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Seal integrity and seal strength are important requirements in the heat sealing of flex-

ible packaging. In this article, the influence of talc compounds and different process

parameters, such as film tension and contamination on the sealant films consisting of

polypropylene and low-density polyethylene blend were investigated. According to

the results, increasing the talc ratio from 0% wt to 30% wt positively influenced both

hot and cold seal strength. Among different polymer blends having same talc ratio,

the sample having the lowest melt flow index (2.84 dg/min at 230�C and 2.16 kg)

showed the highest cold seal strength with 9.07 N/25 mm. On the other hand, in the

samples with higher melt flow indexes, less seal integrity issues were observed in the

presence of contaminants. Elevated film tensions from 0 to 0.4 N/mm2 enhanced the

seal strengths significantly at the seal initiation temperatures of each film. However,

this situation changed at higher operating temperatures due to the increased orienta-

tion and brittleness. Besides, in the presence of contaminant coffee particles at the

seal interphase, high film tensions adversely affected the seal integrity since the aver-

age leakage increased 2.7% for samples A and B, and 7.4% for sample C. In summary,

it has been shown that talc incorporation can improve seal strength, high MFI can fill

the gaps at the seal interphase and the high levels of film tension (above

0.16 N/mm2) during sealing as well as the contamination need to be avoided to

ensure integrity sealing.
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1 | INTRODUCTION

Flexible films are commonly used in food packaging since they offer

solutions to various requirements such as secure sealing, moisture and

gas barriers, transparency and printing. To ensure secure sealing and

meet other sealing requirements, such as easy opening, the material

properties of sealants can be adjusted by blending it with different

polymers and fillers.1

Modifying the behaviour of polymer blends by incorporation

of organic and inorganic rigid fillers is a known phenomenon. Talc

is a well-known inorganic filler that supplies reinforcement in

various flexible packaging films, including polypropylene (PP) and
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low-density polyethylene (PE-LD) blends. For example, according to

the study of Parmjit et al., the addition of 20% talc to the PP/PE-

LLD polymer blend elevates the impact resistance, tensile strength

and hardness significantly based on ASTM D256, D638 and D2240

standard testing methods, respectively.2 Study by Shamsuri et al.

supports that the tensile strength also increases in PE-LD/KCF bio-

composites; however, they find a negative correlation between the

impact resistance and elevation talc ratio from 0% to 15%.3 On the

other hand, increasing the talc ratio on PE-LD and PE-LLD blends

to higher levels, from 30% to 60%, decreased the ultimate tensile

strength in the study of Komorowska et al.4 Therefore, using a right

ratio of mineral filler such as talc in the sealant layer of a multilayer

flexible film is important to improve the seal performance in terms

of seal strength.

In PP/PE-LD blends containing talc filler, PP prevents the

squeeze out of the sealant during sealing by increasing the overall

viscosity. Also, in PP/PE-LD blends it is expected that the molecular

mobility starts at the temperatures lower than the melting region of

PP since PE-LD starts to diffuse and fill the voids earlier during heat

sealing as a result of its lower melting temperature. Talc elevates

the thermo-mechanical properties such as heat deflection time and

impact resistance of not perfectly compatible PP and PE-LD blends.5

The heat conduction coefficients of PP, PE and talc given in the lit-

erature are 0.00053, 0.00079 and 0.02553 Cal/s�cm��C respectively.

Moreover, the amount of heat required to change the material tem-

perature 1�C is 0.46, 0.50 and 0.18 Cal/g��C in the same order.6–9

Therefore, added talc is expected to elevate the overall heat con-

duction in the blend. Introducing talc compounds into the polymer

matrix can influence the heat sealing performance in many ways

depending on the ratio and combined impact with other process

parameters. For example, the talc ratio in the sealant may influence

the flow behaviour under the applied sealing temperature, pressure

and film tension. According to the study of Jahani, the elevation of

talc ratio from 0% to 50% in PP-talc composite sharply increases

the complex viscosity of the material. This increase is associated

with more network formation around the filler agglomerates in the

molten media. A significant decrease in melt flow rate is also

observed by elevating the talc ratio.4 These changes in the flow

behaviour may cause poor seal integrity and/or poor encircling of

contaminants that may happen during food packaging. On the other

hand, these impacts are not well investigated in the literature.

Therefore, researching the influence of talc particles under the

changing process parameters on the seal strength and seal integrity

of the polymer blends can help to elaborate on the heat sealing

mechanism of packaging materials with these type of sealant. Addi-

tionally, the impact of the film tension on the seal behaviour

requires better understanding. The web tensions up to 1.5% of the

secant modulus of the film material is allowed during the packaging

process. This corresponds 0.5 N/mm2 for PVC films and 1.5-N/mm2

web tensions for PE-LD films.5 Besides, a certain film tension might

also occur on the film due to product mass in vertical form fill seal

systems.

This research aims to investigate the influence of added talc in

PP/PE-LD-based films on the heat seal quality under changing

film tension, and solid particle contamination. Moreover, the

relationship between the melt flow indexes (MFIs) of different

polymer blends and the seal integrity they provide were compared

to obtain insight into the influence of the behaviour in the

melt state.

2 | MATERIALS AND METHODS

2.1 | Material

Three different polypropylene and low density polyethylene (PP/PE-

LD)-based flexible films containing talc fillers were supplied for the

experiments (supplier information is confidential). The polymer

blends A, B and C consists of different PP and PE-LD types having dif-

ferent densities and melt flow indexes (MFIs), which are blended at

the same ratio; 64% wt PP and 36% wt PE-LD. These blends were

combined with talc filler at 70% polymer blend and 30% talc ratio.

The talc particles were not surface treated. Additionally, for the type

C polymer blend 0% talc ratio version was also supplied and coded as

C000. There was a maximum of 4% variation in the percentages of the

PP and PE-LD components inside the polymer blends among these

materials. Additionally, the talc incorporated into the polymer blends

consists of 2-μm particles size at D50 where 50% of the particles are

smaller than it. The blends and films were prepared by the film pro-

ducer using a single screw extruder. The material coding based on talc

content and polymer matrix type are given in Table 1. The MFI of PP

and the final blend were measured at 230�C and of PE-LD at 190�C

under 2.16-kg standard weight based on ISO 1133, and the densities

are additionally given in the table. All the films contain the same stabi-

lizing agents, and have the same film thicknesses (50 μm) in addition

to the given information.

TABLE 1 Material coding based on the composition and type of the polymer matrix

Polymer blend (PP + PE-LD) Talc (wt %)

MFI (dg/min)

Density (kg/m3)PP (230�C) PE-LD (190�C) Blend (230�C)

A 30 2.0 1.5 2.8 1122

B 30 2.0 2.0 3.1 1116

C 30 3.0 2.0 4.7 1108

C000 0 3.0 2.0 5.0 909
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2.2 | Method

2.2.1 | Hot-tack test

Sample preparation and Hot-tack testing were performed following

ASTM F1921. Specimens were cut in the machine direction (MD) in

25-mm width by 230-mm length according to the seal tester machine

dimensions.10 Each specimen was conditioned for 24 h at 23�C, 50%

relative humidity prior to the test. Then, a Hot-tack test was per-

formed at 3-bar jaw pressure 0.5-s dwell time and 0.1-s delay with

12-m/min peeling rate using a seal tester machine (Kopp, Labormaster

HCT 3000, Germany). Flat seal bars covered with Teflon tape were

used for sticking prevention and the sealing operation was performed

between 110�C and 170�C. Maximum hot seal strengths for each

temperature level were obtained from the average of seven parallel

samples. Finally, seal initiation temperatures and operation windows

were determined based on the obtained Hot-tack graph.

2.2.2 | T-peel test

Sealing and peeling procedures for the T-peel tests were performed

by a seal tester (Kopp, Labormaster HCT 3000, Germany) in accor-

dance with ASTM F88. For the sample preparation step, films were

cut in 25 � 230-mm size in the machine direction similar to the Hot-

tack test.11 Sealing was done at 150�C temperature and 3-bar jaw

pressure for 0.5-s dwell time. Teflon-covered, flat seal bars were used

for the process. Then the sealed samples were conditioned for 24 h at

23�C, 50% relative humidity before peeling. After the conditioning,

the cold seal strengths were measured under a 0.2-m/min peeling

rate. The sealed tail was free (unsupported) during the testing. Each

test was repeated nine times. The effect of talc ratio and MFI differ-

ence were statistically analysed via one way analysis of variance

(ANOVA) (p ≤ 0.05).

2.2.3 | Effect of film tension

To be able to measure the effect of film tension during the sealing, a

stretching apparatus was designed as in Figure 1 and attached to the

heat sealing machine. The stretching apparatus had a sliding mecha-

nism that allows placing of samples safely between the hot sealing

jaws. The samples attached to the apparatus were stretched via hang-

ing 0-, 10-, 20-, 30-, 40- and 50-g masses at one edge. This provided

0-, 0.08-, 0.16-, 0.24-, 0.31- and 0.4-N/mm2 film tensions, respec-

tively. These applied film tension values were within the borders of

maximum allowed web tensions mentioned in Section 1. Then the

heat sealing was performed under these applied tensions at different

temperature levels (120�C, 130�C, 140�C and 150�C). A dwell time of

0.5 s and sealing pressure 3 bar was applied during the sealing. The

samples having 50-μm thickness and 25-mm width were prepared

conditioned for 1 day at 23�C, 50% RH as usually done in the T-peel

test. Prepared samples were pealed with a 0.2-m/min pealing rate and

the results were calculated from the average of seven tests.

F IGURE 1 (A) schematic side view of the tension application on the film, (B) an animated view of the stretching apparatus and (C) image of
the apparatus attached to the sealing machine (the rolls guiding the film are grey coloured)

ILHAN ET AL. 57

 10991522, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pts.2692 by U

niversity O
f T

w
ente Finance D

epartm
ent, W

iley O
nline L

ibrary on [20/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2.2.4 | Dye leak detection test

Dye leak detection test is applied on the small packages, which were

having 4.5 � 0.5-cm2 seal area dimensions. During preparation

different levels of ground coffee particle contamination (0, 4, 8, 12,

16 g/m2) were applied to the seal interface. Roasted ground coffee is

chosen as an example food particle contaminant since it is one of the

oxygen and moisture sensitive powdered product used in worldwide.

The size of contaminant particles was around 200 μm, and they were

distributed to the seal area evenly with the help of a small brush. The

effect of film tension on the seal integrity of 16-g/m2 contaminated

samples was inspected by applying 50-g weight, which create

0.40-N/mm2 film tension on A, B and C polymer blends via the previ-

ously mentioned stretching apparatus. Beforehand, the peeling test

packages were conditioned 1 day at atmospheric conditions as usual.

A blue dye penetration test was performed according to Method A of

ASTM F1929 with standard isopropanol plus rhodamine solution.12 In

this method, a sufficient amount of dye solution that covers the seal

area was injected into the package. Then the semi-transparent seal

area was visually examined after 5 s of exposure to the dye solution

to detect any possible channels. Longer examination times were

avoided to prevent confusing the seal leakages with the wicking of

the dye solution. Here it is important to note that the wicking occur

eventually in long time due to the absorption of the dye solution by

the polymer. However, leaking can be observed quickly if there is a

channel or gap at the seal area. The arithmetic mean of 10 parallel

samples as two sets was taken to represent the average leak

formation.

3 | RESULTS AND DISCUSSION

3.1 | Hot-tack test

Hot seal strength results of A, B and C blends containing 30% talc and

0% talc ratio version of the reference material C are given in Figure 2.

The seal strengths of polymer blends A, B and C reached the seal initi-

ation force, which is around half of the maximum seal strength, above

130�C. Thus, 130�C was taken as the seal initiation temperature (SIT).

The equivalence test done at 130�C SIT showed that blend C having

the highest MFI showed significantly higher seal strength than

blend A, which has the lowest MFI with a P-value of 0.041. The Hot-

tack results of blend B were not significantly different than blend

C. Also, there was no significant difference between the results of

30% talc compounds at the temperature levels higher than 130�C

(p ≤ 0.05). Additionally, the results showed that the peel force tended

to decrease with the decreasing talc content for reference material C

from 30% to 0%. This situation might be relevant to the decreased

hardness in the material and in the sealed area as a result of the

absence of talc filler.13 Although the harnesses were not measured

and this association was not proven in this paper, there was a signifi-

cant difference between Hot-tack strengths of the films containing

0% to 30% talc at 130, 140 and 150�C (p ≤ 0.05) and the seal strength

was higher at 30% talc ratio. Besides, the optimum process window

for the samples was approximately between 130�C SIT and 150�C

for A, B and C blends. Because the samples start to show sufficient

seal strength above 130�C, and this strength started to decrease at

150�C. Decreasing seal strength at higher temperatures in the hot-

tack test is associated with an excessive drop in the viscosity which

may cause easy damage of the hot seal area along the production

line.1 When the talc ratio dropped down to 0% from 30% for blend C,

seal initiation started to occur at a lower temperature of 120�C.

According to Morris, insoluble fillers such as talc and CaCO3 might

influences the wetting behaviour and seal initiation became more dif-

ficult since they decrease the ratio of polymer-polymer contact at the

surface.1 This might explain the drop in the SIT. Although the drastic

change in the talc ratio likely have more effect, the drop in the SIT

might also be as a result of the variations (max 4%) in the PP and PE-

LD percentages in the polymer blends.

3.2 | T-peel test

The T-peel test measures the cold seal strength of the sealing area.

Figure 3 compares the T-peel strengths of the blends having different

polymer matrix and talc contents. According to results, polymer blend

A having 30% talc gave the highest seal strength. The other 30% talc

blends (blends B and C) having different MFIs also gave relatively

higher results than the polymer blend with 0% talc ratio. On the other

hand, the material that does not contain talc (blend C000) showed the

lowest strength values. The first explanation for the increased seal

strength at high talc ratio might be the increased free volume in the

material via the introduction of talc particles. Because, if there are

larger and higher amount of free volume holes in the polymer matri-

ces, this situation creates additional driving force for diffusion during

the sealing. However, this phenomenon is observed in cross-linked

polymers rather than thermoplastics. Sharma and Pujari suggested

that the total size and the distribution of the free volume in the poly-

mer matrices changes based on the interactions between the added

fillers and polymer molecules. If the filler particles have large particle

size or if they show agglomeration, they can disrupt cross-linking of

polymer chains in the cross-linked polymers. Thus, they can enhance

F IGURE 2 Hot seat strengths of polymer blends A, B and C with
30% talc and C000 with 0% talc

58 ILHAN ET AL.
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the free volume in the matrix.14 In that case, it can be assumed that

the gap areas around the particles creates an additional driven force

for a better diffusion. Under the influence of temperature, pressure

and time, those gaps can be filled via the molten polymer blend and

the diffusion rate and distance between two sealant surfaces can

increase. Another explanation is the increased compatibility between

two different types of polymers with the addition of a filler having a

higher surface interaction with both of the polymers than the interac-

tion between the molten polymer phases. Thus, the polymers became

easier to blend and the tensile properties were enhanced.15 The third

and final explanation suggests if the thermal conductivity of the filler

is significantly higher than the polymers, the heat transfer during heat

sealing occurs faster. The thermal conductivity of talc is more than

30 times higher than that of PP and PE-LD as the values are given in

the introduction. Therefore, the addition of talc increases the overall

conductivity of the polymer blend. Also, the heat capacity plays a role

while bringing the seal interphase to the desired temperature. The

heat capacity of talc is 0.18 Cal/g��C while PP and PE-LD polymers

have heat capacity values above 0.46 Cal/g��C. Decreased overall

heat capacity with added talc results in lower dwell time requirements

to achieve a sufficient sealing. As a result, a better seal strength devel-

opment can be expected with the addition of talc fillers.

According to the correlation analysis done in Minitab, among dif-

ferent polymer blends A, B and C there is a 98% negative correlation

between the seal strength and MFI (p ≤ 0.05). Also, according to

ANOVA, sample C000, which does not contain talc filler, showed a sig-

nificantly lower cold seal strength compared to sample C with 30%

talc (p ≤ 0.05) despite its higher MFI. This change can be associated

with the behaviour of talc in the PP and PE-LD-based polymer matrix

as previously explained.

Samples A, B and C contain different types of PP and PE-LD

monomers with varying MFIs as given in Table 1. The MFI of the final

blends measured at the same temperature are also given in the table.

Blend A has the lowest and blend C had the highest overall MFI

among these materials. According to the literature, low MFI might be

the sign of higher average molecular weight and presence of longer

molecules in the same types of polymer. Longer molecules can create

higher entanglement. Under the influence of pressure and tempera-

ture, these entangled, long molecules can stretch and open up. Then,

they will recover their original geometry at a certain level and make

new entanglements at the seal interface after sealing. Therefore,

when the 30% talc blends (A, B and C) are compared among each

other, it can be seen that the materials with lower MFI have higher

cold seal strengths. Blend A had the lowest MFI. The MFI of PE-LD

monomer in blend A was also lower than the other polymer blends

with 1.5 dg/min as measured in 190�C. Since the melting temperature

of PE-LD is generally lower than that of PP, it can be argued that PE-

LD is responsible for the main part of the sealing. Therefore, its melt

behaviour and molecular characteristic such as length and entangle-

ment might be decisive. It should also be considered that the reptation

time for long and entangled molecules will be higher. That is why lon-

ger dwell time might be required to achieve a sufficient flow of the

molecules in highly entangled matrices.16

Since PP and PE-LD are semicrystalline materials, the results may

also be affected from the differences in the crystallinities of the sam-

ples at given seal condition. Although high levels of crystals at the

sealing temperature create obstacles and slow down the diffusion

during sealing, this problem will decrease when the temperature is

increased above the Tm level thanks to crystal melting. Moreover,

after the seal area is cooled down, higher recrystallization levels may

enhance the seal strength development.17 This might also explain

higher cold seal strengths in blend A compare to other samples having

30% talc. However, the crystallinity amounts of the samples at the

sealing temperatures need to be compared in further studies to draw

a better conclusion.

On the other hand, for short molecules, entanglement capacity is

generally lower. Thus, the seal strength is mainly generated by higher

diffusion capacity in high MFI materials while it is enhanced by both

entanglement and recrystallization in the materials with low MFI. A

study by Miyata et al. supports this idea. In the study PE-HD blends

having a lower MFI reach to higher heat seal strengths above a certain

dwell time. However, if the dwell time is below a critical limit, an

opposite situation is observed and the blends with higher MFI give

higher strength due to a limited diffusion at seal interface in low MFI

TABLE 2 Cohesive and adhesive failure distribution among the
nine parallel samples for each material different talc ratios (A, B and C
(30%); C000 (0%)) at 150�C

Polymer blend

Failure modes (sample)

Cohesive peel Adhesive peel

A 2 7

B 7 2

C 9 0

C000 0 9

F IGURE 3 Seal strength comparison between the samples at
150�C; A, B and C with 30% talc and C000 with 0% talc

ILHAN ET AL. 59
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polymers as a result of unmolten crystals and insufficient molecular

diffusion.18

Table 2 shows the amount of samples showing adhesive and

cohesive failures for each type of material in the T-peel test. Accord-

ing to the results, all the test samples in material C showed cohesive

failure. Then, the amount of cohesive failure decreased gradually form

material C to material B and material A. Again, this situation can be

associated with the lower diffusion rate in low MFI. When the talc

ratio decreased from 30% to 0% (from C to C000), a similar decreased

occurred in the amount of cohesive failure. Finally, all nine samples

showed adhesive failure in material C000, which means without talc

there are less interactions in the seal interphase and the samples are

easier to peel.

3.3 | Effect of film tension

In industry, web tension and the mass of filled products can cause

some stress over the film during heat sealing. Therefore, the effect of

film tension on the seal strength was examined in this study by hang-

ing weights to one edge of film samples via the designed stretching

apparatus. The results of this examination for polymer blends A, B, C

and C000 at different temperatures are given in Figure 4. In the results,

a significant increase in seal strength at 130�C under elevated film

tensions (from 0 to 0.40 N/mm2) is observed for A, B and C (p ≤ 0.05).

The statistical analysis of the change that occur at 130�C for sample C

at different tension levels is additionally shown Figure 5. For blend C,

failure modes changed from adhesive peel to cohesive peel when the

tension is increased from 0 to 0.40 N/mm2 at 130�C. This tempera-

ture corresponds to the average SIT. On the other hand, at higher

operation temperatures the film started to break from the seal edge

during the test. That's why measured strength drops down at 150�C

especially under the elevated film tensions for sample C as well as

sample A and B. According to the study of Yamada et al., the seal

strength of the heat sealed films is successfully improved by applying

tensile cyclic loading. This indicates that the tensile stress on the

sealed area might improve the mechanical properties at the seal inter-

phase and results with a higher seal strength.19 However, the seal

F IGURE 4 Effect of film tension on the films with different melt flow indexes (MFIs) (MFI; A < B < C) and different talc ratios (A, B and C
(30%); C000 (0%))

F IGURE 5 Seal strength elevation at 130�C under the increased
film tension for material C
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 10991522, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pts.2692 by U

niversity O
f T

w
ente Finance D

epartm
ent, W

iley O
nline L

ibrary on [20/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



area can became stronger than the film itself. High sealing tempera-

tures also increase bonding strength. These two phenomena can

explain the breakage failures observed during the peeling tests at the

seal edges sealed under high temperatures and film tensions.

Additionally, while sealing the sample film stripes under a film

tension, molecular orientation around the heated and sealed

region might change. This can also change the tensile strength along

the film stripe.

In Figure 4 it can also be observed that the behaviour of 0% talc

blend (C000) is quite different than the blends with 30% talc. First of all,

the seal strength of C000 was initially low up to 150�C. Then a sudden

increase occurred at 150�C due to the participation of melting PP

molecules. However, the increase of film tension influences the mea-

sured seal strength adversely due to the breakage problem occurred

similarly with the other compounds. The effect of added talc can be

clearly seen by comparing the polymer blends C and C000 in the

Figure 4.

While the previously mentioned breakage occurs during the peel-

ing of the samples sealed at 150�C under the elevated film tensions, a

change in the peeling failure trend was observed for samples A, B and

C. When there was no film tension applied during sealing, most of the

samples showed adhesive peel behaviour. In this behaviour, films will

separate around the middle of the seal interface. After different levels

of film tensions were added to the system the failure modes changed

gradually to the cohesive peel, then to the cohesive break, and finally

to the breakage at the seal edge under the highest film tension level.

The illustrations of these failure modes are shown in Figure 6. In the

figure some elongation occurs in the seal area due to the film

tension, which can also be seen from the sample images taken after

the sealing.

To sum up, the amount of film tension existing on the web of

film during the heat sealing process might influence the seal

strength and the overall peel behaviour such as the easy-peel prop-

erties even if the amount of tension is below the maximum allowed

web tension limit. To elaborate on the reasons behind these

changes in the failure modes under the effect of film tension more

research is needed.

3.4 | Seal integrity

Seal integrity tests were performed under different contaminant den-

sities via the dye leak detection method. It should be noted that with

this method, the micro-channels larger than 10 μm in hermetically

sealed packages can be detected. Obtained seal integrity results can

be seen in Figures 7 and 8. In the T-peel test, it was already shown

that the low MFI blend, blend A, gives a higher seal strength. In the lit-

erature, high seal strength is mainly used as an indicator of high seal

integrity.1 However, according to the left graph in Figure 7, the seal

integrity of blend A was affected more by the increased particle con-

taminant density even if it shows the highest seal strength. Besides,

the highest MFI sample, blend C, showed the best seal integrity per-

formance among the samples, which means less leakage, in the dye
F IGURE 6 Peeling failures observed at the films sealed at 150�C
and the example images of the samples after sealing

F IGURE 7 Relationship between seal strength and average leakage. Dashed lines represent the average leakages with the values given at the
right axis.
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leak detection test. Low MFI indicates higher average molecular

weight and the presence of longer molecules, which results in higher

entanglement and strength development in cold seal strength in blend

A as mentioned. However, low MFI also indicates low flow abilities.

Thus, in the presence of contaminants, low MFI blend A could not suf-

ficiently encircle the contaminant particles. On the other hand, in

blend C, having high MFI, a lower average leakage than the other 30%

talc compounds was measured. Because more mobile molecules in

blend C were able to flow into the gap areas around the particles and

fill them better. These results show coherence with the study of Naja-

zadeh et al., which shows that the adhesion strength of low MFI poly-

ethylene plastomers is higher than the ones with high MFI in the T-

Peel test. Besides, this research does not focus on the influence of

MFI differences on the actual leakage.20 Therefore, we believe mea-

suring the actual leakage change between different MFIs in the same

polymer matrix is an important contribution to the literature. Addi-

tionally when the seal integrities of 0% (C000) and 30% (C) talc com-

pounds are compared, it has revealed that the added talc enhances

the seal integrity as well as the seal strength (right graph in Figure 7).

This can be explained by the influence of the talc to the surface char-

acteristic. According to the studies, added talc increases the surface

free energy and higher surface free energy results in better wetting

and seal initiation properties between two surfaces.21 Thus, added

talc can help to eliminate the small gaps and create better contact at

the seal interface.

In addition to the effect of contamination, the effect of film

tension was controlled by adding the maximum film tension level

(0.4 N/mm2) to the system while sealing the samples contaminated

with 16 g/m2 ground coffee particles. The results given in Figure 8

revealed that the average leakage increased under the high film

tension. While this increase was from 22.5 ± 0.4% to 25.3 ± 0.9% for

the polymer blend A, it was from 16.7 ± 0.9% to 24.1 ± 2.6% for the

high MFI blend C. Besides, in blend C000 the a sufficient seal could not

be achieved at 130�C. However, that situation changes at the higher

degrees such as 140�C as it is tested and shown in Figure 7.

The reason behind the changes in the seal integrity with the film ten-

sion can be explained by the influence of film tension on the move-

ment direction of the molecules. This can prevent the diffusion in the

seal direction and disturb the encirculation of the contaminant parti-

cles by the polymer matrix at the seal interphase. On the other hand,

the study of Laurens et al. suggests that the increased epitaxy (type of

crystal growth with a certain orientation) enhances the adhesion in

the bulk PP copolymer matrix.22 However, this behaviour does not

clearly explain the adhesion between two different film layers.

Although the molecular orientation is presented as one of the parame-

ters that influences the seal quality, the relationship between leak for-

mation and orientation of the flexible plastic films under the film

tension was not well defined.21,23

In the study, coffee particles are used as an example of contami-

nation to the powdery products. However, in food packaging, there

can be different types of contaminants such as soup powders, small

crumbles and other complex food matrices. Since the heat conductivi-

ties of these particles differ, their influence on the seal integrity might

vary. Additionally, the particles size at the same contamination density

influences the contact surface. Smaller particles cover up more area at

the surface and create more obstacles as it was stated in a previous

study.24 Thus, the size of particles can also change the sealing

efficiency.

4 | CONCLUSIONS

In this study the heat sealing behaviour of PP/PE-LD blends having

different MFIs and containing different ratios of talc was examined.

Additionally, the influence of the film tension and particle contamina-

tion on the seal integrity was determined via visual inspection.

According to the main findings,

• The blend having the highest MFI (blend C) showed better hot seal

strength at the SIT.

• Overall hot seal strength increased with the elevation of the talc

ratio.

• Between MFI and cold seal strength negative correlation was

found while there was a positive correlation between talc ratio and

cold seal strength.

• Cold seal strength significantly increased under the elevated film

tensions at the SIT while it significantly decreased at the highest

operating temperature.

• Applied film tension influenced the observed peeling failure

modes.

• In the presence of contaminants, the high MFI blend supplied a

better seal integrity while its seal strength was lower than the low

MFI polymer blends.

• Added film tension increased the observed leakage for all the poly-

mer blends in the presence of the contaminants and this increase

was larger in the high MFI blend C.

• Added talc significantly inhibited the seal integrity issues in blend

C compare to the 0% talc compound (C000).

F IGURE 8 Effect of the film tension increase on the
contaminated samples with 16-g/m2 particle density sealed at 130�C
(SIT)
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Today, high seal strength is used as the indicator of good seal

integrity and secure sealing. However, these findings are showing that

although the seal strength is high the sufficient seal integrity might

not be provided. The molecular mobility has a significant role in the

integrity seal creation. Therefore, for the packaging of powdery prod-

ucts sealants with a higher MFI should be chosen. Additionally, using

talc and similar insoluble fillers can help in reducing leakages at the

seal area and consequently reduce food waste. Moreover, having high

film tensions on the seal area must be avoided during the sealing to

obtain better seal integrity results. However, additional experiments

must be done to show the effect of film tension on the seal integrity

problems more precisely.
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