
Investigation of LLDPE/LDPE Blown Films
by Response Surface Methodology

Film blowing is the most important method in producing polyethylene films. For
years, low density polyethylene (LDPE) and linear low density polyethylene
(LLDPE) blends have been used in blown film manufacture. In this paper basic

mathematical models and response surface graphs have been used to illustrate the rela-
tionship between blown film fabrication variables and mechanical and optical properties
of 50µm films made from LLDPE and LDPE blends. These films are currently used in var-
ious non-barrier packaging applications. Using a Box-Behnken statistical design experi-
ment methodology, the effects of LLDPE/LDPE ratios (25-75%), blow up ratio (1.5-2.5),
melt temperature (215-235oC) and frost line height (1-3D) were evaluated on the
mechanical properties, e.g., tensile and tear properties in both machine direction (MD)
and transverse direction (TD) and impact strength as well as optical property such as
haze. The R2 values of all the responses of mathematical models are obtained to be more
than 0.85 which is an indication of very good fiting of the model with the experimental
data of response surface method used. Although this study is confined to the equipment
and resin types used, it can offer some curves and equations for predicting the proper-
ties of produced films. The processors can use these data to find the first approximation
of the most important blown film parameters to achieve their favorite product properties. 
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Many years, the blown film process
has been extensively used for the
commercial production of biaxially
oriented thin polymeric films. Low
density polyethylene (LDPE) and
linear low density polyethylene
(LLDPE) blends are often used for

blown film manufacture because of
their good extensional viscosity,
processability, and superior mechan-
ical properties.

Different blends of LLDPE and
LDPE with different processing con-
ditions would lead the manufactures
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to new products with tailored properties. One of the
most important activities in technical service of poly-
olefin films, is to relate resin properties and process
condition to final films properties in end use applica-
tions. Thus, the rheological [1-3], mechanical, and opti-
cal [4-7] properties of LLDPE/LDPE blends have been
investigated, vastly. Besides, there is a number of stud-
ies about their morphology and crystallization behav-
iour [8-11].

It is well-known that film production in blown film
process is influenced by many variables. Although, the
intrinsic properties of the base polymers such as Mw,
MWD, density, long and short branches affect the film
properties, but when the same polymers are fed into
different equipments or in different conditions the
product will posses different properties. This means
that the amount and direction of build up orientation
and crystallinity and the morphology indeed, affect the
final properties strongly.

In this paper studies are carried out on the effect of
blend ratio of LLDPE/LDPE, blow up ratio (BUR),
melt temperature, and frost line height (FLH) on
mechanical such as tensile, tear and impact strength
and optical properties such as haze. Response surface
methodology (RSM) is an effective tool to be employed
for optimizing the process variables and model fiting
[12]. Accordingly in this study, Box-Behnken design
experiment has been used in the whole range of the
variables that are taken into account, and hence, predic-
tion of the properties has become possible. Besides,
response surface plotting has been also utilized to
demonstrate graphically the results. 

Thus, in this work, for the first time, equations with
high precision by RSM are established to predict quan-
titatively the effect of blend ratio, BUR, melt tempera-
ture and FLH (some of the most important blown film
processing parameters) on tensile, tear, dart impact and
haze properties. 

EXPERIMENTAL

Experimental Design
The Box-Behnken design was chosen as experimental
design for finding out the exact quantitative relation-
ship between each of the film properties as the response
and different materials and processing variables. This
design is rotatable which means that all the points in the

design area are at equal distance from the center point.
This leads to the equal distribution of errors among all
points.

The number of design points (N) is counted as fol-
lows:

N = 2k + 2k + m

Where k and m are the number of factors and the num-
ber of replicates of the center point, respectively. 

The multiple linear regression analysis was used
and the data were fitted as first or second order equa-
tions. The order of equations are specified based on the
lack of fit test and maximizing simultaneously three
parameters viz. R2 (the R2 values indicate degree of
agreement between the experimental results with those
predicated by the model), adjusted R2 and predicted R2. 

A computer analysis has been done by using com-
mercially available packages: MINITAB V.13.2 and
demonstration version of Design-Expert 6.0.10, to
compute the equations constants.

In this study, the four variables at three levels Box-
Behnken design was used which are shown in Table 1.
According to this method 24 runs were necessary with
3 replicates of the center point. The design of experi-
ment is shown in Table 2. A random order of experi-
mentation was implemented to minimize the sample
preparation error. 

Materials and Sample Preparation
Some characteristics of the LLDPE and LDPE used in
this study are shown in Table 3. LLDPE and LDPE pel-
lets were dry blended for 5 minutes and the film sam-
ples were produced by the blown film extrusion equip-
ment with rotating die from Ghoildi Co. model 21056.
The die diameter and the die gap were 120 and 2 mm,
respectively. The screw speed was kept fixed at 170
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Table 1. The variables and their levels for Box-Behnken

design.

Factors Low Medium High

LLDPE/LDPE blend ratio

BUR

Melt temperature (°C)

FLH (cm) (D = 12 cm)

25/75

1.5

215

12

50/50

2

225

24

75/25

2.5

235

36



rpm and DDR value was set with respect to the BUR to
obtain a film of 50 �m in average thickness. The BUR
was altered in a way to maintain the same bubble
geometry before FLH. The height of frost line was
changed by varying cooling air flow rate. The exact
value of the melt temperature was measured by means

of a thermal sensor mounted in the melting zone just
before the die. 

Measurements
Tensile properties were determined according to ASTM
D882-97 on rectangular films with 50 × 25 mm dimen-
sions. Tear test was carried out by Elmendorf testing
apparatus according to ASTM D 1922-94a. Impact
strength was measured according to ASTM D 1709-98
method B. Haze test was done based on ASTM D 1003-
97. Each of tensile and tear strengths and haze were
measured for five specimens and the average was
reported.

RESULTS AND DISCUSSION

In Table 4 some of the statistical information and the
equation of the model for each response are represent-
ed. The R2 values for all the responses are obtained in
the range 0.85-0.97. Although, how much R2 be closer
to 1 means that the model is more valid, but the range
acheived for R2 in this study is an indication of a very
good fitting of the experimental data by response
surface method in the models. 

Figures 1 to 14 show some of the response surface
graphs. These graphs represent the general trends that
the person might encounter in blown film process. The
values of responses are only valid within the experi-
mental range shown in the graphs for the same type of
polymers and equipments used. Extrapolation to any
other ranges or using the data for any other type of
equipment or polymer grade must be dealt with care. It
should be noted that each surface graph can only illus-
trate two variables at a time while other variables are
kept constant. 

Stress-at-Break
As shown in Figures 1-4, with increasing the LLDPE
content in the blends, the stress- at-break values in both
machine direction (MD) and transverse direction (TD)
increases. This is due to the slightly higher crystallini-
ty of LLDPE compared to LDPE used in this study.

By increasing the BUR and melt temperature, the
MD stress-at-break is decreased. It seams that in high-
er BUR process the orientation of polymer chains in
MD has decreased and the Van der Waals forces
between the chains are not as strong as covalent bonds
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Table 3. Some characteristics of the LLDPE and LDPE used.

Trade name
MFI

(g/10min)

Density

(g/cm3)

Tm (°C)

by DSC

LLDPE

LDPE

NIPC, LL0209AA

NIPC, LH0075

0.9

0.85

0.919

0.917

123

112

Table 2. Box-Behnken experimental design.

Random

order

LLDPE

(%)
BUR

Melt temperature

(°C)

FLH

(cm)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

50

50

75

50

25

75

25

25

50

50

50

75

50

25

50

50

25

50

75

50

75

50

50

50

75

25

50

2

1.5

2

2.5

1.5

2

2

2

2

2.5

2.5

2

1.5

2.5

2

2.5

2

1.5

2

2

2.5

2

1.5

2

1.5

2

2

215

225

235

215

225

225

235

215

225

235

225

215

215

225

215

225

225

235

225

225

225

235

225

225

225

225

235

36

36

24

24

24

12

24

24

24

24

12

24

24

24

12

36

12

24

36

24

24

36

12

24

24

36

12
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inside the chains to withstand tensile stresses. With
increasing the melt temperature the mobility of macro-
molecules increases making the chain orientation more
difficult. It seems that changes in FLH have very small
effect on the MD stress-at-break within the experimen-
tal error.

Since BUR has no significant effect on the TD
stress-at-break value, it is eliminated from the model.
The effect of melt temperature and FLH are also seemed
to be vague and within the experimental error.

Elongation-at-break
In blown film process the elongation-at-break value in

MD is usually lower than that in TD. This is due to the
higher orientation that macromolecules experience
inside and outside the die in MD direction. However in
both directions with increasing the LLDPE content the
elongation-at-break value is increased because LLDPE
with relatively linear macromolecules has much more
unfailing entanglements during elongation process
(Figures 5-7).

Figures 5 and 6 show that with increasing the melt
temperature and FLH, the elongation-at-break value in
MD is increased which can be attributed to the higher
degree of relaxation of the oriented macromolecules.
With increasing the melt temperature, higher mobility

Figure 2. Stress-at-break (MD) vs. LLDPE% and melt tem-

perature (constant values: BUR = 2.0, FLH = 24.0 cm).

Figure 1. Stress-at-break (MD) vs. LLDPE%  and BUR (con-

stant values: melt temperature = 225.0oC, FLH = 24.0 cm).

Table 4. Statistical data and the equation of the model for different responses.

Response R2 Adjusted R2 Equation of the Model*

Stress-at-break (MD)(MPa)

Stress-at-break (TD) (MPa)

Elongation-at-break (MD) (%)

Elongation-at-break (TD) (%)

Tear strength (MD) (gf)

Tear strength (TD) (gf)

Dart impact (g)

Haze (%)

0.856

0.856

0.87

0.868

0.903

0.968

0.865

0.882

0.792

0.838

0.854

0.857

0.88

0.959

0.824

0.86

189.45 - 0.1085 × %LLDPE - 64.537 BUR - 0.8266 MT+ 0.4875 FLH + 0.0022

(%LLDPE)2 - 6.7423 (BUR)2 - 0.0108 (FLH)2 + 0.3868 (BUR × MT)

32.7543 + 0.1543 × %LLDPE - 0.0621 MT - 0.1111 FLH

-945.556 + 6.0422 × %LLDPE + 4.5979 MT + 6.4836 FLH

758.396 + 3.0615 × %LLDPE - 61.9733 BUR

2005.02 - 42.0388 × %LLDPE - 669.083 BUR + 3.4201 FLH + 0.1373

(%LLDPE)2 + 11.71 (BUR × %LLDPE)

151.361 + 6.8258 × %LLDPE - 141.167 BUR + 31.7102 FLH + 0.0381

(%LDPE)2 - 0.3837(FLH)2 - 0.1812 (FLH × %LLDPE)

5099.6 + 0.3367 × %LLDPE + 59.0833 BUR - 45.3193 MT - 4.8351 FLH +

0.1017 (MT)2 + 0.1006 (FLH)2

18.2016 + 0.0287 × %LLDPE + 1.6567 BUR - 0.0662 MT + 0.0422 FLH

*In each equation melt temperature (MT) and FLH are in (oC) and (cm), respectively.



of macromolecules increases the extent of relaxation at
a specific time. With increasing the FLH, the time
permision for molecular relaxation elongates.

As shown in Figure 7 the elongation-at-break in TD
descends by increasing the BUR which may be
assigned to an increase in TD chain orientation.

BUR had no significant effect on MD elongation-
at-break values as well as the melt temperature. Like-
wise the effect of FLH on TD elongation-at-break is
negligible, and thus, all were eliminated from the
model.

Elmendorf Tear
Figure 8 shows the combined effect of LLDPE % and
BUR on the MD tear strengths of films. It is seen that
LLDPE content in the blend has stronger effect than

BUR. As expected, by increasing LLDPE %, tear
strength in MD is decreased but BUR shows to have a
different trend depending on the LLDPE content.  

At 25% LLDPE in blend, tear strength in MD drops
with increasing BUR, but for 75% LLDPE the trend is
reversed and MD tear strength is raised. This trend
reversal can be explained as follows. In blends with
25% LLDPE the changes of MD tear strength with
BUR are similar to pure LDPE. The LDPE tends to
form a row-nucleated structure [13] and the increasing
of BUR decreases the orientation of the macromole-
cules in the machine direction. Therefore the amount of
growthed lamella decreases in transverse direction,
which could strongly prevent tear propagation. Howev-
er, in blend with 75% LLDPE, changes of the MD tear
strength with BUR are similar to LLDPE. The LLDPE
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Figure 5. Elongation-at-break (MD) vs. LLDPE% and melt

temperature (constant value: FLH = 24.0 cm).

Figure 6. Elongation-at-break (MD) vs. LLDPE% and FLH

(constant value: melt temperature = 225.0oC).

Figure 3. Stress-at-break (TD) vs. LLDPE% and melt tem-

perature (constant value: FLH = 24.0 cm).

Figure 4. Stress-at-break (TD) vs. LLDPE% and FLH (con-

stant value: melt temperature = 225.0oC).
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develops random lamellar superstructure [13] and with
BUR increasing, tear strength increases due to decrease
of orientation of lamellae in machine direction.

As shown in Figure 9, the TD tear resistance is
raised by increasing both the LLDPE content and FLH.
In Figure 10 it is seen that, as expected, the TD tear
strength is decreased by increasing BUR, However the
LLDPE content has more significant effect on MD and
TD tear resistances. It should be noted that melt temper-
ature has a negligible effect on both MD and TD tear
strengths and hence it was eliminated from the model.
The effect of FLH is in the experimental error range.

Dart Impact
Dart impact strenght is a critical property in many appli-
cations of polyethylene films. As shown in Figure 11 it
is improved by increasing both of the LLDPE content

and BUR. But the effect of BUR is more prominent
than that of LLDPE content. The effects of melt tem-
perature and FLH are in the range of experimental
error. Therefore, the highest dart impact resistance is
obtained at the highest BUR and LLDPE content. Their
simultaneous increase can raise the dart impact strength
by about 80%.

Haze
Optical properties are very important in many packag-
ing applications. From Figures 12-14 it can be conclud-
ed that minimum haze is obtained by elaborating com-
bination of the following parameters:

- low LLDPE content
- low BUR
- high melt temperature

Figure 10. Tear strength (TD) vs. LLDPE% and BUR (constant

value: FLH = 24.0 cm).

Figure 9. Tear strength (TD) vs. LLDPE% and FLH (constant

value: BUR = 2.0).

Figure 7. Elongation-at-break (TD) vs. LLDPE% and BUR.

Figure 8. Tear strength (MD) vs. LLDPE% and BUR (constant

value: FLH = 24.0 cm).



- low FLH
An investigation on light transmission and surface
roughness of polyethylene blown film has been carried
out by Ashizawa et al. [14] with SEM and measuring
the light scattering from the bulk and surface of the
films. They concluded that the light scattering would be
increased by increasing the BUR and FLH; however
the authors did not reach definite conclusions regarding
the relative priority of different mechanisms. 

Table 5 shows overall trends of various film prop-
erties gained upon varying some processing parameters
such as LLDPE%, BUR, melt temperature, and FLH.
Symbols �+� , � -� , �E� , �O� and �D� indicate increase
effect, decrease effect, small effect within experimental
error range, ineffective, and depending effect in proper-
ties, respectively. 

Investigation of LLDPE/LDPE Blown Films by Response...Nouri M. et al. 

Iranian Polymer Journal / Volume 15 Number 2 (2006) 161

Figure 13. Haze vs. LLDPE% and melt temperature (con-

stant values: BUR = 2.0 and FLH = 24.0 cm).

Figure 14. Haze vs. LLDPE% and FLH (constant values:

BUR = 2.0 melt temperature = 225.0oC).

Table 5. Overall trends of various film properties*.

Property
LLDPE

(%)
BUR

MT

(°C)

FLH

(cm)

Stress-at-break (MD) (MPa)

Stress-at-break (TD) (MPa)

Elongation-at-break (MD) (%)

Elongation-at-break  (TD) (%)

Tear strength (MD) (gf)

Tear strength (TD) (gf)

Dart impact (g)

Haze (%)

+

+

+

+

D

+

+

+

-

O

O

-

D

-

+

+

-

E

+

O

O

O

E

-

E

-

+

O

+

+

E

+
(*) +: increased, -: decreased, E: small effect within experimental error range,

O: ineffective, D: dependent

Figure 12. Haze vs. LLDPE% and BUR (constant values:

melt temperature = 225.0oC and FLH = 24.0 cm).

Figure 11. Dart impact vs. LLDPE% and BUR (constant val-

ues: melt temperature = 225.0oC and FLH = 24.0 cm).




