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Abstract 

----- .. 
The title of the post for the project No. DP/r.GY/17/00'4/ll--02/ 

K/32.l.H was Plastics Technologist- Procedures and Specifications 

of testing with a purpose to assist the establishment cf a Plastics 

Development Centre (PDC) in order to provide technical support for 

both strengthining and expanding the Egyptian ?lastics Industry. 

The development of a te3ting laboratorv forms 01:e of the important 

facilities within the PDC. The duration of the first repeat mission 

was one month. 

The main objectives were to assist and advise the PDC in cert­

ain of its specific requirements including the setting up of a 

chemical laboratory, drawing up test procedures for available test 

equipments and train the counterpart on the test specimen selection. 

operation, evaluation of procedures and quality control techniques, 

~xpose the counterpart staff on certain theoritical aspects of pla­

sties testing. 
, I 

The specific requirements have been completed in most of its 

aspects. The test procedures have been prepared in addition to trai­

ning the staff in sample preparation and sele~tion, operation and 

maintenance of test equipments, recording procedures, calculations 

and evaluation of test results. The staff were also trained on the 

preparation of test reports, maintenance of equipment records, test 

allocation procedures etc. Exposures were given to staff in certain 

topics on testing, additives, compounding etc. through lectruing, 

discus~ions and demonstrations. For the benifit of the PDC staff 

and plastics industrialists a special lecture on "Testing and Eval­

uation of Plastic Film and Laminates" was delivered. Based on the 

assessement of the need, additional facilities has been suggested. 

The mission was successfully completed. 
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l. Introduction 

The repeat w.ission assignment in Plastics Development Centre 

(PDC) at Alexandria was taken up after briefing at UNDP Cairo. 

On reaching PDC the Director and Head of Technical Affairs briefed 

regarding the progress made in the centre during the last one year 

and expressed the desire for the assistance and advise needed ~n 

tackling some of their problems in addition to the nature of work 

proposed to be carried out as per the job description. The counter­

part staff intended for the exposure to the training were then 

introduced. Names of these personnel are given in Annexure (1). 

Three new additions were there. 

A brief discussion took place regarding the added facilitiec 

in PDC and the nature of training and other requirements needed. 

It was found that stabilised power has been established and a few 

new additional test equipments have been received. 

It was therefore planned to inspect and install the new addi­

tional test equipments, put them into operation along with some of 

th~ earlier equipments, draw up test procedures, train counterparts 

i~ all aspects of the objectives, assist and advise the centre in 

some of its specific requirements. Thes~ were intended to be carried 

out through practical involvement in the demonstration work, suppo­

rted with necessary lectures, which were to be specifically prepared 

for this requirements from books and background matter brought from 

India followed by discussions. These were tn be carried out in cons­

ultation with the Head of the Technical Affairs and the progress to 

be mentioned. 

The training, assistance and advise rendered have been very 

well receivP.d by the staff of the PDC. The overall progress of the 

testing centre with regard to the staff and services have been found 

to be good. 
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2. Body of the Report 

2.1 The main duties of the assignment were to assist and advise 

the centre in its following specific requirements in addition 

to assist in drawing up the test procedures according to rele­

vent standards on plastics and to train the personnel in all 

the aspects of operation of test equipments and evaluation 

of test results. 

(a) Operation/experiments/discussions on Brabender 

plasticorder with planetary mixer,~E.S.C. apparatus, 

Instron tester, Gas permeability apparatus and 

impact tester. 

(bl Operation of Xenotest and a design for natural 

exposure. 

(cl Setting up of calibration system. 

(d) Setting up of a chemical laboratory 

(e) Evaluation of laboratory equipment results 

(fl Lectures and discussions on plastics in packaging 

and applications. additives and compounding. 

(g) Adhesive material 

During the last mission, the operation, calibration and stand-­

ardization of the many of the test equipment could not be 

carried out because of the non availability of test specimen 

and stabilised power. Further few additional equipments and 

spare parts have been received subsequently and new additional 

staff nave been recruited. Keeping all these factors in mind, 

it has become necessary that systematic operations and training 

of the staff with test equipments, more or less to be done 

~ v•holesomely in order to achieve the best results. 

The resul~s were achieved in the following manner. 

2.1.l The test equipments available in PDC as on date is given in 

Annexure (2). The lis~ include 9 of the additional equipment 

received dur:ng the last one year. As agreed upon during the 

last mission, American Standard for Testing Material 
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were decided to be followed for conducting tests and drawing 

uo orocedures. Accordinqlv test orocedures were oreoared for -- -- - - -
additional test equipments received and also for the experi­

ments planned in the chemical laboratory. 

The list of test procedures drawn up as per the standard and 

available test equipments is given in Anr.exure (3). As done 

in previous mission, the test procedures were made comprehen­

sive by including details about the scope, definitions, sign­

ificance, the apparatus, the test specimen, conditioning, 

operational procedure, observation chart, calculation and test 

report. And also files were build up for all the new equipment/ 

experiments containing the test procedures, relevant standard 

and maintenance record. 

Basic concepts regarding the test equipments and methods 

of testing were then imparted to the staff in the form of 

lectures, discussions and demonstrations. This also included 

some of the old equipments for the benefit of new perso1mel 

and on the specific requirements of other counterpart staff. 

As detailed in the earlier report the tecnnical personnel 

were then trained in all the test equipments for operations, 

observations, calculations, interpretation, reporting, main­

tainence and precautionary measures. Equipments like Instron 

tester for tensile and compression tests with mix~r head and 

plasticiser absorption tests with planetary mixer which wece 

not fully put into ~peration last time were given special 

attention and put into various experimentation, and trainiri.g 

were completed in all its aspects. Similarly attention w~re 

bestowed upon Gas Permeability apparatus, Volum~ and Surface 

Resistivity apparat~s and Enviromental Stress Cracking apparatus 

also for the operational difficulty and interpr~tation of the 

test results. On the major new equipment Xenon Tester was ins-

talled and coanmi~sioned successfully, for temperature 

humidi~y and rain cycles. The ~raining was also given on this 

equipment. 
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Because of the defective Xenon arc. lamp this could not be 

included in the cycle. However necessary training ani instru­

ctions were given to the staff so that as soon as this part 

is received they will be in a position to incorporate it and 

conduct the tests for evaluation. A design for natural expos­

ure was also recommended as per ASTM D 1435 and Indian Stand­

ard IS:2076. 

2.1.2 Test specimens with known test values for important tests 

were brought from India ~nd were tested in PDC, for the equi­

pments reliability and standardization. The ranges of values 

were checked and their reliability were ascertained. Guide 

lines were given regarding setting up of calibration system 

for important test eq~ipments. The Centre has been advised 

to get in touch with the Institute of calibration and chart 

out a detailed programme for adaptation. 

2.1.3 Settin up for a chemical la~oratory with basic facilities 

were found to be one of the priorities of the PDC. The place 

for the laboratory was already identified. The tables and 

service facilities were arranged. The list of apparatus, glass­

wares, chemicals etc. sugge~ted during last mission was 

arranged and few additional items found to be needed were 

then included. The list of these additional items is given 

in A~nexure (4). The staff intended for the ~hernical labora-

tory was tcken to a reputed scientific company in Cairo 

and the apparatus, etc. were selected based on the drawn up 

specificationz. These are being arranged for procurement by 

the PDC. Instructions have been given regarding the positioning 

of the apparatus in the laboratoiy. The staff was also brief~d 

enough regarding tests and experiments that may be able to be 

conducted with the basic facilities. The methods of experimen­

tation were also explained and discussed with the detailed 

procedures drawn up specifically for this purpose that are given 

in Annexure (3). 
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With these there should be no difficulty in initiating the 

activities of the chemical laboratory. Special attention 

was devoted to the determination of carbon black and carbon 

black dispersion in olefin plastics and the methods of lN 

stabilizer determination which is generally do~~ bv instru­

mentai methods. 

It was realised that the staff still require further know­

ledge and practice in identification methods of plastics 

by simple confimatory methods as this is very important 

and basic requirement of a plastics testing laboratory. 

A brief write up was made available to them on this topic 

and the training was gi7en by practical demonstrations wit~ 

the sample pockets brought from India, with explanation 

to enable them to take up such tests in future. 

2.1.4 In depth explanation and discussions were held frequentl~· 

in connection with the eval11ation of the laboratory equipm­

ents test results and th~ir usefulness limitations in var­

ious practical applications. The laboratory personnel showed 

great interest by their acti.ve participation w~ich is to be 

well appreciated and recorded. 

2.1.5 General lectures on introduction to plastics materials, 

processing and applications of plastic~ and Brabender Plast­

icorder were taken in order to acquaint the personnel with 

necessary background information for expanding their knowledge 

in testing and advisory services. 

2.1.6 Building up of knowledge and then facilities for compounding 

of plastics especiallv for PVC in view of the emergence of 

a large petrochemical complex in Egypt was found to be one 

of the area which is occupying the attention of PDC. So, in 

this connection ~ectures and discussions on additives and 

compounding was arranged and also literatures brought from 

Ir.dia ware provided to the centre for their use and facility 

build up. 
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Preparation of a water soluble adhesive for cassette labeling 

as an import substitute came up to PDC. In this connection 

M/S. Sano Cairo Co., Alexandria was visited with the PDC 

staff and the available date and connected details were 

collected. Outlines for identification of the basic resin 

and guidelines for preparation of such adhesive were given 

to the Centre. Further advise will be givPn throuah corres-

Discll~sions regarding the formalities and procedures to 

be adopted in taking up a testing assignment initiating, 

following up action and test results forwardi~g etc. was 

held with the Head of the Technical Affairs and the counter­

part and adequate informations were given in this connection. 

The PDC ts a member of Plastics Standardization Committee 

of Egypt. During the assignment period formulations of 

specification of PVC sheet for passport purposes came up 

for discussions. Guidelines for approaching such type of 

problems wert given and also the ASTM standard 01593 and 

Indian Standard IS 2076 were specifically discussed for 

this purpose. 

Industrial visits were undertaken to the following indust­

ries in order to know their activ~ties and requirements, 

acquaint them with the available PDC test facilities and 

advise them for utilising such services for getting best 

results. 

(a) M/S. Al Sherief and Co. Cairo (13/4/83) 

(b) M/S. Sono Cairo Alexandria (16/4/83) 

During the mission_ : _ period few assignments from Industry 

came up to PDC for testing and evaluation purposes. 
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(a) Compression testing evaluation of encopsulated fuel 

for Ato~ic Centre purpose. 

(b) Tensile testing and evaluation of PVC sheet for passport 

application. 

(c) Property specifications evaluation of PVC compound for 

applications. 

Guidance were given to complete these assignments. 

2.1.12 Also on 26/4/83 had an oppo1~ lty to meet the Committee of 

Plastics Raw Materials procurement of Egypt Government at 

PDC and acquainted them with the purpose and background of 

the expert mission and the potentials of the PDC testing 

facilities for their utilization. This was done through a 

slide programme. Later the Committee had appointed PDC as 

a consultant for the procurement of plastics raw materials 

for imports. This is really a prestigeous assignment to 

PDC. 

2.1.13 At the request of PDC a special lecture on "Testing and 

Evaluation of Plastic Films and Laminates" was delivered on 

28/4/83 for the benefit of the PDC staff and plastics indu­

strialists from Alexandria and Cairo. The content and details 

of this lecture is given in Annexure (9). During this meeting 

had an opportunity to discuss with the industrialists and 

also with Prof. Dr. S.A.El Garf of Alexandria University 

who is extending excellent services to develop the theora­

tical background of PDC staff in polymers. 

2.1.14 A final meeting was held at the end of the mission with the 

Head of Technical Affairs and the counterpart staff. The 

work carried out was reviewed. Also the type of facilities 

training and assistance needed in connection with the progress 

and implementations of the prcject were also discussed. 
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3. Findings and Recommendations 

3.1 The progress of the testing centre and its staff has been 

exceedingly good in the last one year. 

3.2 The counterparts had responded to the training well. 

3.3 Many of the test equipments, spares and accessories recommended/ 

suggested during the last mission are yet to be procured by PDC. 

This may be reviewed and necessary steps be taken to procure 

these items in order that the centre may serve the industry 

effectively. 

3.4 During the training, it was identified that few of the test 

equipments is to be provided with certain accessories/spares 

so that these may be put into full use. The recommended list 

of these items is given in Annexure (5). These items may be 

made available to PDC. 

3.5 Keeping in mind the coming up of a petrochemical complex in 

!gypt and the appointment of PDC as a consultant by the Gover­

nment of plsatics raw materials, it is necessary that PDC 

strengthen its facilities in the areas of testing, compounding 

and chemical identifications (Evaluation of Stabilizers Anti-

. oxidants etc) 

It is therefore recommended that equipments given in Annexure 

(6) for such facilities may be considered for procurement in 

stages. As the compounding and.the identification of additives 

etc. by sophisticated instruments are specialised areas, it is 

necessary that the technical personnel are provided training in 

the firms from where these equipments/instruments are procured 

so that the instruments are put into immediate best use. 
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3.6 Formulation of standards and standardisation activities has 

already been started by the PDC by being the members of the 

National Committee on Standardization for Plastics and assi­

sting them. This should be further activily taken up by the 

PDC. If necessary training of one personnel abroad for this 

specific purpose is s11ggested. Fo1· the benifi t of the Centre 

few useful Indian ~tandards have been left in their library. 

3.7 For the expanding activities of the testing centre, in order 

to extend the best services to the Egyptian Plastics Industry 

it is necess~ry now that the staff are trained in specific/ 

specialized areas of testing. It is therefore recommended that 

the PDC personnel may be identified for various specific areas 

and trained accordingly in various test centres menticned in 

the earlier report. Few additional training centres are also 

given in Annexure (7). 

3.8 The technical library of PDC need further strengthening. ASTM 

and other standards, other books and periodicals that were 

earlier suggested may be arranged for earlier procurement. 

Keeping in mind the present and future activities of the PDC 

few more literatures are recommended in the Annexure (8). 

These may be procured.For the benifit of the PDC, training 

course materials on "Plastics Materials and Product Testing" 

and "Refrences Course on Blown Film Extrusion" prepared by 

the Central Institute of Plastics Engineering and Tools, 

Madras have been given t~ them. 
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Annexure (1) 

Plastics Development Centre, Alexandria. 

DP/EGY/81/029 

Director: Dr. Osman Abuzeid 

Head Technical Affairs: Ms. Eng. N. Nosseir 

Names of Counterpart and C .her Staff 

(1) Eng. Magdy Ghareeb Electrical Engineer 
( 2 ) Eng. Nagwa El Menawy Chemical Engineer 
( 3) Chem. Kha led El Sayed Chemist 

(4) Chem. .Hi sham El Shammaa Chemist 
( 5) Chem. Hi sham Hussein Chemist 

( 6) Chem. Mahmoud Nada Chemist 
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Annexure (2) 

List of Test Equipment at Plastics Development Centre 

1) Instron Universal Testing Instruments 

2) Pendulum Impact Teste~ 

3) Dart Impact Tester 

4) Elmendorf Tear Tester 

5) Melt Flow Indexer 

6) Brabender Plasticorder 

7) Spherical Haze Meter 

8) Gloss Meter 

9) Stereo Microscope 

10) Volume and Surface Resistivity 
Apparatus. 

11) Gas Permeability Apparatus 

12) Enviromental Stress Cracking 
Apparatus. 

13) Torsional Modulus Tester 

14) Radiation Thermometer 

15) Tong Welding Unit 

16) Ultrasonic Welder 

17) Laboratory Oven 

18) Mixer 

19) Xenotest 250 

20) Microtome 

21) Buffing Machine 

22) Polariscope 

2 3) Balance 

24) Film Thickness Gauage 

25) Melting Point Appdratus 

26} PH Meter 

2 7} Oven 

Instrc.n, U.K. 

ZWICK & Co., FRG 

Daven test 1 td •I U.K-

Daven test ltd• I U.K 
II II 

Brabender, FRG 

Daven test ltd• I U.K. 

Daven test 1 td., U.K. 

Olympus, Japan 

Daven test Ltd. I U.K. 

II II 

II II II 

Wallace & Co., U.K. 

Heimann, FRG 

kiche & Herfurth, 
FRG. 

Telesonic,Switzer­
land. 

Daventest ltd.,U.K. 

Hobart Corp., USA 

Original Hanau, FRG 

Reichert Jung, FRG 

Wallace, U.K. 

Kavness,Inc., USA 

Sartorious, FRG 
Zaklady Mechaniki 
Precyzy jnej,Poland 

Wallace & Co., U.K. 

Electrothermal,UK 

Griffin & George Ltd 
UK. 

Memsnert, FRG 
,,.,. 
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Annexure (3) 

List of Test Procedures 

1) Identification of plastics by simple methods 

2) Testing of the plasticiser absorption of PVC by planetary mix9r. 

3) Methods of exposure to laboratory light sources (Xenontest) 

(ISO 4892-1981 & BS 2782:Part5:Method540 B: 1982) 

4) Specific gravity and density of plastics by Displacement, 

(ASTM D - 792) 

5) Density of plastics bv the densitv gradient technique, 

(ASTM D 1505) 

6) Determination of logrithimic viscosity number of polyvinyl 

chloride (PVC) in formulated compounds (ASTM D 3591). 

7) Viscosity of ethylene polymers dilute solution (ASTM D 1601) 

8) Density, apparent, bulk factor and pourability of plastics 

materials (ASTM D 1815) 

9) Particle size (sieve analysis) of plastics materials (ASTM 

D 1921) 

10) Water absorption of plastics (ASTM D570) 

11) Determination of melting point by capillary method. 

~2) Index of refraction of transparent plastics (ASTM 0542). 

13) Carbon black in olefin plastics (ASTM D 1603, Indian Standard­

IS - 2530). 

14) Microscopical examination of pigments dispersion in plastic 

compounds (Determination of carbon black dispersion in ~oly­

ethylen? materials ASTM D 3015, IS - 2530). 

15) Acetone extraction of phenolic moulded or laminated products. 

16) Resistance of plastics to chemical reagents (ASTM D 543). 

17) Resistance of pla~tic film to extraction by chemicals (ASTM 

D 1239). 

18) Rate of burning and/or extent and time of burning of flexible 

plastics in a vertical position (ASTM D 568). 

19) Rate of burning and/or extent and time of burning of self 

supporting plastics in a horizontal position (ASTM D 635). 

20) Extraction and analysis of plasticiser mixtures from vinyl 

chloride plastics (ASTM D 3421). 
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Annexure (4) 

List of Additional Chemical Lab. Facilities 

1) Reaction k3ttle. 

2) Moisture balance. 

3) Softening point apparatus. 

4) Flow meter. 

5) Digital temperature indicator 

6) Humidity indicator/recorder. 

7) Sieve analyser (as per ASTM D 1921) 

8) Freezing point depression apparatus. 

9) Boiling point elevation apparatus 

10) Hygrometers 

11) Combustion boats 

12i Special burners (as per ASTM D 568 and D 635) 

13) Microscope Magnification 200 and more 

14) Additonal glass wires and chemicals 
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Annexure CS) 

List of Spares and Accessories 

Name of Equipment 

1) Plasticorder PLE330 

(Brabender OHG W. Germany) 

2) Xeno:. test 250 

(Heraues, W. Germany) 

3) Gas Permeability 

(Daventest Ltd. U.K.) 

Spares/accessories 

- Special mixer type MB 30H 

- ~xtruder Type 250 

(Screws forP.E., PVC & other 

common thermoplastics). 

- Capillary viscometer die assembl: 

(with connected dies, pressure 

transduces etc. for measurement) 

- Round die assembly (with inter­

changable nozzles) 

- Water bath for cooling the ext­

rudate. 

Pellatizer 

- Xenon lamp - 2nos 

(Type NXe 2700 Xenon burner) 

- Manometer assembly- 2 nos 
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List of Additional Test Equipment 

Equipment 

1) Apparent density apparatus 

(as per ASTM D 1895} 

21 Colour comparative/Colour met~r 

(evaluation of colour fading in plastics} 

(ISO 4892/IS0872) 

3} Oxygen Index Flamability Tester 

(ASTM D 2863) 

4) Drop tester (ASTM D 2463) 

SlTaber Abrasion tester for plastics 

6}Arasion tester for elastomers 

~} Dielectric break down tester 

( 50 KVA) 

8) Dielectric tester 

AC- loss characteritics and dielectric 

constant}. 

9) High speed mixer 

10) Banbury Mixer 

11) Granulator 

Chemical Analyis Instr11ments 

12) Thin layer chromatograph 

13) Gas chromatograph 

14) HPLC/GPLC 

15) IR spectra photometer 
-1 -1 

(double beam, frquency 1200cm to 400cm 

Suggested Supolier 

Davenport/ U.K. 

Custom Scien~ific Inst.,USA 

~esting Machines Inc.,USA 

Gar~ner Inst., USA 

Testing Machines Inc.,USA 

MKM & Co. / USA 

Stanton Red Craft/England 

Custom Scientific Inst.,USA 

Taber & Co./USA 

Testing Machine Inc.,USA 

ZWICK & Co. , FRG 

Beckmann/Switzerland 

.. Engelmann & Buckham Ltd., 

U.K. 

Henschel Werke A.G./FRG 

Farrel Corporation/tTSA 

" " 

Fisher Scientific Co., 
Switzerland. 

Perkin Elmer, U.K. 

Dupont and Co./U.K. 

Water Associates, U.K. 

Dupont and Co., U.K. 

Beckmenn, Switzerland 

Perkin Elmer, U.K. 

Schimadzu , Japan 

cont ... I 
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Equipment 

16) UV spectra photometers 

17) Thermal analysis apparatus 

Suggested Supplier 

Dupont & Co./U.K. 

Jeol, Japan 

Dupont, U.K. 

Perkin Elmer, U.K. 

Stanton Red Craft, U.K. 

Heraues GMBH, FRG 
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Additional Training Centres and Labs. 

l) I.C.I. Plastics Division, Welwyn Garden City, 

Hertfordshire, England 

2) Chemistry and Polymer Technology Department, 

Polytechnic of South Banic London. 

3) I ~ C L, Baroda, India. 

4) TNO/Delft- Holland 

5) Shell Reserach Laboratory, Amsterdam, Holland. 

6) ATO Chemie, Paris, France 
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Lis~ of Books and Periodicals 
Annexure (8) 

1) A Concis£ Guide to Plastics. Simonds, R., and Church 

Reinhold - New York 

2} The Encyclopedia of Basic Materials for Plastics. Simonds, R. 

Reinhold - New York 

3) The Role of Additives in Plastics, Mascia, L., Edward Arnold 

London 

4) The Identification of Plastics and Rubbers, K.J. Saunders., 

Chapman & Hall Ltd. - London 

5) Impact Tests and Service Performance of Thermoplastics 

Vincent, P.I., Plastics and Rubber Institute London 

6) Mechanics of Plastics, Turner.S., Newnes Butterworth, U.K. 

7) Mechanical Properties of Solid Polymer, Ward, L.M., 

Wiley interscience, New York 

8) Extrusion and Compounding - Published by ICI Plastics Division 

Walwyn Garden City, Herts, England 

9) Plastics Design Data Book - Glenvil 

10) RAPRA Abstracts - RAPRA, U.K. 

11) Introduction to the Chemical Analysis of Plastics 

A.Krause ~nd A.Lange 

12) Principles of Polymer Systemsy Rodriguz Mc Graw Hill, N.Y. 
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Annexure (9) 

K • R Al'IAl'lJRTHY 

Introduction v" 
Plastic films are used for packagina, construction and industrial applications. 

Each end use or application requires a film with a particular sat of properties 

to psrform the functions cf package ~abrication,-product protection, contain­

ment, and appearance or display. 

film properties may be broadly classified as physical, mechanical, chemical, 

optical and thermal, with other subjective values such as machinability and 

printability. 

The mechanical anct thermal properties of plastic films are important factors 

in the fabrication of packages. Relatively low elongation and high slip are 
' \ required for bag making. 

'. 

films with higher modulus (greater stiffness) and medium slip are used on 

overwrap machines. The stiffness is reriuired for film feeding, and the 

medium slip lev-1 is necessary te ensur a tight wrap that doesn't wriri<le or 

distort. 

Thermoforming is required for skin a!'ld blister packaging, so heat stable sheets 

that have good hot strength and forming characteristics are required. Skin 

packaging materials should have high impact strength and puncture resistance. 

Blister packs are usually rigid and materials with a high tensile modulus are 

req1.dred. Good optical properties are required for both applications. 

The package must provide different protective propertiPs for different 

product tyfes. Baked goods require a 10\d moisture vapour transmission rate 

(MVTR) and resistance to greases anc oils. A 10111 l'IVTR is required for all 

types or candy packaging, and grease and oil resistance are also needed for 

chocolates. Bags for hard candy need good impact strength and resistanc& 

to r;11ncturing. Cheese, other dairy products, and processed me~ts r.eed low 

l'IVTR, 10111 oxygen permeability, and good resistance to grease and oils. fresh 

meat and fresh produce on the other han:I require films that are permeable to 

gases. F'rozen roods and boil-ill-bag items need packages with good low tomp.­

eratura impact strength and moi.gture protection. The boil-ir..bag also 
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requires heat resistance to withstand the effects of boiling water during 

food preparation. Toys, hardware, housewares, ond paper goods in general 
. 

require high clarity, high impact strength films. Many of theso items are 

skin or blister packaged and displayed on racks, so th;it excellent clarity 

is essential. Shrirk packaging is also used for toys, hardware, paper goods 

and records. Tobacco needs moisture protection for freshness, but the film 

should have modoreto transmission properties. One of the requirements of 

packaging films for tobacco and candy is high speed machinability. 

ror various i~dustrial apolications, high strength, temperature resistance, 

chemical resistance, or electrical properties are required. Examples are 

films used for electrical insulation, dielectrics in capacitors, liners for 

tarks and drums, diaphragms for chemical pumps and valves, and gasketing 

materials. 

The fqctors that influences tho properties of a plastic film are; 

the chemi~al com~osition of the base polymers 

the compounding ingradients 

the method of man.ifacture of the film 

the thickness and 

the post treatments, coatings and lamira tions 

The basic film properties come from the chemical structure of the resin. 

Some of the commonly used resins ror the fiJm ap!"llications are; 

LOPE: HOPE 

PP EVA 

PVC PVDC 

PVA PS 

PA POL YE STER 

PC C£LLOPHEN£ 

Their typical characteristics and applications are given in Table - I. 

The addition of plasticizers usually increases elongation, flexibility, 

and permeability but lowers the maximum temperature. Similarly many other 

additives have varying influence on many other properties. 
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Cast films usually have excellent optical properties, little heat distortion 

and good gauge and flatness. 

Extruded films have greater mechanical strength than cast film 

Oritented film have significantly greater mechanical strength and slightly 

reduced !JBrmeability rates, but will shrink at elevated temperatures. 

Post treatments and coatings are used to improve ir1< adhesion, slip, barrier 

properties, heat sealibility and sealing. 

LAMINATES take advantage of the properties of two or more materials to 

improve the over al1 properties of tl"e structure. 

Though laminates are invariably more expensive than the some of thair 

component parts, they are generally preferred for particular jobs to achieve 

a balance of properties at a lower cost than is possible in any other way. 

The major techniques employed in the fabrication of laminates are; 

Extrusion coating 

Adhesive lamination 

Wax lamination 

Hot melt coating 

Extrusion lamination 

Heat lamination 

Co-extrusion 

The characteristics of the base material and the properties and uses of 

the commonly used laminates are given in Tables II and III. 

Testing methods 

In order to carry out this matching of properties'against requirements, it 

is necessary to know that the va;· ious properties actual! y mean in practice 

and to have some method of quantifying them. The testing of film properties 

is also necessary for other reasons. Research laboratories must have soma 

method of testing film properties in order to evaluate new nroaucts. The 

more efficient such an evaluation can be made, the more liklihood there is 

that the guesswork can be taken out of the decision as to whether the 

product is worth commercialising and, if so, for which market it is parti­

cularly suit~ble. Another objective of testing is to aid in proc~ss develop.. 
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ment. Test results can help in evaluating the results of changes in raw 

materials or processing variables, and can enable realistic man.Jfacturing 
specifications tQ be set up. 

Some basic aspects regarding te~ting namely variability of test results 

conditioni~g, isotropy of test specimens and caliberation of test machines 
are to be taken into consideration. 

further the properties tested should be capable of intrepretation with 

relevance to actual practical conditions. Otherwise no useful purpose is 

served. There is a very wide range of criteria to be applied when ccnsider­

ing the selection of a rilm for a partiClJlar purpose. Broadly the tests to 
be considered fall into four main classif icatior.s; 

PROPERTIES CONCERNED WITH THE STRENGTH OF THE FILMS 

Tensile strength 

ElJrst strength 

Impact strength 

PROPERTIES CONCERNED WITH TRANSMISSION 

Gas permeability 

Odour perrreability 

PROPERTIES CONCERNED WITH SURFACE 

Friction 

Blocking 

Heat sealability 

Stiffness 

Tear strength 

Flex resistance 

Water vapour permeability 

Light transmission -

See through clarity 

Haze 

Gloss 

Mar Resistance 

Electrostatic charge 

Pr intabU.ity .&: 

Print adhesion 



OTHER PROPERTIES 

Densit"y 

Flatness 
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Dimensional stabLity 

1'"1el t flow index 

Light resistance 

Solvent resfstance 

Electrical properties 

Strength Properties 

Thickness 

Water ::ibsorption 

nrientation & shriri<age 

F'lammability 

Chemical resistance 

Toxicity 

Since a large romber of film is used for general packing the strength 

properties described here are importnnt. They are alsc of use in assessing 
film quality. 

Tensile Strength ~ Plq. 1&2) 

Although tensile strength is Q proporty which is •aeful for dtfferentiating 

between different types of film, test results <Jre not usually reliable for 

estimating the performance of a given film in pr<ictice. ~loreover an estim.,te 

of tho resistance of the film to rupture while under tensile strain can be 

obtained more quickly by a tlJrsting strength test. Ho~ver, when films are 

Hnisotropic the magnitude of tho difference in strength nlong different 

directions can be ascertained only by meansur ing the (tensile) in each direc­

tion. The d.i.fferences in tensile propert.i.es often have to be taken into 

account during conversion of tha film into bags on other pnc:kages. The 

preparation of the test strips is very important and should be done with 

no mixes or other imperfection in the edgee. The tensile strength of 

film may be measured by strRtching a conventional dumP-bell specimen 

or a parallel sides strip in standard test equipment as, fore ,ample in 
ASTM method• 
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Strength at yield is c usei'ul. property and should be teG.sured as well as strength 

a.t break. Elo.-igc. ti on is useful as a. ir.. <'-sure of the film& ability to stretch. 

Modulus is a imasure of the farce required to defiarm too film by a given amount and 

so it is also ~ measure of the intrlilic stiffness of th: file. 

The import~ce of the v~ric:us tensile rro~rties depends on t~ si:ecific end-use 

requirerents but som generc.l obsryrva.tions C<lll be m.-~de. The tensile strength, 

for inetruice, must be great enough so th:'.'.t the fil::i will not bre~.k when subjzcted 

to the sort of loa.d likely to be encounte:reo in prr.ctice. In mny c:>..ses the yield 

strength may be I:IO:rc important thr.n the uttimte t0nsile strength. This is beco.use 

once the yield point ho.s been rec.ched, a large incrcnse in elongaticn may result 

from a smll incrccse in stzess. In po.ckngi.ng uses, this c<'ll result in a. tight 

wrap becoming loose. The yield strength is also iI:lport::i.nt in hMdling on printing 

D..nd laminating equipment. Up to the yield point, r'.Xly elongation is :reversible a.nd 

the film will revert to its original strength when the stress is recoved. After 

the yield point, sOt:E? of the elongc:i.tion is non-elastic r'.nd there is always a resi­

dml elongation. A sudden snatch which leads to stresses greo.ter than the ycild 

strength will permnently stretch the filc and lead to registration problems. 

Films M.ving a. high elongction are someti~s used in order to :relieve ;:i.ny stresses 

caused by an a.ppliE::d loc.d ;-nd so reduce the risk of rupture. Under similar circuri'.l­

struices, films .Jith low elcngi:-.tions wou-d need to h~ve fairly high tensile strength 

to withstcnd My applied lmding. 

A gre<?.t dcn.l or inform.:i.tian o.bout the film can be obtz.ined froc the sh.'.l.pc of its 

stress/strain curve. In e.dditian, to the nuiooric;:i.l vclues for tensile strength, 

you.ng's l!IOdulus, elongo.tion, etc., it is possible to obt:".in soim idea of too tough­

ness of the nnterinl by mee..suring th<:. C.I"e?.. under the curve. This o.rea is Cl IOO.?.sure 

of the energy needod to b~a.k the test st:ecim:ln and hence is directly related to 

toughness. 

· Burst Strength (Fig 3) 

The burst strength of a film is the res ist~ce it offers to ~ ste::?.dy pros sure 

applied at right Mgles to its lu.rf<l.ce under ccrtD.in defined conditions. The 

burst attength is t~lr..en to be tra pressure ~t the !Tloment of failure of the film 

Md is essentially a !!EC.sur~ of the capicity of the film to absorb energy. 

Brittle f'ill'B, which ~n a.bsorb only a. smo.11 a.mount of energy before bret',king, 

l'nve low burst strengths. 
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A pa.rt of the fil:n is clamped between two pl<me annular clamps over a. flexible 

rubber dia.phri.gm ·,.hich is clamped betveen the lower clar'? and the rest of the 

appa.ra.tus. The rubber diaphragm, is forced against the film under test by hydrau-

lic pressure, using a liquid. The pressure in the fluid is increased until the 

specimen ruptures, the flexibility of the diaphragm beL~g such that a.ny distoi.­

tion of the speci~n is followed. Pressure is 1prlied by a motor driving & pis­

ton into the liquid and the ~ressure at which the film rupture is :read on a gauge 

attached to the apparatus. 

The 
:'t!ethod is simple in prdnciple and needs little comment. However, it shculd be 

reuembered t~\ t films are usually anisotropic and stress system in the filr:i as it 

apprce.ches r.lpture is complicated. Films ·,ihich have a high exte~sibility !!"~ 

stretch too far to allow this method to work and in that case the bursting st::er.gth 

may be measured using a.ir under pressure instead of a liquid. 

- Impact Strenolirth (Fig 4) 

Impact strength of a film is a rre.:J.sure of its ability to withstand shock loading. 

The prope!:"ty is a measure of t"'."le .::.bility of a ma.te:::-ial to absorb energy in a ..-;::::y 

short period of tiim 2.n:i usually is regarded as that rnec:si.:.red property most closely 

related to the soma what vague quality callea toughness. Impact resistance is also 

related to brittleness. Brittleness denotes the lack of ductility, poor flexing 

properties, or more generally, a lack of to'U8hness. It is highly dependent on tee 

ra.te at ·.·!hich the stress is applied. 

A circular section of film is clamped horizcntally at its reriphery and a. dart is 

dropped from a specified constant height on to the centre of the film sample. The 

dart consists of a shaft carrying a hemispherical strikine he2d and the shaft is 

capable of carrying variot:.S weights so that a convenient range of striking energies ··· 

can be obtained. '!\lo techniques a.re normally employee. In both a. few specirrens 

are used in a trial run to obtain an indication of the impact energy at which 

about 5C% failuxe .,.,ill occur. The first qecitT'en is tested at an arbitrary level of 

dart weig!;t~(with a. given height of fall) and subse~uent Sp?Ci::Ens are tested 

at half or do-.ible this dat weigr": until with a given weight some s~citrens frac­

ture and s~ withstand the impac ~. 

In the first (sta.irc:-se) roothod up-to 20 further specimens are then tested with 

ea.ch successive da.r-i: weight devi2.ting from the proceeding one by a com:t:lnt wei._Q.'ht 

which is nortr.a.lly chosen to be J.bout one tenth of' the toteil weight found in the 

trial run. 1•.'hen a speci,...en frc..ctures the next one is tected a.t a lower dart weight 

and when ::i. apeci~n does. not .fracture the ~:.ext one is tested a.t '· higher dart ;;eight. 

The imIJo.-:.ct strength is defined ;:.z t'1e level of dart weight, for a given height o:~ 

fall, a.t which 5(0 of t,i-,e sp0 d::lrns wi\l fail n.ni:l is t!1e !n:?a.n we i?'ht of all the 
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values used in the test run proper. This met.hod gives a fairly reliable estimate 

of the ave~ i.JI:.pz.ct strength. 

The second or probi t method assesses imf;J.ct st:rength by determining the percentage 

failu:res in a. given .r..umber of SJ;e cil!Ens when tr:sted with different r!art weights. 

With this test cne determines that dart weight which will result in the 

fracture of 50% of the samples tested. The gener~l procedure as as follows. A 

dart weirht is selected which will fracture at least one of a group of ten s];eci­

imns. The actual number of failures in ten trials is re corded. The dart weight 

is then ch"-llged by uniform increments and ten samples are tested at e~ch of several 

dart weights with the number of failures 2.t ea.ch weight being recorded. The data 

are plotted or: probability graph pa:r:er, the dart weights on the linear scale and 

the percent failures on the probability scale. But reading the graph, the dart 

weight at which 50% of the speciioon will fail t~ impe.ct failure 11eight or im;e.ct 

res istcmce expressed in gra.ir.s. 

Another approach "';o the matter of impel.ct testing is the use of a pendulum insteaci 

of the falling dar;. The film is clamped verticc;.lly and struck by a pendulum which 

has swung f.'rom a known height. The residual energ;/ of the pendulum after it has 

r1fptured the film, is 112~sured by a pointer on ~ calibra~ed scale of by a.~ electric 
; 

timer activate~ by a pa.i= 9f photoelectric cells. The loss in energy is a measure 

of the impact strength of the film. Produce bags failing in service conditions 

usually as a :result of repeated impici::, the fracture eccuring L'l a region of f.;_lm 

already strainec beyond the yield point by a previous accident. This is generally 

rreasured a.s impict fa.tique s':rength !'2.ther thm frf'ctu:ro faitiation strength. The 

film's impact fatigue strengtl is defined as the mcdiur:i of the number of blcws 

reruired until fracture eccuxs at a given load anc angle (or height of fall) For 

a complete assessment of tr.e f:.lm's performance both the fracture initi;i.tion ...:1 .. ~.L·e;,­

and impact fatigue strengtt stould be me<1.sured. 

~:_tbi bag-drop test, a. seal'>'! oa.g mde of the ma.teric:.l to be tested and cont2in­

ing a specified weight of sa.n: (or other suitable material) is dropred from test 

and falls onto a rigid surfecG, If rupture occurs, the bags is examined to see 

if the failure was in the seal or in the film. The results are only qualitative 

a.nd difficult to analyse. 

Tear Strength (Fig 5 & 6) 

Tear strength is an important pior:erty of pe.c\r..:iging films md a knowledge of both 

resUtaoce to tear initiation a.:.d tear propagation, m."y be neceosacy. In heavy 

duty sacks, for instance, possib~ rrugh handling mey deuand that tea.rs do not 

rur. from sma.11 snags on punctures incurred during trans it. Cn the other hand, 

ap:ilic.-..tions rel:,-ing an a. te~r t<"'-!iC to give ea<y ac~ss to the contents, require 



- 1R --

ease of tear pro~tion in one direction. 

Che of the most co!!ll!lan tests for me~uring tear strength is the Elemendorf Test 

------ which, lfr.c so nrny other fil:n tests, was originally develored 

for p<>.per testing. The Elemendorf Test measures the energy ~q_uired to propagate 

a. tea.r through a. S!ncified length of film. The apparatus has two grirs set side 

by side Hith cnly a sm?.11 separation. Cnc grip is st~tionary Md is mounted on 2.ll 

upright an the instrumnt base. The se~ond grip is moveable and is mounted on a 

pendulum or a he.<>vy sector of a circle. This pendulum is mounted on an almost 

fricticnless bearing and swings on .J. shc>.ft fixed perpendicular to the upright 

pillar. The sample of film is c12_.d in the two grips and a slit of st<:llldard 

dimensions. is introduced centrr.llr into the film using a razor blade. When the 

pendulum is released it wings down and tea.rs the s::i.mple along a continuation 

of the slit. The energy :requi~d to complete this tear is measured on a scale 

attached to the pendulum by roans of a pointer carried by the pendul:un an its 

:return swing. This indicates the :e:o idua.1 energy in the pendulum and thus the 

a.mount of energy lost in tearing t.":e film sample. 

The strength can :;.lso be measured a.t slower rates of teer using a tensile testing 

machine. In one test the tear propagation is meast;.red as the force riecessz.ry to 

keep the tear mC'li ing at a fixed apeed. The st:ress-strn.in curves obtained are 

analysed in different ways depecd~ upon their smpe a.ad a tear strength is 

defined. 

Tear initiaticn can 2.lso be mea.\;ured on a. te:nsile testing ::1.2.chine using a film 

sample cut to the sh2.r-e~·:iit.ksaM'fil.·1938· The geoimtry of the test piece is such 

that a. stress concentr t ion is ~reduced in the region of the right angle and the 

tear initiates at this point. '.:'he l!P.ximum stress during the te~ring process is 

recorded a.s the.tear initiation strengths. 

When the sample is pulled between thel grips of a tensile testL~g ma.chine, ~ tear 

starts at the root of the 90° notch. For fairly flexible films both the load 

necess"·I'Y' to initiate the tear ~d to continue it cz.n b~ recordec~. For brittle 

films, however, only the TTl8.ximum tear initiation force is measured. 

In all t~ te~r tests described, samples should be out from both 1I12.chi.ne ~nd 

transverse direction a.s the terir strength can v~ry widely according to too direc­

tion of tee.r. 

Stiffness 

Stiffness oa.n be considerer. as the resistance of the film to distortion a.nd in 

particular to bending. It i: ?. compound property n.nd derends on the thickness 

of the film as wide :i.c thP. inherent stiffness of the materfal. 
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The stiffness of film is sometimes importc:.nt. F0r example, it l!CY be advantc.geous 

to use a. stiff film in the operation of certain types of auto11F.t ic bag ma.king or 

wrapping ma.chines while for other applica.ti<Xis o. s0ft flexible film is more suit­

able. A simple me:i.sureDEnt of stiffiness ;f:s obt::':.i.'led free the modulus of clo.sti­

city in tension and is c?..lculated from the slO~€ of th: stress-str~in curve, 

usually <i.t low elong<i.tions. Ho\/ever, there is a difficulty here in th.~t the stress­

strain curves of films 2-re often !'lot line2.r even ne~::: the origin and stiffness is 

conventionally defined by :mans of a sec~.nt modulus (stress/ strain) which is cal­

culated from the stress occUITir.g ::.t a specified stra.in. 

There are more direct methods of measuring stiffness, one of which is by mee.."1.s of 

the Handle-0-Meter stiffness Tester. The test is a simple cno and consists in 

measuring the force required to push ~ sC'..lllple of film Lrito a slot of a given wldth 

over which the film he.s been laid. 

The results may be affected by slip agents in the film and by electrost:!.tic attrac­

tion (increasing the frictionc.l. resistance bet'ween the film a.nd the base plata). 

However, the behaviour of the fil:::i in practice, on paiilr~ing mo.chines, is probably 

more closely :related to results obtai.ne d when they are affected by factors such o.s 

slip and elcctrostz.tic attr<:'.ction. 

For thicker films, stiffness may be IIEG'.sured by tre<J.t ing ~ film strip as a beam. 

The test sample is pl.J.cec on two supports, suitably spr~ced, and the resultant beam 

is loaded at the centre. The defl~ction produced for c. given loc.d is then measured. 

The test can be performer: in oth::: r ways. Thm:, the !.12.xirm.un load which the strip/ 

beam is abl• to supporl can be mea.su:rad or the lmd neces~ ... ry to produce a. speci-

fied denection con be determined. 

Che of the simplest tests for ma.suring stiffness is the cc.ntilever test where one 

end of the film strip is clamped in o. 'norii.ontal plane and too amount by which the 

.film droops under its own weight is tre~ured. 

Like most other properties already discussed, stiffness is usually different in the 

ma.chine a.nd tr....nsverse: direction so that !!epa..ra.te measurements must be made en 

strips cut in ea.ch of these dim ct ions. The mn.in imp.ort<'.nce of s tiffncss in a 

}Bclaiging film is the i.nnuence it h~.s on its }:erformance on packaging !Jl'.chines, 

to the fin;il pack<J.ge. 

Thus til the packaging of woolen good a limp film is preferred so that the softness 

of the contents cM be <lpprcciated without opening the p:?.ck:'.ge. 
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Flex Resist~ (Folding endur-.nce) 

The :resistance to repe2.ted nexure of creasing is import"Ult in use. Som: films 

<:..re highly res istmt where <>.s others will f3.il by pin holing or total frc:cture 

after bending o~ly ::. few times. In escerrce the resist.?.nce to flexir.g is imasmed 

by repeatt:dly folding the fi.lm, b2-ckwc.>.rd.s ;:.n.d fori~..rds, at a given r?.tc. 1'hG num_ 

ber of cycles to failure is recorded 2.s the flex resist2nce. Cne method of aeasur­

i.ng is known as the folding endurcmce test. 

With sore of the "!!!O:re tc"llgh <>..nd flexible polymer films, even a. l<'-rge number of 

nexings rrc.y not le.::.d to fr,ct-..:.re. In such cases it me.y be worth running the test 

on various thicknesses since ~ thicker film may show fail'.L.""e CJ.t a relatively low 

number of flexings. Another point is th:'.t even if failU.."'"e dces net occur, certain 

properties of the film !T(!y be seriously mp-".ired. Pcrrre".bili.ty rrey be incrca~ed, 

for example, or tensile properties rrry be reduced. Tr.e optical properties "':m.y 2-lso 

be sc~iously affected. Che other w~y of testing cre~se or flex resist2nce, there­

fore, is to subject tr£ film to a given number of cycles in the test equipment and 

then comp2.re the re leVc?.nt pro~rties with those Gf the uncre~sed film. 

In essence there c...re two !:".ech.:n ist:'.s by which .'.!. g2.s or vc.pour CC'-'l pc>.ss from one side 

of a plastic filn to ;::.nether. If the fil::n L~ porous the!: the g?.s or vapour ~ 

new through the hales. This effect is not -..isuJ.lly present except in the case of 

very thin films. \vben pC" .. ·osity is not presant then g:i.ses t:'..nc ~.pours can still 

pass through the film by a process of sol~tion (or abscrption) and diffusion Cllld 

this compound process is known as percie2.ti.:>~. 

Suffice it to say that where permDnent ~ses ~re concerned, ~nd under conditions, 

of constant temperature and ::. const~t ~rtfal pressure differential, ci. steady 

state will be achieved after z. cert.:li.-i time h:>s elapsad. The qufiity of gas, Q, 
" 

passing f through the fi.1.m is directly proportional to the difference in gc'-S 

pressure on either side of the film, ".Zld inversely proportional to the? thickness 

of the film. In addition, it is diri:-etly proportional to the titl'£ during which 

the peI'I!'.ca.tion h.:i.s been occur0.g, .'.:!..1d to the exposed erec:?.. Thus one rrry write: 

Q e;t. At(?1 -P2) 

x 
wher~ Q - quantity of gp.s which p.".sscs through the film: 

A - the surfcc.:: areiJ.. in cont<'ct with the gt1.s; 

t - time~ 

(P1-P 2) p2..rti2..l pressure diffsrc::ti.2.l~ 

x - thickns ss 0f pl:'.Zti::: 
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This expression can a.lso be put in the form of an equation, thus: 

x 

where P is a constant for a specific combi.Mticn of gas and plastic at a. given 

tempeI't'.ture. The factor P fa vc.rio1JSly known as the perm;abili 't'J f<'..Ctor (or 'P -

factor•), penooability cpefficient or permaability conste..nt. It should be empha­

sised that the above equation applies only to steady st~te conditions. 

The position with regard to vapairs, including water vapour, is less clec.r. For 

one thing, the ste~dy stc:?.te conditicn is reached :narc slowly, while the.re ury also 

be chemical inter?.ctions between the permea.nt 3..nd the plastics film. 

The prc.ctirol importance of permeabil:.ty h:-rdly needs emph~ ising. cne of the 

prim functions of a. p~kaging film, very often, is to act :is a ba.rrier to gases 

and va.pou:rs. Biscuits, for example, need to be kept dry, while conversely, ciga­

rettecs o.nd tobacco need to be protected from moisture loss. The position with 

regard to the pernnnent gases is simihr. Fresh produce needs to be :.ble to lose 

carbon dioxide ~d pick up ozygcn whtle t'c:..tty food rrey go rancid if c-xygen is not 

kept out. Mc"'.ny foods ;;.re packed. in o. vacuum and a good barrier is essential if 

this condition is to be 11l2.intc..ined. T'.'le re2.surerent of pe~a.bility is, therefore, 

important and sto.ndard imthods 2.re 2.v1il.:-..blc for both water vapour 2.11d the per­

ma.nen t gases. 

Ga.s "Oerne ab il i 2 (Fig 7) 

The ~ !ransm:i.ssion Rate (G'l!R) is dcfin€d ~-s the voluim of g2.S thc::.t p2.saes thr~h 

a sample of unit :.:rce. under uni': pressure differ€ntial, the rn.tc being determined 

n.fter the slope of the trruismit~d voluroo-tiioo curve hM become constant. The 

temperntum and SJ:ecime:n thicki.1ess must e.lso be given e.s an integrr>..1 pe.rt of the 

GTR. 

The penneability Coefficient J:e~csents a more fundn.me.."lta.l property and is inde­

pendent of the geometry of the bst sample since it has dei ined in terms of unit 

thickness. It is the product of the solubility of the gc'-S ih the film and the 
.. 11 

diffusion ra.te of the g~s throug:i the film. GTR' s :tre ust.12.lly exPressect cc 

(at °C and 76 cm H~) per sq.m 24 hr. ~tm. 

Tho now of guctl?rough ~ film !II'..;r be men.sured us i.ng three different methods. 

In the first, the increase in oxy~n concentr<'-tion in an isolated comp;::i.rtmmt c ··~ 

one side of th() film under tEl st ia measi.Ee 4. The is 01~,t ed comp::.rtmnt con ta ins 

nitrogen at at pressure of l n.tm and too comprtmnt on the other side of the film 

cont~ins oxygen a.t r.. pressurG of:...~.:.atm. Thus there is no overall pressure dif­

ference a.or~ the~film but the or~gen p~rti~l pressure difference is equr.1 to 

aprroxiantely ~ ~tm. 
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In the second method the pe!'!E :'.bility is me-: sured by determining the increa.se in 

vol.umc of <Ui iso1."l.ted compt-.rtment an on€ side of the film. The p.."'.rti'.1.l pressure 

differe;ncx; of the '!f!S uncer ex-minr.ticn is equc.l to the tot'.".l pressi!fe difforon~";-­

the low pressure side being at c-.tmospheric pressure .:md th:: other at n. pressure: of 

2 G!.tm. 

In ·>:he third l!Bthod too L1creru;e in pressure iG <::.n isol.".'.ted comp.-rtmcnt on ooe sice 

of the film is l!B2.su:red. Tha p.:i.rti:tl pres~Ur,) difference is ea_u..::i..l to the tott-.1 

pressi.;.re difference, the low pressure side being at a. pressure of .:?.bout 2 mmHg ~"ld 

the high pressure side at a pressure of ::.bout 1 ::.tm. 

The method adopted by AST?:: D 1434 for mec:?.suring gas transmission rc.te is essenti2.lly 

o.t pressure increL'..se 1mthod. MeL'..surement of ~s pertrec.bility is 02.rricd out under 

controlled conditions of pressure, :i.s well iiS of tempero.tum :-..nd rebtive humidity. 

In eseence the usual tests consist in !IF.king the film <i. pc.r-Cion betveen a test 

cell 2.lld 2.ll evacuc.ted mruiometer. The pressure across the film is usu".llly one 

atmosphe!'€. As the g::is pas!>es through the film s~lc t~ mercury in too capilk•.ry 

leg of the m"C..nomcter is depressed. After ~ const'."nt tr:'.!lsmission r?.te is achieved, 

a plot of mrcu.ry height against tire gives o. straight line. The slope of this 

line CM he used to ci.1.lculc:?.te the g::is trnsmissicn. G.:..s perim2.b ility measurerents 

a.re described m ASTM D 1 434. 

Wate • Vapour ~r100e.bility 

Films used for packing foodstuffs us1.mlly h.-ve ~ low water ~pair permen.bility. 

The permeability is nx;~.surcd by ~thod in which the test film is fb.stcned over 

the mOl!.th of~ cup cont~ining eit~er a deeicc.:uit or w~ter. This sealed cup is 

then placed in :l. controlled n.tmosphere of specified tempcr,.ture <ind hwnidity. From 

the weight gain or loss of this nnit :i rateof w<'.ter vapour t:r::>.nsmission thrrugh 

the film c::i.n be calculated. The wcter vr-.pour trensmi.ss ion rn.te, WVTR or MV'"R, is 

the flow r?.teof wc.ter w..pour th-rough ~ unit 3Xe:-. of film after the steady sti:1.te 

has been reached. It is often expressed in units of ~ni/24 hr sq.m. 

The water va.pour permeability nry ... lso be ceasured by enclosing the dtisiecnt in a 

sc.chet rm.de from the film itself instec.d of using ~ dish. The water mpour pcr­

mer-.bility of films f::-11.s <ls the ·tempe:mture is lowr•red. With polythene film the 

i:rn.nsmission rr.te w.rics exponcnti:i.lly with the re:ciproc.-'11 of the absolute temp­

erature and a plot of log pe:rt!E:-.b ility :-.~.inst reciproc~l of J.bsolutc temperature 

is a. stro.ight line of negctiw slo~. This is comiro:"'ciruly illlllort."'.nt since a 

film which m;::'/ h~vc too high a water vapvur pertmability ~t room temper:i.ture rrr.y 

be sui t:".ble for storing frozen foOd <'.:!.t low tcmpcrc.turcs. 
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.. ~., - Odour Permeability 

There ~ no standard tests for the mez.summent of odour permc:>.b il ity al though it 

is an important characteristic in mny cc:.ses. Che IIl?thod which c<'.ll be used to 

comp!.re the efficiency of sever~l films a.s odour barriers is to mke up_poU.ches 

with ea·::h film. The pouches cc:i.n be filled with sotre odiferous ?n<:::teri.ill ~trl tren 

plr!ced in sepcrate cle'"".n glass bottles, seded by crimping with n.luminium foil. 

The minimum time for an odour to be apparent in tre bottle can be measured and will 

give a rough ranking list of the test films. This r-....nking list m.y vr-.ry s011Ewhat 

according to t~ type of odi!erous mterizl used so that the subst::uice to be J.E.cked 

should be used as the test !!!2.terial if possible. 

- Li.lil:ht Transmissicn 

Light tra.n.smissicn is measured by means of a photoelectric cell. The intensity of 

a light source is ma.sured by the cell, both with and withmt the interposition of 

the film sample. The light tr2.nsmission is tra ri?.tio of the light intensity mea­

sured with tre film to th:;:.t obtained without it, n.nd is expressed as a. percent?-€P. 

The figure far light transmission takes no account of the qu<!.lity of the light 

transmitted by the film and it is possible that a blurred image might be obtained 

even wren looking through a film with a high lighttra.nsr:iission value. Such a film 

might be suitable for a light overwz:a:p but would be unde!!'sir~ble when the film is 

acting essentially as a wind cw. 

Other important optical prOJlerties of films ~re haze, gloss and clarity. FR.ze ia 

caused by ra.ndca scatter of incident light upon the film ~nd is detri~ntal to 

appearance in most packaging applie£ tions. Gloss is c?.used by sharp specular 

reflections and is an advantage in some applications because of its vri.l~ in attrac­

ting a.ttenticn. However, for otoor applications in, for cxampl~, the pc.ckaging of 

knitwear, it is important for the film to l:i.ck gloss. Clarity is <'. property of a 

film which determines too rcsolut ion of detail on an object when viewed through 

the film. The need for high film cl;lrity depends en tl'l:! applicaticn. When objects 

are in close proximity to fUm it is not so esC'ent ial to have high cl:iri ty as when 

they a.re furtrer from the film. 

See-Through Clarity or Trc.>_.,sparen£Y (Fig 8) 

This referos to the ca.pibility of secling objects through .'.l film without loss of 

detail ca.used by blurring or distortion. It has been found tha.t narrow angle 

scatter correlates with seo-thr'Jugh cl'lrity. H&ncc the test measures too light 

transmitted by a film withi.n o. cone of semi-angle of three minutes about too normal 

to the specimen. The ta.tic of the intensity of this light to too intensity of the 

incident beam is a. iooasure of see-through clarl. ty 
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In actual practice the viS"Jal test can be of observing t~ maximum distaice behind 

a film at which standard size letters can be distinguisreJ whf.;n viewed through 

the film being testad. 

~ (P'iq 9) 

Haze is the property often referred to cr.s cloudni.ness. This is of more importance 

than see-through clarity in tre case of packaging films sin~ the film is closer 

to the contents of the pack. Haze is defined as the pcrcen~ of light which in 

passing through a s~cilmn, deviates by mo:re-:f:tr.n 2.5<> on average from a.n incident 

parallel bea.i:i. This is IIEa.sUJ."ed 'a.sing a haze meter 

A beam of light is passed through the film sample a.nd Cll to tl'x: highly refl.s ct i.ng 

internal surface of an integrating sphere in such a m:!.rlner that all transmitted 

light is collected into a photo electric cell :tefcrred to a.s T
1

, in the figure. 

Next the sphere is mo\ed through a small angle so th ... t the i:e. th of the light beam 

~ow falls on an extensiCll of the sphere comprising a ma.tt bbck surface th;i.t absorbs 

all the light transmitted str2.ight for.ra.rd along t~ path of the beam. Any light 

that is appreciably scattered in a forward dL.-ectiai is still gathered by the highly 

reflective internal surface of the sphere and into the photo cell; referred to as 

T2 an the figure. The re.tic of t~ second reading of the photo cell to t::e first 

is a. 11Easure of haze. i.e. 

x 100 

-~ 

Gloss refercs to too shining appearance of a plastic film and is defined in terms 

of the ability of a surface to reflect light regularly. Specular surface gloss of 

the film is mEFSured as the portion of light reflected from the film £!.t <:?.n angle 

of 45°. This is comi:e.red with a perfect mirror which is gi'll"?n a value of 1 OCO 

for the purpose of i:omp?.rison and is expressed as a. i:ercentage. The maximum value 

of gloss for low density polyethylene is about 9.9%. 

Surface Pr ore rt ie s 

Important properties which depends on the nature of film surfaces compri:W: of the 

following: 

Friction 

The coefficient of friction is a iooasu.reroont of the case with which the surf:?.ce of 

one material will slide over another. Thus films which arc slippery .:md move ea.~ il:;­

<Ner various surfaces h~vc a low coefficient of friction. 

Clle of the simplest methods of mecsuring the coefficient of friction is by means of 

an incUned plano. The 3'1.lrface of the plMe is oovcre~ by ~. sampk of fil:;i,a.s is 
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the <lf3 ight en the plane. The angle of the plane is sla.r<l.y increa.~ed until the 

weight just starts to Clove when the various forces can be tr.ken to be in equili­

brium. The angle at this point is known as the angle of repose. The coefficient 

of friction I!lE)ru>ured in this w~y is known 1s the st3.tic coefficient of friction. 

If the plane is set at an <?ngle such trti.t the weight moves easily, 2.lld the sloPe 

is then reduced until too w~ight just co!!Es to rest, then tm value IIEe.su....~d is 

known as the ..iynamic coefficient of friction. This is USU2.lly lower than the 

static coefficient althouglrdthe two can also be equal. The value of the coeffi­

cient of dynamic fricticn is affected by the s~aed of movel!Ent of one surf~cc over 

the other and the coefficient of friction r:P.y al.so be affected by hu~idity, tem­

perature a.od the presence of static electricity. 

A more eilisfactory method of measuring coefficient of. friction is by the proce­

dure of ASTM 1894 -75. 

Two meth·Jds are given in ASTM standard for tl'E reasurcment of coefficients of fri­

cticn of plastic filI!IS. Procedure >A, de:siena.ted the " St~tione.ry sled, Moving 

plane proceduxe ", and procedun: E, the " Moving sled St:J.t iona.ry Plane procedure " 

In beth methods, one covers too surface of the plcuie with th::: film to be tested and 

also wraps the sled ( a metal block covered with sponge rubber) with the s.:me film. 

The sled is placed on the pl<'.'lne and, in Procedure;; A, the sled is attached to a 

spring which oaasures the frictioncJ. force when the plane is moved at a const.2nt 

by taking the sc<?.le reading after sliding is initiated. The re coaumnded spaoe and 

block weight should be used, since the coefficient depends on th!::sc qucntities. 

In procedure B the plane :remins stat iane.ry and the slc d is pulled at a unifonn 

speed far the kinetic coefficient of friction. 

..... 

The frictional properties of a film are important, both during its ~ssagc through 

printing or warpping ma.chines and after being made up into a bag, sack of ove:t"Wrap. 

During the ~ssage of ~ film, through packaging equipment of <!.ll sorts, it is sub­

jected to a variety of forces including some which press the film tightly against 

flat imtal surfaces. If the slip char~cteristics are low the passage of th€ film 

through the equip~nt can be arrested completely. The consequent strain in tl'E 

film (particularly in a thin film) can lco.d to elongation or other distorticn of 

the film which will affect register in the printing or br".1.g ire.king stages. High 

slip is also generally :requirod once the rackage has been ovarwrapped since the 

finished tacks h.."'..ve to slide over various surfaces o.s they a.re rc,iccted from the 

ma.chine. 
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Frictional properties are also important in the m~Ufacture of the film. Es~cially 

when be i.ig wour.d UI=. G-'.>od roll forrrr. t l.Ql'lS, for inst~nce, is dependent on the cor­

rect level of friction. Too rnlch slip my cc.use telescoping of tl'x: roll during 

hc>.ndling or trru;.sit wr.ercas too little ~n caus€ buckling on the roll. There are 

of course, occz.sions when c.. law slip ~.11.1() is a. dc;finitc rcqui!'(:mcnt. Heavy duty 

sacks, for instance are often required to be st2.cked to heigh ts of sever--.1 rntres 

and any tendency tov~rds slip can be a possible d~nger. 

Blocking (Fig 10) 

A property soniwlnt akin to friction is blockL.'1.g, which is the ter.dcncy of two 

adjacement l~yurs of film to stick togetmr, p.J.rticularly when left under pressure 

for some tiroo, as whcn films are stacked in cut sheets. It c?.n also mke bags ~de 

from lay flat film difficult to or.en. Blocking is J:Crticul<lI'ly r:nrkcd in the case 

of films with very smooth surf~ces which c::'!l core Lita very o1ose conte>.ct with con­

sequent exclusion of ;i..ir. Other factors which a.ffe~t blocking a.re st<ltic charges, 

surf:-.ce trec:.tt:!ent (such as print :i.ng prc-trc2.tn:emt) <llld stor~gc conditions. Anti.­

blocking additives ;ire often added to the fil::i. to reduce the t~ndency to blocki.'1.g. 

These a.ct by diffUsi.rig to th.:: s1irfoce 2.nd for!:ling non-adherent layers. The degree 

of blocki.'1.g is detcrminc;:d by tlx: force required to sep~.tc the two h~rcrs of bloc­

ked film, when the force is 2..pplicd per;:cndicult:'..rly to toc surf;:cc of ti:c film. 

The principle of testing this property according to ASTM sta.'1da..rd is shown in 

Fig 

The !!lCtal fra.ir.e fo cl2.:1pcd in t~ mcv:-bk ~:;.w of a consta..'1.t rate of grip separa­

tion tensile tester. The specimen (two bloci<ed 12.yers) to be t.::~ted is clamped in 

the fixed jaw as shown. The ~st cons is ts of moving the lower j?.w downward et a. 

r::i.te of five inch per minute. As the: ja.w moves it draws tr.c fr~e c:i.nd rod da•nw~rd. 

The motiCll of the rod causes the 1:-..yel'S of fil:!! to scp::>r2.t.e, 2..!ld the force requir.:d 

to perform the sepa:r'ltion is ::-ccorded en ~ chc:.r;t. This precess c·::in tinucs until tr.e 

layers n.rc canpletely se~.ratei!. The blocking farce is t<.>lcen :J.s the averagt) force 

:neasure d during · the tc st. 

Heat Sealn.b il ity 

The hea.t sca.la.bility cf a p:'.c~gi.r.g fili:;: is one-:: of the most i.cport.:mt properti£s 

when considering its use on •.rrn.ppi.r~ or bz.g t:l?.king equipment <-"rid, of cours.:, the 

integrity of th~ so.:.l iz ~.lso of trcrr.cndous import."'.."lCC to the: ultimtc pa.ckag&. 

The he2.t see.labil i ty of a filr.i hn.r. to be cons iderec in rcl~tion to rrnny other 

fG>.ctors, including the ;:i.w•.il·-.ble prcsz1..irc, th..; dwell ti.ire, te:mperaturc and thE: 

ro.te of hc;:.t trC'.Jlsfcr of the SC"-ling ~<?.rs. 
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'l\ro tests are in COI!l:lal use, the eyn.:?.mic and the static. tn both tests a 25 mm 

strip is cut through too heat seal. ThG dync.mic test udes a sensitive tensile 

testing ma.chine and the "hire free ends of the file strip .:>.re placed in the rnchine 

clnmps. The force necess"-ry to peel ap~rt the two 'f=kces of film is th:n me:1..su.......-ed. 

In the st<>.tic test the strips are hung from !J. fr~ with one free: end clO.t:Iped and 

the other attached to ~ weight. The seals ~re cx0mi.ned at intervals for signs of 

f::.ilu:re. Whe:n rcccrding the results of this test, the weight .::i..nd the length of 

tirr.e the loc>.d was in operation arc both ncte:d. 

Both of the above teets can, of course, be used for investigating tl'E effect of 

changes in dwell tiim, tel'.!lpera.turc and pressure on heat S€aling equipnEnt if 

sta.ndard film samples are used. 

?-f.ar Res ie ta.nee 

Following AS'IM stand:-..rd D 1044 - 76 the surf::.cc of a specil!l':n is s11bjected to an 

abrasive action and then the light scc..ttcrii1g properties of the abraded ~ea are 

dctemined and cocpaxcd to those of the original u.'1n<U'1:9d·.;_ sample. 

!n AS'I!1 stMdard D 673 - 76 the film surface is 2braded by dropping abra.s ive 

particles onto the file from a fixed height. The gloss of tm 1:2.rrcd c.re'l is 

I:11?asured .and comp:u:ed to the unt:raded filn to deter::ii: _ ~ne !!Ur res ist~ncc. 

A third ASTM standard D 1 242 - 75 describe a a. procedure where: in the surf:i.ce is 

ab~ded ill a standard way o.nd the voluiae of rateri.2.l lost by the specimen due to 

this abr:"'..sive action is determined. The loss in vOlUIOC! is tak~n as 2.. :reasure of 

the ab:ra.s ion res ist<mce. 

Electrostatic Ch2.rgc (Fig 11) 

Sot112 simple qu.:.li tat ivc::: mathods ,}for me2suring the s t:->.t ic accunru.lc. ti on an plastic 

materials have been described in too literature. In on0 common test the sample 

to be tested is lowered over ·"· :pile of cigar:o'..tte· a.shes. 'lbc dist~ce between 

specimen and a.shes at which ashes :ire att:rricted to too sp:cimcn is taken 2.s a mea­

sure of the charge on the pl~stic. In a second test the: film is supported verti­

C3lly and carbon black dust is blown din to it. The dustec film is tapped to remove 

excess dust !.nd it is then visu.'."'.lly eYCJ.mi.ned. I.f Cl.ny chr.rgcs O'..rC present, they 

show up as are!'!s which rotain dt<st. 

Surface resistivity is also used G1.s a i:oo2.sure of antist;i.tic properties 

but the tests 2-Z'C difficult to roke :ind to relate to 2ccbpt:i.ble antistatic per­

for!IF.ncc. For ~11 pl'!'.ctic:--1 purpcses tm ci~rettei;. c..sh test is sufficient to 

distinguish between Mtist~tic grr.des ~d ncn c..ntist2.tic grci.dcs. 
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Printa.bility and Frint .l'.dhesion 

It is i:nportc."l.rrt to try to assess the e~se whiCh 2.ny type of film may be printed 

(pr in tab il i ty) and also the degree of pcrm::.noncc of the print {print ad.hes ion' • 

These properties 01Xe, of course, rols.tcd but it i:i useful to designate two :proper­

ties, thr: print~bility being primrily a function 01· the film ".lnd its tree.bent an'! 

the print adhesicn depending en both ink ~-ni film. 

A method for !llCrl..Suring the print;:ibility or degree of tre<'-ta:nt of film 1IX:;a~urcs 

the force requirc;d to peel u. strip of pres~..-e sensitive t~pe froc <i. secticn of 

film. The tape is applied to the film and the assembly is cl~ped together for a 

st?.ndard time und:?r a st.::nda.rd p:?:"essurc. J.'i.!:.y suitable ::"tachinc my be '..lsed to mea­

sure the " peeling force ":i.ltho1.'gh an autogt&phic recording device is to be 

preferred. 

PR:nTT AIEESICN 

The permanence of tho printing on a. film my be moil.sured by subjecting tm printed 

film to an abrosion test. This cn.n be done in vnricus ways c:nd in one method, a... 

sample of the pri.nte:d film under reist is mounted on the gla.ss pl.a tc and is rubbed 

forwards and backwC".rds against the irot2..l peg which is covered with a strip of 

stancklrd fabric. Tho number of cycles rr.:quired to produce vis iblc dam~ to the 

print is recorded. 

Othc r Pror.e rt ie s: ·:.:.. '... L"· ~ :: ~k 

!a."1si,U: 

Iensity is s very irnportoot property of films because it is closely li.nkl'd with r 

the film's strength. The we:ight 'Jf n. st:eciCien of convenient size of fill!l is too 

small to give M accurate result by the hydrostc.t ic weighing rrethod. The USUc"..l 

practice is to place s~ciioons in a. colwnn containL'1.g o. fluid, the density of 

which increases smoothly from the: top to t~ bottctt of too colwm, or to observe 

the behaviour of specmns pl2.ced in 2.. series of solutions of gr'.:'..du~lly increasing 

density. Inithe former ioothod the quilibrium position of too spcciimn, which is 

normally ;:ittain3d within ?. few hours of its insertion in the colutr'4, is USEld to 

read off its density from 2.. c~libra'don gr<.ph prc;ared by observing th~ positions 

of glass bea.ds of kno\m density over the length of ti"E colum. 

In the second n:ethod the most dense liquid in whfoh ~ speciEn sinks ~·.nd the least 

dense in which it noats tire obst:rved. The density of each of thl:!sc l:iqu ids is 

then determined by convention'."..l rethods. Tht! de:nsity of the film lius betwen 

the vn.lucs of the two liquids. The ::.ccur~.cy of thi~ dctcrmin."'.tion i.nc:I.'(;n.ses n.s 

the densities of the liquids in the series <.rc made closer :together. 

The densi fy gradient colwm tr.kcs longer t-ol'J'l1epn.rG th.c.n the series of solutions 

but provides a. more. :?..ccur:i.tr: mthod Md, 0000 a.ssombled, should be sc.tisf~,,.,_ctor:; 
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in use for about three ncnths. An accurocy of c.bout i 0.0002 g/ml is fv.wy 

readily obt::?.incd. 

Melt Flow Index (Pig 12) 

The MFI is useful in g:r?.di.ng fill:lS for different c.pplic:".ti:ms dod ccntrclling the 

quality of incoming nw tr&.".terfals. The MF::L is (.!11 indirect rr.e.:".Sure of the mokcul?.r 

weight of the p:?.rticuhr pclym:r ~nd is import=?.n t to the ccnverter be cc-. use of th.J 

differences in proccssc..bility be:tweE:n pol~rs of too S.:'11'£: chemic---1 type but with 

different mol&cul:..r weights. The liability to cnvirc..nl!lcntc..l stress C:::'C'.cking is 

~pendent en ::iolc cular weight. 

The aelt flow index is 2. !!'£~sure of the !!El t viscosity of the polyr.Er which in 

turn is rcl:i.ted to the oolecul2.r weight. It is ~~sured using too apparatus 

which is bas ie:~.ny an extru:::ion pl.:i.stomter with a st'.".nd:lrd orifice. 

The weight, in grams, of the reteri.."".l extruded in 10 min under :i. const.:-..nt dec..d 

weight .:ind at c. const2.nt tcmper"'.tur~ is c:.lled th£ melt flow index. A low mlt 

flow index cotTesponds to aU~1~ melt viscosity ?..nd since ::clt viscosity is directly 

related to the i::olccubr weight of the polytier 3. low MFI corresponds to a high 

molecular and vice vers~. A strict rclc.tionship obviously only applied to pol~rs 

of the sai:c chemico.l ccnstituticn, but it also is rcstrictc.d to polyrers of too 

s:>.me density since density also ~ff&cts rrx:lt viscosity. !h the c~se of the poly­

ethylenes and E'f.A. tr.c st;)..."lda.rd tempe:ro.t· . .re fo 190° C but f Jr polypropylene the 

temperature 230°C in order to 1.llow for its higher molting point. 

The rclationstip between o::lt viscosity 1.0d MFI is ~ log;:o.rithr:ic or.c. Thus, for 

a MFI of 0.2 the ::i~lt viscosity of a law density polyethylene (density 0.92 g/cm3) 

is 3oo:COQO P, while for a MFI of 2, it would be 30 000 P. Similurly <:>.. MFI of 20 

corresponds to~ ~lt viscosity of 3000 P. Extrusion processes, such as film 

·mciking, reouirc high melt viscosities and so low MFI grades <'..l'e used. 

Fl 2Jl1Ijl_a. b il i ty 

Pl~sti~s films arc no more harerdous than most other wro.pping materials but 

it rr£.y still be impci::tant to asst.; SS the way in which a film will be rave when ex­

posed to fl. f1r.me. Tests depend on the matcric~l to be c::~ined but one typicetl 

method consists in igniting~ strip of filr.i bent to tho she.pc of m inverted 'U'. 

The distnnce over which the strip b~s is an assessimnt of its fla!ll!!El.bility 

The ox:ygen index is '.'.'.lso used in order to gr::J.dc the: polyroor film for various 

nonflammo.blc applic'.ltions. 
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• Dimensioncl Stability 

Dimensio~l stability is a desirr.ble property in ;i.ny film cawcrsian process .:..nd 

P"orticul2-rly so in printing. Even smell changes in film dimensions while p.:?.Ssing 

thrcugh too printing process my lead to ser~ous problems t.'l print re::gistretion. 

In the finished paclx:.g1.:;, too, dinx::ns ional st[!.bil ity is ilnport:-:.n t. Di~nsicnal 

sto.bility is nor~ly tested by cutting film strips in both the mach:Wc ~d tr::-..ns­

verse directions, and then subjc:cting th€.-m to mrying conditions and noting too 

:percentage change in din:ensicns. Where possible, the test ccnditions should be 

closely rel.J.ted to the conditions likely to be encO".mtered in corrvers icn or end-use. 

An allied property, tlr.t of lll<:'.ximum shrin.k<::.ge, is of interest in tr.c rose of heat 

shrinlcgc films. This ro.n be determined by immersing lll!?.rkI:d film s?.mplcs for 5 a 

in water (for temperature upto 1 C0°C) or in silicone 550 oil (for temperotu:rcs 

above 1C:C°C). The temperature of testing,is, of course related to the shrink 

tunnel temperature in n.ctual use. 

Chcmiccl Resistance 

The effec~ of chemic~ls on a p<>.cknging film is obvicusly an important f;:-..ctor when 

assessing its suitc:i.bility for cont<:.ining _::1. p;;i.rticu.1..;".r product. It might 2-lso, 

under certz.in circumst2.nces, be import<J.nt from a.n enviraun£nt.:i.l point cf view. 

The norID.'.11 test for chemic.:-.1 resistance involves subjecting .:i film sample to t~ 

chcmicc.l under test, usmlly by tot2.l iinmCrsion under s~cified conditions. :\ny 

che.nge in a.ppearo.nce is noted at inte~.ls as is the ch-:ui.gc in .-:. particular 

property such as tensile strength. 

Cne important phenomncn associc.ted !IID.inly with the polyolefins (a.l though not 

polypropylene) is environ112ntal stress cracking. This is 02.uscd by th(; action of 

stress in c ombino.t iai with pcrticular chemicr..l envirommnta such as certc.in polar 

organic compo.mds. The cht:!mic~s .:ire no:rmcl.ly without o.ct ion on th(; pl<i.stic in 

too c.bsence of stress but the combination of stress ;:i.nd chemic:il environment c::111 

cause cracking in a voey short time. The use of high mole cul:ir weight grades 

has been found to :reduce the effect to ::. great extent. 

Light Resist~nce 

Prolonged exposure to light may bring c.bout ITIMY undcsi.r"blc effects in certain 

films. In particuln.r, light mny cat~lysc certain other re2.ctions such c.s oxida­

tiou. Brittleness, loss of cla.rity, colour changes a.nd surface imperfections aIC 

so~ of the undesir~.ble: effects. If a film is intended for <!.ppli~1.ticns involving 

continued use in sublight it should conta.u. 1t;i,bilisers such as ultra. - violet 

o.bsorber:;,. 
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Tests are usually carri~d out by exposing samples of the film to light of a 

specified wavelength, or combination of wavelengths, for a given time and 

noting the effect on various properties such as tensile strength of the 

various optical properties. The intendEd end-use is of importance when 

assessing the suitability of tho film as the type of radiation may be very 

different. In addition to the effect of sL1nlight it is irnportant in many 

applic 1tions to know the effect of shop or display cabin~t 1 ighting. The 

screening effect of glass is also important when packs ~re to be on display 

in shop windows. In the case of coloured films, exposure to daylight or 

artificial light may cause um~esirable colour ere nges. 

Other properties aro also useful in assessing filMs, but however, only 

important tG:;t methods are dissa.;sscd here. 

In conclusion, tasting metr:ods hav8 been c!evelaped to measure the most 

pertinent film properties to almost any desired degreE of precision. These 

measurements correlGte su~ficiently well, in many instances, with ~ctual 

film performnnce, that littlei more is needed by ·..iay of analysis. In othor 

instanceis, where the end 1..Jse may inv-lvo comolox laminates or complicated 

ap[Jlic---.tions, measures of single properties still do not correlate uell 

with performance. In these cases the protective packaging material still 

has to be ovelu~teid in the actual end use. 



Table I : 

FILM PROPER TIES AND 
CHARACTERISTICS 

LDPE 
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HIGHLY TRANSPARENT, FLEXIBLE, 
STRETCHABLE, CREASE RESISTANT, 
W . .\TER RESISTANT, WATER VAPOUR 
I.\fP.ER~ EAB LE, GAS PERMEABLE, 
LOW TE.N1PERATURE RESISTANCE, 
RESIST ANT TO ~· lRLY ALL ORGANIC 
A~O INORGANIC c.HEMICALS, PHYSIO­
LOGICALLY HARMLESS 

HDPE 

.\lILKY TRANSPARENT ,RESISTANT TO 
LOW TEMPERATURE, ST ER!LISABLE, 
WATER RESISTANT,VERY LOW WV 
PERMEABILITY ,RESISTANT TO NEARLY 
ALL ORGANIC AND INORGANIC CHEMICALS 
OIL AND GREASE PROOF ,PHYSIOLOGICALLY 
HARMLESS 

pp 

COLOURLESS TRANSPARENT,GLOSSY 
WITH HARD SURFACE,STRONG,STERILI­
SABLE,HIGHL Y RESISTANT TO TEMPERA­
TURE CHANG ES, WATER RESISTANT, 
EXTERNALLY WATER VAPOUR IMPER­
-~fEABLE,RESISTANT TO MANY CHEMICALS 
OIL AND GREASE PROOF ,PHISIOLOGICALLY 
HARMLESS 

EVA 

LOW HEAT SEAL TEMPERATURE, HIGH 
IMPACT STRENGTH,GREATER ELASTICITY 
HIGHER PERMEABILITY TO GASES AND 
WATER VAPOUR AND LOW TEMPERATURE 
PROPERTIES ARE BETTER 

APPLICATIONS 

PACKAGING: LINERS, SACKS & BAGS 
PRODUCE PACKS, SHRINK OVER 
WRAPS,CONSUMER & INDUSTRIAL 
PRODUCT WRAPS FOR FRUITS, 
VEGETABLES, FOOD STUFFS, 
CLOTHING, LEATHER GOODS, TOYS 
MET AL GOODS, CHE.\fICALS & SO O'.'J" 

CONSTRUCTION: DAMP PROOF 
MEMBRANES, CONCRETE LINING, 
PROTECTIVE COVERS, TEMPORARY 
STRUCTURES, WATER STORAGE 

AGRICULTURE: STORAGE,SIL.\GE 
AND STACK COVERS,CROP PROTE­
CTION, GLASS HOUSE LINING -

PAC~..\GI::--:G: BOIL IN BAG FOOD 
PACKS,OV ER WR.-\PPING, STRETCHED 
FILM RIBBONS, ELECTRICAL INSUL.-\. 
TION 

PACKAGING: OVERWRAPPING,BAGS 
SHRINK WRAPPINGS, SLIT FILM FOR 
ROPES, WOVEN SACKS,ELECTRIC 
AND CABLE INSULATION 

STRETCH PACKING OF FROZEN 
POULTRY, LINI!'!G OF BAG IN 
BOX CONTAINERS 
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RIG ID PVC 

COLOURLESS TRANSPARENT 1 GOOD TEAR 
RESISTANCE 1 STABLE 1 W1\.TER RESIS­
TA:'IT ,ARO.MA RETAINING, HIGHLY GAS 
AND WATER VAPOUR IMPERMEABLE, 
NOT EASILY INFLAMMABLE,OIL AND 

·GREASE PROOF 1 GOOD CHEMICAL 
RESISTANCE,NO ODOUR OR TASTE, 
PHYSIOLOGICALLY HARMLESS 

PLASTICISED PVC 

>..!ORE SOFTER,LOW TEMPERATURE 
PROPER TI ES, BETTER, GOOD GLOSS 
AND TRANSPARENCY ,HAVE ODOUR AND 
LIABLE FOR SOLVENT ATTACK 

PVDC 

GOOD BURST STRENGTH, LOW HEAT 
SEALABLE TEMPERATURE, HIGH 
RESISTANCE TO TEAR PROPAGATION, 
LOW WATER ANS GAS PERMEABILITY 

PV~ 

COLOURLESS, TRANSPARENT, SOFT 
:.\ND NEARLY AS ELASTIC AS RUBBER, 
TEMP.RESISTANT,WATER SENSITIVE, 
HIGHLY GAS IMPERMEABLE, PARTI­
CULARLY RESISTANT TO SOLVENTS 
OILS AND F1\.TS 

p s 

EXCELLENT CLARITY AND SPARKLE 
ORIENTED PS IS RIGID AND HAS A HIGH 
TENSILE STP...ENGT1.-I, GOOD RESISTANCE 
TO LOW TEMP, OUTSTANDING ELECTRICAL 
PROPERTIES 

PACKAGING: FORMED PACKS,CHOCOLATE 
BOX, TYPE TRArs 

INDUSTRIAL ADHESIVE TAPES ,RECO RC ING 
TAPES, ELECTRICAL GASKETS 

CONSUMER LAMPSHADES, STATIONERY 1 

DISPLAY, ~fEDICAL DRESS!>: GS 

PACKAGING:SACHETS, SHRI='iK WRAPPI:'-iG 
LIN ER ,CONSTRUCTIO~, PROTECTIVE 
COVERS,PROTECTIVE CLOTHI="iG, 
WATER STORAGE, TRANSLUCENT 
CEILINGS 

AGRICULTURE: SILAGE COVERS, 
GLASSHOUSE LINING, STER LISA TION, 
FU.\.UGATION 

INDUSTRIAL: MINING,AUT0~1CBILE 
INF LA TABLES, ~ROTECTIVE C LOTHI"'.'JG 
LINERS, HOSE, TAPES 

CONSUMER: RAINW EAR, B.-.\ BY P .-.\NT S, 
CUR TA.INS, TABLE COVERS, SELF 
ADHESIVE WALL.. COVERS 

SHRDrKABLE FU MS, STRETCH 
WRAPPI::\IGS 

SEPARATING LAYER IN THE PROCESSING 
OF GRP,EATER SOLUBLE PACKAGING 
FOR DETERGENTS, BA TH ESSENCES, 
DISINFECTANTS,PESTICIDES ETC, 
WRAPPING FOR TREE AND P L-.\NT ROOTS 

PACKAGING: WINDOWS,BLISTER PACKS, 
OVER WRAPPING,SHRINK WRAPPING, 
FORMED PACKS, BREAKABLE PACKS 

INDUSTRIAL: ELECTRICAL 



I 

PS EXPAJ.'\J'DED 

GOOD CUSHION ING AND THERMAL 
INSULATION PROPERTIES 

REGENERATED CELLULOSE 

TRANSPARENT ,HIGH TENSILE AND 
BURSTING,GOOD BARRIER TO OILS, 
GREASES A.ND ODOUR, FREE FROM 
STATIC ELECTRICITY 

9 .. : 
GLASS CLEAR,HIGH GLOSS, STRONG 
DIMENSIONALLY STABLE, GOOD 
ELECTRICAL INSULATORS, WATER 
REPELLEN T,GOOD WATER VAPOUR 
PER~1EABILITY ,HIGHLY AROMA 
RETAINING,IMPERMEABLE TO OILS 
AND FA TS, LOW INFLAMMABILITY 
WITHOUT ODOUR AND TASTE 

PA 
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LOW GAS PERMEABILITY, LOW ODOUR 
PERMEABILITY 

POLYESTER 

VERY TOUGH AND STRONG,GOOD TR_.J...0<S­
PARENCY ,HIGH TEARING RESISTANCE AND 
FOLD ENDURANCE,POOR BARRIER PROPER­
TIES, GOOD ELECTRICAL INSULATION 
PltoPER TIES 

Pc· 

nIGH TEMPERATURE RESISTANT, HIGH 
I~1PACT STRE:.l'GTH,BURST STRENGTH .-\ND 
CL..:\RITY ,GOOD LOW TEMPERATURE PRO­
PERTIES 

.PACKAGING: CUSHIONING OR 
IN SU LA TING WRAPS 

.MOISTURE PROOF FIL1\1S, PRE SSC-RE 
sensitive TAPES, OVER WRAPS 

PACKA.GI:\i'G: DECORATIVE PACKS, 
PRINTED LAMINATES,FOR~1ED CONTA­
INERS 
INDUSTRIAL.; PRINTING, PHOTOGRAPHIC 
FILM BASE 

CONSli MER: LAMP SHADES• STATIONERY 
DJS PLAY 

PAC!C.:\GING: VACUU~f P<A.CK.ING, BOIL 
IN THE BAG, PACKING OF SURGICAL 
INSTRUMENTS, TAPES,c . .;.BLE I:'.'iSULA­
TION 

PACKAGING: COOKED FOOD PACKS, 
BOIL IN THE BAGS,SHRINK PACKS, 
ENGI>l'EERING PRO DUCTS 

INDC'STRIAL: PRINTI:'.\i'G AND DRAWING 
OFFICE, ~1AGNETIC TAPES, FIL~! 
BASE, TYPEWRITER RIBBON 
ELECTRICAL 

PACKAGING: BOIL-IN-THE BAG PACKS, 
COATING WITH PE, SKIN PAC YING 
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CHARACTERISTICS OF FLEXIBLE MATERIALS 

MA.TERIAL 

POUCH PAPER 

GLASSINE PAPER 

FOIL 

CELLOPHAt~E 

POLYETHYLENE 

POLYPROPYLENE 

POLYVINYL CHLORIDE 

SARAN 

RUBBER HYDRO CHLORIDE 

POLYESTER 

NYLON 

CHARACTERISTICS 

LOW COST ,RIGIDITY, STRE:--rGTH 

GRE • .\SE PROOFNESS, FLAVOUR PROTECTIO'.'l" 

MOISTURE AND GAS PROTECTION, 
GOOD APPEARANCE 

STIFFNESS, MACHINABILITY, TRANSPARENCY 

LOW COST, HEAT SEALABILITY 

MOISTURE BA."llRIER, STIFFNESS 

CREASE RESISTANCE, HEAT SEAL...-'.BILITY 

MOISTURE AND GAS PROTECTION 

CREASE RESISTANCE,SEALABILITY 

STRENGTH, HIGH OR LOW TEY!PER..ATCR E 

FORMABILITY .?OR DEEP DRAWS, 
TOUGHNESS 

SOME CO M~10N USES FOR LAMIN..ATIO'.'TS 

ORIENTED PP /CELLO 

CELLO/CELLO 

POLY EST ER /SARAN/PE 

NY LON /SARAN/PE 

ORIEN TED PP /PE/ 
CELLO/PE 

CELLO/PE 

POLY EST ER/PE 

FLUOROH..ALOCARBON/ 
PE 

PP/CELLO 

SNACK FOODS 

SNACK FOODS 

MEAT ,CHEESE(THERMOFORMABLE) 

MEAT ,CHEESE(THER~rOFORM..ABLE) 

CHEESE 

CANDY 

CORROSIVE CHEMICALS 

MOISTURE SENSITIVE PROD UC TS 

CANDY 
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Table III 

PROPERTIES AND USES OF TYPICAL PLASTICS LAMI:'-J'ATIONS 

LAMINATIONS 

CELLOPHANE/WAX/ 
CELLOPHA:--;E 

C E.I....LOPHANE/ADHESI'V EI 
P I:.IO FILM 

CELLOPHANE/ 
PE; COATED 

CELLO/PE COATED/ 
_-\DHESIV E /SARAN 

POLYCARBONATE/ 
COATED PE 

_-\:ETA TEI ADHESIVE/ 
FOIL/Vl?--iYL COATED 

FOIL /ADHESIVE/PAPERS 
PE COATED 

p AP ER I ADHESTV EI 
_-\CETATE 

CELLO/COATED PE/ 
FOIL COATED/ADHESIVE 
PE 

:-JY LON /PE COATED 

POL YEST ER/PE COATED 

CHA.RACT ERIST!CS USES 

EXCELLENT WVTR, SANDWICH BAGS, POUCHES FOR 
PRINTING, GOOD .M.-\CHINABILITY HYGROSCOPIC ITE'.\!S 

FROZEN FOODS 

GREASE PROOF, TOUGHNESS 
EXCELLENT GAS BARRIER 
TRANSPARENT PACK 

TOUGH, HEAT SE--\L-\BLE 
EXCELLENT GAS B_-\RRIER 

EXCELLENT FLEXIBLE 
TRANSPARENT B_-\RRIERS 

TOUGH TRANSPARENT 
PUNCTURE RESISTAST 

GOOD RIGIDITY ,EXCELLENT 
G.-\S AND WV B--\RRIERS 

GOOD MOIST CR E B_-\RRIER 
HEAT SEA LAB LE 

GLOSSY, SCRATCH RESIS­
TANT 

EXCELLENT GAS, MOISTURE 
BARRIER, TRAPPED 
PRINTING 

TOUGH BOILABLE,GOOD 
BARRIER PROPER TIES 

TOUGH, BOILAB LE, GOOD 
BARRIER PROPER TIES 
HEATSEALABLE 

Nut PACKING WITH 
INERT GAS 

SARA:'.'J' C OATED FOR 
V ACUU:VI A~D GAS 
PACKING 

PHARMACEUTICALS 

SKIN PACKAGING 
FOR ROUGH USE 

PH_-\R:\.-1AC EUTICALS 
DEHYDRATED CO 
COFFEE 

SOUP DRINK 
POUCHES, DRY '.\!ILK 
SOLIDS 

RECORD COVERS 
PAPERS BACK BOOKS 

SINGLE U SE POUCHES 
SOUP ~HXES, JAM 
FREEZE DR! ED 
FOODS 

MEAT PACKII\l'G 
CHEESE, BOIL IN 
BAG POUCHES 

COFFEE,VACUUM 
AND INERT G AS 
PACKAGING, UNIT 
PACKS OF SHAMPOO, 
FRUIT JUICES ETC. 
PACKS OF COOCKED 
MEAT AND FISH 



LAMINATION 

?OLYE STERS/FOIL/ 
COATING OF PE, pp I 
PVC OR RUBBER 
ffi DR OC HLORIDE 

ORIE:\l'TED PP /PE 

POLYESTER/CAST PP 

PAPERS/FOIL/PE OR 
?..UBBER HYDROCHLO­
?..IDE 

?OLYE STER/ 
~p OR CA/P.~PER/ 
:O.-\ TED PE OR 
~UBBER HYDROCHLO­
=UDE 

?APER/PE COATED/ 
:OIL/VINYL 
::::XTR USION COATED 
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CHARACTERISTICS 

STRONG,IMPERMEABLE AND 
PUNCTURE RESISTANT ,CAN 
BE REVERSE PRINTED 
BEFORE LAMINATION 

GOOD CLARITY, GOOD 
MOISTURE VAPOUR 
BARRIER, HEAT SEA LAB LE 

CAN BE USED AT TEMP. UPTO 
130DEG.C,GOOD BARRIER 
PROPER TIES, HEAT 
SEALABLE 

I~IPERVIOUS A;.;D HEAT 
SEALABLE 

STRONG,GOOD BARRIER 
PROPER T!ES~'HEAT 
SEAL..\BLE 

READILY HEAT SEALABLE 
GOOD BARRIER 

USES 

VACUUM PACK.-\GES FOR 
FREEZE DRIED FOODS 
FLEXIBLE PROCESSABLE 
CANS 

ECONOMIC . .lL TER:'-IA T!V E 
TO CELLO/PE St:J1T~BLE 
FOR PACKIN"G OF DRIED 
FOODS 

HEAT SEA LAB LE TRANS­
p AR ENT LIDS FOR 
THERMO CONTAINERS 

SO.-\P I DRIED FOODS 
_-\;.;D SHA:V1POO SACHETS 

LINERS FOR CARBONS 
SPIRA.LL Y WOU"'.'l"D 
COI'\TAINERS 

INST.-},ST COFFEE 
POWDER 



- 48\ -I 

APPENDIX 
STANN..Rl)S F<F FILM TESTS 

FilM PROPERTY -------------
1 • Tensile 

2. Burst ir.g Strength 

3. Dynamic B<l.11 burst impact 

4. Impact strer.gth 

5· Ball Iopa.ct resistance 

6. Brittle Te~p. by impact 

1. Tear Strength 

a. Stiffness 

9. Folding endurance 

1 o. Rigidity 

11. Gas perD:!Cl b il i ty 

1 2. Water vapour permeability 

13. Clarity 

14. E:i.ze 

15. Friction 

16. Gloss 

17. Blocking 

1 a. Adhesion ratio 

19. Mar reflista.nce 

20. tensity 

21 • Melt now index 

22. Fla.mI!l<lbil i ty 

---------------
D 882 - 76 ISO/R 1184 - 70 

D 774 - 67 

D342C - 75 

D17CJ9 - 76 BS Z782 method 3C6 F 

D3C99 - 72 
D1790 - 76 

D1 C04 - 7C,; 

D19 22 - 76 i BS Z782 ~thod 308 B 
D2582 - 72, ! 
:oi93s - 12 e 
D 882 - 75 

D2176 - 74 

D2923 -70 

D1434 -75 

E 96 - 72 

D1746 - 70 

D10C3 - 70 

D1894 - 75 

D 5 23 - 67 
D2457 - 7C 

~ D3354 - 74 
~ D1893 - 72 

D2141 - 74 

~ n 673 - 76 
~ )1044 - 76 
~ :i 242 - 75 . 

BS 2782 method 332 A 

:SS ?art V cethod 51 4A 

ISO/R - 1195 
~ 

BS Z782 fa.rt V method 
515 i ... 

BS Z782 method 311 A 

11505 - 75 ISO 60/77, B.S. Z782 
Pa.rt V method 5 C$ B 

D1 <.~8 - 73 ISO/R - 1133 - 68 

I D 56~ - 76 
D1443 - 76 

, D2863 • 77 
ISO/R 1326 
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23. Chemical resistance 0 543 - 72 !SO/R - 175 

24. Watar absorption AST~ 0 - 57'1 ISG/R-62 

25. Solvent resistance 81 239 - 71 

26. Wettability 0 2578 - 72 

27. Thickness E 252 - 67 85 2782: 1970 Method 512 A 

28. Flatness 0 1604 - 75 

29. Funge 0 - G 21 ( 1975) ISO/R 846-68 
0 0 1924 

30. Orio nt<:ition and shr ink<:1ge 0 0 1504 - 70 
0 0 2838 - 75 
0 0 1204 - 54 

31. Eloctr ical property 

i) Volume resistivity 0 257 - 76 

0 257 - 76 

ISO - 1325 - 73 

ii) Surface rosistiv ity 

iii) 0 iel ectr ic constant and 
Dissipation 

iv) Arc resistance 

,'\Sm - 150 - 74 

0 495 - 73 

v) Diclectr ic strength 0 149 - 75 

.r.s frlr Film. nn_d_laminatc s 

Method of test for thermosetting synthetic 
resin bonded laminated shoot 

~aper b~so thermosetting synthetic resin 
bonded laminated sheet 

Decorative thermosetting synthetic resin 
bonded laminated sheet 

Unsupported flcx~blc vinyl film and shucting 

Low dunsity ~olycthylono film 

Cellulose film 

Recommendation for use of polyethylene film for 
water proofing of roofs. 

- IS 1998 -

IS 2036 

IS 2046 

IS 2076 

- IS 2508 -

- IS 5012 -

- IS 7290 -

1962 

1974 

1969 

1962 

1977 

1968 

1973 

(D) 

'revised' 



Grips 
for Holding 

Specimen Firmly 

Oirecrion of 
Load Applicafion 

l l l 

- so -

---

, ___ Tesring Machine 

Fixed Head 

~~--Testing Machine 
Movable Head 

SCHEMATIC ILLUSTRATION OF THE TENSILE TEST 

FOR PLASTICS. 

t 

STRAIN! ---

5 
~ 

Break 
point 

Fig l 

Fig 2 

TYPES OF TENSILE STRESS -STRAIN DIAGRAMS FOR DIFFERENT 

POLYMERS· I .SOFT WEAk,, 2. SOFT TOUGH , 3. HARD BRITTLE, 

4 . HARD STRONG , 5 . H A RD T 0 UGH . 
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SC.AL.f -
// 

Fig 4 

DART DROP 

IMPACT TEST 

"-DART 
( HELD BY ELEC­

TROMAGNET) 

Fig 5 

'ICTOIC HU.56 
NI I c Hlf/11/ $1"' 

Et.MENDORF TEAR TESTING MAC~!NS 

kl 
rt 
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----------------------------------..-------------~ I TEST FOR ·------
TEAR RESISTANCE 

CALIBRATED SCALE 
IN UNITS OF ENERGY. 

Fig 6 

I ., 
~ ,. , . . , 
., 
·~ 

./// 
," ,,! / 

PENDULAM WEIGHT ~ 
. . . , .. / 

.· /;'?S/ 
(INITIAL POSITION ) ~ ., 

, " '· / ,, ; .... ")/.· 
~· / v 

ENERGY ABSORBED 
IN TEARING SAMPLE 

TEST APPARATUS 

,, 
------ 43 (1.7) 

I 
I 

I 
.... <.' . / ...... / 

..... / .... ,,,. 
<'---r 

" I I 

38 ( 1.5) ---~-- - ·- -~ L 20 ( O·S
1

) 

PRECUT SLIT 

RADIUS OF TEAR 

CONSTANT RADIUS TEST SPECIMEN FOR 

TEAR RESISTANCE TEST. 

i . 
• 
' 
I .. 
. 
~ 
t 

! 

------------------------~-----------------------1 I 
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LIGHT SOURCE 
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SPHERE 
HAZEMETER 

ENTRANCE 
PORT 

,o 
T2 - LIGHT SCATTERED OVER 22 

iO-~-

Tl- TOTAL TRANSMITTED LIGHT. 

% HAZE • T
2 

X 100 
T1 

Fiq 9 

PHOTOELECTRIC 
CELL 

INTERGRATING 
SPHERE 
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