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China’s modern packaging industry has made rapid development since China
carried out the policies of reform and opening to the outside. With the development
of domestic trade, especially that of import and export business, the government
began to realize that the backward of China’s packaging industry deeply affected
the development of national economy, and, in particularly harmed the export trade.
According to the statistics of China’s packaging industry, the annual loss at that
time exceeded RMB 10 billion yuan due to the bad package and problems in the
circulation.

To change this situation and accelerate the development of packaging industry,
Chinese government dispatched delegations investigated the foreign packaging
industry and proposed the new thoughts of development, that was to set up
industrial organization, instead of the traditional administrative department, to
enforce the management of packaging industry. With the approval of the State
Council, the China Packaging Technology Association was founded in 1980 with
the first members came from relative government departments, representatives
from packaging enterprises all around the country and professionals on research
and teaching of package. Mr. Qiu Chunpu, the Deputy Director of National
Economy Committee, took the position of the president. Later on some packaging
companies were set up as a department of every ministry. Other measures taken to
promote the development of packaging industry included making developing
program after deep investigation, putting in more investment, introducing advanced
technologies, renewing producing equipment, exercising professional training and
SO on.

With the sustained efforts of the past 20 years, great changes happened in Chinese
packaging industry and the quality of packaging product improved a lot, matching
the advanced international level in many aspects. Today you can find all kinds of
commodities and their various packages in China’s markets and supermarkets. The
foreigners are sometimes marveled at them. Every kind of commodities appear in
the markets in North America and Europe, which might be bought back
occasionally by Chinese travelers as foreign products.
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“Package™ became a word in fashion in China with the realization of socialist
market economy and packaging industry was taken as a rising industry, coinciding
with the popular international idea of “package as a principal part of economy”.
Although there are ferocious competition in Chinese packaging industry, problems
like “over-packaging™ and other factors restricting the development of packaging
industry, the conspicuous development of Chinese packaging industry is an
indisputable fact.

The total output value of Chinese packaging industry was RMB 7.2 billion yuan in
1980, RMB 9 billion yuan in 1982, RMB 97.9 billion yuan in 1994, and reached
RMB 178.9 billion by the year 1998. The output value increased 24 times within
18 years with an annual increase rate of 19%. (Refer to Table 2.1)

Table 1-Growth of the output value of Chinese packaging industry

Billion yuan

1982 1990 1994 1995 1996 1997 1998
Output Value 9.0 454 97:9 1152 1396 1642 1789

Source: China Packaging Yearbook 1983-1999

The staff of packaging industry was 890,000 in 1982, 1,800,000 in 1994, and grew
to 2,510,000 in 1997. The people-owned packaging companies over county level
numbered 2,555 in 1982. In 1994 the number of packaging companies of all kinds
of ownership was 12,000 and increased to 17,600 in 1997.

The total output value of packaging industry accounted 1.09% of the gross market
value of industry and agriculture in China. Compared to such a ratio of over 2% in
developed countries, it meant the packaging products provided at that time could
not fully meet the demand of industrial and agricultural production. This figure
grew to 1.57% in 1994 and 2.05% in 1996, representing the fundamental change of
packaging industry’s status in the national economy. Chinese packaging industry
has the capacity to provide enough packaging products for the country’s industrial
and agricultural production. Table 2 and 2 list the output of China’s major
packaging products.
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Table 2-Output of major packaging products

‘000 tones
1982 1990 1994 1995 1996 1997 1998

paper product 960 3360 4654 6423 8353 9657 12921
plastic containers 380 870 1712 2026 2437 2665 3099
metal containers 240 690 1250 1432 1617 1674 1503
glass containers 1580 4440 6335 6089 4436 4236 4099

Source: China Packaging Yearbook 1983-1999

Table 3- Output of packaging machinery in China

‘000 unit
1982 1990 1994 1995 1996 1997 1998

packaging machinery  35.2 165.6 2584 302.8 348.8 361.4 409.1
Source: China Packaging Yearbook 1983-1999

Up to now, soe of China’s packaging products like plastic wove bag, paper
bucket and bag, plastic bag, compound soft package and metal barrel top the world
in output and partly are exported. The packaging industry shoulders ‘the task of
packaging domestic commodities valued thousands of billions RMB and export-
oriented commodities valued hundreds of billions US dollars and can basically
meet the demand of development of national economy. The rate of growth of
China’s packaging industry has always exceeded that of the national economy in
the past 20 years starting from 1980. This showed that the development of market
economy created strong stimulus to and large demand to the packaging industry.
Also it means that, comparing to other industries of the national economy, there
remains enormous space for the development of packaging industry in China.

With its healthy growth, the industrial and product structure change consistently.
The principal position of public ownership (state and collective ownership) doesn’t
change although its percentage in packaging industry lowered a bit. More and more
collective-owned enterprises (mostly those in towns) involved in packaging and
grew rapidly. Share-holding economy and other economic forms made rather
obvious progress while collective economy and “three investments”(joint ventures,
foreign-invested and multi-invested ventures) grew to some extent. The percentage
of state-owned economic asset in packaging industry is obviously higher than that
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in national economy. (Refer to Table 4) Please refer to Table 5 for the change of
percentages of the major sub-industries in packaging industry.

Table 4- Situation and changes of economic structure in packaging industry

By output value (%) By work staff(%) By total asset(%)
1997 1996 1995 1997 1996 1995 1997 1996 1995

State-owned 2663 29.83 39.56 31.07 3389 4473 28.21 3045 3833
Collective owned 40.50 4347 41.05 4721 4899  45.26 3891 41.60  38.55

Shareholding 6.42 3.87 1.92 5.93 2.76 1.63 6.32 5:12 2.92
Three investments 19.89 17.61 15.22 7.97 6.82 4.35 20.92 19.61 8.32
Other economies 6.56 5.22 2.25 7.82 7.54 4.05 5.64 3.22 1.87

Source: China Packaging Director 1998-1999

In recent years the popular developing strategy of conglomeration also has its
influence in packaging industry. Faced with the more ferocious competition in
market, some packaging enterprises changed their views actively and founded
groups in various forms to gain the market with joint efforts. Some rather large
packaging groups appeared in Guangdong, Zhejiang and Shanghai, etc. For
example, Jialong Packaging Machinery Group in Zhaoging, Guangdong, originally
a state-owned machinery builder of over 40 years began to produce single-covered
corrugated paper machine in 1980s and changed the operating system in the 1990s.
After the establishment of Group Company, it promoted technology advances and
achieved more market shares. Now its products covered 38% of Guangdong
province and earned foreign exchanges of USD 2,500,000 (2.5 million) each year
through exporting.
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Table 5- Structure of Sub-Industries in Packaging Industry

Percentage of output value(%)  Percentage of total asset(%)

1997 1996 1995 1997 1996 1995

paper 25.97 28.84 26.74 2527 27152 24.61
package

plastic 27.31 26.49 26.54 25.83 2440 24.22
package

metal 9.79 10.60 9.94 10.09  11.07 11.44
package

glass package 5.25 6.37 7.49 5.16 5:53 8.16
packaging 7.85 7.45 8.42 8.58 10.09 11.14
machinery

Source: China Packaging Director 1998-1999

Paper and plastic packaging are the two pillars of packaging industry, accounting
to over 50%. The annual rate of increase of paper packaging product exceeds 30%
and plastic ones over 20%. Challenged by the plastic packaging containers, the
sales and output value of glass packaging product continuously went down since
1994.

If seen by regional distribution and development, the development of Chinese
packaging industry appears unbalanced situation due to the differences of regional
economic developments. In the eastern area, the most developed and vigorous part
of China, packaging industry is most centralized and fastest grew here. By the
economic structure of enterprises, state-owned enterprises account higher
percentage in the mid and western areas while enterprises with “three investment”
and other economic component take higher percentage in the eastern area. To
accelerate the development of packaging industry in mid and western areas is one
step necessary to the future development of China’s economy.

The equipment of China’s packaging enterprises improved greatly. During the third
national survey of industry in China in 1995, the packaging industry made
investigations of packaging enterprises whose annual sales income surpassed RMB
I million. According to survey of the production equipment in paper packaging,
metal packaging, package printing and so on, imported equipment accounted for
5.37% and domestic made, 94.63%. Table 6 is the ratio of the manufacture time of
the equipment.
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Table 6- Ratio of Manufacture Time Of Packaging Equipment

(y()
in 1990s in 1980s before 1970s

All the equipment 76.45 18.22 5.33
Of which: imported ones 25.56 37.72 36.72
Domestic made 79.33 107:12 3.55

Source: China Packaging Yearbook 1998

To encourage the introducing of advanced and applicable technology and
equipment, the government adopted open and tentative import tax rate to that
principal equipment which China could not produce. The average tax rate is 7.7%,
9.1% lower than the regulated tax rate.

The engineers and technicians in China’s packaging industry are far less than those
in other industries, which greatly restricted the advancement of technological level
and development of new product. In 1995, there were 35,600 engineers and
technicians in large and middle-sized packaging enterprises, accounted for 5.63%
of the total staffs, which was higher than the 4.65% in small enterprises. There
were 281 technology developing units and 12,700 research workers which was
0.51% of the total staff. Expenses on technological development input that year
was RMB 683 million yuan, 1.5% of the sales income that year. 43.48% of the
expenses, that was RMB 297million yuan were spent on the new product
development. 1930 technological developing projects were completed within the
year. The sales income of new packing products in 1995 was RMB 4.546 billion
yuan, 9.97% of the total sales, and the profits and taxes made for them were RMB
554 million yuan, 13.6% of the total profit and tax income of packaging industry.

In 1995, the total net profit of packaging industry was RMB 5.948 billion and the
total loss was RMB 3.408 billion. The profit rate of sales income was 1.92% and
the profit rate of total asset was 4.86%.

In 1995, there were 2516 packaging enterprises with “three investment™ in China
which had staff of 248,800 and produced an output value of RMB 32.894 billion.
Among them, 64.31% was companies invested by Hong Kong, Macao and Taiwan
and 35.69% was foreign invested. There were 69.19% joint ventures, 13.26%
cooperated and 17.55% sole-owned companies. By the end of that year, the
contracted investment totaled RMB 14.862 billion yuan of which 94.32%, RMB
14.018 yuan were in the eastern area. As for the actual investment, RMB 959.9
million were from Hong Kong, Macao and Taiwan, accounted for 42.70%; RMB
389.6 million yuan were from foreign investors, accounted for 17.33%; and RMB
867.6 million were domestic investment, accounted for 38.60%. The distribution of
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“three investment™ enterprises in sub-industries are listed as it follows: 31.75% on
paper packing, 29.53% on plastic packing, 22.21% on metal packing, 2.47% on
glass packing, 0.91% on packaging machinery and 13.13% on others.

I. Laws And Regulations, Standards And Quality Certification Of
Packages

There is no state-drafted law on packaging in China. The Administrative

Regulation on Packages formulated by the National Economy and Trade

Committee and The Administrative Regulation on Prevention of Environmental

Pollution by Plastic Product formulated by the National Environmental Protection

Bureau are still in drafting.

The standards of packages in China consists of three levels: national level, trade
level and enterprise level, of which the former two were worked out by the
National Technology Supervising Bureau. As regulated by The Law of
Standardization of China, national and trade standards are divided into compulsory
and recommended ones. Those to ensure the health of human being, the safety of
human and property and to be enforced are compulsory standards and others are
recommended ones.

According to statistics at the end of June in 1997, there were 678 national standards
on packaging and 28 others related to packaging, of which 68 were compulsory
ones. A rather perfect system of packaging standards had been formed basically.
Table7 lists the classification of national standards on packaging.
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Table 7- Classification of National Standards on Packaging

Classification Numbers
Guide to the standardization of packaging 1
Terms of packaging 6
Sizes of packaging )
Signs of packaging 6
Testing measures of transportation packages 24
Packing technology 6
Management of packaging 10
Packing materials 109
Testing measures of packing material 161
Packing container 69
Testing measures of packing container 13
Package printing 6
Packing machinery 16
Equipment for packing experiments 9
Product package 48
Product package, sign, transportation and storing 89
Others 8
Related standards 20
Total 606

Source: Collection of China Packaging Standards 1997

China adopted international and foreign advanced standards since 1980s. Of the
publicized 58 fundamental standards, 44 were international and foreign standards,
accounted for 67%, and the other 14 equaled the level of similar international
standards at the end of 1980s or the beginning of 1990s.

The supervision and inspection of packaging quality developed in depth. As
regulated by The Law of Product Quality of China, the National Technology
Supervising Bureau shoulders the responsibility of supervising and managing
product quality over the country. Every department of the State Council is
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responsible for the supervision and management of product quality within its
defined duties.

With the approval of National Technology Supervising Bureau, 6 national
institutes for supervising and inspecting packaging quality were founded. (See
Table 8) Similar institutes were also founded in some ministries, provinces and
cities, e.g. Institute of Packaging for China’s Export Commodity in the Foreign
Economy and Trade Ministry, No. 54 Institute of the North Industrial Company,
Institute of Standardization of the National Engineering Industry Bureau, Institute
of Standardization on the Information Industry Ministry, Institute of Packaging of
Hunan Province, Institute of Packaging of Chongqing City and so forth.

Table 8- National Institutes For Supervising And Inspecting Packaging
Quality

Title Place
China Testing Center of Packaging Science Tianjin
Dalian Product Quality Supervising and Inspecting Institute Dalian

Shandong Product Quality Supervising and Inspecting Institute Jinan
Chengdu Product Quality Supervising and Inspecting Institute Chengdu
Guangzhou Product Quality Supervising and Inspecting Institute ~ Guangzhou

Gansu Product Quality Supervising and Inspecting Institute Lanzhou

Source: Report of Packaging Standard Committee of CPTA

China started the certification of ISO9000 and ISO 12000 according to The
Regulation on the Management of Product Quality Certification of China in order
to improve the quality of Chinese packaging product as well as its credit and to
promote international trade. The National Technology Supervising Bureau controls
the quality certification all over the country and the Trade Certification Committee,
licensed by the bureau, implements the procedures.

With the approval of National Technology Supervising Bureau and National
Economy and Trade Committee, China Packaging Production Quality Certification
Center was founded in 1998, who undertook quality certification of packaging
products made from paper, plastic, glass, metal and wood as well as related
packaging machinery. Product passed the quality certification can bear the certified
sign on it and can get international mutual certification.
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II. Education of Packaging

The strategic task of education of packaging in China is to carry out the quality
education of the packaging staffs, including advancement of educational level and
technical training, from traditional school education to life education. Now there
are 21 colleges opened the subject of packaging engineering (see Table 9) and
educated over 1,000 students each year. Two sets of textbooks on packaging were
published. Those published in the second sets including Structure Design and
Manufacture of Packaging Container, Packaging Management, Packaging
Materials, Packaging Printing and Introduction to Packaging Machinery. Those to
be published are Automatic Control of Packaging, Testing Technology of
Packaging, Packaging Technology, Transportation Packaging, and Auxiliary
Design in Packaging, Decorating Design in Packaging and Packaging Machinery.
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Table 9- Chinese Colleges With Packaging Engineering Subject

Title

Subject

Place

Zhuzhou Institute of Technology

Xian Science & Technology Univ.

North-western Light Industry College

Yuzhou Univ.

Sichuan Industry Univ.
Southwestern Agriculture Univ.

Kunming Industry Univ.
Guangdong Industry Univ

Nanchang Univ.

Fuzhou Univ.

Shanghai Univ.

Wauxi Light Industry Univ.

Hubei Industrial College

Zhengzhou Univ.

Beijing Printing College
Tianjin Light Industrial College
Thanjin Business School
Packaging School of Jilin Univ.

Heilongjiang Business School

Dalian Light Industrial College

Anhui Machinery & Electricity College

Packaging engineering
Decorative design
Industrial design

Packaging engineering
Decorative design

Packaging engineering
Packaging engineering,
Decorative design

Packaging engineering
Packaging engineering

Decorative design
Industrial design

Packaging engineering,
Decorative design
Industrial design
Packaging engineering
Packaging engineering
Packaging engineering,
Decorative design,
Industrial design
Packaging engineering,
Decorative design
Packaging engineering
Packaging engineering
Decorative design
Packaging
Decorative design

engineering

Packaging engineering
Decorative design

Packaging engineering
decorative design

Packaging engineering
Packaging engineering

Packaging engineering

Zhuzhou, Hunan Province

Xian, Shaanxi Province

Xianyang, Shaanxi rovince

Chongqing

Chengdu, Sichuan province
Chongqing

Kunming, Yunnan province

Guangzhou, Guangdong
proves.

Nanchang, Jiangxi province
Fuzhou, Fujian province
Shanghai

Wauxi, Jiangsu province

Wuhan, Hubei province

Zhengzhou, Henan province

Beijing
Tianjin
Tianjin
Changchun, Jilin province

Harbin, Heilongjiang proves.
Dalian, Liaoning province

Wuhu, Anhui province

Source: Report of Packaging Education Committee of CPTA

II1. Major Periodicals on Packaging
The main publications on China’s packaging industry include:
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China Packaging News

five issues a week, 4 pages of 2 mo in each issue. 8 pages on Monday.

Address: 4/F, Building 6, Yafang Yuan, West Part of Shangdi Info-Industrial Base,
Haidian District, Beijing 100085

Tel: 010-62977169 62977181 Fax: 010- 62977177

China Packaging Magazine

BI-month periodical from 1981. 130 pages in large 16mo, about 200,000 characters
Address: 20A, Dong Huangchenggen Beijie, Beijing 100010

Tel: 010-64057024 64036046 Fax: 010-64036046

Packaging World
Seasonal periodical. 80 pages in large 16mo.

Address: 7/F, Eastern Tower, Joint Building of Provincial Planned Economy
Committee, No. 19, Jiulian Village, Shengfu Road, Hangzhou 310007, Zhejiang
province

Tel: 0571-5111363 5111211 Fax: 0571-5112192

China Packaging Yearbook

Published in the fourth season of each year since 1981. Hardcover, 600 pages in
16mo, about 1,000,000,000 characters.

Address: 4/F Building 6, Yafang Yuan, West Part of Shangdi Info-Industrial Base,
Haidian District, Beijing 100085

Tel: 010-62977171 Fax: 010-62977177

Abstracts of Foreign Articles on Packaging
Address: 4/F, Building 6, Yafang Yuan, West Part of Shangdi Info-Industrial Base,
Haidian District, Beijing 100085

Tel: 010-62977190 Fax: 010-62977177

China Packaging Industry

Address: 4/F, Building 6, Yafang Yuan, West Part of Shangdi Info-Industrial Base,
Haidian District, Beijing 100085

Tel: 010-62977180 Fax: 010-62977177
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Plastic Packaging
Address: B-26, zhanlanguan Road, Xicheng District, Beijing 100085
Tel: 010- 68362472 Fax: 010-68362460

Aerosol Communication
Address: 225 Jugian Road, Chang Zhou, 213003

Tel: 0519-6609888 Fax: 0519-6609888

E-mail: aerocomm @ public.cz.js.cn

IV. Prospect and developing program

Under the guidance of national developing program, the government formulated
the developing program of national packaging industry in the “ninth five-year
plan” and its prospected developing goal by the year 2010. Refer to Table 2.110
and Table 2.11 for the major economic targets and output of major products.

Table 10- Major Economic Targets By The End Of “The Ninth Five-Year
Plan” and The Year 2010

Accomplishment Estimation of 2000 Estimation of
In 1995 Planned amount Growth Planned amount
rate Growth rate
RMB Billion yuan RMB Billion yuan % RMB Billion yuan %
Output value 1.15:2 184.4-193.0 10-11 440 9
Profit and tax 8.66 12.9-13.5 9-10 28 8
Industrial increase 2073 34.5-37.0 9-10 76 8

Source: China Packaging Yearbook 1997
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Table 11- Output Of Major Packaging Products By The End Of “The Ninth
Five-Year Plan” And The Year 2010

‘000 tonnes
Accomplishment Estimation of 2000 Estimation of
In 1995 Planned amount Growth Planned amount
rate Growth rate
‘000 tonnes ‘000 tonnes % ‘000 tonnes Ye
Paper product 642 880-920 9-10 1900 8
Plastic product 202 320-335 11-12 760 9
Glass product 608 897-940 6-7 1600 6
Metal product 137 220-230 10-11 475 8
Packaging 30.28 52-55 11-12 135 10
machiner*

*10,000 unit(set)

Source: China Packaging Yearbook 1997

Here follows the highlights of development in packaging industry in future.

Paper packing product: to develop the processing technology of paper such like
printing, mould cutting, mould forming of corrugated paper board. We encourage
the way of ** centralized board making and scattered case making” in producing
corrugated paper board cases, that is, to set up some small enterprises who buy
finished corrugated paper board from the product lines and make them into cases
instead of producing paper board themselves. That way can fully utilize the product
line of corrugated paperboard, save investment and realize the centralized
production of paperboard cases in large scale.

Plastic packing product: to develop strong and easy to recovered products like
film of BOPP, BOPET, BOPS, PVDC, EVOH, PA and compounded product; to
strengthen the supply of raw materials and improve the quality of granular plastic.

Glass packing product: Try to reduce the cost of resources and advance the
strength of the product. We should improve the manufacturing level of mould and
the smooth finish of the mouth of the bottle, encourage the lower of the ratio of
unit weight and speed up the development of light bottle with thin wall and small
amount of special-shaped bottles.

Metal packing product: to increase the supply of tinplate and improve the quality
of domestic made aluminum board and material. We should base on the domestic
productivity and develop new raw materials.
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Packaging machinery: We encourage the technology of powered-machine and
automatic control. The quality of universal spares and fittings and the outside
design and processing level must be improved. More attention should be paid to the
internal manufacture and complement of the compound, multi-color printing

equipment and the processing equipment of corrugated paper cases.
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AMBALAJ MALZEMESINDE YENI YAKLASIMLAR:
DOGADA PARCALANABILEN POLIMERLER

A NEVW CONCEPT IN PACKAGING MATERIALS:
ENVIRONMENTALLY DEGRADABLE PLASTICS

. Erhan Pigskin Hiilya Yavuz
Hacettepe Universitesi Kimya Miihendisligi Boliimii, 06532 Beytepe,
Ankara

Abstract

Plastics use is increasing rapidly especially in developing countries. It is estimated
that total polymer production in the World will reach to 350-400 million tonnes.
Use of plastics in packaging industry is one of the biggest share in the total
consumption. High production therefore high consumption brings environmental
(solid waste) problems because these plastics are nondegradable. Main solid waste
management, which includes also plastics packaging wastes, includes sanitary
landfilling, recycling and incineration. A new alternative to these approaches is
using environmentally degradable plastics in the production of packaging
materials. Several natural and synthetic polymers have been proposed and some of
them have been commercially available. This topic is only at scientific research
level yet in Turkey. In this presentation, various environmentally degradable
polymers are defined with important properties and production methods.

Key Words: Solid Wastes; Packaging materials; Environmentally Degradable
Polymers; Degradation.

Ozet
Giiniimiizde polimerler ¢ok degisik alanlarda ¢ok farkli uygulamalarda biiyiik
miktarlarda kullanilmaktadir. Ozellikle gelismekte olan iilkelerde kullanim hizh bir
sekilde artmaktadir. Oniimiizdeki yillarda diinyada toplam yillik polimer iiretiminin
350-400 milyon ton boyutlarina ulasacag tahmin edilmektedir. Plastiklerin
ambalaj sanayinde kullanilan miktari toplam tiiketimde énemli bir paya sahiptir.
Bu yiiksek miktarda iiretim ve dolayisiyla titketim, bu polimerler degrede olmadig)
i¢in, gevre sorunlari (kati atik) beraberinde getirmektedir. Temel kati atik (ambalaj
malzemeleri atiklar da dahil olmak {izere) yonetim yontemleri diizenli depolama,
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geri kazanim ve yakmadir. Bu yaklagimlara yeni alternatif de ambalaj
malzemelerinin iiretiminde dogada pargalanan polimerlerin  kullamimidir. Bu
amagla ¢esitli dogal ve sentetik polimer Gnerilmis ve bir kismi ticari kullanim
agamasina gelmistir. Ancak Tiirkiye’de bu konu heniiz yalnizca bilimsel arastirma
asamasindadir. Bu sunumda ¢esitli dogada pargalanabilen cesitli polimerler temel
ozellikleri ve iiretim yontemleriyle birlikte tanimlanmaktadir.

Anahtar Kelimeler: Kati atiklar; Ambalaj malzemeleri; Dogada pargalanan
polimerler; Degredasyon.

I. Dogada Parc¢alanabilen Polimerler

Giiniimiizde plastiklerin en yaygin olarak kullanildigi alanlardan biri de ambalaj
sektoriidiir. Bu ve diger sektorlerdeki yiiksek miktarlara ulasan tiiketim, plastiklerin
dogada uzun yillar bozunmadan kalmasi nedeniyle 6nemli 6lgiide kati atik
sorununa neden olmaktadir. Bugiin diinyada plastiklerin toplam kati atik miktarlari
igerisindeki payi iilkelere bagh olarak %7-12 arasinda degismektedir (Chiellini,
2000). Ulkemizde ise bu oran 1998 yili rakamlarina gore %6 civarindadir. Yillik
ortalama kati atik miktar1 20 milyon ton civarinda olan iilkemizdeki kati atiklarin
bilegimi Sekil 1'de goriilmektedir. Tiim diinyada oldugu gibi tilkemizde de plastik
atiklarin  ¢ogu ambalaj sektoriinden kaynaklanmaktadir (Sekil 2). Bir kere
kullanilip atilmakta olan ambalaj malzemelerinin dogada pargalanmayan plastikten
yaptlmasi kati atik miktarim siirekli olarak arttirmakta ve giderim iglemlerini

zorlastirmaktadir.
4. Digerler
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Sekil 1. Tiirkiye'deki kati atik bilesimi
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Sekil 2. Diinyada ve Tiirkiye’de polimer kullanim alanlan

Kati atik yonetiminde kullanilan temel giderim yontemleri geri kazanim, diizenli
depolama ve yakmadir. Geri dongiisii miimkiin olan cam, metal, kagit ve
plastiklerin éncelikle geri dongii yoluyla degerlendirilmesi tercih edilmektedir. Bu
yontemde mekanik, kimyasal isil-kimyasal veya biyolojik (kompost uygulamasi
ile) islemler sonucu geri kazanim sz konusudur. Birgok iilkede oldugu gibi
iilkemizde de geri kazanim amaciyla dreticilere kota uygulamasi zorunlulugu
getirilmis ve Cevre Bakanhginin Kati Atiklarin Kontrolii Yonetmeligi ile baglattig
bu uygulama 1998 yilinda yaklagik %100 verimle gergeklestirilmistir. Yakma
islemi hekzan, dioksin gibi hava Kirliligine neden olan toksik gazlarin emisyonu
nedeniyle her tiirli atikta uygulanamayan bir giderim yontemidir. Arazide
depolama ise ancak diger islemlerle giderilmesi miimkiin olmayan atiklar igin
diigiiniilmesi gercken bir alternatiftir.

Kompost uygulamasi kati atiklarin geri kazaniminda en ¢ok tercih edilen ve son
yillarda hizla 6nem kazanmaya baglayan, ¢evre agisindan 6nemli bir yaklagimdir.
Bu uygulama karbonun biyolojik dongiisii sonucu kati atiklarin faydah bilesiklere
doniigtiiriilmesi  esasina  dayanmaktadir. Kompostta kati atiklarin - mikroorga-
nizmalar, oksijen, nem ve diger bilesenler (N, P, K vb.) varhginda, Kimyasal
degredasyon ve biyodegredasyon ile pargalanmasi sonucunda degredasyon triinleri
ve Olii hiicrelerden olusan kompost (humus) denilen kiitle olusur. $ekil 3°de C, H
ve O igeren maddelerin biyodegredasyonu goriilmektedir. Tarimsal faaliyetlerde
kullanilan kompost organik karbon kayna@i saglayarak kimyasal girdiyi azaltmakta
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ve verimi arttirmaktadir. Dolayisiyla bu gevreci yaklagim ile hem arazide depolana-
cak kati atik miktar1 azaltilmakta hem de tarimda verim arttinlmaktadir. Ancak
ticari olarak piyasada bulunan plastiklerin degredasyon siireleri ¢ok uzun
oldugundan kompost isleminde kullanilamamaktadirlar. Bu nedenle dogada
pargalanabilen plastiklerin toplam plastik atiklar igerisindeki paymin artmasi
kompost uygulanamasinin da yayginlasmasi anlamina gelmektedir. Ozellikle
kompost uygulmast igin ¢ok uygun olan bahge atiklarinin ve evsel organik atiklarin
dolduruldugu ¢6p torbalarinin kompost islemine uygun olmasi ¢op yiginlar
igerisinden  kompostlanamayan plastiklerin ayrilmasi sonurunu da ortadan
kaldiracaktir.

[ CO, + H,O + Kalintilar + BIYOKUTLE ]

E

Aerobik

Anaerobik

v

LCO; + CHy + H;O + Kalintilar + BIYOKUTLE ]

Sekil 3. C, H ve O igeren maddelerin biyodegradasyonu

Kati atik sorununun yamsira petrole dayali polimer kaynaklarinin bir giin
tilkenecek olmasi tekrar tekrar dretilebilen tarimsal kaynakli dogal polimerlerin
Onem kazanmasina neden olmustur. Bunlar igerisinde de ucuza, bol miktarda ve
kolay iiretilebilenler tercih edilmektedir.

Dogada pargalanan polimerler dogal ve sentetik olarak ikiye ayrilabilir. Dogal
kokenli polimerler dogrudan ya da kimyasal olarak modifiye edildikten sonra
islenerek son iiriin haline getirilmektedir. Yenilenebilir ve tamamen dogal oldugu
igin atiklari da gevreye zarar vermeyen bu polimerlerin en énemli dezavantajlar
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islenme zorluklari ve fiziksel, mekanik ve kimyasal dayanikliliklarinin yetersiz
olmasidir. Tablo 1'de dogal kokenli polimerlerden bazilari gériilmektedir.

Tablo 1. Dogada Parg¢alanabilen Dogal Polimerlere Ornekler

Polisakkaritler Nisasta, seliiloz, kitin/kitosan, pullulan, dekstran, vb.

Proteinler Kollajen/jelatin, kazein, ipek, elastin, albumin, fibrinojen, vb.
Poliesterler Polihidroksialkonatlar
Digerleri Lignin, selak, dogal kauguk, poliglutamik asit, vb.

Son yillarda piyasadaki kullanim payr hizla artan dogal kokenli dogada
pargalanabilen polimerlerin basinda nisasta gelmektedir. Nisasta patates ve misir
gibi sebzelerde rezerv enerji olarak 15-100 um boyutlu kristalin partikiiller halinde
bulunmaktadir. Dogal nisastanin en 6nemli dezavantaji yapisal 6zellikleri ve suya
kargi direncinin olmamasi nedeniyle modifiye edilmeden kullanilamamasidir.
Modifiye edilmis (kristalinitesi azalmig veya tamamen kaldirilmig) nigasta
termoplastik nigasta olarak adlandirilir. Termoplastik nigastanin, degrede olan veya
olmayan polietilen, polipropilen, polistiren ve polikaprolakton gibi polimerlerle
karigimlart 1sil olarak islenip gesitli formda iiriinlere doniistiiriilebilir. Yiiksek
miktarda jelatinize nigasta (2%95) ve polivinilalkol karigimi ve nigastanin tamamen
degrede olabilen polikaprolakton ile karigimlari ticari bagariya ulagmistir. Bu
iirtinlerin Avrupa’daki pazar pay1 1998 yilinda 1200 ton/yil olup dogada pargalanan
polimerlerin kullanimina iliskin kanun ve yonetmeliklerin yiiriirliige girmesi ile
Oniimiizdeki yillarda 200000 ton/yila ¢ikacagi tahmin edilmektedir.

Dogal kokenli polimerlerin ¢ok yaygin olarak kullanilanlarindan seliiloz ve
tiirevleri ¢ok uzun yillardan beri bilinmektedir. Agagtan elde edilen seliiloz fiberler
glikoz birimlerinden olusan polisakkaritlerdir. Dogrusal bir zincir yapisina sahip
olup kuvvetli hidrojen bagi yapma egilimlerinden dolayi kristalin yapidadir ve zor
¢oziinir. Selillozun NaOH ve karbon dislfir ile etkilesmesi ile islenebilir rejenere
seliiloz elde edilir. Selillozun OH gruplarinin nitrolanmasi veya asetillenmesi ile
elde edilen seliiloz nitrat ve asetat sentetik polimerlerden Once yaygin olarak
kullanilan seliiloz tiirevleridir.

Ticari {iretim asamasina gelmis olan diger bir dogal kokenli dogada pargalanan
polimer ailesi de polihidroksialkonatlardir (PHA). Bu polimerler uygun kosullar
saglandiginda gesitli mikroorganizmalar tarafindan hiicre igerisinde rezerv karbon
kaynagi olarak biriktirilmektedir. Genetik modifikasyon sonucunda hiicre igi
konsantrasyonlar % 90’larin tizerine ¢ikartilabilmekte ve molekiil agirliklart milyar
boyutlarina ulagabilmektedir.

Tablo 2’de sentetik dogada pargalanabilen polimerlere 6rnekler verilmistir.
Bunlarin en 6nemlilerinden biri poli(c-hidroksi asit) ailesidir. Bu ailenin bir ferdi
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olan polilaktik asitler (PLA) en yaygm olarak kullanilanlaridir. Polilaktik asitin
tiretildigi laktik asit ilk kez siitte bulundugu igin siit asidi olarak anilmaktadir.
Laktik asit teknolojik olgekte kimyasal yollarla iiretilebilecegi gibi, ¢esitli dogal
kaynaklar kullanilarak (seker kamisi, seker pancari, misir, vb.) fermentasyonla da
elde edilir. Ozellikle poli(L-laktik asit) ve bunun az miktarda D-laktik asit ile
kopolimeri, ambalaj malzemesi olarak degerlendirilmektedir.

Tablo 2. Dogada Pargalanabilen Sentetik Polimerlere Ornekler

Poli(a-hidroksi asitler)
Poli(kaprolakton)
Poli(vinil alkol)
Polianhidritler
Polifosfazonlar

Polisiiksinik/adipik asit

Dogada pargalanabilen sentetik polimerlere en nemli 6rneklerden birisi de ticari
olarak Bionolle ismiyle satilan polietilensiiksinat (PESU) ve polibutilsiiksinat
(PBSU) veya bunlarin adipik asitle hazirlanan kopolimeridir. Siiksinik asitin
(ve/veya adipik asitin) etilen glikol veya 1,4-butandiol ile polikondenzasyonuyla
sentezlenen  bu  polimerlerden  dogada tamamen  pargalanabilen iriinler
tiretilmektedir.

Dogada pargalanan plastiklerle ilgili arastirma/gelistirme faaliyetleri, bunlarin
tiretimi ve pazar payr hizla artmaktadir. Dogada pargalanan plastiklere iligkin
referans ve patent sayilari 1980’lerde iki haneli rakamlarla ifade edilirken
1990’larda ii¢ haneli rakamlara ¢iktign goriilmektedir (Sekil 4).

Dogada pargalanabilen polimerlerle ilgili bazi iiretici firmalar, ticari isimleri ve
ortalama fiyatlann Tablo 3'de verilmistir. Dogada pargalanan plastiklerin
fiyatlarinin  hentiz komodite plastikleriyle piyasada yarisacak kadar diigiik
olmamasinin en Gnemli nedeni iiretim kapasitelerinin diisiik olmasidir. Uretim
kapasitesinin artmasi ve g¢evrenin korunmasina yoénelik kanunlarin yiiriirliige
girmesiyle bu polimerlerin kullaniminin yayginlasmasi beklenmektedir. Ornegin
son yillarda PLA iiretim miktari 120 kton/yil degerine ulagmis olup fiyati da 0.5
ABD/pound degerine kadar digmiistir. Bu fiyat, komodite plastiklerin
giiniimiizdeki fiyatlaniyla rekabet edebilecek diizeydedir.

130



2" INTERNATIONAL PACKAGING CONGRESS & EXHIBITION

30 ‘ 7 . Referanslar

. Patentler
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Sekil 4- Dogada pargalanan polimerlere iliskin referans ve patent sayisi (a)
1980’ ler, (b) 1990’ lar.
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Tablo 3. Dogada Parcalanan Plastik Ureticilerine Ornekler

Polimer Uretici Firma/Ticari Isim Ortalama Fiyat
Nigasta Novamont SpA./Mater Bi 0.5-7 ECU/kg

Novon Polymers AG/Novon

Biopack/Biopack

Seliiloz Eastman Cheicals/Cellulose 5-10 ECU/kg
Asetat

PHA ICI-Monsanto/PHBV 1-20 ECU/kg

Poli(a-hidroksi asitler) Boehringer, DuPont/PLA-PLGA  1-500 ECU/kg
Cargill-Dow/Ecoplast

Polikaprolakton Union Carbide Interox/PCL 6-7 ECU/kg

Polisiiksinik/Poliaspartik Showa Highpolymer/Bionolle 10-20 ECU/kg
asit

PVA Kuraray/PVA 10-30 ECU/kg
Idroplast SpA./Hydrolene
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BARIYER POLIMERLER iCiN ENKAPSULASYON VE
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Summary

Blown film technology is available for barrier resins such as EVOH or polyamides.
However, it is restricted by the die size for PVdC due to its thermal sensitivity.
This study presents new feed block and die technology to process PVAC by
encapsulation in a wide range of die sizes. Encapsulation is a process in which
less thermally sensitive material encircles the thermally sensitive material in the
feed block before entering the die. Thermal isolation of the die is provided for
coextruding PVdC with high melt temperature processable resins.

The study encompasses research and development of encapsulation technology and
a discussion of the barrier properties of various polymer films. Oxygen and water
vapour transmission rates for multilayer films manufactured with various barrier
layers using encapsulation and thermal isolation technology are presented.

Ozet

EVOH ve poliamid gibi bariyer polimerler igin iiflemeli film teknolojisi mevcuttur.
Ote yandan, PVdC igin ekstriizyon kafanin boyutu bu polimerin 1s1 hassasiyeti
tarafindan sinirlandirthr. Bu bildiride, genis kafa ebatlarinda enkapsiilasyon ile
PVdAC igleyebilen yeni besleme blogu ve kafa teknolojisi sunulmaktadir.
Enkapsiilasyon, kafaya girmeden evvel besleme blogunda 1siya hassas malzemeyi
daha az 1s1 hassasiyeti olan bir malzeme ile gembersel olarak kaplatan bir prosestir.
PVdC ile beraber yiiksek erime sicakhginda islenen polimerlerin koekstriizyonu
igin kafanin is1 izolasyonu saglanmaktadir.

Bu bildiri enkapsiilasyon teknolojisinin arastirma ve gelistirmesi ile ¢esitli polimer
filmlerin bariyer 6zelliklerinin sunulmasini kapsamaktadir. Enkapsiilasyon ve 1si
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izolasyon teknolojileri kullanarak iiretilen ¢esitli bariyer katlari olan ¢ok kath
filmlerin oksijen ve nem gegirgenligi degerleri sunulmaktadir.

I. Barrier Polymers in Food and Medical Packaging Applications

With reference to food and medical packaging films, barrier polymers may be
defined as polymers which prevent or significantly slow the passage of oxygen,
water vapour and odours. Compared to traditional barrier packaging materials such
as metal and glass, films based on barrier polymers offer substantial advantages,
such as greater convenience and significant reductions in the amount of disposable
material.

By preventing oxygen and moisture transmission, barrier polymers allow for long
shelf-life without freezing. Food products can be sterilized and packed in a barrier
polymer film which hermetically seals it against the environment. The same
property can be used for fresh produce, to reduce spoilage after harvesting due to
oxidation and moisture loss or gain.

I1. Oxygen and Water Vapour Barrier Performance

The following table summarizes the oxygen and water vapour barrier performance
of various standard and barrier polymers:

Material OTR, ml-pm/m’-day WVTR, g-um/m’-day
HDPE 5900 14.0
CcocC na 2.8
Nylon 6 102 790
Nylon 6/6,6 94.5 870
EVOH-32 0.60 150
EVOH-38 1.00 82.5
PVdC (VdC/VC) 59.0 20.0
PVdC (VdC/MA) 2.15 2.00

OTR = Oxygen transmission rate, 23°C and 0% RH
WVTR = Water vapour transmission rate, 38°C and 90% RH

II1. Polyvinylidene Chloride (PVdC) Resins

PVdC resins are copolymers based on vinylidene chloride monomer, normally
containing more than 75% VdC monomer with methyl acrylate (MA) and vinyl
chloride (VC) as comonomers. PVdC is extremely difficult to process, as the
degradation temperature is below the melting point. For this reason, PVdC is
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formulated with small amounts of plasticizers and processing aids in order to
produce films. Once formed, PVAC films have a number of valuable properties,
including good thermoforming.

IV. Equipment Design

Due to its thermal sensitivity, equipment for processing PVdC must provide
extremely precise control of temperature and the extrusion process. Any dead or
slow-flow areas in the extruder and die must be eliminated. The die must be made
from a corrosion-resistant material, and the design must provide high-velocity
streamlined flow to minimize residence time. The melt temperature for PVdC
ranges from 155-180°C, depending on comonomer type and amount, and the
formulation used.

V. PVdC Processing in Blown Film

Since PVdC is so thermally sensitive, it has not until now been possible to process
PVdC on a wide range of dies, say from 200mm to S00mm or larger. Other barrier
materials such as EVOH or Nylon can be processed on such dies to achieve the
required film widths. Encapsulation technology now allows PVdC to be processed
on dies of over 200mm, and removes the previous restrictions on die diameter.

Similarly, it has not previously been possible to coextrude PVAC with a high-
temperature processable resin such as Nylon. With a die made in such a way as to
provide temperature isolation between the two materials, it now is possible to do by
coextrusion what could only previously be done by lamination.

VI. Blown Film Die Size for Processing PVdC

PVdC can be processed in small dies, which we define here as 200mm or smaller
in diameter. With this size of die, the residence time is relatively short and the
PVdC does not degrade so fast (subject of course to the die having good
streamlining and no dead areas). The stability of PVdC also depends on melt
temperature and pressure, but as long as the extruder and die are properly designed
there is no problem processing it on this size of die.

However, with dies of over 200mm in diameter the extended residence time will
accelerate degradation. With larger dies, therefore, the PVdC must be protected
from direct contact with the metal of the die and have its residence time shortened
if possible. This can be achieved by encapsulation.
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VII. Encapsulation

Encapsulation is a process in which a less thermally sensitive material (EVA, in
this case) encircles the thermally sensitive material (PVdC) in the feed block,
before either enters the die. The main benefit of doing this 1s that it avoids slow
flow near the die wall, and thus decreases the effective residence time of the
thermally sensitive polymer. To see this, think about the typical flow-in-channel
velocity profile for any fluid, slow near the walls and faster in the middle of the
channel.

The encapsulating material (EVA) also prevents the PVdC from contacting the die
wall, thereby extending the run time by a factor of ten or more. Die life is also
increased as the metal is isolated from the corrosive polymer (PVdC).

Picture 1. Encapsulation on Seven Layer Die
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Coextrusion of PVdC with Nylon

A temperature isolation die is critical to coextrude PVdC with high temperature
processable resins such as nylon or polystyrene. In small dies, as noted above,
PVdC can be processed without encapsulation.

When considering coextrusion of PVAC with Nylon, on the other hand,
temperature isolation is required regardless of the die size. It is simply a matter of
the melt temperature (near 300°C in the case of Nylon) being too high for the
PVdC to survive, no matter how short the residence time is. Even if it survives
passage through the die, it will degrade before it can be cooled, as the film
temperature will be about double the PVdC processing temperature.

Picture 2. Six Layer Die Showing Temperature Isolation
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Equipment

Tests were conducted on two extrusion lines:

A Seven layer 500mm blown film die with encapsulation
e Two 76mm extruders
e  Two 63mm extruders
e  Three SOmm extruders
e One 45mm extruder

B Six layer 127mm blown film die with thermal isolation
e Three 45mm extruders
e  Two 32mm extruders

e One S0mm extruder

Case Study 1 (Pet food bags, heavy duty)
Five layer film containing PVdC (2.2 BUR)

Layer Composition Thickness (micron)

1 (2 layers) LLDPE (1 MI) 19.0
2 EVA (28% VA) 7.6
3 PVdC (VDC/MA) 3.8
4 EVA (28% VA) 7.6
5 (2 layers) LLDPE (1 MI) 23.0

Measured transmission rates: OTR = 12 ml/m’-day, WVTR = 6.3 g/m’-day
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Case Study 1 (continued — bakery goods film)

Layer Composition Thickness (micron)
| HDPE (1 MI) 33.0

2 EVA (28% VA) 5:1

3 PVdC (VDC/MA) 7.6

4 EVA (28% VA) 5:1

5 mPE plastomer (1 MI) 12.7

Measured transmission rates: OTR = 11 ml/m*-day, WVTR = 4.7 g/m’-day

Case Study 2 (sausage packs)
Blown film of Nylon 6/6,6 with PVdC (1.8 BUR)

Layer Composition Thickness (micron)
1 (inner layer) LLDPE (1 MI) 23.0

2 EVA (28% VA) 7.6

3 PVdC (VDC/MA) 7.6

4 EVA (28% VA) 7.6

5 LLDPE + tie polymer 30.5

6 (outer layer) LLDPE (1 MI) 254

Measured transmission rates: OTR = 11 ml/m’-day, WVTR = 9.4 g/m’-day

Samples were thermoformed
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Case Study 3
Blown film of polystyrene with PVdC, using thermal isolation die

Layer Composition Thickness (micron)
| (inner layer) LLDPE (1 MI) 23.0

2 EVA (28% VA) 7.6

3 PVdC (VDC/MA) 3.8

4 EVA (28% VA) 7.6

5 Tie polymer 7.6

6 (outer layer) Polystyrene 19.0

Measured transmission rates: OTR =12 ml/mz-duy, WVTR =7.5 g/mz-day

Case Study 4

Blown film of COC with Nylon and EVOH (1.5 BUR)
Layer Composition Thickness (micron)
1 COC (4 MI) 17.8
2 Tie polymer 10.2
3 Nylon 6/6,6 17.8
4 EVOH-32 12.7
5 Nylon 6/6,6 17.8
6 Tie 10.2
7 LDPE (1 MI) 17.8

Applications

Nylon/PVdC or PS/PVdAC coextruded structures can be used in thermoform-fill-
seal applications for processed foods such as meatloaf, sausages and case ready
meals.

HDPE/PVdC film can be used for cereal box liners and snack foods.
LLDPE/PVdC films are suitable for heavy-duty bags and pet foods.

COC can be used in blister packaging for pharmaceutical packaging .
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VIII. Conclusions

Encapsulation of PVdC using a new feed block and die technology has been
developed for use in the blown film process. With this technology, a wide range of
die sizes can be used.

Experiments were conducted to show the coextrusion of high temperature
processable resins such as Nylon or polystyrene with PVdC.

Cyclic olefin copolymers (COC) were coextruded with EVOH and Nylon.
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POLIETILEN FILMLERDE KALSIT KATKISININ
SAPTANMASI

DETERMINATION OF CALCITE ADDITIVE IN
POLYETHYLENE FILMS

Esen ARKIS
EMYO Bornova izmir
TURKIYE

Abstract

CaCOj; content of polyethylene film with calcite additive produced by blow film
extrusion process was determined from IR spectra where calcium origin was taken
from OMY A masterbatch.

Ozet

Kalsit kaynagi olarak alinan OMYA mestirbegleri iiflemeli ekstriiderde g¢ekilerek
elde edilen kalsitli polietilen iizerinde kalsit miktarlari IR spektrumlar vasitasiyla
saptanmistir.

I. Giris

Kalsiyum karbonat kaph polietilenin titan dioksit gibi pahali pigmentlerin kismen
yerini almasi miimkiin goriilmektedir. Tiirkiye'de kalsiyum karbonat yataklarinin
bulunmasi, plastik sektoriinde 6nemli tasarruf saglayabilme goriintiisii vermektedir.

Polietilene yiiksek kalite dogal kalsit katilmasi agagidaki ozellikleriyle ayirt
edilmektedir.

Polimer yaslanmasi iizerine hi¢ negatif etkisi olmayan yiiksek kimyasal saflik
- Yiiksek beyazlik
- Diisiik kirilma indeksi

Makine pargalarinin  uzun Kullanim Omriine neden olan agindiricihk
bulunmamasi

- Ozellikle yiizeyi kaph oldugunda iyi dagilma 6zelliklerinin bulunmasi

- Sertlik artmasi
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- Gida ambalaji igin plastik ambalajlamada izin verilen zehirleyiciligin,
kokunun, tadin bulunmayisi.[1]

3 mikronun altindaki ince, yiizey kaplamal kalsiyum karbonatlar film yapiminda

ve pigment topaklarini kirmak i¢in titan dioksit gibi pigment masterbatch’lerde
“ogiitme ortam1” gibi kullanilmaktadir.[2]

Bu ¢aligmada polietilen filmlerde kalsit miktarlarinin saptanmasi amaglanmigtir.

I1. Materyal ve Metot

Kalsit kaynagi olarak OMY A masterbeg peletleri kullanilmigtir. OMY A peletler iki
cam levha arasinda 1sitihp sikistirlarak film haline getirilmistir. % 2-5 oraninda
kalsit katilmig polietilen kullanilmig, ayni zamanda % 3 TiO; igeren filmler Machi
ckstruderde iifleme yontemi ile ¢ekilmistir. Hem ekstruderden g¢ekilen filmlerin,
hem OMYA filmlerin IR spektrumlari, IR 470 cihazinda ahnmustir.

I11. Bulgular

Polietilenin IR spektrumunda absorpsiyon bandlari CH gerilmesi (2940 cm™), CH,
gruplarinin C-H egilmesi (1470 ecm™), CH; gruplarmim C-H egilmesi (1380 cm™),
parafin gruplarinda metilen grup dizilerinin sallanmasi (720 cm’) de
gozlenmektedir [3].

CO;™ grubu piki ise 890 cm™' bandinda gozlenmektedir.[4]

Spektrumda hem CO;” hem de polietilenin bandlari bulunmaktadir. OMYA
filmlerin IR spektrumlarinda 6rnek olarak sekil 1.de 890 cm™ de CO;™, 720 cm’
de polietilene ait pikler goriilmektedir.

Film kalinliklari aym olmadigindan CO;~ ve polietilen oranini gosteren bir
gostergeye ihtiyag vardir. CO;7’e ait 890 pik siddetinin, Agg, polietilene ait 720
pikinin siddetine, Ay, orani 6rnek iginde kalsit miktari ile dogru orantili olmahdir.

Ao

20

=Kxc¢ (1)

K =sabit

¢ = kalsit yiizdesi
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Sekil 1. Katkisiz OMYA IR spektrasi. Ordinat absorbansi, apsis dalga sayisini
gostermektedir.

Sekil 2, % 5 OMYA (CaCOs) katilmig F2-12 diisiik yogunluklu polietilen filminin
IR spektrumunu gostermektedir.
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Sekil 2. % 5 OMY A katilmis Polietilen (F2-12) Spektrumu.

Sekil 1'de CO; grubu (890 cm’'), metilen grup dizilerine (720 em’') oranlanarak;
Ago/Arp= 0,4

elde edilmistir.
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890 cm ~' dalga uzunlugu ve 720 cm ' dalga uzunlugu gésteren % 2 OMY A Kalsiti
(CaCO;) katilmig PE filminde karbonat ve metilen gruplarinin orani 0,11 elde
olundugundan;

Ago/Arx/ (% kalsit) = X orani bulunabilir. O halde;

5. Ao/ Aryy _ 0,4-0,11 _ 0,29
% - kalsit =2 3

Buradan $ekil 1’de gosterilen OMYA igin % kalsit

=0,09 cm "' / % kalsit hesaplanmistir.

) 3.1
% kalsit = 05 =344

’

elde edilmistir. Benzer bagka gruplarla da yapilan ¢alisma sonuglari gekil 3’te
belirtilmistir.

Bilinen oranlarda OMYA katilmig polietilen filmler ig¢in Ago/A7 oranmin %
OMYA ile degisimi sekil 3.te goriildiigii gibi dogrusal olarak degigmektedir.

kalsit miktan

35

25

05

0 - — — — = .
0 5 10 15 20 25 30 35
% kalsit

Sekil 3. Kalsit / Polietilen absorbans oraninin kalsit yiizdesi ile degigimi
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iginde OMYA miktar: bilinmeyen bir polietilen filmde gekil 3.teki kalibrasyon
grafiginden ve filmin IR spektrumunda bulunan Agg/As oranindan % OMYA
~ miktari bulunabilir.

Yurt disindan ithal edilen bir polietilen filmde % 3.5 oraninda OMY A’ya esdeger
CaCO; saptanmugtir.

IV. Sonu¢ -Tartisma
Burada dogru sonug igin sinirlar;
1) Film kalinliklarinin birbirine yakin olmasi

2) Standart filmlerle bilinmeyen 6rnek i¢indeki CaCO5 miktarinin birbirine yakin
olmasidir.

Bu metotla bilinmeyen &rnekteki kalsit miktari, IR spektroskopisi ile
saptanabilmektedir.

V. Kaynak
[1] OMYA Technical Papers.

[2] Stepek J, Daoust H.; 1983. Additives for Plastics, Springer Verlag New York,
USA.

(3] Balkose D, Kizilirmak O; 1997 Identification of deep freeze bag Plastic
Engineering, Final project, Ege University Engineering Faculty Food
Engineering Department

[4] Sadtler Infrared Spectra Handbook of Minerals and Clays, 1982. Edited by
Ferraro J.H; Sadtler Research Laboratories, PA, USA.
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SILAN BAGLAYICI ICEREN PVC - DOP FILMLERIN
OZELLIKLERI

PROPERTIES OF PYC - DOP FILMS CONTAINING
SILANE COUPLING AGENT

Murat PAKEL, Sevgi ULUTAN;
Ege Uni. Miih. Fak. Kimya Miih. BL., 35100
Bornova-izmir/Turkey
mpakel@eng.ege.edu.tr

Abstract

The aim of the present study is to improve the properties of polyvinyl chloride
(PVC) materials. Firstly, PVC plastisols with and without silane were prepared
with dioctyl phthalate (DOP). These plastisols were used to prepare films in 120-
micron thickness by means of a film applicator and heated for gelation at 160°C for
20 minutes. The performance of films in terms of water vapor permeability was
studied. The changes in chemical structure were investigated by IR and DSC
analysis techniques. It was observed that the films containing silane were more
elastic. By using hot — press method thicker films were produced for mechanical
tests and mechanical differences between films with and without silane were
studied.

Key words: Cross-linking, permeability, silane, plasticizer, polyvinyl chloride

Ozet

Poli-vinil kloriir (PVC) esasli malzemelere farkli ve iistiin 6zellikler kazandirmayi
amaglayan bu ¢aligmada 6nce dioktilftalat (DOP) ile plastiklestirilmig, silanli ve
silansiz PVC plastisolleri hazirlanmistir. Bu plastisoller kullanilarak cam yiizey
iizerine film aplikatorii ile 120 pm kalinhiginda uygulanmis ve 160 "C’de 20 dakika
stireyle 1sitilarak  jellesmeleri saglanmistir.  Hazirlanan filmlerin  su buhan
gegirgenligi agisindan performansi incelenmistir. Ayrica filmlerdeki yapisal
degisiklikler IR ve DSC analizleriyle arastirilmistir. Uretilen filmlerden silanh
olanlarin daha elastik oldugu gozlenmigtir. Sicak — pres yontemi kullanilarak daha
kalin filmler hazirlanmig ve bunlara mekanik testler yapilarak, silanli ve silansiz
filmler arasindaki mekanik 6zellik farklari aragtirllmistir.
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I. Giris ve Amag

Polivinilkloriir (PVC) diinyadaki plastik iiretimi i¢inde %18 — 20’lik oran ile biiyiik
bir 6neme sahiptir. Bunun gegsitli nedenleri vardir ama en temeli plastiklestirici
veya diger katki maddelerinin kolayca cklenebilmesi ve elde edilen iiriiniin iistiin
ozellikleri gosterilebilir[ 1].

PVC kimyasal modifikasyonlar ig¢in ¢ok uygun bir polimerdir. Klor molekiilleri
diger klorlu alifatik bilesiklerde goriildiigii gibi reaksiyon vermez[2]. Yari kristal
bir yapiya sahip olan PVC’nin kristalinite degeri %5 — 10 arasinda degisir[3]. PVC
endiistride ¢ok fazla kullanilmakla beraber bir miihendislik termoplastigi olarak
nitelendirilemez. PVC 100 "C’nin altinda akmaya egilimlidir ve diisik mekanik
ozellikler gosterir. Bu nedenle PVC'nin islenme sicakligini arttirmak hem elde
edilecek iiriin Kkalitesi i¢cin hem de PVC’nin daha yiiksek sicakliklarda
kullamlabilen bir malzeme elde etmek igin 6nemlidir. Bunu olusturmanin yolu
kimyasal ag yapisi olusturmaktir. Kimyasal ag yapisi ise radyasyonla veya
kimyasal yontemlerle olusturulabilir [1].

Cesitli kimyasallarla ¢ozelti iginde, siispansiyonda ya da erimis halde PVC’yi
¢apraz baglama yontemleri literatiirde bulunmaktadir. Duchacek ve Kuta[4] ¢inko
oksitler ve tetrametiltriuramdisiilfitle PVC’yi ¢apraz baglamayi denemislerdir ve
¢apraz baglanma i¢in gerekli aktivasyon enerjisini 106 KJ mol olarak bulmuslardir.
Beltran ve arkadaglari [5] PVC’yi ¢apraz baglamada silanlardan yararlanmiglardir.
Ama bu yontemlerle elde edilen gapraz bagh polimerin islenmesinde ya da iiriin
kalitesinde gesitli sorunlar gézlenmigtir. Onemli bir sorun da agilama (grafting) ile
¢apraz baglanmanin net olarak ayrilamamasi gosterilebilir. Asilama reaksiyonu
capraz baglanma reaksiyonundan daha etkilidir.

1970’ lerden bugiine kadar silan poliolefinlerin ve 6zellikle de polietilenin gapraz
baglanmas: i¢in basariyla kullanilmaktadir. Hidroliz edilebilen gruplar igeren
doymamig silanla asilanmig polietilen sulu ortamda hidroliz ve kondensasyon
reaksiyonlariyla ¢apraz baglanabilir ve bu yontemin radyasyon ya da peroksitlerle
capraz baglanmaya gore tistiinliikleri vardir.[2]

Silanin ¢apraz baglanmay: arttirici 6zelliklerinin olmasi ve PVC’nin de gapraz
baglanarak Ozelliklerinin gelistirilmesi igin silan PVC iginde g¢apraz baglayici
olarak denenmistir. 1969°da Dow Corning, peroksit baslaticilari kullanarak vinil
silan ve vinil kloriirtin kopolimerlesmesini saglamistir. Bununla birlikte silan
kullanarak ¢apraz baglanmanin olugsmasindan sonra PVC’de bozulma problemleri
goriilmiigtiir[6]. Merkapto-alkooksisilan kullanarak bozunma sorunlarini nlendigi
ve asilama reaksiyonlarinin bazik kursun tuzlarimin varhgmda gergeklestigini
belirtilmistir.
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Silanin belirtilen 6zzllikleri ve PVC’nin sik kullanimi diigiiniilerek gapraz bagh
PVC membranlarinin eldesi ve bunlarin gegirgenlik agisindan performanslarini
incelenmesi ise bu galismanin ana kismini olusturmaktadir.

I1. Arag, Gereg¢ ve Yontem

Plastisollerin Hazirlanmasi

PVC (Petkim 38/74) plastisolleri DOP(Sankim) plastiklestirici ile hazirlanmig,isil
kararhilik i¢in EPSO (Akdeniz Kimya, Akstab, Alpex 5.6), kalsiyum stearat
(Merck) ve g¢inko stearat (Merck), ¢apraz bag olusumu ig¢in de 3 phr 3-
aminopropiltrimetoksisilan (Aldrich) kullanilmistir. Bu asamada bilesenlerin kuru
olmasi silanin erken kondensasyonu onlemek ig¢in 6nemli oldu?,undan hava
dolagimli etiivde (FN 500, NUVE) PVC 80°C de, stearatlar ise 60°C’de iki giin
boyunca kurutulmugtur. Sivilar ve katilar 6nce kendi aralarinda iyice karigtirilmig
ve sonra bunlar bir arada mikserde tekrar karistirilmiglardir. Daha sonra karisimin
iginde bulunan havanin uzaklagtirilmasi igin plastisol vakuma alinmstir,

Film ve Levhalarin Hazirlanmasi

Elde edilen silanh ve silansiz plastisoller bir film bigagi (Sheen) yardimiyla cam
yiizey tizerine 120 pum kalinlikta siiriilmiis ve sonra 160 °C’de 20 dakika siireyle
hava dolagimh etiivde tutularak jellesmeleri saglanmistir. Ayrica mekanik testlerde
kullanilmak iizere silanh ve silansiz plastisollerden S50 bar basingta, 160 °C
sicaklikta sicak - pres yontemi kullanilarak yeni levhalar hazirlanmigtir,

Yogunluk Tayini

Piknometrik yontemle yapilmistir. Referans sivisi olarak su kullanilmig, plastik
lizerine tutunabilecek havanin uzaklastirilmas: vakumla saglanmistir.

Spektroskopik Yontemler

Silanh ve silansiz plastisollerden elde edilen filmler infrared spektroskopisi (IR) ve
UV~ goriiniir  spektrofotometrik yontemler kullanilarak incelenmistir. IR
yonteminde filmlerin dogrudan silanin ise KBr disk iizerine damlatilarak
%Absorbans olarak spektrumlart alinmigtir. UV — goriiniir spektrofotometresi ise
sadece filmlere uygulannmigtir. (Calismada Shimadzu IR 470 ve Jasco 7800 UV-
goriiniir spektrofotometreler kullanilmistir.

DSC Calismasi

Diferansiyel taramah kalorimetre (Setaram DSC92) i¢in hem hava hem de azot
ortaminda 225 "C’ye kadar ¢alisilmis, 1sitma hizi olarak 10 °C/dak. uygulanmistir,
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Gegirgenlik
Bu ¢aligma sirasinda kullanilan membran hiicresi filmle iki boliime ayrilmistir.
Alttaki boliimde saf su bulunurken filmle ayrilan béliimiin iistiinde ise hava

bulunmaktadir. Sisteme Gnce Kuru hava verilerek membran hiicresi igerisindeki
nem supurtlir daha sonrada sisteme kuru hava girig ve gikigi kapatilip sistem dig
ortamdan yahtilir. Bu sirada membrandan gegen su buhari membranin iistiindeki
bolimde nem artisina neden olur. Bu nem artisi ise nem Olger kullanilarak
gozlenmekte ve sistem bir arayiiz yardimiyla bilgisayara baglanarak bagil nemdeki
artis zamana karg1 kaydedilmektedir.

Mekanik Testler

Silanli ve silansiz plastisollerden sicak — pres yontemi kullanilarak 1.47 — 2.3 mm
kalinhiginda yeni levhalar hazirlanmistir. Uretilen malzemelere Shimadzu AG-
S0kGN marka mekanik test cihazinda, 25 °C sicaklikta, 50 mm/s’lik gekme hiziyla
testler uygulanmistir. Elde edilen sonuglar uzamaya karsi yiik olarak incelenmistir.

I11. Bulgular ve Tartiyma

Silanli ve silansiz film 6rnekleri infrared ve ultraviyole spektroskopisi

yontemleriyle incelenmistir.
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Sekil 1. Silansiz filmlerin IR spektrumlari
156



2" INTERNATIONAL PACKAGING CONGRESS & EXHIBITION

3.000

2400

1.800

1.200

0.600 «

Kt

0.000 . y T 1 szl
4000.0 3000.0 2000.0 1600.0 1000.0 600.0 400.0
Dalga sayisi, cm-1

Sekil 2. Silanh filmlerin IR spektrumlar

Sekil 1 ve 2’ de IR spektrumlari verilmistir. Silandan gelebilecek farkli yapilari
gorebilmek igin ise Sekil 3.’de verilen spektrum incelenebilir.
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Sekil 3. Silanin IR spektrumu, yontem, KBr disk {izerine damlatilarak

Farkl yapilarin varligina ragmen silanli ve silansiz filmlerde ayirt edici piklerin
gozlenememesi silan miktarinin azhgma baglanabilir. Ug¢ phr silanin dogrudan
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gozlenebilmesi beklenmemekle birlikte, spektrumda 6lgiilebilir yapisal bir
degisiklik de gézlenememistir. Silanh ve silansiz filmler arasinda ise sadece gapraz
baglanma igin kullanilan silana 6zgii pikler farkhhk gostermektedir. Sekil 4.’de
verilen UV spektrofotometre sonuglarinda da goriildiigii iizere silanh filmlerde
yiiksek absorbans gézlenmektedir. 160 ° C’de silanli ve silansiz filmler S, 10, 13,
16, 20 dakikalik siirelerle jellestirilmis ve en kisa siireden itibaren silanli filmlerin
yiiksek absorbansli oldugu goriilmistiir. Silanh ve silansiz 6rneklere ayni siireyle
isiliglemler uygulanmisti  ancak silanli  Grneklerin - daha  hizhi  jellestigi
diistiniilmektedir.
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Sekil 4. Silanh ve silansiz filmlerin UV spektrumlarn
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Sekil 5. Silanli ve silansiz filmlerin hava ortaminda diferansiyel taramali
kalorimetrilere egrileri, kalinhiklari 120 um

Sekil 5.

‘de ise iretilen filmlerdeki yapisal degisiklikler diferansiyel taramali

kalorimetri kullanilarak hava ortaminda incelenmistir. Silanli ve silansiz 6rneklerin
DSC egrilerinde 115 °C’de goriilen erime piki, filmlerdeki harcanmamus stearatlara
aittir. Azot ortaminda alinan DSC egrilerinde de benzer bulgulara rastlanilmigtir.
Su buhari gegirgenligi egrileri ise Sekil.6’da verilmigtir. Silan kullanilan filmlerin
gecirgenlik degerlerinin  silansiz PVC filmlere oranla daha diisik oldugu
goriilmiigtiir.
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Sekil 6. Silanh ve silansiz filmlerin zamana kargi su buhari gegirgenlikleri

Capraz bagh (ag yapili) malzemelerin dogrusal yapili malzemelerden daha iistiin
mekanik 6zellikleri oldugu bilinmektedir. Yapilan mekanik testlerin sonucunda
(Sekil.7) silanli malzemelerin silansizlara oranla ortalama %14 daha yiiksek
modiillii olduklari goriilmiigtiir.
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Sekil 7. Silanh ve Silansiz Orneklere Ait Mekanik Test Sonuglari
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Tablo 1. Silanh ve Silansiz Orneklere Ait Mekanik Test Sonuglar

Ornek Silan Yogunl3uk E, % €maks Omis O kol
No: (g/em’)  MPa mm MPa Mpa
Ornek 1 - 1,17 0,18 88,5 9,67
Ornek 2 5 L17 014 733 5,33 1
Ornek 3 + 1,43 0,18 82,6 8,01
Ornek 4 + 1.43 0,13 73,9 7,38 W

Silanli plastisol silansiza oranla daha viskozdur. Piknometrik olarak bulunan
yogunluk degerleri de silanlama sonucu daha siki bir yapi olustugunu gostermistir.
Literatiirle uyumlu bulunan[7] degerler Tablo 1.’de verilmistir. Yapinin daha siki
(yiiksek yogunluklu) hale gelmesi, hava kabarciklarinin uzaklastiriimasini
giiglestirmistir. Bu yiizden ¢alismada sicak — pres yonteminde hava kabarciklarini
gidermede sorunlar yasanilmig ve bu sorunun engellenememis olunmasi mekanik
ozelliklerin beklenenden daha diisiik g¢ikmasina yol agmugtir. Sicak — pres
yontemiyle bu kabarciklarin onlenememesi sonucunda film aplikatorii ile elde
edilen filmleri daha hassas bir mekanik test cihazinda yeniden incelenmesini
giindeme getirmistir. Zira film bigagi kullanilarak elde edilen filmlerde hava
kabarcigi sorunu gézlenmemistir. Malzemedeki bu artan mekanik 6zellikler silanin
PVC’nin ¢apraz baglanmasimi saglayarak yeni bir yapr olugturdugunu
diisiindiirmektedir. UV g¢alismasindan anlasildigi iizere silanh 6rneklerde 1sitma
siiresini, jellesme denemeleri ile saptayarak daha kisa siire 1sitma islemi
uygulanmalidir. Gegirgenligin azalmasi ise yogunluk artigina baglanabilir.

IV. Sonug

Silan kullanilarak iiretilen g¢arpaz bagli PVC kompozitleri mekanik ozellikler
bakimindan silansizlara gére daha iistiin 6zellikler gostermistir. Jellesme siiresinin
ve sicakligin diisiiriilmesi ise hem igletme sartlar1 ve iiretim maliyetleri hem de
malzemenin bozunmasini Onleme agisindan bir istiinlik sayilabilir. Silanh
malzemeler, gegirgenliginin silansizlara oranla daha diigiik olmasi, daha yogun bir
yap1 gostermesi ve en dnemlisi daha dayanikli olmasi sonucunda, oncelikli olarak
dig yiizey ambalaj uygulamalarinda ya da diisiik nem gegirgenligi gereken
durumlarda kullanilabilir.
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Abstract

Desiccants such as silica gels or zeolites are placed in porous boxes, mini sacks or
in a space in the lid of containers such as food, drug and electronic articles, which
must be stored in dry atmosphere. The space where desiccants are dead space
which can not be used in packing. Since the appearance of some desiccants look
like sugar candies, it is compulsory to place labels writing, ** do not eat’ on boxes
and sacks where desiccants are placed. Thus there is extra expenses for packing
and labelling the desiccants used in packing.

The development of packing materials, which also have desiccant properties by
adding the desiccant to the packing material during its production, is the aim of this
study. Natural zeolite excavated from Bigadi¢ Turkey and ground to a thin powder
was added to plastisols prepared from PVC and dioctyl phtalate. The plastisols was
pressed between two stainless steal plates at 140°C for 15 minutes and plastigels
were obtained.

The water vapour adsorption isotherm of zeolite added plastigels at 25°C were
determined using Cahn 2000 gravimetric adsorption system under continuous flow
conditions. Nearly all the moisture adsorption capacity of natural zeolite which is
13-14 % was available in composite films. For example films which contained
10% zeolite adsorbed 1% water at 98% relative humidity. The water vapour
permeability of the films were also measured and it was found as 1.4x10°
((cm‘(STP)/s)/(cm:cm Hg))em for films with 10% zeolite. This value indicated that
the films permeates water vapour at a fast rate.
Plastigels with zeolites were flexible and soft materials having mechanical
properties suitable for packing and they would have wide application fields due to
their moisture adsorbing property. High water vapour permeability would allow
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drying of the material in the packing, which adsorbed moisture due to improper
storage conditions, when it was placed in dry atmosphere. It would require a
second impermeable layer over the desiccant film when permeability to water
vapour was not wanted. It would be possible to produce packing materials with one
surface desiccating and permeable and the other surface impermeable using
multilayer film technology.

Ozet

Silikajel veya Zeolitler gibi kurutucular, kuru atmosferde depolanmak zorunda olan
gida, ilag ve elektronik egyalar gibi malzemelerin ambalajlarunda kiigiik torbalara,
gozenekli kutucuklara veya ambalaj kutularinin kapagindaki yerlere yerlestirilir.
Kurutucularin bulundugu yerler paketleme i¢in kullanilamayan &lii bosluklardir.
Bazi kurutucularin goriiniimii gekere benzedigi i¢in kurutucularin kondugu torba ve
kutucuklarin iizerinde “yemeyiniz* yazan etiketlerin bulunmasi mecburidir. Bu
yiizden paketleme ve paketlemede kullanilan kurutucularin etiketlenmesi igin
fazladan masraf vardir.

Uretimi sirasinda paketlenme malzemelerine kurutucular ilave edilerek ayni
zamanda Kurutucu 6zelligi olan ambalajlama malzemelerinin gelistirilmesi bu
¢aligmanin amacidir. Bigadi¢ (Tiirkiye) yoresi dogal zeoliti ince toz halinde
ogiitiilmiis, PVC ve dioktilfitalattan hazirlanan plastisollere ilave edilmigtir.
Plastisollar 15 dakika , 140 C de iki paslanmaz gelik plaka arasinda preslenmis ve
plastijeller elde edilmistir.

Zeolit ilave edilmis plastijellerin 25 C de su buhari adsorpsiyon izotermleri, siirekli
akim sartlar1 altinda Cahn 2000 gravimetrik adsorpsiyon sistemi kullanilarak elde
edilmigtir. Kompozit film ig¢inde bulunan zeolit hemen hemen tiim adsorpsiyon
kapasitesi kadar nem ¢ekmistir. Orne@in %10 zeolit igeren kompozit %98 bagil
nemde % | su adsorplamistir.

Filmin su buhar gegirgenligi 6lgiilmiis ve %10 zeol igeren film igin 1.4 10 ~° cm’

STP s em™® cm Hg' bulunmugtur. Bu deger suyun film iginden hizla  gegtigini
gostermektedir.

Zeolitli plastijeller esnek ve paketleme i¢in uygun mekanik 6zelliklere sahip olan
yumusak malzemelerdir ve su tutma 6zellikleri nedeni ile genig uygulama alanina
sahiptirler. Uygun olmayan depolama kosullari nedeni ile ambalaj iginde nem
¢ekmis malzeme, ambalajin yiiksek su buhari gegirgenligi sayesinde kuru ortamda
kuruyabilir.

I. Giris ve Amag

Depolanma ve tagimmasinda rutubetten zarar gorebilecek maddelerin iginde kuru
ortamin saglanacag) sekilde ambalajlanmalar1 gerekir. Ambalaj iginde Tyvek gibi
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nemi gegiren ama tozu gegirmeyen diger bir ambalajda silikajel, molekiiler elek,
kil, kalsiyum oksit veya kalsiyum siilfat gibi maddeler yerlestirilir. Nem ¢ekici
maddelerin baghca 6zelligi ambalajlanan pargalarin gekeceginden ¢ok daha hizh
nem g¢ekmeleri ve ambalaj ortamini kurutmalandir. Ayrica isitma olmaksizin
¢ektikleri nemi  birakmadiklarindan, ambalajlanmis  pargalar izerine oda
sicakliginda uzun bekletme siirelerinde bile nem gogii olmaz.

Ambalaj i¢ine yerlestirilecek kurutucu miktarini belirlemek igin gelistirilmis pratik
yontemler vardir. 25°C da % 20 nemde 3 g ve %40 nemde 6 g nem ¢eken kurutucu
miktar 1 birim olarak tanimlandiginda

Esnek ambalajlar igin;
Kurutucu birimi sayisi= 0,15.A (1)

Sert ambalajlar i¢in;

kurutucu birimi sayisi= 0,034.V (2)
Burada A= ambalajin yiizey alani (m*)

. . 3
V= ambalajimn hacmi (m").

dir. Ambalaj igine konan destek materyalinin nemlenmemesi i¢in de ek kurutucu
kullanmak gerekir. Destek materyalinin tiiriine gore kullanilacak kurutucu birimi
sayist;

kurutucu birimi sayisi sayisi=destek materyali miktari (kg) x K

esitligi ile ifade edilebilir. Burada K, destek materyali tipine bagh olarak degigen
bir katsayidir. K nin degeri, yiin, kege, tahta gibi maddeler igin 4, birbirine
yapistirtlmig elyaf i¢in, 3; cam elyafi igin,1; sentetik kopiik veya kauguk igin, 0,25
dir.

Son yillarda yeni ambalaj malzemelerine su buhari adsorpsiyonu konusunda gesitli
¢aligmalar yapilmigtir. Tsiaporus ve Linke [1] nisasta esasli gbzenekli ambalaj
malzemelerinin su buhart adsorpsiyon izoterminin GAB modeline uydugunu
saptamig ve yalmzca % 50 ve % 93 bagil nemde tutulan su miktarindan GAB
denklemi ile izotermin tanmimlanabilecegini gostermistir. Ambalaj maddelerinde
nem diflizyonu ve nem gegirgenligi ile nem arasindaki iliskinin nicel olarak
saptandigi arasgtirmalar vardir [2]. Rejenere seliiloz filmlerin bir yiizeyinin seliiloz
nitrat ile laklanmasinin  su buhari adsorpsiyonu ve gegirgenligine etkisi
arastindmistir. Su buhari gegirgenligini élgme igin gelistirilmis Ozel yontemler
bulunmaktadir. Ozellikle gegirgenligi az olan filmler igin filmin bir yiizeyinden
diger yiizeyine gegen su buharinin filmin bir yiizeyini siipiiren kuru gaz akimini
nemlendirmesi dlgiiliir. Bu amagla biri hizli ve digeri dogru (accurate) Slgen iki
higrometre kullamhr. Morris ve ark. [3] gelistirdigi bu diizenekte doymamig
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poliester reginesi filmlerinde suyun yayinma katsayisinin filmin nemine ve zamana
bagh oldugu bulunmustur. Polimer filimlerin gaz gecirgenliklerinin enine ve
boyuna gekerek yonlendirme oranlarina ve sogutma iglemlerine baglihiginin gegen
gazin molekiil ¢apr ile degistigi bulunmustur [4]. Ambalajlarinda 0,5-1,0 mm
boyutundaki deliklerin toz gida maddelerin rutubetlenme hizina etkisi gravimetrik
yontemle ve manyetik resonans yontemi ile incelenmistir [5]. Deligin yakinindaki
toz hizla nemlenmekte ve nem geri kalan toza yavas yavas yayinmaktadir. Suda
¢oziinebilen polimerlerde molekiiller arasi hidrojen baginin su buhari adsorpsiyonu
ve diflizyonunu etkiledigi bulunmustur [6]. Suyun poliakrilik asitte(PAA) -COOH
gruplari, polivinil prolidonda (PVPo) C=0O gruplarn etrafinda yumak(cluster)
olusturdugu ve adsorpsiyonun % 50 den yiiksek nemlerde Flory ve Huggings
¢Ozelti teorisine uydugu gézlenmistir. 2:1 oraninda karistirilan PAA ve PVPo de
ise polimer molekiilleri arasinda hidrojen baglari nedeni ile su buhari adsorpsiyonu
bagil nem ile dogrusal olarak artar. Bagil nem % 50 den kiigiikse her ii¢ malzemeye
de adsorpsiyon Henry yasasina uyar. Artan bagil nem ile immobilize olmusg su
molekiillerinin orani artigindan su buharinin polimer igindeki yaymma katsayilar
azalr,

Kurutucu maddenin dogrudan ambalaj maddesi igine karigtirilarak nemi g¢eken
ambalaj maddelerinin yapildigi bildirilmistir [7]. Entegre edilmis nem korumasinda
enjektabl dokiim malzemesi olarak kullanilan ham madde hem polimer, hem de
kurutucu madde igermektedir.

Bu ¢aligmada ayni1 zamanda nem ¢eken esnek PVC [8] malzemelerin gelistirilmesi
amaglanmistir. Ambalaj ortamini ¢ok kiigiik bagil nemlere kadar kuruttugu bilinen
[9] Bigadi¢ zeoliti gelistirilen malzemenin  nem g¢ekici  bileseni olarak
kullanilmistir.

I1. Materyal, Metod ve Bulgular

Kompozit Filmin Hazirlanmasi:

Petkim iiriinti emulsiyon PVC(Petvinil 38/74) ile Sankim'in Dioktil ftalat'(DOP)
100:60 agirlik oraninda karistirtlmig ve elde edilen karigim %10 oraninda 2 mikron
boyutunda Bigadig yoresi zeoliti ile karistirilmistir. Karigim 140°C da 50 bar
basing altinda 15 dakika isitilarak jellestirilmis ve 300 mikron kalinhiginda bir film
elde edilmistir.

Su buhart adsorpsiyon izotermi:

34 mm x 4 mm boyutunda kesilen 88,05 mg film pargasi Cahn 2000 gravimetrik
adsorpsiyon cihazinin [8] drnek teline diisey olarak asilmistir. 25° C da 10™ torr
basing altinda sabit tartima getirilen film {izerine ince ayarh Edvards CRV 10K igne
vanasinin 8 agikhiginda su buhari gonderilmis, sistemin basinct EMV 251 basing
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Olger ile ornegin agirhigr ise  Cahn 2000 mikrobalans ile 8lgiilerek iki kanalli
analog kaydedici ABB SE120 de zamana Karsi kaydedilmistir. Ayni andaki basing
agirhk degerleri okunarak % kati neminin bagl nemle degisimini gosteren
adsorpsiyon izotermi gizilmistir. Deney 2 kez tekrarlanmistir.

Ayni yontem kiiresel geometride bir zeolit pargacigina da uygulanmigtir [10].

Su buhart Gegirgenlik Deneyi:

Su buhari gegirgenlik test cihazi 0,5 cm ¢apinda olan ve bir tarafinda doymus su
buhari, diger tarafinda kuru hava bulunan filmden gegen su buharinin kuru hava
tarafinda yol agtigi nemin zamana gore kaydedildigi bir diizenektir. Kisa zaman
stireleri igin alinan bagil nem degerlerinden ve Denklem 3 den 6rnegin su buhari
gegirgenligi hesaplamistir.

Gegirgenlik=Q.L/(A.7P.t) (3)
A: Yiizey alani (sz)

L: Kalinhik (¢cm)

AP: Filmin iki yozeyi arasondaki su buhari basiner farki (mm Hg)

Q: Filmin diger yiizeyine gegen su buhart hacmi (Standard sartlarda cm’ )

t: zaman (saniye)

Su buharimin siirekli akig yontemi ile gonderilerek bagil nemin degistirildigi
yontemle dogal zeolit i¢in elde edilen su buhari adsorpsiyon izotermi Sekil 1 de
verilmistir. Dogal zeolit ¢ok diisiik bagil nemlerde bile %10 dan fazla su
adsorplamaktadir. Sckil 2 de ise siirekli su buhari akimi altinda % 10 zeolit igeren
kompozit malzeme tarafindan adsorplanan su buhari miktarmin ortamdaki su
buhari basincina bagh olarak degisimi goriilmektedir. Yapilan her iki adsorsiyon
denemesinin BET adsorpsiyon modeli ile karsilagtirmasi da aym sekil iizerinde
verilmektedir. Adsorpsiyon verileri Kullanilarak elde edilen BET Kkatsayilar
bulunmusgtur. % 10 zeolit igeren kompozitin BET adsorpsiyon esitligi;

N=5,135/(Po/P+20.123-21.123P/Po)

seklindedir. Sekil 1 ve 2 karsilastirildiginda dogal zeolitin adsorpsiyon izotermi
BDDT ye gore 1 tip itken % 10 dogal zeolit igeren kompozitinkinin 2 tip oldugu
goriilmektedir. Dogal zeolitin adsorpsiyon izotermi géz 6nitine alimirsa sadece
zeolitin adsorpladign disiiniiliirse %20 bagil nemde kompozitin % 1.4 nem almasi
beklenir. Oysa ki kompozit ile yapilan denmelerde adsorplama kapasitesinin %0.23
de kaldigi goriilmektedir. %98 bagil nemde ise kompozitin %1.4 nem almasi
gerekirken % | nem aldigr  gozlenmigtir. Kisacast diisik bagil nemlerde
beklenenden az, yiiksek bagil nemlerde ise beklenene yakin su buhari adsorpsiyonu
olmustur. Zeolitin plastijel ig¢inde bulunmasi su buharinin zeolite ulagmasi
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yoniinden engel yaratmaktadir. Bu nedenle suyun hizla zeolit taneciklerine
ulagabilecegi gbzenekli bir malzemenin gelistirilmesi gerekir.

Sekil 3 de filmden kuru ortama gegen su buharinin basincinin zamanla degigmesi
goriilmektedir. %10 zeolit i?eren film igin gegirgenlik Sekil 3 de Ki verilerden ve
Denklem 3 ten 1.4 10 ° cm’ STP s™' ¢cm™ em Hg ' olarak bulunmugtur. Bu deger
suyun film iginden yiiksek bir hizla gectigini[9] gostermektedir.

%kaati nemi

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
bagil nem

Sekil 1. Dogal zeolitin su buhari adsorpsiyon izotermi
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o deney |

@ deney 2 ‘

kati nemi, % Su
o
>

model

0,4

bagil nem, P/Po

Sekil 2. %10 zeolit igeren plastijelin su buhari adsopsiyon izotermi

bagil nem, %

zamean, dakika

Sekil 3. %10 zeolit igeren plastijelin gegirgenligi
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III. Tartiyma ve Sonug

Gegirgenligin - yiiksek olmasi filmde su buharinin  gegmesine izin veren
gozeneklerin varligini gosterir. Filmin hem gozenekli hem de su buharint zeolite
ulasmasini engelleyen bir yapiya sahip olmasi da ilging bir geliskidir. Suyun
polimerlerden yaymmasi polimer iginde g¢oziinmiis olan suyun hareketi ile
olur[4,6]. Kompozit malzemede ise yayinma polimer dolgu maddesi ara yiizeyinde
veya kompozit igindeki bosluklarda olur. incelenen sistemde ise suyun polimer
iginde ¢oziintirligiiniin ¢ok diisiik oldugu [8], dolgu maddesinin ise yiiksek oranda
nem g¢ektigi bilinmektedir. Suyun adsorpsiyonu ve yaymmasi hakkinda yeni
modeller gelistirilmesi gerekmektedir.

Bu g¢aligmada hem ambalaj malzemesi, hem de kurutucu o&zelligi olan ¢ift
fonksiyonlu bir malzeme gelistirilmeye ¢alisilmistir. Elde edilen esnek filmlerin
nem gekiciliginin beklenenden az oldugu ve nem gegirgenliklerinin ¢ok yiiksek
oldugu goriilmiistir. Bu nedenle bu filmlerin ambalaj digina gelen yiizeylerinin
laminasyon teknikleri ile su buharini gegirmeyen ikinci bir tabaka ile ortiilmesi
gerekmektedir. Ambalaj i¢ine gelen yiizeylerinin ise daha gozenekli hale getirilerek
nemi daha hizh ve ¢ok ¢ekmeleri konusunda arastirmalara devam edilmektedir
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