
 

Building on the success of their 

2012 experience, SPE and SPI co‐

operated to co‐locate the Na‐

tional Plastics Exposition (NPE) 

with ANTEC March 23‐27. More 

than 60,000 individuals repre‐

senting 20,000 companies gath‐

ered in Orlando, Fla. to meet, 

connect and do business within 

our $374‐billion industry 

On the following pages the pa‐

pers selected as “best” by the 

division board are presented. 

Those winning presenters are 

Dan Falla (Nova) and Patrick 

Thomas (PRThomas Technol‐

ogy) 

The full list of presenters for 

the division’s ANTEC sessions 

appears on the following page. 
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The Flexible Packaging Division was 

well represented at ANTEC 2015 

with 10 papers presented at 2 sessions 

FlexPackCon 2015 
The success of another partnership 

will produce a repeat performance: 

FlexPackCon  2014  convened with 

the AIMCAL  Fall  Technical Con‐

ference. This year, the Division will 

also  co‐host  FlexPackCon  2015 

with  this very successful  industry 

trade Association. 

The conference will be held Octo‐

ber 25‐28 Naples FL at the Naples 

Grande Beach Resort. A variety of 

short  courses and  concurrent and 

technical sessions will complement 

opportunities  for  the  attendees  to 

network with industry experts and 

speakers and  instructors  from  the 

sessions. 

Conference Topics include: 

 Package  Forming  &  Convert‐

ing 

 Food Safety & Preservation 

 Enhanced Shelf Presence 

 Package  Functionality & Con‐

sumer Benefits 

 Material  Advances  and  Their 

Benefits 

 Sustainable Solutions 

We are still working out details of 

the final technical program. Spon‐

sorship  exhibit  details  from  da‐

vid.constant@basf.com  ...Program 

details will  come  from  chris_ker‐

scher@us.aschulman.com  when 

thy re vailable. 
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Dan Falla  Nova Chemicals 

PLASTIC PACKAGING MODELING: INTERACTIONS WITH FOOD. MODEL AND 
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Iván López  ICIPC* 

LLDPE‐EVOH HIGH BARRIER BLEND FILMS FABRICATED BY MULTIPLICATION EX‐

TRUSION  
Guojun Zhang  A. Schulman Inc 

INFLUENCE OF A SUBSTRATE BIAS ON THE ADHESION OF SILICON ORGANIC 
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Henrik Behm 

Institute of Plas‐

tics Processing 
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Rajan Raje 

Lifeline Technol‐

ogies 
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PLASTICS METHOD  

Kazushi 

Yamada 

Kyoto Institute of 
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Juan Estefan  ICIPC* 
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cal Company 

CORRELATING THE MELTING OF SEMI‐CRYSTALLINE POLYMERS TO THE SHRINK 
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Nitin Borse 

NOVA Chemi‐

cals 

LASER IMAGEABLE POLYMERIC FILM  Patrick Thomas 
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Best paper selections by Dan Falla and Patrick Thomas follow: 

   

John Wagner received the SPE Honored Service Member Award at 

ANTEC, 2015. He was recognized for his voluntary contributions to 

the Flexible Packaging Division and the Extrusion Division of the 

Society. John currently serves as treasurer for the Flexible Packag‐

ing Division. He has authored and edited several books for the in‐

dustry, he also serves as editor‐in‐chief of the Journal of Plastic Film 

& Sheeting.  



PEELABLE SEAL FILMS WITH ENHANCED MOISTURE BARRIER PROPERTIES 

FOR FLEXIBLE PACKAGING APPLICATIONS 
Dan Falla, NOVA Chemicals, Sarnia, Ontario, Canada 

 
Abstract 
 
Most cereal and cracker packages are designed to 

have the seal layer peel apart while being opened.  

Unfortunately, opening these packages often results 

in catastrophic failure of the film and spillage of the 

contents. In this study, various types of peelable 

seal layers were investigated.  In addition, a new 

high moisture barrier sHDPE was evaluated. 
 

2.0 Background 

Peelable Seals 
Many consumer foods require the package to be 

easy-open in order to access the contents. 

Unfortunately, consumer experience has shown that 

many products sold in “easy-open” packages are 

actually difficult to open and often result in the 

catastrophic destruction of the bag. Consumer 

Reports magazine (1) rated cereal bags as one of the 

five worst consumer packages due to problems with 

opening. The article showed that 75% of the bags 

tested tore while their examiner attempted to peel 

the bags open.  

 

The need for an easy-open, peelable seal package 

has been studied previously. Various polymer 

technologies have been reported in the literature 

(2)(3)(4)(5)(6)(7). There are three generally 

accepted easy open, peelable seal failure modes: 

interfacial separation, delamination, and cohesive 

failure (4) (Figure 1-4).  

 

 Interfacial Separation:  The separation 

occurs at the seal interface. The seal 

strength is dependent on the sealing 

temperature 

 

 Delamination: The seal separates at an 

internal interface (between internal layers 

or between the inside layers). Sealing 

temperature is one of the significant 

variables in determining seal strengths; 

however, the thickness of the internal layer 

and adhesion between the internal layers 

also play major roles. 

 

 Cohesive Failure: The structure separates 

within the seal layer. The peel seal 

material’s inherent strength determines the 

strength of the seal. 

 

Figure 1: Fundamentals of Peelable Sealing (4) 

 

 
Figure 2: Interfacial Separation 

 
Figure 3: Delamination 



 
Figure 4: Cohesive Failure 
 
Is this study films having peelable seal properties 

were studied along with an sHDPE having excellent 

moisture resistant properties. As previously stated, 

cohesive peel seal systems peel within the film 

layer while delamination fails at the internal 

interface. The cohesive seal results in a smooth, 

clean peel surface and offers “whitening” of the seal 

with added built in tamper evidence (5)(8) (Figure 

5).   

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Figure 5: PB-1 Peel mechanism: Cohesive 
Failure 
 

Three types of polymeric resin systems were used 

for peelable seal applications in this paper: 

polybutene-1 (PB-1), commercial ethylene 

propylene peel polymers (EP) and an ionomer 

specific to peel seal applications.  The following is 

a brief background describing the performance of 

each of these resins. 

Polybutene-1 
PB-1 is a semi-crystalline, highly isotactic 

thermoplastic made from the polymerization of 

butene-1 using a Ziegler-Natta type catalyst. It 

works by being incompatible with polyethylene. In 

the seal layer, it creates a layer with PB-1 islands in 

the PE matrix as per Figure 5 & 6 and results in 

cohesive failure of the seal. 

 

PB-1 is typically blended with 55% LDPE and 30% 

low seal initiation LLDPE. The PB-1 has more 

incompatibility with the LDPE than the LLDPE, 

hence the LLDPE should be chosen based on 

economics and seal initiation temperature desired. 

Slip and antiblock may are also required. 

 

 
Figure 6: PB1 -How it works (5) 

Ethylene Propylene Peel Polymers 
 

The ethylene propylene peel polymer (EP) is a fully 

formulated copolymer (EP) that is commercially 

available. Seal failure may occur in a few ways: At 

lower temperatures, interfacial separation occurs at 

the seal / seal interface. At higher temperatures, the 

two seal layers “lock up” and failure occurs when 

the seal delaminates from the core layers. The 

strength of the bond at the HDPE / seal interface is 

significantly high enough that care must be taken on 

the packaging line to use enough heat to “just seal” 

the package. 

Ionomer 
Ionomers, are partially crosslinked acid copolymer 

resins. Ionomers can be formulated with PB-1 to 

fail cohesively or used alone in a delamination style 

peel seal where failure occurs between the ionomer 

sealant and the HDPE layer (8). Much like the EP 

peel polymer, care must be taken to not seal at too 



high of temperature as seal lock-up is expected to 

occur. 

Low Moisture Vapour Transmission 
Rate (MVTR) Film 
A film that has low MVTR is a requirement for dry 

good packages, such as cereal and crackers, in order 

to maximize the shelf life of the product. Most 

cereal and cracker films are three-layer coextruded 

blown films that are comprised of a peelable seal 

layer and an HDPE core layer. The thickness of the 

HDPE typically determines the MVTR of the film. 

In this study, the MVTR properties of a high 

moisture barrier sHDPE (sHDPE) are compared to 

a conventional HDPE. 

This study was done to: 

 

1. Evaluate a number of different peelable seal 

formulations 

2. Evaluate high moisture barrier sHDPE vs 

standard HDPE for moisture resistance 

 

3.0 EXPERIMENTAL METHODS 
 

Previous studies have limited the qualitative 

measurement of peelability to the laboratory cold 

seal strength test. Traditionally, 25.4mm (1”) wide 

samples were cut from the film and heat sealed in 

the transverse (TD) direction. The sealed samples 

were then pulled using a tensile tester to determine 

the seal strength vs. seal temperature. In this study, 

we used a combination of heat sealed film, hottack 

strength, and performance in a vertical form fill and 

seal (VFFS) machine. 

 

Film Fabrication 
Table 1 shows the resins used to make the 12 film 

structures shown in Table 2 (in Appendix). The 

films were fabricated using the 3 layer Brampton 

Coex line at NOVA Chemicals Centre for 

Performance Applications. The extrusion conditions 

were: 2.5:1 BUR, 10 cm (4”) die, 35-mil die gap, 45 

kg/h (100 lbs/h) output rate, standard temperature 

profile, barrier screw with Maddock mixing head.  

 

Name Type

Melt Index

dg/min

Density

g/cc
PB-1 Polybutene-1 28 0.906

LDPE LDPE 0.75 0.920

LLDPE C8-LLDPE 1.00 0.920

sLLDPE C-8 Single Site LLDPE 0.65 0.916

EP EP copolymer 3.80 0.895

Ionomer Zn - Ionomer 4.00 0.940

sHDPE barrier HDPE 1.20 0.966

HDPE HDPE 0.95 0.958  
Table 1: Resins Used 
 
All physical properties were tested at NOVA 

Chemicals Centre for Performance Applications. 

Test results were converted into absolute values for 

the purpose of comparing films of different 

thicknesses. 

 

The films were subjected to the following physical 

tests to determine their various properties: 

 MVTR, using Mocon test unit 100% RH 

 Dart Impact, using ASTM D1709, Method 

A; 

 Film Tear, using ASTM D1922;  

 Puncture, using NOVA Chemicals Method 

 1% and 2% Secant Modulus, using ASTM 

D882; 

 Tensiles, using ASTM D882; 

 Hot Tack Strength; using method described 

below; 

 Heat Seal Strength, using method described 

below; 

 Vertical Form Fill and Seal (VFFS) 

described below; 

 

Hot Tack Strength Test Method 
The hot tack strength of the sample films were 

measured using the “J&B Hot Tack test method” 

which measures the force required to separate a heat 

seal before the seal has had a chance to fully cool. 

This simulates the filling of material into a pouch or 

bag before the seal has had a chance to cool.  

 

The “J&B Hot Tack test method” used the 

following conditions: 

 

Specimen Width: 25.4 mm 

Sealing Time: 0.5 seconds 

Sealing Pressure: 0.27 /mm/mm 

Delay Time: 0.5 seconds 

Peel Speed: 200 mm/seconds 



Number of Samples/Temperature 5 

Temperature Increments: 5°C 

Temperature Range: 75C - 150C 
 

Film Heat Seal Strength Test Method 
The heat seal strength of the sample films measures 

the force required to separate a seal after the 

material has cooled to 23°C. In this study, the 

sealed samples were allowed to age for two weeks 

prior to testing. Again is a significant issue with 

with some peel seal technologies, especially PB-1 

blends.  
 

Samples were tested using the following conditions: 
 

Specimen Width: 25.4 mm 

Sealing Time: 0.5 seconds 

Sealing Pressure: 0.27 /mm/mm 

Number of Samples/Temperature 5 

Temperature Increments: 5°C 

Temperature Range: 75C - 150C 

 

The seal strengths were then determined using a 

Tensile Tester model according to the following test 

conditions: 

 

Direction of Pull: 90 to seal 

Crosshead Speed: 300 mm/minute 

Full Scale Load: 5 kg 

  

Vertical Film Form and Seal (VFFS) 
The Rovema VFFS machine used in this study was 

a model VPI 260 with a Bozn DCS-3BC Auger 

Filler. It had a 165 mm forming set and Teflon® 

tape on both the vertical and cross sealing bars 

(Figure 7). 

 

 

Figure 7:  Rovema Vertical Form Fill and Seal 

Machine 

 

19 cm x 16.5 cm pouches (seal to seal) were 

produced with no gusseting. The pouches were 

filled with 500 g of HDPE pellets to simulate the 

packaging of product in commercial applications. 

The 500 g of pellets only half filled the pouches so 

that they could be tested in the leak detector test.   

 

A temperature window was selected using the hand 

squeeze method described below. All films were 

run from low temperature (where the seal easily 

opens) to a temperature where burn through 

occurred. Pellet filled pouches were submitted for 

leak testing while other pouches were emptied of 

the pellets aged for two weeks. Sample strips 24.5 

mm (1”) were cut from the seal area and tested 

using a tensile tester. 

Haug Pack-Vac Leak Detector Test 

The purpose of this test is to evaluate the seal 

strength and general packaging integrity of pouches 

produced on the VFFS. A pouch was placed 

underwater in the leak detector tank and a vacuum 

was applied. If the seals fail then air from inside the 

pouch escapes through the failure and bubbles are 

noticed in the tank. Results from this test can be 

used to compare and rank different film structures 

at different equipment seal bar settings. Testing 

conditions were:  

 

 Pouch volume filled 50% with pellets 

 Line speed 20 bags / minute 

 Replicates per temperature – 5 

 Once good seals were achieved temperature 

increments were adjusted by 10°C 

increments 

 Vacuum setting 20 inHg 

 Hold for 30 seconds once targeted vacuum 

setting is reached 

 
The Figure 8 & 9 illustrates pouches that have seal 

failure and burn through. 

 



  
Figure 8: Seal Failure 

 
Figure 9: Burn Through 

Drop Test 

10 pellet-filled pouches were made at each 

temperature and then dropped from a height of 

1.8m (6’) to simulate the packaging operation. 

Compression Test 

Five air-filled pouches were made at each 

temperature then tested under compression using a 

tensile tester to determine the load that the end seal 

failed at. 

Pouch End Seal Strength 

Five pellet-filled pouch samples were made at each 

temperature. The pellets were emptied and 25.4mm 

(1”) wide samples were cut from the same seal 

region on each pouch and pulled using an Instru-

Met 5-Head tensile tester. 

 

4.0 RESULTS AND DISCUSSION 

 

1) Commercial Film  
Prior to the start of the project, samples of a 

commercial cereal liner were purchased at a local 

grocery store and tested to determine typical film 

properties. The analysis (Figure 10-12) indicates 

that the film was a three layer co-ex with EP peel 

polymer in the seal layer and two HDPE layers. 

Physical properties of the film have been added to 

analysis of this study (Table 3). No VFFS work was 

done with the competitive due to the small sample 

size. 

 

The heat seal curve of the film shows the classic 

curve expected for EP peel polymers.  Note the 

dramatic increase in seal strength at the higher 

temperatures as the seal “locks up” into cohesive 

failure (Figure 13). 

2) Fabricated Film Physical Properties 

Table 3 and Figures 14 to 34 show the film physical 

properties, all of which can be found in the 

appendix. 
 

Film Properties 

 

1) MVTR (Figure 14) 
The use of sHDPE was found to dramatically lower 

the MVTR of the films. As expected, thicker films 

were also found to have lower MVTR. The 

commercial film had MVTR properties similar to 

the films having conventional HDPE in the core. 

 

2) Dart Impact (Figure 15) 
Not enough sample was available to determine the 

dart impact properties of the commercial film. 

 

The films with sHDPE in the core had slightly 

lower dart impact properties than films made with 

HDPE. Overall, films with the ionomer had the 

highest impact resistance. 

 

3) Film Tear  

 

3.1) TD Tear (Figure 16) 
The films with EP peel polymer and ionomer had 

TD tear values that were less than half of the 

commercial film and films with PB-1. TD tear is 

not expected to play a significant role in this 

application.  

 

The use of sHDPE resin did not appear to have an 

effect on the TD tear properties. 

 

3.2) MD Tear (Figure 17) 
In cereal bag applications, high machine direction 

(MD) tear resistance is a very desirable attribute 



once the bag is opened. Figure 17 shows the MD 

tear for the films tested. All of the films tested had 

higher MD tear resistance than the commercial film. 

The ionomer films had the highest tear resistance, 

about double the commercial film. 

 

4) Puncture (Figures 18 & 19) 
There was not enough commercial film available to 

test puncture resistance. Overall, the films had 

similar puncture resistance when comparing 

normalized results  

 

5) 1% and 2% Secant Modulus (Figures 

20 & 21) 
High film stiffness is a desirable attribute for these 

films for faster packaging speeds. Figures 20 and 21 

show that films made with sHDPE in the core had 

higher 1% and 2% secant modulus. This was 

expected since the HDPE had a density of 0.958 

g/cc vs. 0.966 g/cc for the sHDPE. The results were 

almost 20% higher than the commercial film. 

Higher stiffness could allow the film to be 

downgauged while still maintaining stiffness 

relative to the competitive film. It may also allow 

the packaging line to run at a faster rate. 

 

6) Tensile (Figure 22 to 24) 
No significant differences were seen with the 

tensile properties except the 2.3 mil commercial 

film had lower elongation than the other films 

tested. 

 

7) Hot Tack (Figure 25) 
Three distinct groupings were seen in the testing. 

The inomer films had the lowest hot tack initiation 

temperature along with a broad, flat profile. EP 

films initiation temperature was only slightly higher 

than the Ionomer but rose quickly to the highest hot 

tack strength and the narrowest profile. PB-1 hot 

tack initiation temperature was approximately 25°C 

– 30°C higher than the other two types of sealant. 

 

8) Film Heat Seal Strength (Figure 26) 
Three distinct groupings were also seen with the 

films tested. The ionomer films had a sharp rise in 

seal strength in the interfacial separation phase 

followed by a drop in strength in the delamination 

phase. The maximum strength at higher 

temperatures was lower than the commercial films 

which appeared to “lock-up” beyond 130°C. EP 

film had a wide, flat sealing profile. Testing was 

stopped at 155°C. 

 

PB-1 had the highest sealing initiation temperature 

of the films tested and the narrowest sealing 

window. The seal strength continued to increase as 

the sealing temperatures increased. Unlike the other 

films, no plateau was observed. 

 

As expected, the PB-1 films made with higher 

levels of LDPE had lower overall seal strengths. As 

previously stated, LDPE is more incompatible with 

the PB-1 than LLDPE.  

 

VFFS 

 

1) Hand Squeeze Test 

In this study, the VFFS processing window was 

determine by hand squeezing the pouches. The seal 

initiation temperature (SIT) was defined first by the 

dry fill staying in the pouch once the seal bars 

opened, then the pouches were lightly squeezed by 

hand. The SIT was defined when the pouches 

retained internal pressure (no sign of leaks). The 

end processing temperature was determined by 

hand squeezing of the pouches again but this time, 

failure occurred when burn thru of the end seal was 

observed.   

 

2) Haug Leak Tester  
All pouches produced that retained the dry fill 

(pellets) passed at 10 in.Hg, but leaked at 13 to 15 

in.Hg. This off-line test did not differentiate the 

different film structures and temperature profile 

(same results from initial seal to burn thru seal). 

The commercial cereal packages all failed at 5 

in.Hg. A small individual sized cereal package 

failed @ 1 in.Hg.  

 
Based on these results, the Haug test does not 

appear to be a reliable test for this application. 

 

3) 6’ Drop Test  
The 6' drop test also did not provide any conclusive 

data to differentiate between film structures and 

temperature profile. Dry fill (pellets) were found to 

cause pin-holes failures on the side on the pouch 

when dropped giving a false positive. 

 



     4) Pouch End Seal Strength (Figures 27 to 

32) 
25.4mm (1”) wide samples were cut from the end 

seals and allowed to age two weeks before testing. 

Similar to the film heat seal strength test, three 

groupings were also seen (Figure 27).  

 

4.1) PB-1 
Figure 28 depicts two different groupings of seal 

curves. The difference between the two groups is 

the amount of LDPE used in the blend. The higher 

heat seal strength grouping contained 30% LDPE vs 

55% LDPE for the stronger seal group. The PB-1 

producer reports that the amount LDPE plays a 

critical role the peel seal strength (5).  

 

The PB-1 films all had higher heat seal initiation 

temperatures and lower, overall seal strength of the 

films tested. 

 

4.2) Ionomer 
Three distinct phases of sealing can be seen in 

Figure 29. At lower temperatures, interfacial 

separation occurred wherein the seal simply peeled 

apart. From about 95°C to about 130°C 

delamination occurred where the seal pulled away 

from the HDPE layer. Cohesive failure occurred 

from 130°C to 150°C.  

 

4.3) EP Peel Polymer 
The samples were tested after two weeks. The resin 

manufacturer claimed that with time, the seal 

strength decreases when the EP peel polymer is 

used in the seal layer (9). Figure 30 shows a classic 

seal curve with the 2.25 mil film having higher heat 

seal strength. 

 

 4.4) Comparison of Film Heat Seal 

Strength to VFFS Pouch Heat Seal Strength 
Figures 31 & 32 compare the measured film heat 

seal strength to the measured strength of the pouch 

end seal. The figures show a significant correlation 

between the two. Heat seal initiation and burn 

through were almost identical. This indicates that 

the film heat seal strength test should be a suitable 

laboratory test method to predict performance in a 

VFFS unit. 

 

5) Compression Test (Figure 33 to 36) 
Five pouch samples from each temperature were 

tested under compression using a tensile tester. 

Overall, the pouch seal performance under 

compression correlated with the pouch end seal 

testing. 

 

5.1) PB-1 (Figure 34) 
PB-1 seal initiation temperature was significantly 

higher than either the ionomer or EP peel polymers. 

Seal strength also continued to increase until 

cohesive failure was observed. 

 
Lower compression strength was also observed with 

LDPE blends. 

 

5.2) EP Peel Polymer (Figure 35) 
The end seal strength with the EP peel polymer 

increased with temperature until cohesive failure 

occurred. In the cohesive failure region, the film 

was observed to fail vs. the seal peeling apart. 

 

5.3) Ionomer (Figure 36) 
Like the pouch end seal strength, the ionomer films 

showed three distinct regions; interfacial separation, 

delamination and cohesive failure (Figure 32). It 

was noted that during cohesive failure, the film 

failed vs. the seal peeling. The ionomer films had a 

very low and flat strength curve until cohesive 

failure.  

 

 

5.0 CONCLUSIONS 
 

1) The sHDPE significantly decreased the MVTR 

versus a conventional HDPE. It also resulted in 

films with the highest 1% and 2% secant 

modulus (20% higher than a commercial film).   

2) Films made with ionomer in the seal layer had 

the best overall physical properties. 

3) Ionomer was also found to have broadest peel 

seal window along with the lowest peel force.   

4) EP peel polymers produced films with the 

highest hot tack strength. 

5) Seal layer thickness did not appear to have a 

significant impact on the properties of the films 

tested. 

6) The amount of LDPE blended with the PB-1 

was found to affect the end seal strength of the 

films. Higher amount of LDPE resulted in 

lower seal strengths. 

 

Overall, films made with either the Ionomer or EP 

Peel Polymer in the seal layer and a barrier HDPE 



would produce an effective peelable seal film with 

enhanced barrier properties. Also, the higher film 

stiffness with a barrier sHDPE would allow 

downgauging of the film.  
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Table 2: Film Structures 
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Table 3: Physical Test Results
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EP copolymer / PE / PE 
 
 EP copolymer layer looked like multi-fold. 
 Two PE layers are probably HDPE.  

 
Figure 10: Commercial Cereal Film Micrograph 

 
Figure 11: FTIR scan of all three layers indicating EP Peel Polymer in the seal layer 
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Figure 12: FTIR of seal layer 
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Figure 13: Commercial Cereal Film - Heat Seal Strength 

 



 
Figure 14: Mositure Vapour Transmission Rate 

 
Figure 15: Dart Impact 



 
Figure 16: Elmendorf Tear 

 
Figure 17: Elmendorf Tear – Machine Direction 



 
Figure 18: Puncture Resistance 

 
Figure 19: Normalized Puncture Resistance 



 
Figure 20: 1% Secant Modulus 

 
Figure 21: 2% Secant Modulus 



 
Figure 22: Tensile Yield 

 
Figure 23: Tensile Elongation 



 
Figure 24: Tensile Break



 
Figure 25: Hot Tack Strength 
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Figure 26: Film Heat Seal Strength - All after two weeks 
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Figure 27: Pouch End Seal Strength - All after two weeks 
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Figure28: Pouch End Seal Strength – PB-1 
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Figure 29: Pouch End Seal Strength – EP Peel Seal Polymer 
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Figure 30: Pouch End Seal Strength - Ionomer  



 
Figure 31: Pouch End Seal Vs Laboratory Heat Sealed Film  



 
Figure 32: Pouch End Seal Vs Laboratory Heat Sealed Film  
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Figure 33: VFFS Pouch Compression Test 
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Figure 34: VFFS Pouch Compression Test – PB-1 
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Figure 35: VFFS Pouch Compression Test - EP Peel Polymer 
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Figure 36: VFFS Pouch Compression Test - Ionomer 
 










