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ABSTRACT 
 
Food packaging processes can significantly contribute to reduce the waste of food and packaging materials 
by means of a careful choice of the sealant material that results in increased tightness and lower leak rates. 
In this work we prove that for a successful choice of a sealant it is not enough to consider the heat seal and 
hot tack strength curves. Other parameters like melting and flow behavior are critical. A sharp and low 
melting point and high flow at the temperature of seal (caulkability) contribute to improve the hermeticity 
of the seal and therefore quality of the package. 
 

 

 
 
1. Introduction  
 
According to a study by the United Nations, 
about 1.3 billion tons of food produced 
today does not end on our dining table. This 
represents about a third of the global food 
production. Food is primarily spoilt or 
discarded by retailers, consumers, or during 
transportation. This implies that the 
production of food waste consumes large 
amounts of resources and high amounts of 
emissions are discharged (each ton of food 
waste that can be avoided, represents 
about 5 tonnes of CO2). The prevention of 
food waste is of great importance 
considering the limited resources available 
globally. The packaging industry can play 
an important role in the reduction of food 
waste. A poor packaging system can be 
responsible for the rapid deterioration of 
food quality and inferior shelf life [1].  
 
One of the tasks of the package is to 
protect goods from environmental 
influences therefore increasing food 
preservation, reducing food wastage, 
lowering transportation and energy costs. A 
hermetic seal makes an important 
contribution to ensure that the goods retain 

its freshness, quality and durability along the 
supply chain from the packer to the consumer. 
Even high-barrier structures are ineffective if 
they are not sealed properly.  
 

 
Figure 1: The study "Global Food Losses and Food Waste," 
from the Food and Agriculture Organization of the United 

Nations, received considerable attention. 
 

 
A study conducted in the UK in collaboration 
between WRAP and the University of Lincoln 
[2] has shown that about 24% of today's 
packaging may have leaks, while the standard 
quality controls can only detect about 1% of 
the leaks. The resulting potential loss of food 
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is estimated, only for the UK, at 480,000 
tons [3]. 
 

 
Figure 2: VFFS bag with leakage at the longitudinal 
seal, at the corner of the bag and the intersection of 

the longitudinal and transverse seal area [2]. 
 
The choice of suitable sealing media can 
help to improve the tightness of the 
packing material. Dow has a long 
experience in the field of sealant polymers 
and has recently developed new high-
performance polymers which provide 
reliable and hermetic sealing of packages. 
This new generation of seal materials can 
be applied easily on all standard filling 
systems. Furthermore, the improved 
sealing performance, in many cases allows 
a higher number of cycles, and thus a 
reduction in cost.  
 
Flexible packaging applications where high 
performance seals are of particular 
importance are listed here:  
 
1. High barrier packaging: 

 Absolute tightness necessary. 
 Example: packaging in an inert gas 

atmosphere or vacuum for coffee, 
cheese, meat, nuts and baked 
goods.  

 
2. Heavy goods packed in VFFS process:  

 Increased pressure on the bottom 
seam. 

 For example, potatoes, poultry.  
 
3. Sophisticated packaging formats: 

 Even sealing of gusseted structures 
at the transition from 2 to 4 layers. 

 Example: very rigid laminates, four 
side seal bag or stand-up pouches 
like DOY-stil. 

 
4. High-speed lines: 

 Hermetic sealing with very short 
sealing times. 

 High-speed packaging cycles, such as 
sweets and snacks.  

 
 
2. Fundamentals of the sealing process 
from the polymer perspective  
 
One of the most important requirements of 
flexible packaging in the fields of food, 
pharmaceutical and medical device products is 
the quality of the seal. Especially for foods 
with short shelf life to achieve 100% integrity 
is desirable, but this is often not achieved for 
many reasons. This is caused by specific 
reasons, such as:  
 

 Inadequate thickness of the polymer 
seal layer. 

 Incorrect machine settings.  
 Unsuitable sealing tool. 
 Inadequate sealing polymer.  

 
The choice of the sealant polymer is in many 
cases critical for the tightness of the package. 
Especially in the area of vertically oriented 
packaging equipment (VFFS), forces act on the 
sealing polymer that place high demands on 
the material. As shown in Figure 3 these 
demands are concentrated on the following 
aspects:  
 

 Cross-seam sealing with gussets and 
corresponding spring back forces.  

 Exposure of the seal to the filling 
weight.  

 Contamination of the sealing area.  
 
Especially critical is the area of the horizontal 
seal with a longitudinal fin seal where a 
transition from 2 to 4 plies is present. This is 
one of the places where leaks can occur 
relatively quickly if the sealant polymer cannot 
fill/close the cavities in the area due to 
wrinkles. A further complication is that heat 
transfer through the 4 layers takes longer and 
therefore may need to increase the residence 
time at the seal bars. For this reason, sealant 
polymers with high flow and sealing properties 
("Caulkability") are necessary.  
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Figure 3: Critical sealing areas for the VFFS filling process. 

 
 

 
Furthermore, the problem of the filling 
weight needs to be considered. The filling 
loads the seal immediately after the 
sealing, which in turn can quickly lead to 
leaks. To solve this problem, sealant 
polymers with excellent hot seal strength 
("hot tack") must be used. To understand 
this process better, let’s consider the 
fundamentals of sealing as shown in Figure 
4 [4]:  
 

The sealing of plastic films can be better 
described when considered at a molecular 
level. After melting and wetting of the 
sealing surface, then hot tack strength 
develops by diffusion of the polymer chains 
between the two layers. The faster the 
diffusion takes place, the higher is this 

strength. Thus the diffusion rate must be as 
high as possible in order to achieve fast 
packaging cycles. This polymer property, 
among others, has been improved specifically 
in the development of novel high performance 
polymers sealants by Dow Europe GmbH.  
 
 
3.  High performance sealant polymers  
 
The selection of possible sealant polymers in 
the market is very wide. Depending on the 
requirements for packaging, packaging 
material, and economic factors like the 
required rate of production, a converter can 
choose various polymers ranging from LDPE to 
metallocene polyethylenes.  
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Figure 4: Heat seal strength and hot tack strength from a molecular perspective. 

 
In this study only sealant polymers 
produced with metallocene catalysts were 
chosen. A new product from The Dow 
Chemical Company is compared to other 
commercially available polymers, all 
suitable for the production of blown film. 
Table 1 shows an overview of the 
investigated sealants. 
 
Considering the heat seal strength and hot 
tack strength of the investigated polymers 
(see Figure 5) we see no significant 
differences in the heat seal strength. 
However, the region of good hot-tack 
strength of the polymer B is better than the 
other two types. This could quickly lead to 
the premature conclusion that polymer B 
rather could be the best sealant polymer. 
But heat seal strength and hot tack 

strength are not the only parameters that are 
crucial for the choice of a suitable sealant. 
 
When we look at the differential scanning 
calorimetry and rheology of the polymers in 
the study, it is shown that polymer B has a 
wider melting range and a higher viscosity in 
the critical temperature range, which will have 
a negative effect on the flow properties of the 
sealant (Figure 6). 
 
A low temperature and sharp melting point, 
and good flow properties are necessary for 
improved packaging speed and seal integrity 
of the package. 
 
 
 
 

 
Table 1: Sealant polymers used in the study. 
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Figure 5: Heat seal strength and hot-tack strength. 

 

 
Figure 6: Differential scanning calorimetry and dynamic rheology. 

 
 
4. VFFS packaging tests  
 
For the experiments on a VFFS packaging 
system, we produced relatively thick 
experimental films with three different 
sealants. We chose a configuration of the 
structure with a total thickness of 100 
microns, which is characterized by high 
stiffness and low thermal conductivity. The 
high rigidity is a special disadvantage in the 
regions of the gussets, since these areas 

provide high restoring (spring back) forces. 
These restorative forces imply a tough 
challenge for hot tack strength.  
 
The test films were produced on a blown film 
line and then slit to a width of 413cm for the 
corresponding format of the VFFS system. The 
typical construction structure is shown in Table 
2. 
 

 
Table 2: Structure of the various experimental films. 
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The filling tests were carried out on a 
Hayssen ULTIMA ST Sandiacre VFFS 
machine. Bags were produced without 
contents and also with 500g and 1000g fill 
weight. The longitudinal seal was produced 
in all the experiments with a seal jaw 
temperature of 110 ° C. For the cross-seal, 
temperatures of 130 ° C, 140 ° C and 150 ° 
C were used. The empty bags production 
rate varied from 20 up to 60 bags per 
minute. The filled bags were prepared at a 
filling rate of 30 bags per minute, and a 
cross-sealing temperature of 140 ° C.  
 
Then the bags were checked for 
hermeticity. For this purpose a gas-based 
leak testing by means of pressure 
difference between the inside of the bag 
and the test chamber was applied. A water 
bath was used as a test chamber, in which 
the bags were kept completely under water 
using a lid. The test chamber is set to a 
vacuum of 475mbar. In this method, 
leaking bags are easily observed by a gas 

outlet (blistering) under water in the seal 
area.  
 
The hermeticity was then calculated as 
follows:  
 
Hermeticity [%] = 100 * (#bags without 
Leakage / number of tested bags) 
 
In Figure 7, we can see on the left side the 
improved flow characteristics around a 
particle, and on the right side the improved 
flow into the seal cavities and capillaries.  
 
In the next step, the influence of the filling 
weight was examined. Experiments with 
empty bags have shown that much higher bag 
formation rates are possible without significant 
loss of tightness of the bag. Moreover, the 
resilience of the seal is improved by excellent 
heat seal strength. At constant packing 
parameters (filling speed, seal jaw 
temperature) the filling amount was increased 
from 500g to 1000g, again without great loss 
to the tightness of the bag (Figure 8). 

 

 
Figure 7: Improved seal quality. 
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Figure 8: Hermeticity as a function of the filling speed and filling weight. 

 
 
5. Summary  
 
Packaging processes, such as those having 
demanding packaging formats or with fast 
speeds, benefit of improved sealant 
polymers resulting in increasing tightness 
and therefore potentially can reduce the 
waste of food and packaging materials. The 
choice of suitable sealant polymers can help 
to improve the hermeticity of the packaging 
systems. Dow has long-standing expertise 
in the field of sealant polymers and has 
developed new high-performance polymers, 
which provide a reliable and hermetic 
package seals. The decisive factors for 
achieving material represents excellent seal 
can be listed as follows:  
 

 Sharp and low temperature melting 
point range of the sealant polymer 
(polyolefin plastomer). 

 
 High rate of inter-diffusion of the 

polymer chains across the wetted 
sealing layers (high hot tack 
strength).  

 
 Excellent flow at the sealing 

temperature ("caulkability").  
 
Dow's newest generation of AFFINITY ™ 
Polyolefin high performance sealants can 

provide very high seal integrity. The results 
shown in this work demonstrate the 
importance of heat seal strength, hot tack 
strength, flow and melting properties for 
excellent sealing of bags specifically designed 
for a VFFS packaging system. This knowledge 
supports the selection of the right high-
performance polymer sealants for more 
hermetic packaging. 
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