99 0.00 0.99
IV. Sonug

Tiiketim sonrasi PVC’den hazirlanan graniillere yeniden kararh kilicilar eklenerek
iiretilen filmlere 1s1l kararhihk kazandirilmigtir. Uygulanan 1s1l islemde filmler
dehidroklorinasyon seklindeki bozunmaya kargi korunmustur. 30 dakika siireli 1sil
islem, pratikte uygulanana gore hayli uzundur. Yine de &zellikle 140°C’de
bozunma olmamis, 160°C’de ise kisman bozunma olmustur. Uzun isitma siireleri
plastiklestiricinin de kaybina neden oldugundan, yararli degildir. PVC’nin flizyonu
i¢in cok daha kisa siireler yeterli olabilmektedir.

PVC esasli ambalaj maddelerinin geri doniisiimii olanagi vardir ve sorunlu degildir.
Gevre kirliligini ve atiklarin belediye ¢op depolarinda yer kaplamasini azaltmak
i¢in oldugu kadar, ekonomik yoniiyle de PVC’nin geri kazanimi saglanmahidir.

Tegekkiir: Dr. Ulutan, bu ¢ahismada filmlerin hazirlanmasi, IR ve UV
spektrumlarinin alinmasinda ve galismanin derlenmesinde yogun emegi bulunan
Kimya Miih. Serdar OZMISIRLI ve Kimya Miih. Melek CAN’a tesekkiir eder.
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Summary

Waste minimization is a very popular concept for last several years. The main aim
of the process is to reduce the amount of waste generated at the source, and than
when it is not possible further reduction, the recovery process will take place.
Clean Production is also a new concept, which gaining increasing popularity, a way
of waste minimization at source. Today environmental problems are handled as
systems and integrated solutions are produced. One of the effective methods is
Environmental Management System concept and ISO 14000 standards, where both
of them will promote the reduction of waste amount at source.

Ozet

Son yillardan tiim diinyada kabul goren bir trend var, atiklarin azaltimi. Bunun en
efektif yollarindan biri kaynakta atik azaltmi, eger daha fazla atk azaltim
saglanamiyorsa, o zamanda miimkiin olan en yiiksek oranda atik geri ¢evirimi
yapmak. Temiz iiretim konsepti gittikge popiilerlik kazanan atik azaltimin
yontemlerinden biri. Ashinda giiniimiizde herhangi bir g¢evresel uygulamayi
digerlerinden ayirmak ¢ok yanhs. Artik gevresel problemler sistem bazinda ele
alimyor ve sorunlara entegre ¢oziimler iiretiliyor, bunlarin en etkinlerinden biri de
Gevre Yonetim Sistemleri ve bunu diizenleyen ISO 14000 standartlari, ki her
ikiside kaynakta atik azatimini 6ngoriiyor.

I. Introduction

Have you ever think how much waste you produced during your life time. Make an
assumption, you will live fot 70 years, and you will generate | kg/day solid waste.
By simple calculation you should produce almost 26 tons of solid waste. While we
are shopping we never think about the amount of waste we produce.
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There are many different methods to treat generated waste, which are named in
general as end-of-pipe technologies. At 1990 in US will be spend 115 billion $, by
both industry and government for the end-of-pipe technologies[1]. According to
World Bank, parallel to the rapid development and increase in population in South
Asia, 20 billion $ was spend because of the environmental disasters. UNEP (United
Nations Environment Program) was published that, at 1990 almost 300 billion $
was used for end-of-pipe technologies.

Not producing waste seems to be logical in comparison with the treatment of the
waste produced. If you don’t generate you don't have to clean. Logical but not
simple. There are different approaches to minimize, or even if possible eliminate
the waste produced. One of them is clean production.

One of the popular description of clean production concept was created by UNEP.
According to UNEP, clean production is a continuous and integrated application of
processes and products, which will increase the efficiency, prevent the pollution of
air, water, and soil, prevent the generation of wastes at the source, and minimize
the risks on people and environment.

In Turkey, TTGV (Turkish Technology Development Foundation) and Tiibitak-
MAM are dealing with clean production concept. There will be a project, which
will be the base structure for this purpose, named TUM (Clean Production Center).
We should describe the main functions of TUM as to ;

e Generate clean production policies and strategies for the government, and
to produce action plans in order to apply these policies and strategies,

e By following the researches (studies) on clean production, provide AR-GE
( research-development), technology improvement, and if necessary
technology transfer studies. Create the coordination at national and
international level.

e Assemble an “Akredite Laboratory Network™, where necessary tests and
analyses should done and documented, in order to perform and follow
clean production studies.

e Consult both the public and private organizations for clean production, and
provide national and international consultancy support. Provide
coordination and coorperation between financing institutions, in order to
get support to clean production policies and strategies for priority projects.

e Built"Information Center”, which will collect knowledge and information,
and provide a database to assess and distribute these informations to the
whole country. Information Center is in contact with other centers all
around the world, so that it should follow new technological innovations,
prepare reports, documents. and broadcasts.
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® Prepare seminars about clean production aims and principles for industrial
establishments and related associations.[2]

But as far as I know the center is not in operation yet.

In order to make clean production there must be developed new technologies,
which will consume less raw material and energy, so that it produce less amount of
waste. The technology should only be innovated in educated publics. The most
misleading concept about development is that the importation of technology is not
a real developement. We will only be an industrialized and developed country if we
should generate our own technology.

While we come to the point of development, let's continue with “Sustainable
Developement™ concept. The term Sustainable Developement was first sed and put
forward as a global priority by the “Bruntland Commission of Environment and
Developement™, at 1988. The commisssion report defines it as; ** Development that
meet the needs of the present without compromising the ability of future
generations to meet their own needs.[3]

Success depends upon the continued social and technological innovation to bring
more people into a more into a more integrated market place, while reducing
environmental impacts and social ineqiuty.[4]

Sustainable developement is built on three pillors, economic growth, ecological
balance, and social progress. One key trend today is the widening of the concept of
sustainable development to put much more emphasis on coorperate social
responsibility.[5]

Both clean production and sustainable developement should only be achieved by
waste minimization. Waste minimization is an umbrella term that will include;

. Source Reduction : Reduce the amount of the waste at the source, through
changes in industrial processes.

o

Recycling : Reuse and recycle for the original or some other purpose, such
as material recovery or energy production.

3. Incineration/ Treatment : Destroy, detoxify, and neutralize wastesinto
less harmful substances.

4. Secure Land Disposal : Deposit wastes on land using volume reduction,
encapsulation, leachate containment, monitoring, and controlled airand
surface/subsurface waste releases.

By application of waste minimization program any organization should;
e Save money by reducing waste treatment and disposal cost, raw material

purchases, and other operating costs.
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e Meet the waste minimization policy goals.(If any exist, but as described
above TUM should provide such a policy to Turkey)

¢ Protect public health and worker health and safety.

e Protect environment.

The main objective of waste minimization program is the source reduction, so to
prevent the generation of waste, than comes the recycling options. This hierarchy
of effort stems from the environmental desirability of source reduction as the
preferred means of waste minimization. Treatment options should be considered
only after acceptable waste minimization techniques have been identified.
Application of waste minimization program should also improve the efficiency of
the process.

There exist certain waste minimization techniques;

I1. Source Reduction

Product Changes:

e Product substitition
e Product conservation

e Change in product composition

Source Control :
a) Input Material Changes:

e Material purification
e Material substitution
b) Technology Changes:
e Process changes
e Equipment, piping, or layout changes
e Additional automation
¢ Changes in operational settings
¢) Good Operating Practices
e Procedural measures

e Loss prevention
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e Management practices
e Waste stream segregation
* Material handling improvements
e Production scheduling

II1. Recycling ( Onsite And Offsite)

Use and Reuse :

e Return to original process

e Raw material substitute for another process

Reclamation:
e Processed for resource recovery

e Processed as by-product

Waste minimization program is an organized , comprehensive, and continual effort
to systematically reduce waste generation. A waste minimization program should
reflect the goals and policiesfor waste minimization set by the organizations
management. The objectives of waste minimization program are best conveyed to a
company’s employeesthrough formalpoliciy statement or management directive.
But to be truly effective, the philosophy of waste minimization must be developed
in the organization. This means that waste minimization must be an integral part of
the company’s operations.

There wil be certain phases of a waste minimization program; planning and
organization phase, assessment phase, feasibility phase, implementation. Periodic
reevaluation of the goals is recommended due to changes in awailable technology,
raw material supplies, environmental regulations, and economic climate.[6]

Finally I would like to describe the Environmental Management concept, which
will cover all other topics presented in this work. Environmental Management is
practising of  plans, applications, and inspections in order to protect the
environment we live in, air, water, soil, natural sources, flora, and fauna.

Environmental Management System, is the organizational structure of the
application of the Environmental Management, which will cover responsibilities,
methods, operations, necessary documents, and sources.

At 1993 CEN( Avrupa Standartlari Komitesi), ISO (International Standards
Organization), and BSI ( British Standards Institute) will produced in
cooperationthe ISO 14000 standards, which is a general guide of the principles,
methods, assistant techniques of the Environmental Management System.
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The main characteristics of the standards are;
1. Preventive, the aim is to prevent the generation of any problem.

2. General, it should be applied seperately to different departments, and/or at
the same time for the whole of the same organization, even if it is
operating in different sectors.

3. International.
4. It will not attribute to any countries or to any international standard.

Compel the exact definition of objectives and aims. It will not describe any
limits, but it will only interested with systems and procedures.

6. Inspected at unknown periods.
Continuous improvement is a must for the whole of the system.

8. The improvements and operations applied to the system must be
announced to public continually.

There exist some other Environmental Management System standrads. Like, BS
7750 Standards of BSI, Responsible Care (RC): trio responsibility, Chemical
Industrialist Association Standards, EMAS ( Environmental Management and
Audit Scheme) , standards for EU.[7]

IV. Conclusion

As described above article, waste minimization has gaining increasing popularity
especially in developed countries, where the public is sensitive to environmental
concerns. But for developing countries, like Turkey, environment is not the most
important concern for the public. Minimization of the amount of waste pruduced is
one of the most feasible and logical concern to solve environmental problems.
With increased environmental awareness,whichis created with education, the
sustainable development goal should be achieved.
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PLASTIK KOMPOZIT SISTEMLER
VE ARA YUZEYLERIN ONEMI

PLASTIC COMPOSITES AND THE IMPORTANCE OF
INTERFACE / INTERPHASES

Giin_e_!ri AKOVALI
ODTU 06531 Ankara

Abstract

In the age of plastics, they are widely being used in the form of composites. By
transforming a plastic into a plastic composite, a number of important gains in
various physical and chemical properties are possible to obtain.

Plastic composites are mainly produced either by combining the plastic matrix with
various active reinforcing additives / fillers (or by appropriate blending of various
polymer types) together. Basic principles in this production are, firstly; to combine
the various properties of components together succesfully (which is expected to
produce a system with properties common to both of the components or even with
better —synergistic- properties), and secondly; to keep the components in the form
of different phases. At this point, the importance of interface and interphases come
to the fore: because, there must be proper level of adhesion nedded between
different phases in the composite system.

In this talk, the importance of interface and interphases in polymer composite
systems will be stressed on with various examples,and the existing techniques and
methods available for their modification and improvement will be presented along
with several examples.

Ozet

Giintimiizde  plastikler, yaygin  olarak; “plastik  kompozitler”  seklinde
kullaniimaktadir. Boylece malzemelerin  fiziksel ve mekanik 6zellikleri Gnemli
ol¢iide arttirtlmakta, sayisiz kazanim saglanmaktadir.

Kompozit sistemler, plastik matrise cklenen gesitli takviye edici (pekistirici) dolgu
maddelerinden yararlanarak — veya dogrudan farkli polimer tiirlerinin uygun
sekilde harmanlanmasi ile- olusturulabilir. Bu olusumda temel prensip, farkh
ozellikteki sistemleri her birinin farkh dstiin 6zelliklerini basari ile bir araya
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getirip; tutmaktir. Boylece en azindan “bilesenlerin 6zelliklerini yansitan™, hatta
bazi hallerde her birinin &zelliklerinin ¢ok iistiindeki degerler ulagilabildigi (kisaca
sinerjistik) yeni sistemler (kompozitler) elde edilir. Bu olusumda dikkat edilmesi
gerekli bir bagka prensip de, bilegenlerin ayri adaciklar (fazlar) halinde bulunmasi
ve bunlarin arasinda yer alan “ara yiizey™ lerin “uygun yapigma derecesinde”
olmasidir. Bu nedenle kompozity sistemlerde ara yiizeyler biiyiik énem tagimakta
ve yogun aragtirma ve geligtirme ¢aligmalarina konu olmaktadir.

Bu konugmada, polimer kompozit sistemlerinde ara yiizeylerin  &nemi
vurgulandiktan sonra, bu yiizeylerin gelistirilmesine yonelik olarak yapilan
¢aligmalardan ve elde edilen sonuglardan bazi 6rnekler de sunulacaktir.
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Resimlerin ve renkli dolgu yapilmis bélgelerin uyumsuzlugu
pesinizi birakmiyor mu? tesa Softprint bu ikisini uzlastiriyor.

Kategori Softprint drdnleri Uygulamalar/ézellikler
380 pm tesa 52380 * Etiket basimi ve metrik olmayan sistemler
tesa 52382 * Etiket basimi ve metrik olmayan sistemler
500 pm tesa 52500 * Genel amacl genis enli film ve kagit basimi
¢ Film takviyesiz
tesa 52504 * Genel amagli, genis enli film ve kagit basimi

* Daha kuvvetli yapiskanlik 6zelligi
Kolay monte, yerlestirme ve kalinti birakmadan sékme,
yuksek tutma kuvveti

* Tramli ve diali islemlerde mikemmel sonug

V" tesa 52020 * Yapigkanlik, baski zamani iginde sabit kalir.
Demonte sirasinda sleeve veya merdanede kalinti
kalmaz
* Kdpuk 6zelliginden 6tlrl vurma sorunu goésteren
baskilarda onerilir.
* Sert sleeve ve kazan (zerinde mikemmel performans

" tesa 52021 * Yapigkanlik, baski zamani iginde sabit kalir.
Demonte sirasinda sleeve veya merdanede kalinti
kalmaz
* Koplk 6zelliginden 6tlrl vurma sorunu gosteren
baskilarda énerilir.
* Sert sleeve ve kazan (izerinde miukemmel performans

BDFee®e®® Buyukdere Cad. P

Beiersdorf . S—r .
" . e-mail: tesatape@istanbul.beiersgori.com
Klmya San. ve Tic. AS internet : www.tesa.com
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sim olan BUDIN AKARCA miirekkep markasi BUDIN 1TD,
STL nin 14 yillik gegmisinin bir iirtinii olarak ambalaj seKtorine
hizmet vermeye baglamistir.
| Firmamizin  amaci ambalaj sektorundeki miirekkep
aleplerine Kaliteli ve spesifik miirekkebi diretip  siirekli,
leryiizlii ve teknik destegivle hizmet vermektir. Mirekkep
firetimimizdeki teknik Kisi olan Y. Biilent AKARCA'min 35 yilhk
tecriibesini giinlimiiz teknolojisivle birlestiren firmamizin
hedefi her zaman ileriye gitmek ve ileriyigormektir,

Kisaca Urﬁnlerlmuln( esitleri;
SERIMIZ; PF

Kagit basim sektériinde FLEXO KAGIT MUREKKEP-
LERI (Her tiirlii ambalaj kagidi, pegete, kasap kagdi, defter
kabivs.)

SERILERIMIZ; PB-TA

PE, PP, PVC, ALOMINYUM FOLYO, METALIZE
FILMLER igin FLEXO ve TIFDRUK matbaa miirekkepleri,
polyramid bazhi olup ¢oziicii olarak izopropil (IPA) alkol
kullanilmaktadir. Bu diriiniimiiziin yiiksek sirtinme ve su
dayamkhbgn vardir, dzellikle PP cuval sektoriinde ciddi bir
misteri portfoyi olusmustur.

SERILERIMIZ; PP-PT-PTF-TT-TL-TD-TV-TF

PE, PP, PVC, ALUMINYUM FOLYO, METALIZE,
PURLIZE FILMLER icin FLEXO ve TIFDRUK miirekkepleri
nitro bazh, olup ¢oziici olarak izopropil (IPA) alkol ve etil asetat
(EAC) kullaniimaktadir, Bu dirtintimiizde ise miirekkep tipine
gore lamine edilebilir, su dayanimi, yiiksek 151 dayamm, yag
dayanmimi, kirnisma dayammi,
deterjan dayanum, deep freeze
dayanim, siirtiinme  dayani-
mi, asit dayamm gibi dzellik-
leri olan serilerimiz meveuttur.

L Flexo ve Tifdruk baskilara yonelik murekkepte yeni bir
i

Miisterilerimizin talebi
dogrultusunda PANTONE ve
RAL Kkatologlarindan her
thirlii renk ¢aliymast ve gesitli
?yumkl:lnk ozellikleri ile

ratli dzel Giretim yapilmak-
tadhir. Tiim diretimimizin Kalite
8 glivence raporlar hazr olup
b talep edildiginde miisterile-
rimize sunulmaktadir,

BUDIN AKARCA

Printing Inks Industry & Trade Ltd. Sti,

Q new brand in flexo and tiefdruck printing inks; Budin Akarca
is a0 registered trademark of BUDIN Chemieal Substances
Industry and Trade Ltd Co a reputable company with 14 years of
experience in packaging industry.

Ihe goal of our company is to meet packaging ink demonds with
certified quality production: in addition to the customer service
and technical support built on continuity  basis, for long
withstanding business relationships. Y.Billent AKARC A\, our
technical manager in charge of ink production has 35 years
experience: that is currently being combined with the most
recent production technology: taking our company mtoe the
future

Flexo paper inks in paper printing segment (for all Kinds of
wrapping paper, paper napkins, book coversete.)

-Isopropylalcohol (IPA) is used as the solvent for our polyamide
hased Mexo and tiefdruck printing inks, uvitable on PE, PP,
PN CLoalliminium foils and metal coverd films, These
product have high friction and water ressistance and are
widely used especially in PP sacks segment, where we have
alarge customer portfolio. Ink Series: PB-TA

-Isopropy! aicohol (IPA) and ethylacetate(EA) are used as the
solvent for our nitro based flexo and tiefdruck printing
inks. suitable on laminable features, water resistance, high
temperature resistance, wrinkle resistance, deep freeze

resistance, friction
resistance. Ink Series:
PP-PT-PTF-TF-TL-TD~
I'V-DF

Special production is carried

out with PANTONE and RAL
colors and various types of
reistance based on color
customers demands
Production quality assurance
certificates are also available
upon demands

Factory Adress: 10026 Sokak No:17 ATATURK Organize Sanayi Bolgesi CIGES-1ZMIR °

Phone&Fax: +90-232-328 00 84 E-mail: info@budin.com.tr © Web Page: www.
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