


Table II: Tensile (Secant) Modulus of Some Films 

 kpsi  450  400-600

PBT MPa    1930-3000

 kpsi    280-435

PC MPa 4125  2280 2380

 kpsi 350  330 345

PS-general purpose MPa 2760-4140 2760-4140 3240 2280-3280

 kpsi 400-600 400-600 470 330-475

PS-impact MPa 1035-3450    
 kpsi 150-500    
PP-homopolymer MPa 1100-1590 1100-1310 1040-2070 1140-1550

 kpsi 160-230 160-190 150-300 165-225

HDPE MPa 410-1240 700-1400 410-1240 1070-1090

 kpsi 60-180 102-203 60-180 155-158

LDPE MPa 97-260 140 70-280 170-280

 kpsi 14-38 20 10-40 25-41

LLDPE MPa 260-520  280-550 260-520

 kpsi 38-75  40-80 38-75

EVA MPa    48-200

 kpsi    7-29

EMA MPa    83

 kpsi    12

Ionomer MPa 140-410  140-410  
 kpsi 20-60  20-60  

Notes: a) dry, as molded (about 0.2% moisture)

 b) conditioned (50%RH)

Film MPa kpsi  Source

Aluminum Foil 69000 10000  Mark's handbook - aluminum, not foil

OPET 3450-3800 500-550  Product literature

Nylon 6, cast film, unoriented 620-860 90-125  Allied product literature

Nylon 6, mono-oriented 1380-1520 200-220  Allied product literature

Nylon 66, cast film, unoriented 620-830 90-120  DuPont product literature

Nylon 66, mono-oriented film 2070-2420 300-350 MD&TD DuPont product literature

EVOH, blown film, 32 mol % 3040 440  Product literature

EVOH, blown film, 44 mol % 1450 210  Product literature

OPP 1590 230-270  Product literature

LLDPE blown film 170-280 24-40  Product literature (Quantum and DuPont)
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The modulus of barrier materials, such as aluminum foil, nylon, EVOH, HDPE and PP are generally higher 
than typical sealant materials, such as LLDPE and EVA. This is because for a material to have good sealing 
properties, it must have a low melt point. The melt point of a polyolefin sealant is controlled by its 
crystallinity. As the comonomer content of an EVA or metallocine-PE (mPE) is increased, its melt point 
decreases. Unfortunately, crystallinity affects the modulus in just the opposite way: as comonomer content is 
increased, modulus decreases. This is illustrated for blown film in Figure 1. In this figure, taken from 
Reference 6, Z-N stands for Ziegler-Natta catalyzed LLDPE, SSC for single-site catalyzed mPE (Exxon 
technology), and CGCT stands for constrained geometry catalyst technology (Dow mPE technology). The 
modulus of an mPE with good low temperature sealing properties, for example, has a comonomer content of 
around 10 to 12% and modulus of only about 70 MPa (10 kpsi). 

The modulus of ionomers, however, are not controlled by crystallinity. Ionomers are acid copolymers that 
have been partially neutralized with sodium or zinc salts. The hydrogen and ionic bonds that form impart 
rigidity. Therefore, as the comonomer content and neutralization of ionomers increase, stiffness increases. 
Through the use of termonomers, such as acrylates, the stiffness can be reduced. Thus, ionomers can be 
tuned over a range of about 48 to 480 MPa (7 to 70 kpsi) modulus while maintaining excellent low 
temperature sealability (for fast line speeds), hot tack, seal through contamination and clarity. 

Calculating Bending Stiffness 

We assume that a thin film or sheet can be modeled as a beam, such as an I-beam. As a beam is bent, one 
side of the beam is in compression and the other is in tension, as shown in Figure 2. The tensile or 
compressive stress is at a maximum at the outer surfaces and zero at a point within the beam. This zero 
stress point is called the neutral axis. A beam (film, sheet, etc) is stiffer than another if it bends less under a 
given amount of stress. 

In the following analysis, we assume that the modulus in compression can be represented by the tensile 
modulus. We do this since compression moduli are difficult to measure for thin films, and it makes the 
computations easier. Experimentally, we have found this to be a good assumption. 

For a film or sheet made of a single material, the bending stiffness is straightforward: 

      Bending Stiffness  Et3
 

 
where  
      E = the material's modulus, and 
      t= thickness of the film or sheet.  

For a multilayer composite film or sheet made of materials of differing moduli, the bending stiffness is a 
complex function of each layer's modulus, thickness and location in the film. The deflection, D, of a beam 
under an applied force, F (see Figure 3), is described by the following equation: 

 

where 
Ei=- modulus of layer 
Ii=contribution to the total moment of inertia from layer i 
n = number of layers, and 
L= length of the beam.  

Here the term in brackets is independent of the beam design (or film structure), but rather is a function of the 
way it is held and how the force is applied. If we call the term in brackets G and its inverse G' and rearrange 
equation 1, we obtain 

LDPE blown film 170-210 25-30  Quantum product guide

Acid Copolymer, blown film 110-160 16-23  DuPont product literature

Ionomers, blown film 48-480 7-70  DuPont product literature

Page 3 of 7The Influence Of Sealant Modulus On The Bending Stiffness Of Multilayer Films

9/10/2005http://www.dupont.com/packaging/knowledge/tech0005.html



 

Equation 2 is in the same form as that for a spring, where  is the spring constant describing the 

relationship between applied force and deflection.  represents a "stiffness factor" describing the 

composite stiffness of the beam, film, sheet, etc. G' describes how the force is applied.  is calculated 
by first locating the neutral axis. The contribution from each layer, Eili, is then computed based on the layer's 
distance from the neutral axis; layers further away from the neutral axis have a much greater contribution to 
the moment of inertia (Ii). Hence, stiffness is no longer a simple cubic function of thickness as in the single 
layer case: the thickness of each layer affects both the location of the neutral axis and Ii. For more details, 
see Reference 5. 

Model Validation 

A computer model was developed based on the principles given above. Information on the thickness, 
modulus and position of each layer of a composite film is entered into the model. From this, the model 
calculates the stiffness factor of he structure. The model was validated by comparing the calculated stiffness 
factor to experimental measurements of bending stiffness. The stiffness test involves pushing a film into a 
narrow slot, as shown in Figure 4. The force to push the film into the slot is measured as a function of 
displacement. A "bending" modulus is then computed and compared with the stiffness factor. 

It is important to note that standard tensile tests are not a valid way of measuring the stiffness of a composite 
film structure. In a tensile test, the stress that results from an imposed strain is similar to that of springs in 
parallel: the resulting modulus is not a function of the location of the layers, just the individual moduli and 
thickness. In a bending test, this is not the case: the location of each layer also plays a role. 

The model was found to accurately predict the relative differences in bending stiffness between various test 
structures. The results of two such validation studies are given in Tables III and IV. In Table III, six three-
layer coextruded blown film samples involving HDPE and a sealant were tested. Table IV shows results 
comparing our model predictions with measurements on five proprietary laminate films supplied by a 
customer. In both cases, we compare the measured bending stiffness (arbitrary units) with the computed 
stiffness factor. While the model will not predict the absolute magnitude of the stiffness, it is quite useful in 
predicting the relative difference between structures. We have found it to be very helpful in understanding 
how material selection and structure design influence stiffness. 

Table III: Validation Experiment, Coex Blown Film 

Table IV: Validation Experiment, Proprietary Laminates 

Model Insights 

Structure
Measured 
Stiffness

Predicted 
Stiffness Correlation

Correlaton as
% of Average

1 2.5 1.8 1.39 120%

2 3.6 2.9 1.24 107%

3 3.7 3.6 1.03 89%

4 3 2.6 1.15 99%

5 3 2.7 1.11 96%

6 1.5 1.3 1.15 99%

Structure
Measured 
Stiffness

Predicted 
Stiffness Correlation

Correlaton as
% of Average

A 5.0 4.1 1.21 98%

B 2.4 2 1.20 96%

C 4.3 3.3 1.30 105%

D 4.6 4 1.15 93%

E 7.3 5.9 1.24 100%

F 2.9 2 1.45 117%
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The model has provided several insights that are useful to the package designer. The first is what we call the 
"I-beam" effect and is illustrated in Figure 5. Here we consider four 25-micron (1-mil) thick layers, two made 
of a relatively rigid material such as HDPE and two made from a soft material such as mPE. If we position 
the layers so that the HDPE layers are at the core and mPE layers are the skin layers, we calculate a 
relative stiffness factor of 1. If we rearrange the layers so that the HDPE are now the skins and mPE the 
core, we calculate a stiffness factor of 4. Simply by rearranging the layers we get a factor of four change in 
stiffness! (Note that in a tensile test, the stiffness of these two structures would be the same.) 

In engineering terms, the further apart from the neutral axis and stiffer the skin layer, the stiffer is the 
structure. Many food-packaging applications involve the combination of a stiff protective or barrier layer 
(such as nylon, OPET, OPP, foil, or EVOH) and a sealant. In such structures, often times the neutral axis 
resides in the stiff barrier or protective layer. Thus, the material of highest modulus has the smallest 
contribution to the bending stiffness of the structure. The modulus and location of the sealant layer can have 
a disproportionate effect on the overall bending stiffness. Understanding this effect can aid in anticipating 
potential problems with substituting relatively stiff sealant materials with ones with lower modulus. It also 
points to opportunities for downgauging and cost reduction without loss of stiffness by using relatively stiff 
ionomers as sealants. 

The I-beam effect often comes in play when dealing with lamination of films. An example is given in Table V 
where we compare adhesive lamination with extrusion lamination. Here we consider bonding OPP to a 
sealant film. The best case is when the generic sealant film, such as 25-micron (1-mil) LLDPE or ionomer 
film, is adhesively laminated to the OPP. The bending stiffness is increased considerably by extrusion 
laminating the two films, which has the effect of separating the films and enhancing the "I-beam" effect. The 
OPP must be increased from 18 to 38 microns (70 to 150 gauge) to achieve the same increase in stiffness 
as extrusion laminating with 25-microns (1-mil) of LDPE. The designer can take the model output and weigh 
the relative material and fabrication costs of the two processes to achieve the desired increase in stiffness. 

Table V: Model Results: OPP/Sealant Film Lamination 

Assumptions: 
OPP modulus: 1586 MPa (230 kpsi) 
Sealant modulus: 276 MPa (40 kpsi) 
Sealant thickness: 25 microns (1 mil) 

The model also allows us to look at the effect of substituting sealant materials on the bending stiffness of a 
structure. Table VI shows an example of a capping web for a meat product we obtained from a supermarket. 
Here the structure was analyzed to be OPET/EVA/ionomer with thicknesses 11.9/22.9/33 microns 
(0.47/0.9/1.3 mils). Such combinations of a high modulus film with a sealant are prevalent in the snack 
industry as well. 

Table VI: Model Results: OPET//EVA/Sealant 

Assumptions: 
OPET modulus: 3450 MPa (500 kpsi) 
OPET thickness: 11 .9 microns (0.47 mil) 
EVA modulus: 69 MPa (10 kpsi) 

Using typical values for the moduli of these materials, we compute a stiffness factor for this structure (see 

Case
OPP Thickness 
Microns (gauge) Tie Type

Tie Modulus 
MPa (kpsi)

Tie Thickness
Microns (mil)

Predicted
Stiffness
Factor

A 18 (70) Adhesive 690 (100) 2.5 (0.1) 0.39

B 18 (70) LDPE 138 (20) 12.7 (0.5) 0.70

C 18 (70) LDPE 138 (20) 25.4 (1) 1.25

D 38 (150) Adhesive 690 (100) 2.5(0.1) 1.38

Case Sealant 

Sealant 
Modulus 
MPa (kpsi)

Sealant 
Thickness 
Microns (mils)

EVA 
Thickness 
Microns (mils)

Total 
Thickness 
Microns (mils)

Predicted
Stiffness
Factor

Stiffness 
Change

1 IONOMER1 276 (40) 33 (1.3) 22.9 (0.9) 67.8 (2.67) 1.49  
2 mPE 69 (10) 33 (1.3) 22.9 (0.9) 67.8 (2.67) 0.49 -67%

3 mPE 69 (10 63.5 (2.5) 22.9 (0.9) 98.3 (3.87) 1.48 -1%

4 IONOMER2 483 (70) 25.4 (1) 22.9 (0.9) 60.2 (2.37) 1.49 0%

5 IONOMER2 483 (70) 10.2 (0.4) 45.7 (1.8) 67.8 (2.37) 1.48 -1%
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Case 1). In Case 2, we analyze the effect of substituting a lower modulus mPE sealant for the ionomer. The 
stiffness is reduced by 67%. Case 3 shows that the thickness of the mPE would have to be increased to 63.5 
microns (2.5 mils) to achieve the same stiffness as Case 1. Increasing the thickness of the sealant is 
impractical due to heat transfer considerations: a thicker structure would take longer to heat seal and slow 
down line speeds. Case 4 looks at substituting the ionomer with a higher modulus one. The sealant can be 
downgauged by 7.6 microns (0.3 mils) and still achieve the same stiffness. In Case 5, the sealant is further 
downgauged by bulking up the EVA layer. This effectively moves the stiff sealant layer away from the neutral 
axis, resulting in a structure with potentially lower cost. As with any of these cases, the model only predicts 
what will happen to stiffness. Reducing sealant layer thickness may reduce sealing properties and must be 
thoroughly tested under conditions simulating its actual use. 

Conclusions 

The model results show that the sealant layer in a multilayer film structure can have a disproportionate effect 
on the of bending stiffness of the structure. Ionomers offer a unique combination of excellent sealing 
properties and high modulus not possible with polyolefin sealants. This combination of properties offers the 
package designer versatility in designing structures that maintain the same "feel" and machinability, yet with 
less material and cost. 

Our model for predicting stiffness of multilayer structures has proved useful in bringing out the engineering 
principles behind achieving stiffness in package design. The stiffness of a multilayer composite film or sheet 
is a function of the thickness, modulus and location of each layer. Considerable advantage can be obtained 
by separating the stiffest layers in the structure to enhance the "I-beam" effect. Both the fabrication process 
(e.g., adhesion lamination vs extrusion lamination) and material selection can play a role (e.g., ionomer vs 
EVA or mPE). Undoubtedly, these principles will play a key role in allowing packaging designers to continue 
downgauge and reduce costs in the future. 

Finally, the model has proved helpful in working with customers in the actual design of structures. While it 
does not eliminate the need for trials, it can greatly reduce the iterative steps or help achieve a more 
optimum structure. While not shown in the examples presented here, costs can be easily incorporated into 
the model to predict optimal stiffness at lowest cost. 
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Figure 1: Effect of Polymer Compositions on Modulus 

 

 

Figure 2: Beam in Bending Figure 3: Force and Deflection 
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Figure 4: Measuring Bending Stiffness 

 

Measure force and displacement of film through a 
slot 

Figure 5: I-Beam Effect 

 

Assumptions: 
  HDPE Modulus = 690 MPa (100kpsi)
  mPE modulus = 69 MPa (10 kpsi)

 
 
Because DuPont cannot anticipate or control the many different conditions under which this information and/or product may be used, it 
does not guarantee the applicability or the accuracy of this information or the suitability of its products in any given situation. Users of 
DuPont products should make their own tests to determine the suitability of each such product for their particular purposes. The data listed 
herein falls within the normal range of product properties but they should not be used to establish specification limits or used alone as the 
basis of design. 
 
Disclosure of this information is not a license to operate or a recommendation to infringe a patent of DuPont or others. 
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