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I. I n t r o d u c t i o n 

N e w e n v i r o n m e n t a l regula t ions , societal conce rns , and a grovving env i ronmen ta l 
a w a r e n e s s th roughou t the wor ld have t r iggered the search for nevv p roduc t s and 
p roces ses that are c o m p a t i b l e witlı the envi ro ı ıment . Sus ta inabi l i ty , Industrial 
eco logy , Ecoef f i c i e ı ı cy , and green chemis t ry are the ııew pr inc ip les that are gu id ing 
the d e v e l o p m e n t of the next genera t ion of p roduc t s and processes . Tlıus, ııew 
p roduc t s have to be des igned and eng inee red f r o m "concept io t ı to r e inca rna t i on" 
incorpora t ing a hol is t ic " l i f e cyc le th ink ing a p p r o a c h " . T h e eco log ica l impact of 
raw mater ia l r e sou rces used in the m a n u f a c t u r e of a product and the u l t imate fa te 
(d i sposa l ) of the produc t when it en le rs the was te s t ream has to be fac tored into the 
des ign of the p roduc t . T h e use of annua l ly re ı ıewable resources and the 
b iodegradabi l i ty or recyclabi l i ty of the product is b e c o m i n g an i ınportant des ign 
cr i te r ion . T h i s has o p e n e d up new market oppor tun i l i e s for deve lop ing 
b iodeg radab le and b iobased produc t s as the next genera t ion of sus ta inab le 
mater ia ls that mee t s eco logica l and e c o n o m i c r equ i r emen t s — e c o e f f i c i e n t 
products.) 1-3) 

Curren t ly , most p roduc t s are des igned with l imited cons ide ra t ion to its eco logica l 
footpr in t espec ia l ly as it relates to its u l t imate d isposabi l i ty . Of par t icu lar concer ı ı 
are p las t ics used in s ingle-use d i sposab le packag ing and c o n s u m e r goods . 
Des ign ing these mate r ia l s to be b iodegradab le and ensur ing that they end up in an 
appropr i a t e d i sposa l sys t em is envi ro ı ımenta l ly and ecologica l ly sound . For 
e x a m p l e , by c o m p o s t i n g our b iodegradab le plast ic and paper vvaste a long vvith 
o ther "o rgan ic" c o m p o s t a b l e mater ia l s like yard, food , and agr icul tura l vvastes, vve 
can gene ra t e m u c h - n e e d e d carboı ı - r ich compos t (humic mater ia l ) . C o m p o s t 
a m e n d e d soil has benef ıc ia l e f f e c t s by increas ing soil o rgan ic ca rbon . increas ing 
vvater and nutrieııt re tent ion . r educ ing chemica l inputs , and suppress ing plant 
d i sease . C o m p o s t i n g is increas ing ly a cri t ical e l ement for main ta in ing the 
sus ta inabi l i ty of ou r agr icu l tu re sys t em [4 | . 
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A S T M , E u r o p e a n ( C E N ) , G e r m a n (DİN) , Japan (JIS) and ISO (Internat ional 
S t anda rds Organ i za t i on ) S t anda rds have been deve loped or are under deve lopmen t 
to eva lua te b iodegradab i l i ty under d i f f e r en t envi ronmet ı ta l /d i sposa l cond i t ions like 
compos t i ng , soil , mar ine , vvastevvater t r ea tment faci l i ty , and anae rob ic diges ters . 
I S O has a l so fo rmed a tcchııical commi t t ec ( I S O / T C 207 ) to add res s 
s t andard iza t ion in the field of env i ronmenta l m a n a g e m e n t and b ı ings to the 
fo re f ron t the need for industry to address how their p roduc t s and p rocesses impact 
the env i ronmen t . It is expec ted that these S t anda rds will have an impact 011 the 
industry s imi la r to I S O 9000 . T h e s e and o ther p rog rams like " R e s p o n s i b l e C a r e " 
vvill cont i ı ıue to dr ive indus t ry t o w a ı d s ecoe f f i c i en t p roduc t s like b iodegradab le 
plast ics . 

B iodeg radab l e p las t ics and b iobased produc t s based on at ınually renevvable 
agr icul tura l and b i o m a s s f eeds tocks can f o r m the bas is fo r a por t fo l io of 
sus ta inab le , e coe f f i c i en t packag ing produc t s that can c o m p e t e and cap tu re marke t s 
cur ren t ly d o m i n a t e d by produc t s based exc lus ive ly on pe t ro l cüm feeds tocks . 
B iodegradab le plast ic packag ing p roduc t s are under commerc ia l i za t ion by several 
small and m a j ö r c o m p a n i e s . 

Th i s p a p e r p rov ides a broad overvievv of the m a j ö r t echno logy d e v e l o p m e n t s to 
m a n u f a c t u r e eco -e f f i c i en t , sus ta inable , b iodegradab le packag ing plast ics 
spec i f ica l ly focus ing on the t echno log ies that this au thor has con t r ibu ted to. İn 
addi l ion , a brief s u m m a r y of evo lv ing vvorldvvide S tanda rds for b iodegradab le 
plas t ics is revievved. 

II . B i o d e g r a d a b l e Plas t ics Techno log ies 

Aliphatic polyester s and copolyesters 

O , O 

C C 0-(-CH2-}-0- - -C-J-CH2--j-C— 
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r 

terephthal ic Diol Al iphat ic diacid 

Incorpora t ion of an es ter g r o u p 011 the backbone of the po lymcr opens up the 
p o l y m e r to a t tack by nonspec i f i c es te rase secreted by soil m i c r o o r g a n i s m s and 
vvater (hydro ly t ic a t tack) . In ali probabi l i ty both enzyma t i c and hydrolyt ic 
m e c h a n i s m s ope ra t e in vary ing degrees dur ing the b iodegrada t ion process . 
Ul t imate ly the p o l y m e r c h a i n s are broken dovvn into s ınai ler molecu les , vvhich are 
readi ly assiı ı ı i lated by soil mic roorgan i sms . 
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Several biodegradable plastic film technologies based on aliplıatic polyesters and 
cöpolyesters have emerged spearheaded by Eastman Chemical, DuPont, BASF, 
Mitsui Chemicals, Showa High Polymer. The follovving figüre shows the general 

copolyester Structure. Aliphatic polyesters like poly(E-caprolactone) and polydactic 
acid) are also viable biodegradable polyesters that are being marketed. 

Hovvcver, the problem vvith these polyesters is cost and rate of biodegradatioıı. 
Reactive blending vvith Stardı ofters the advantage of cost reduction, enhanced rate 
of biodegradatioıı and the eco advantage of using a renevvable agricultural resource. 

Poly (IMCIİC acid) Polymers 
CH3 1 3 

HO-ÇH—C-OH 
O 

Lactic acid \ 

Dllacttdo 

CH, 
O-CH-Ç-O-+OH • II 

o 
PLA 

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): C(,Hı:0(, = 2C1H(lOı, AGo(25oC) = -I36kJ/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 
polvmerization) of lactic acid (a-hydroxy acid). Mitsui Chemicals (Japan) have 
successfully reported on the preparation of high molecular vveiglıt polydactic acid) 
polymer by the direct condensation route. Another route to high molecular vveiglıt 
PLA is through the dilactone of lactic acid. The attached reaction scheıııe illııstrates 
the tvvo approaches. 

The fundamental technology and engineering development for PLA polymers that 
curreııtly fornıs the basis for the 10 MM pouııd PLA plant currently operated by 
Cargıll vvas developed by us 15-7]. Witlı över 50 billion in annual sales, Cargill is 
the largest privately held company in the US. Recently, Cargill formed a joint 
venture vvith Dovv Chemical Company to manufacture and seli PLA polymers. The 
fırst commercial product, a tlıcrmoformed yoğurt cup (Dannon) has aebuted in 
Germany. 
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Stardı Esters 

St ruc tu re of S tarch Kslers 

SUrctı trlester 

R • -COCHj i -COtCH^CH) (n -210 18). maleaıe.«ucclnaıe 

The fırst starch plastics in the marketplace were starch filled polyetlıylene. They 
were only bio-disintegrable and not completely biodegradable in practical lime 
frames. Data shovved that only the surface starch biodegraded leaviııg behind a 
recalcitrant polyethylene material. Products made from these resins do not meet the 
criteria of complete biodegradability in defıned disposal systems (like composting) 
and withiıı the operational time frames of the disposal system 

Modifıcation of the starch -OH groups by esterification ehemistry to form starch 
esters of appropriate degree of substitution (1.5 to 3.0 ds) imparts thermoplasticity 
and water resistance [8], Unmodifıed starch shovvs no thermal transitions except 
the onset of thermal degradation at around 260 "C. Starch acetate of ds 1.5 shovvs a 
sharp glass transition at 155()C an 1 starch propionate of same ds had a Tg of 128UC. 
Plasticizers like glycerol triacetate and diethyl succinate are completely miscible 
vvith starch esters and can be used to improve processability. Water resistance of 
the starch esters is greatly improved över the unmodifıed starch. The starch ester 
resin reinforced vvith biofibers |9] has properties comparable to general-purpose 
polystyrene (see Table belovv). 

EverCorn Inc., a Michigan company is commercializing biodegradable plastics 
based on starch esters and blends [10] of starch esters vvith aliphatic polyesters. 
Appropriately formulated starch esters vvith plasticizers and other additives provide 
resin compositions that can be used to make iııjection molded products and for 
direct lamination onto Kraft paper. Starch acetates up to ds=2.5 undergo complete 
and rapid bi »degradation. In the case of starch triacetates, 70% of the carbon is 
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converted io C 0 2 at 58°C in 45 days |11], National Slarch & Chemical offer 
iııtermediate ds starch esters for biodegradable plastics applications. 

Although, properties of the starch ester resin are comparable to polystyrene, and 
can b e in ject ion m o l d e d in cyc le t i m e s comparab le lo polystyrene, l w o prob lems 

surface. Cost, and in some applications, vveight because of its higlıer density. İf one 
could effectively foam the product in an extrusioıı or injection molding operation, 
less material vvill be required and so the cost per article vvould be less. This vvould 
be true for ali biodegradable plastics. Therefore, generic process technology to 
make biodegradable foam plastics vvould be very useful in the effort to successfully 
commercialize biodegradable plastic products. 

Starch Foanı Technology 
National Starch & Chemical in a series of patents 112,13] disclosed the preparation 
of foamed loose fil 1 packaging material based on slarch vvhich has the resilience 
and compressibility of PS. The material used is high amylose corn starch vvith 70% 
aıııylose content. The high amylose corn starch vvas modified using propylene 
oxide (about 0.5 % degree of substitution, up to 10% by vveight) and vvater is used 
as the plasticizer and blovving agent. The process is conducted in a tvvin screvv 
extruder vvith appropriate screvv elements and using an annular die. We have been 
vvorking in the development and further improvemeııt of the loose fiil packaging 
material and extendiııg it to produce sheets and other shaped articles. 

This year, in conjunction vvith us, a Michigan based small business, KTM 
Iııdustries/KidTech Tools, is cleverly exploiting the lightvveight, ııon-toxic, vvater 
vvetable adhesive property of the extrusion foamed starch articles in the toys 
(construction materials), educational, games, arts & crafts for children. It's first 
product a nuılti-colored foamed noodle under the trade name "Wet N' Set Magic 
Nuudles" is being sold in spcci^lty toy and teacher supply stores in the United 
States and vvorldvvide (visit vveb site www.vvetnset.com). its iııitial reception by the 
schoolteachers' community has been tremendous. The ability to create and 
construct slıapes and objects, using a completely safe starch material and vvater as 
the binder (glue), opens up tremendous opportuııily for developing educational 
building modules. Special education students, and elderly adults would fınd this 
material very useful and educational 

Starch-poly(e-caprolactoııe) blend technology [14-17] 
This reactive blend technology was developed by us for biodegradable film 
applications like lawıı & leaf collection compost bags, agricultural mulctı film ete. 
The technology involves the following steps: 
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• Preparation of thermoplaslic starch -- Plasticization of the starch in a tvvin 
screvv eytruder with appropriatc screw elements [15, I7| using glycerol as the 
plasticizer with little or no vvı ter in a co-rotating twin screw extruder. 

• Polymerization (REX) of epsiloıı caprolactoııe directly in an extruder vvith 
residence times of 2-3 minutes, to provide a novel, multi-arm, branched 
polycaprolactoııe polymer lıaving M„ values greater than 100,000 and Mw 

values around 300 to 400,000 using Aluminium trialkoxides as catalyst 117|. 
CommeHalIy. PCL is produced using a batch process with a residence time of 
around 4 hours. 

• Dovvn stream compounding of the nevv, branched polymer by reactive blending 
vvith thermoplaslic 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 tvvo 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 tvvo extruders in a T confıguration has been developed. 

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

III. Standards For Biodegradable Plastics (18) 
When industry began implementıng approaches to design biodegradable plastics 
and products, questions about the practicality, efficacy, and the effects of such 
products on the environment vvere raised. The U.S. Federal Trade Commissiotı 
(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 vvaste 
management practices. Verification of degradability claims and environmental fate 
and effects of the nevv degradable products using acceptable vvell-defined testing 
protocols vvere lacking. 

Several companies introduced starch filled (6-15%) polyolefins that vvere 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 (DİN), Japan (JIS)) and the 
International Standards Organization (ISO) to evaluate and quantify 
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biodegradability under different environmental/disposal coııditions like 
composting, soil, marine, wastewater treatment facility, and aııaerobic digesters. 
The Standards are in harmony with eaclı other and there are no majör differences 
betvveen them. It is expected that the ISO Standards vvill bring ali these Standards 
together und provide glubully acccplablc Standards. Ccrtification and logo schemes 
based on these Standards are in place. 

IV. AS I M (LISA) 
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 vvas the promotion of 
knovvledge, and the development of standards (classifıcation, guide, practice, test 
method, terminology, and specification) for plastics, vvhich are intended to 
environmentally degrade. One hundred and seventy plus members representiııg a 
broad spectrum of interests ranging from producers, converters, users, consumers, 
and general interest joined the subcommittee. Industry. government, academia, and 
national laboratories vvere represented on the subcommittee. 

A majör mibstone vvas met vvith the approval of the "Standard Specification for 
Compostable Plastics" 1)6400-99. This Standard establishes criteıia 
(specifıcations) for plastics and products made from plastics to be labeled 
compostable. It establishes vvlıether plastics and products made from plastics vvill 
compost satisfactorily, including biodegrading at a rate comparable to kııovvn 
compostable materials. This specification is comparable to vvhat is being developed 
by CEN (European Committee for Standardization) in Europe today, and in 
harmony vvith the German Standard (DİN 549(M)), 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 identifıcation of plastics that vvill 
biodegrade and compost satisfactorily. 

V. European Standards (CEN, I)IN) 
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 D6(K)2. 
except that it has pass/fail specifıcations built into it. The key specification is the 
requirement of >90% biodegradability for blends, copolymers ete., 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 vvill have to pass the DİN 54900. This is 
similar to the CEN standard and is a three tiered testing protoeol (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 DİN 
Standards Orgatıization) would be needed - third part validation. 

VI. International Standards Orgaııizatioıı (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 vvith the 
ASTM, CEN (European), and DİN (German) Standards. Several Standards have 
issues and more are under development. The issued Standards are: 
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PLASTİKLEŞTİRİLMİŞ PVC FİLMLERİNDEN DOP 
GÖÇÜ 

PLASTICIZER MIGRATION FROM PVC-DOP FİLMS 
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Abstract 
Plasticizer loss from plasticized polyvinyl chloride(PVC) is of importance for botlı 
ıhe degradation of material itself and the contamination of the material which is in 
touch with it, by the plasticizer. Both aspects were investiated vvithin this study and 
60 and 120 micron fılms which vvere prepared plasticizing PVC vvith dioctyl 
phthalate(DOP) vvere heated for gelation al 160°C for varying times. The vveight 
loss dııriıı heating mainly originates from the evaporation of the plasticizer. Besides 
DOP. the other liquid component vvhich is used as thermal stabilizer, epoxidized 
soy bean oil (EPSO) also migrated. Migration of plasticizers from fılms to n-
hexane vvas investigated through the UV and İR analyses on the solvent and the 
fılms. 

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

Özet 
Plastikleştirilmiş Poli-viııil klorür(PVC)'den plastikleştiıici kaybı, gerek 
malzemenin kendi özelliklerinin bozulması, gerekse göçen plastikleştiricinin 
değme durumundaki malzemeyi kirletmesi yönüyle önem taşır. Bu çalışmada 
plastikleştirici göçü her iki yönden araştırılmış, bu amaçla 60 ve 120 mikron 
kalınlıkta hazırlanan, dioktil ftalat (DOP) ile plastikleştirilmiş PVC filmler 
160°C'de, jelleşme sağlamak üzere değişen sürelerle ısıtılmıştır. Isıtma sürecindeki 
ağırlık kaybı başlıca uzaklaşan plastiklcştiriciden kaynaklanmaktadır. DOP'un yanı 
sıra diğer sıvı bileşen olan. ısıl kararlı kılıcı olarak kullanılan epoksidize soya 
yağının da (EPSO) göçtüğü gözlenmiştir. Bu filmlerden yapıda kalan 
plastikleştiricinin ekstraksiyonda n-hegzan içine göçü, filmlere ve çözücüye 
uygulanan UV ve IR analizleri ile araştırılmıştır. 
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I. G i r i ş ve Aınaç 

Ambalaj, gıdayı istenmeyen çevre koşullarından, dış ortamla fiziksel ve kimyasal 
etkileşimden, vb. koruma olanağı sağlar, gıdanın taşınması ve tüketiminde olumlu 
katkılar sağlar. 

PVC (polivinil klorür), plastikleştirilmiş şekilde ambalaj uygulamalarında, 
yiyecek, kan veya başka bir çözücüyle temas halinde bulunabilir. Bu koşullar 
altında, plastikleştirici, temas ettiği sıvıya göç edebilir ve bu göç sonucu, gıdanın 
kimyasal yapısında zararlı etkileşimler, gıdanın görünüm ve kalitesinde kayıplar 
gözlenir. Diğer tarafta, özellikle plastikleştiricileriıı kendisinden göç ettiği 
plastiklerde, sadece daha zayıf mekanik özellikler ve görünümde bozulmalar 
görülmüştür. 

Plastik göçünün gözlendiği katı-sıvı sistemlerde plastikleştiricinin sıvıya göçü ile 
sıvının plastik içine ilerlemesi eşlik eder. Yayınma süreci, hareketli sınırda 
yayınına problemi türündedir. PVC plastisol, l^ıru ve daha küçük PVC 
parçacıklarının plastikleştirici içinde dağıldığı bir sistemdir. Ancak içinde I0pm3 

topaklar da bulunabilir. Etüvde jelleşme sürecinde yaklaşık 160üC'de, 
plastikleştiricinin PVC içine yayınması süreci, jelleşme olarak tanımlanırf 1 ]. Oda 
sıcaklığında plastisol beyaz ve opaktır. Camsı geçiş sıcaklığı üzerinde ısıtıldığında 
PVC moleküllerinin ara boşlukları plastikleştirici ile dolar ve yarı saydam bir yapı 
oluşur. 

>Audounin ve ark. [2], 85-120°C'de PVC'den plastikleştirici göçünün Fick yasasına 
uyduğunu gözlediler. Bu çalışmalarında yüzeyde bir plastikleştirici-zengin fazın 
varlığını saptadılar. Bu sıcaklıklarda yaşlandırılmış filmlere uyguladıkları uzama 
gerilimi testlerinde yaşlanma ve plastikleştirici kaybına bağlı olarak uzamanın 
azaldığını belirlediler. Plastikleştiriciden ağırlık kaybının kritik bir değere 
yaklaşması durumunda mekanik ve elektriksel özelliklerin çok değiştiğini, 
başlangıçta elastik olan malzemenin caıusılaştığını gözlediler. Papaspyrides [3] dc 
özellikle hafif yağlara yüksek oranda plastikleştirici göçü durumunda benzer 
gözlemler yaptı. Ayrıca göç sırasında poliıner yapısında oluşan ve yapıyı daha sıkı, 
daha düzenli hale getiren değişimler olduğunu ve bunun içeri giren sıvının 
desorpsiyonıınu yavaşlattığını kaydetti. 

Messadi ve ark. |4], DOP'utı PVC'den n-lıeptan ve fıstık yağına göçünü ve sıvıdan 
PVC'ye göçü incelediler ve bu karşı-yayınma olayının sıvının PVC' içine girmesi 
ve PVC'den sıvı ortama yayınma şeklinde iki aşamalı olduğunu, bunun sonucunda 
PVC'de opaklaşıııa gözlendiğini rapor ettiler. Göçen maddelerin saptanmasında 
spektroskopik yöntemlerden yararlanılabilir. Gortseva ve Kofanov [5], DOP'un 
yayınına yansıma elektron spektrumunda 236 ve 276 nm' de bandlar verdiğini ve 
236 nm bandının PVC'den sulu çözeltilere geçen ftalatların saptanmasında 
kullanılabileceğini gösterdiler. 
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Ambalaj malzemelerinde plastikleştirici göçünü önlemek için bir yöntem, 
malzemeyi kısa süreli olarak bir çözücüye daldırıp çıkararak yüzeyden 
plastikleştiriciyi uzaklaştırmak ve filmin yüzeyinden merkeze doğru artan bir 
plastikleştirici derişim prof111 oluştıırmaktır[6]. Daldırma süresinin saptanmasında 
plastikleştiricinin yayınırlığı önem taşır. 

Plastikleştirici göçü çalışmalarında literatürde çeşitli sıvılar kullanıldığı 
görülmüştür. 

Bu çalışmada Aboutaybi ve ark.'ın [7] kullandığı ve Food and Drug Administration 
tarafından sıvı gıda maddelerine benzeştiği belirlenen n-hegzan kullanılmış, göç 
olgusunu incelerken onların kullandığı modelden (F,şitlk-I) yararlanılmıştır. Bu 
model Fick yasasına uyan taşımının kısa zaman değerlendirmesi ile etkin yayınına 
katsayısının bulunmasını sağlar. 

M,/M~= 4/d*(Dt/TI)0'5 Eşitlik-1 

Denklikte M,/M„, t anındaki ağırlık kaybının sonsuz zamandakine oranını, d film 
kalınlığını, I) etkin yayınma katsayısını belirtir. 

Plastikleştiricinin gerek film içinde, gerekse sıvı fazda saptanmasında 
spektroskopik yöntemlerden yararlanılmıştır. 

II. Araç, Gereç ve Yöntem 
PVC plastisoller, PVC nin (Petkim 38/74) 60phr DOP(Sankim), 5 phr EPSO 
(Akdeniz Kimya, Akstab, Alpex 5.6), 2.75plır kalsiyum stearat (Merck) ve 
0.275phr çinko stearat (Merck) ile karıştırılmasıyla hazırlandı. Plastisol içinde 
hapsolan hava vakumla uzaklaştırıldı. Plastisollerden, Shcen marka film aplikatörü 
ile cam üzerinde, ASTM D823'e göre hazırlanan 60 ve 120 mikron kalınlıktaki 
filmler 160°C'ye ısıtılmış hava dolaşımlı fırında (FN 500, NÜVE) değişen 
sürelerle jelleştirme amacıyla ısıtıldı. Bu filmlerin ısıl işlem sırasında ağırlık kaybı, 
çeşirtli zaman aralıklarında filmlerin tartılması ile izlendi. Filmlerden soksilet 
ekstraksiyonunda ile n-hegzan içine göçen plastikleştirici ise hem filmlerin ağırlık 
kaybı ile, hem de spektroskopik olarak incelendi. Filmlerin infrared spektrumları 
doğrudan, sıvıların ise KBr disk üzerine damlatılarak, yüzde geçirgenlik olarak 
alındı. Çalışmada Shimadzu İR 470 ve Jasco 7800 UV-görünür 
Spektrofotoıuetreler kullanıldı. 

III. Bulgular ve Tart ışma 
Isıtma süresi-arttıkça ekstraksiyonda İlimlerden ağırlık kaybı Tablol 'de görüldüğü 
gibi azalmaktadır. Bunun nedeni ısıtma sürecinde jelleşme ilerledikçe yapıdan 

5 5 3 


