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Abstract

LDPE blends based on PHB and GG biodegradable polymers were prepared by melt mixing in a twin screw extruder. 
The mechanical properties of the materials were evaluated. Preliminary information about the biodegradation behavior 
of the specimens was obtained by visual observation of samples removed from the simulated soil in 90 days. The 
results indicated that LDPE/PHB blends may be used for designing LDPE based materials with increased susceptibility 
to degradation, if elongation at break and impact properties are not determinant factors of their performance. LDPE 
based materials on GG present values of flexural and mechanical strength lower than those of LDPE/PHB blends. 
LDPE/PHB/GG blends exhibit unsatisfactory properties. Apparently, the effect of addition of GG to LDPE on the 
biodegradation behavior of LDPE/GG blends was less intense than the effect caused by addition of PHB to the blends. 
Similar observation has occurred with the partial replacement of GG by PHB in the ternary blends.
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1. Introduction

The industry of polyolefins is still a very dynamic 
business where low density polyethylene (LDPE) plays 
a key role due to its wide range of applications. This 
polymer has good properties, such as: high flexibility, 
good processability, excellent resistance to dilute and 
concentrated acids, alcohols, bases and esters, impact 
resistance and dimensional stability. However, the use 
of this polymer causes serious environmental concerns 
because it is a bioinert polymer, which means that it is 
highly resistant to assimilation by microorganisms, such 
as fungi and bacteria[1,2].

Recycling is considered an alternative to reduce the 
adverse environmental impact associated with the plastic 
waste, but some artifacts may not be recycled and, in 
some cases, this process is not economically viable. In this 
scenario, studies have been conducted in order to develop, 
at least, partially biodegradable plastics by blending the 
fossil-fuel-based conventional polymers with biodegradable 
polymers, such as starch or cellulose. There are evidences 
that the degradability of LDPE has been improved when 
native starch or thermoplastic starch is added to it, although 
the pure LDPE is not biodegradable[1-4].

Poly (3-hydroxybutyrate) (PHB) is aliphatic polyester 
produced by several microorganisms that presents very good 
mechanical properties. In the last decades PHB has attracted 
much interest in medical and agricultural applications owing 
to its biocompatibility and biodegradability. An approach to 
increase polyethylene biodegradability involves its blend 
with PHB. It is believed that in the case of PHB based blends 
containing a non-biodegradable fossil-fuel‑conventional 
polymer, a kind of “biodeterioration” may occur according 
to the morphology and surface properties of the samples. 

As a matter of fact, the microorganisms attack to the PHB 
part of the whole samples causes a disintegration of the 
whole samples by subtracting cementing material between 
separate synthetic regions. Therefore, the addition of PHB 
to conventional thermoplastics can be used to reduce the 
huge amount of packaging wastes in landfills[5-13].

There are few papers published concerning the 
biodegradation properties of the LDPE/PHB blends. 
According to Martelli et al.[5], the literature for this type 
of blend is very modest mainly regarding blends of 
polyethylene/PHB without pro-oxidants.

A previous work[6] demonstrated that although the 
addition of PHB to LDPE causes the deterioration of 
some mechanical properties, blends with tensile strength 
values in the range from 8.9 to 10 MPa can be obtained. 
As some commercial grades of LDPE have mechanical 
strength in this range, it was inferred that the addition of 
a certain amount of PHB to LDPE may be considered as 
a possibility for obtaining LDPE based materials with 
increased susceptibility to biodegradation. The results of 
this work also indicated that castor oil cake, hydrophilic 
filler, may accelerate the degradation of LDPE/PHB blends.

Galactomannans are neutral polysaccharides composed 
of a linear mannose long chain bearing side chains with 
a single galactose unit. According to the botanic origin, 
their structure i.e. molecular weight, the ratio mannose 
(M) / galactose (G) and the distribution of galactose 
units in the galactomannans backbone will be different. 
The two major galactomannans exploited commercially 
are guar gum (GG) and locust bean gum (LGB). These 
polyssacharides differ primarily in terms of their content 
of galactose. Guar galactomannan contains around 39% of 
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galactose whereas locust bean gum has a galactose content 
of about 23%. As a consequence of its lower content of 
galactose, locust bean is less soluble in water than guar 
gum[14,15].

Galactomannans present a wide range of food 
applications due to their ability to form very viscous 
solutions at low concentrations. They also have been used 
for other industrial purposes related to pharmaceutical and 
cosmetics[16,17].

Guar gum is a cheap polymer, produced in abundance 
and easily available from many renewable sources. 
Therefore, the development of biodegradable films based 
on guar gum has been subject of several studies. Chemical 
modification or blending of guar gum with other polymers 
has been pointed as an approach to reduce its poor flexibility 
and high moisture sensitivity[18-20].

The possility of adding galactomanns to LDPE in order 
to enhance the susceptibility of LDPE based materials to 
biodegradation has not been evaluated, yet. There is a lack 
of studies on polyethylene blends based on galactomananns.

Skalkova  et  al.[20] prepared LDPE blends based on 
LGB galactomannan. The effect of the addition of the 
compatibilizer agent, ethylene-acid acrylic copolymer 
(EAA), on the morphology, viscoelastic behavior and 
thermal properties of the blends was evaluated. It was found 
that the addition of LGB to LDPE causes a reduction of the 
LDPE storage modulus (E´), and that the addition of EAA 
to the blends has a positive effect on E´. It was also verified 
that a more homogeneous and finer morphology is obtained 
with the addition of EAA to the blends.

The aim of this study is to evaluate the mechanical 
behavior of LDPE/PHB, LDPE/GG and LDPE/PHB/GG 
blends and to make a preliminary investigation about their 
biodegradation behavior of these blends in simulated soil.

2. Experimental Procedure

2.1 Materials

Low density polyethylene (LDPE, TS 0728), 
MFI = 2. 20 g/10 min - ASTM D 1238, at 190°C was donated 
by Petroquímica Triunfo (Brazil) and used as received. Poly 
(3-hydroxybutyrate) (PHB), MFI= 16 g/10 min - ASTM D 
1238 , at 190°C was obtained from PHB Industrial and used 
as received. Guar gum was donated by Farmos Comércio 
e Indústria Ltda and used as received.

2.2 Blends processing and characterization

LDPE/ PHB / GG blends were prepared in a twin 
screw extruder (Extrusão Brasil- Model DRC) with 22 mm 
diameter screw extruder and a length to diameter (L/D) 
ratio equal to 36, at 100 rpm. The composition of the 
blends is presented in Table 1. The temperature profile in 
the extruder from the feed to the metering zone was set at 
90/140/140/140/140°C.

Melt flow index (MFI) values of the materials were 
determined following ASTM D 1238 using a Tinius-Olsen 
Extrusion Plastometer Model MP993.

Tensile properties were measured using a Shimadzu 
Universal Testing Machine, Model AG-I with a 5 KN load 
cell. Tests were conducted in accordance with ASTM D 
638 using Type V test specimen dimensions. A crosshead 
speed of 10 mm/min was employed. The flexural tests were 
carried on a Shimadzu Universal Testing Machine based on 
ASTM D-790. Tests were conducted at cross head speed 
of 10 mm/min at 23°C.

Izod impact tests  were performed using a 
36.98 N pendulum on a Tinius- Olsen Impact Tester based 
on ASTM D-256.

2.3 Simulated soil biodegradation experiment

The simulated soil consisted of 23% loamy silt, 
23%  organic matter (cow manure), 23% sand and 
31%  water (all w/w). The soil pH, equal to 7, was 
determined using the digital pH meter Model PHS-3B 
PHtek. Five type I specimens prepared according to ASTM 
D-638 were weighed and buried in simulated soil under 
atmospheric conditions. After 90 days, the buried samples 
were recovered, washed with water and dried. Preliminary 
information about the biodegradation behavior of the blends 
was inferred from observation of the visual appearance 
of the LDPE blends specimens, which were registered in 
photographs.

3. Results and Discussion

It is well known that PHB has a narrow processing 
window. Therefore, a factorial design was used in order 
to define the processing conditions of PHB in the twin 
screw extruder. Temperature and screw rotation were the 
entrance variables and melt flow index was the response 
variable. It was verified that the temperature is the most 
significant variable. The increase of temperature promotes 
the PHB degradation. It was also observed that there is an 
interaction effect between temperature and screw rotation. 
A combination of low screw rotation and high temperatures 
promotes the degradation of PHB due to the increase of 
the residence time of the material in the extruder. The MFI 
values of PHB in different experimental conditions are 
presented in Table 2

Based on these results, the process conditions adopted 
for the pure polymers and for the LDPE blends in the 
extruder were: temperature profile from the feed to the 

Table 1. Composition of LLDPE/PHB/GG blends.
LDPE PHB GG

Sample 
code % grams % grams % Grams

1 70 350 30 150 0 0
2 70 350 0 0 30 150
3 70 350 25 125 5 25
4 70 350 20 100 10 50
5 70 350 15 75 15 75
6 70 350 10 50 20 100
7 70 350 5 25 25 125
8 100 500 0 0 0 0
9 0 0 100 500 0 0
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metering zone equal to 90/140/140/140/140°C and screw 
rotation equal to100 rpm These experimental conditions 
provide a MFI value of PHB closer to one furnished by 
the PHB supplier (MFI=16). Table  2 also shows that 
these conditions are adequate for processing LDPE 
(MFI=2.1), that apparently is not modified by degradation 
or crosslinking reactions. The MFI values of LDPE, PHB 
and LDPE/PHB/GG blends processed in the extruder using 
the established experimental conditions are presented in 
Table 3.

Melt flow index (MFI) is an empirically defined 
parameter, inversely proportional to the melt viscosity at 
a temperature and shear rate specified by the operating 
conditions of measurement. Although it is not a fundamental 
property of a polymer, this parameter has been widely used 
in the industry in order to characterize the flow properties 
of the polymers[21].

The inspection of Table 3 shows that as the content of 
guar gum in the blends increases, the MFI decreases. It is 
well known that guar gum has a high shear viscosity, and 
then this result was expected. However, the MFI results 
show that 70/30 LDPE/GG blend presents good processing 
properties in the experimental conditions used in this work. 
Table 3 also shows that the MFI of the blends increases as 
the content of PHB in the blends increases. The MFI value 
of PHB is too high, so this result was also expected.

Tensile properties were determined in order to give 
some indication of the balance of the properties achieved 
with the various blends.

The tensile properties of the materials are presented 
in Table 4

Table 2. Melt flow index (MFI) of PHB in several experimental 
conditions.

Material Temperature (°C)
Screws 

Rotation 
(rpm)

MFI 
(g/10min)

PHB 80/155/160/170 150 262.8
PHB 80/155/160/160 150 87.3
PHB 80/150/150/150 150 51.4
PHB 80/155/160/160 100 54.4
PHB 80/150/150/150 100 28.3
PHB 90/140/140/140 100 21.2
PHB 80/155/160/160 50 112.4
PHB 80/150/150/150 50 29.1

LDPE 90/140/140/140 100 2.1

Table 3. Melt Flow Index (MFI).
Blends MFI (g/10min) Error

PHB (100) 21.2 2.0
LDPE (100) 2.1 0.2
LDPE/PHB (70/30) 5.1 0.5
LDPE/GG (70/30) 1.2 0.1
LDPE/PHB/GG (70/25/5) 5.0 0.5
LDPE/PHB/GG (70/20/10) 4.9 0.3
LDPE/PHB/GG (70/15/15) 4.8 0.5
LDPE/PHB/GG (70/10/20) 1.9 0.2
LDPE/PHB/GG (70/5/25) 1.7 0.1

The analysis of Table 4 demonstrates that the Young 
Modulus of PHB is much higher than the tensile modulus 
of LDPE. PHB is considered a hard and brittle material. 
The brittleness of PHB is related to the following factors: 
Secondary crystallization of the amorphous phase 
during the storage time at room temperature, leading to 
a fast decreasing of elongation at break; glass transition 
temperature (Tg) close to the room temperature and low 
nucleation density which generates large spherulites and 
cracks between them[6]. On the other hand, LDPE is a 
flexible material. Therefore, the addition of PHB to LDPE 
causes an increase of the tensile modulus of LDPE.

The value of tensile modulus of the binary LDPE/GG 
blend shows that addition of GG to LDPE leads to an 
increase of the elastic modulus of LDPE. This result was 
expected. The Young`s modulus is a measure of bonding 
forces and guar gum presents strong intermolecular bonds 
(hydrogen bonds). The results also show that increase of 
LDPE modulus due to the addition of PHB is higher than 
the effect promoted by the GG addition to this polyolefin.

Table 4 shows that the ternary blends also present higher 
tensile modulus than LDPE. The results also show that 
considering the Young Modulus of the binary LDPE/PHB 
blend as reference, the partial replacement of PHB for GG 
in ternary blends leads to a decrease of the tensile modulus.

PHB has a tensile strength value (25.4 MPa) higher 
than the one presented by LDPE (12.2 MPa). Table  4 
and Figure  1 show that the addition of PHB to LDPE 
causes a reduction in the strength of this polymer. Similar 
results have been reported in literature and they have been 
attributed to the immiscibility of LDPE/PHB blends and 
the weak interfacial adhesion between the two polymers[6]. 
However, it may be emphasized that the tensile strength 
value of the 70/30 LDPE/PHB blend (9.1 MPa) is quite 
similar to the values presented by some grades of LDPE[22].

The addition of guar gum to LDPE also causes a 
decrease of its tensile strength. Guar gum is a hydrophilic 
polymer whereas LDPE is a hydrophobic polymer. 
Therefore, poor interfacial adhesion properties are 
expected. Skalkova et al.[20] have used ethylene-acid acrylic 
copolymer (EAA) as compatibilizer agent for LDPE and 
LGB blends. This compatibilizer contains groups capable 
of forming hydrogen bonds with the hydroxyl groups of the 
galactomannans. They have verified that a finer morphology 
was obtained with the addition of EAA.

Tensile strength results also show that as the content of 
LDPE in the ternary blends decreases, the loss of mechanical 
resistance becomes more accentuated. However, the tensile 
values of these blends lie in the range of the values presented 
by some commercial grades of LDPE[22].

The elongation at break value of PHB (3.1%) is much 
lower than the elongation at break of LDPE (106.4%). 
As mentioned before, PHB is a hard and brittle polymer. 
Therefore, the observed tendency of decrease in elongation 
at break with increasing concentration of PHB in the blends 
is justified.

The tensile results indicate that the value of elongation 
at break of guar gum is higher than the value presented by 
PHB, but much lower than the value presented by LDPE. 
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The best value of elongation at break, 49.7%, obtained by 
the 70/15/15 LDPE/PHB/GG blend is low compared to the 
reported values of elongation at break of LDPE (100-800%).

Table 5 presents the flexural strength values of LDPE 
and of LDPE blends. It can be seen that the addition of 
PHB to LDPE increases the flexural strength of LDPE. 
This result is in agreement with those obtained by Burlein[6], 
which demonstrated that the flexural strength of LDPE 
increases as the content of PHB in the LDPE/PHB blends 
increases. This result was explained considering the flexural 
strength value of PHB, which is higher than that presented 
by LDPE. However, the addition of GG to LDPE provokes 
a decrease of the flexural strength of LDPE. This result was 
not expected, as GG is a more rigid material than LDPE. 
On the other hand, an increase of flexural strength has 
been observed even in systems with weak adhesion such 
as HDPE/wood flour composites[23].

Table 5 also shows that the addition of guar gum to 
LDPE or to LDPE/PHB blends has a negative effect on 
the flexural strength of the ternary mixtures. Perhaps, the 
mechanical properties of guar gum in compression are poor. 
A morphological study should be effect in order to obtain 
more conclusive results.

The impact properties of the blends may be visualized 
in Figure  2. Polyethylene sample did not break under 

the experimental conditions used in these tests. Both, 
the addition of PHB or GG to LDPE causes a decrease 
of impact strength of LDPE, however the effect of 
PHB on the decrease of the impact properties is higher 
than the one caused by GG. PHB  is a hard and brittle 
material, so this result was expected. On the other 
hand, the interfacial adhesion between LDPE and both 
polymers, PHB and GG is weak. The high impact strength 
of the 70/20/10 LDPE/PHB/GG was not expected. A 
morphological study should be conducted in order to 
elucidate this result.

Table 4. Tensile properties of LDPE/PHB/GG blends.

Blends Modulus 
(MPa) Error Tensile 

Strength (MPa) Error Elongation at 
Break (%) Error

PHB (100) 1030 73 25.4 1.4 3.1 0.3
LDPE (100) 102 5 12.2 0.3 106.4 6.9

LDPE/PHB (70/30) 281 14 9.1 0.9 15.1 4.9
LDPE/GG (70/30) 236 7 8.1 0.1 37.8 16.0

LDPE/PHB/GG (70/25/5) 261 29 8.4 0.2 21.1 2.0
LDPE/PHB/GG (70/20/10) 228 16 7.9 0.3 29.1 4.1
LDPE/PHB/GG (70/15/15) 205 11 8.9 0.6 49.7 6.4
LDPE/PHB/GG (70/10/20) 210 11 8.4 0.6 40.6 3.0
LDPE/PHB/GG (70/5/25) 221 19 8.0 0.3 44.7 3.0

Table 5: Flexural Properties of LDPE/PHB/GG blends
Blends Flexural Strength (MPa) Error

PHB (100) - -
LDPE (100) 9.0 0.4

LDPE/PHB (70/30) 14.3 1.0
LDPE/GG (70/30) 6.2 0.8

LDPE/PHB/GG (70/25/5) 7.7 0.4
LDPE/PHB/GG (70/20/10) 7.3 0.8
LDPE/PHB/GG (70/15/15) 6.9 0.5
LDPE/PHB/GG (70/10/20) 7.0 0.7
LDPE/PHB/GG (70/5/25) 6.6 0.2

Figure 1. Tensile Strength of the Materials.
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Figure 2. Impact Strength of the Materials.

Figure 3. (a) 70/30/0 (LDPE/PHB/GG) specimem; (b) 70/25/5 (LDPE/PHB/GG) specimem; (c) 70/20/10 (LDPE/PHB/GG) specimen; 
(d) 70/15/15 (LDPE/PHB/GG) specimen; (e) 70/10/20 (LDPE /PHB/GG) specimen; (f) 70/5/25 (LDPE /PHB/GG) specimen; 
(g) 70/0/30 (LDPE /PHB/GG) specimen.
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Figures 3a, b, c, d, e, f, g show the visual appearance 
of the LDPE/PHB/GG specimens after they have been 
removed from the soil in 90 days. It can be seen that 
the specimens become clearer as they are degraded. The 
degradation of LDPE/PHB and LDPE/PHB/GG blends with 
a content of PHB equal to or greater than 15% apparently 
was more intense than the degradation of samples with 
low content of PHB. White spots that become larger as the 
concentration of PHB was increased were observed in a 
study of biodegradation of LDPE/PHB blends. There was 
no mention about the source of the spots. Maybe, the cracks 
and voids give rise to regions with different refractive index 
that may be responsible by the observed whitening.

The appearance of ternary blends with content lower 
than 15% of PHB presents some darkening, which seems 
to be independent on the concentration of GG. There 
are evidences in the literature that a high substitution of 
mannose units for galactose in galactomannans leads 
to steric effects that makes easier the dissolution of the 
polymer in cold water, but avoids the attack of the degrading 
enzimes[24]. Perhaps this fact may explain these preliminary 
observations of the biodegradation behavior presented by 
blends with a high content of guar gum.

4. Conclusions

The results indicated that in the experimental conditions 
adopted in this study, LDPE/PHB blends may be used 
for designing LDPE based materials with increased 
susceptibility to biodegradation, when elongation at 
break and impact properties are not determinants factors 
of their performance. The results also showed that the 
LDPE/PHB/GG blends exhibit unsatisfactory properties. 
Apparently, the effect of addition of GG to LDPE on the 
biodegradation behavior of LDPE/GG blend was less 
intense than the effect caused by the addition of PHB to 
the blends. Similar observation has occurred with the 
partial replacement of GG by PHB in the ternary blends. 
LDPE/PHB/GG blends exhibit unsatisfactory properties.
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