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Abstract: e aim of this study was to evaluate different formulations of a biodegradable
black concentrate obtained from cassava starch and carbon black, on the mechanical
properties, color, and water absorption of a film destined to the production of
biodegradable bags for coffee seedlings. e modulus of elasticity, tensile strength
and elongation properties is found to show significant variation due to the pigment,
plasticizer, and lubricant concentration, both longitudinally and transversely of the film,
the treatment being 40% pigment with the absence of plasticizer and lubricant for the
pigment, which presented greater integrity in the mechanical properties evaluated in
both directions. It is also noticeable that the different masterbatch formulations had
an influence on the changes in the color parameters and weight gain of the film by the
influence of water absorption.
Keywords: masterbatch, color, biodegradable, seedlings, coffee.
Resumen: El objetivo del presente trabajo fue evaluar distintas formulaciones de un
concentrado de color negro biodegradable obtenido a partir de almidón de yuca y
negro de humo, sobre las propiedades mecánicas, color y absorción de agua de una
película destinada a la elaboración de bolsas biodegradable para almacigo de café.
Se encontró que las propiedades de módulo de elasticidad, resistencia a la tensión
y elongación presentaron variación significativa por efecto de la concentración de
pigmento, plastificante y lubricante, tanto en sentido longitudinal como en el transversal
de la película, siendo el tratamiento 40% de pigmento con ausencia de plastificante
y lubricante para el pigmento, el que presentó mayor integridad en las propiedades
mecánicas evaluadas en los dos sentidos. También se encontró que las diferentes
formulaciones de masterbatch tuvieron influencia sobre los cambios en los parámetros
de color e incremento de peso de la película debido a la absorción de agua.
Palabras clave: masterbatch, color, biodegradable, almácigos, café.
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1. Introduction

Masterbatch are pigment concentrates or additives, usually consisting
of a base polymer, pigments, dispersing agents and other additives.
Masterbatch confer specific properties and facilitate the addition of
pigments and additives to polymers. In addition, they offer other
advantages such as protection against moisture and contamination with
foreign substances, avoid possible spillage of pigments or additives and
facilitate the cleaning of process equipment, allow a more precise dosage
and greater dispersion due to the use of a resin that serves as a vehicle.
To optimize the production processes, it is recommended that the
masterbatch have a size and shape similar to the polymer that is desired
to pigment or confer certain properties and that the resin matches this
polymer [1,2].

Masterbatch are widely used to improve the processing characteristics,
physical properties of the compounds, and to disperse fillers uniformly
concentrated in the polymer matrix [3,6]. In different studies, the
masterbatch technique has been used to obtain uniform dispersions of
carbon nanotubes in polymers such as polycarbonate and polypropylene
[7]; to increase the dispersion of carbon black in ethyl poly terephthalate
(PET) and polypropylene (PP) [6,8] and to provide color to polymers
such as polyethylene (PE) [9].

Masterbatch production is carried out by the extrusion technique using
double screw extruders, due to the large cutting efforts that are required to
separate the agglomerates and obtain high dispersion and color strength
[5,10,11].

As for studies conducted on obtaining color concentrates from
renewable sources, those reported in the literature are very scarce,
however there is an invention patent [12] and some references
of biodegradable masterbatch in the market obtained from base
polymers such as polylactic acid (PLA), polyhydroxyalkanoate (PHA),
polyhydroxybutyrate (PHB), among others, with the use of conventional
non-biodegradable pigments and additives [11,13,14] providing the
alternative to work with natural polymers such as thermoplastic starch
(TPS) and pigments such as carbon black.

Carbon black is an organic pigment, composed of about 97-99%
elemental carbon, which can provide color, thermal conductivity, and
protection against ultraviolet degradation [8,15]. Carbon black is of
great interest due to its wide use in the rubber, plastic, and composite
materials industry [16]. Common plastics such as polyethylene and
polypropylene with adequate carbon black pigmentation are used to
absorb solar radiation [17,18]. Carbon black is also widely used and in
great demand in obtaining masterbatch for applications in polymers,
as long as the pure pigment tends to form agglomerates, due to the
electrostatic and Van der Waals forces of its fine particles [8]. It has been
employed in PP matrices [6,7], PET [8] and PE [9,19], among others. e
most important characteristics in determining the performance of black
carbon in polymer applications are particle size, porosity, and particle
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structure, as well as concentration and dispersion in the polymer matrix
[10,15,20]. For the production of color concentrates, 25 to 40% by
weight and 0,5 to 3% are generally applied in the mixture for obtaining
the final product for tone and UV protection applications [15].

Additionally, among natural polymers, starch is considered with great
potential as long as it is a biodegradable and biocompatible polymer,
low cost, wide availability, total compostability without toxic residue
formation and film formation capacity [21,23]. In particular, cassava
starch is considered due to its odorless, tasteless, colorless, non-toxic and
biodegradable characteristics [22]. In this sense, the objective of this
study was to evaluate different concentrations of masterbatch obtained
from cassava starch and carbon black and determine its effect on the
mechanical properties, color, and water absorption in films intended for
the production of biodegradable bags for coffee seedlings.

2. Materials and methods

2.1. Materials

Cassava starch (Manihot esculenta Crantz) was used in the native
state, supplied by the Agricultural Products Processing Company CPA,
(Caaguazú, Paraguay); polylactic acid (PLA) in the form of pellets,
supplied by the company NatureWorks (United States) under reference
2003-D; glycerol analytical grade (99,7% purity) as plasticizer, in the
presence of colorless liquid of medium viscosity, acquired by DISAN S.A.
(Cali, Colombia); Stearic acid was used as lubricant, supplied by Merck
KGaA (Darmstadt, Germany) and carbon black as a dye, purchased from
Químicos JM S.A. (Medellin Colombia).

2.2. Process to obtain the masterbatch

To obtain the masterbatch or color concentrate, the native cassava starch
was dried to a humidity of less than 1%. Aerward, it was mixed with the
plasticizer in a 70:30 ratio. Additionally, the lubricant and an additional
portion of glycerin (corresponding to the pigment) were added, as shown
in Table 1. is premix was allowed to stand for 48 hours. Subsequently,
carbon black was added to the premix (see Table 1). Finally, the mixture
was processed by extrusion at an average temperature profile of 136°C and
a screw rotation speed of 80 rpm. e color concentrate was obtained in
the form of a cord, which was pelletized and stored in bags for further
testing.
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Table 1
Masterbatch Formulation

Source: e Authors.

e biodegradable flexible film was obtained based on the process
conditions established by Arboleda et al [24], with some modifications.
It began with the obtaining of the binary mixture (MB), for this
native cassava starch (moisture<11%) was pre-mixed with the plasticizer
(glycerin) in a 70:30 ratio, in addition, the lubricant (Stearic acid) was
added in a 95:05 relationship, and le at rest for 48 hours. en the
polylactic acid (PLA) and the coupling (maleic anhydride) were added
to the premix. is mixture was processed by extrusion at an average
temperature of 165,25 °C and a screw rotation speed of 45 rpm. e cord
so obtained was pelletized and reserved for the next operation.

To obtain the film, the MB and masterbatch pellets were mixed at a
95:05 ratio in a single screw extruder (ermoScientific 19/25 OS), at
an average temperature of 144 °C and screw rotation speed of 40 rpm.
e obtained film was stored in an environmental chamber, for a period
of 8 days at a temperature of 23+2 °C and constant relative humidity
50+10%.

2.3. Sample characterization

e evaluation of variables took place as follows:

2.3.1. Evaluation of mechanical properties of tension

We proceeded in accordance with ASTM D-882-10 guidelines [25],
which establishes the procedure to run the tension test on films. e
maximum tensile strength (MPa), the maximum elongation at the
breaking point (%) and the modulus of elasticity (MPa) of the film
obtained were determined. e module was calculated as the slope of
the linear portion of the stress curve v/s deformation. A universal testing
machine (Shimadzu model EZ-L) was used and the process took place
under the following operating conditions: 500 N cell, spindle speed 25
mm/min and a distance between the jaws of 50 mm. Five specimens
were cut in triplicate in a longitudinal and transverse direction with the
following dimensions: 90 mm long by 20 mm wide and a micrometer was
used to determine thicknesses.
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2.3.2. Color

e color measurement was obtained by means of a CM-5 Konica-
Minolta spectrophotometer which allows measuring the amount of light
absorbed and the intensity of the light when a light beam passes through
a solid or liquid body. e SCI reflectance method was used with a
specular included, a D65 illuminant and a measuring diameter of 30 mm,
according to the CIELab scale, L* (luminosity), a* (red-green) and b*
(yellow-blue). ree measures were taken for each treatment [26].

2.3.3. Water absorption

Water absorption was performed under ASTM D570-98 [27]. Samples
with dimensions 76, 2 mm long by 25,4 mm wide were dried at a
temperature of 50±3°C for 24 hours. Aer this time, the initial weight
was recorded on an analytical balance and immersed in distilled water at
23±1°C for 2± 0,07 hours. en, its surface was dried and weighed again
(wet weight). e water absorption value was determined as the sum of
the immersion weight gain [28].

2.3.4. Statistical analysis

e statistical analysis was performed using Minitab Statistical Package
(version 17). e results obtained were initially subjected to a normality
test, finding that these results were due to a normal distribution (P>0,05),
therefore, an analysis of variance (ANOVA) and multiple comparisons
(Tukey) was carried out to evaluate the effect of treatments on response
variables.

3. Results and discussion

e following is a narrative of the analysis of the data obtained from the
evaluation of the mechanical properties of tensile strength, color, and
water absorption.

3.1. Mechanical properties of tensile strength

Table 2 shows the average values and standard deviation obtained from
the evaluation of the mechanical properties of maximum tensile strength,
modulus of elasticity, and elongation at the point of breakage of the film
intended for the manufacture of bags for coffee seedlings.
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Table 2
Results obtained from the evaluation of the mechanical properties in the longitudinal direction.

Values are reported as the mean ± standard deviation. P, pigment concentration (% w/w). G, Glycerol
concentration (% w/w). E, Stearic acid (% w/w). Level of statistical significance: different letters on the superscripts

of the same column indicate significant differences according to the comparison of Tukey means (P <0,05)
Source: e Authors

e experimental design yielded a total of 18 treatments, to which
the respective evaluation of the mechanical properties of tensile strength
was performed. ese measurements were performed longitudinally and
transversely.

According to the analysis of variance, the pigment, plasticizer, and
lubricant factors had a significant effect (P<0,05) on the mechanical
properties of the film. e pigment is the one that presented the greatest
influence (F = 4,31). Table 2 and Fig. 1 show that the 40% pigment
treatment, with the absence of plasticizer and lubricant (40P0G0E),
presented a high modulus of elasticity, high maximum tensile strength,
and high maximum elongation at the breaking point, compared to the
other treatments, according to the Tukey test in subgroup a (higher
property value). is indicates that the pigment has an important effect
on the behavior of the mechanical properties of the film.

Figure 1
Mechanical properties of tensile strength treatment.

Source: e Authors.
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It has been reported that the presence of carbon black pigment in
polymers increases their durability and resistance and has a mechanical
chemical stabilizing effect by increasing the concentration of carbonyl
groups (C=O) [20]. However, the variation found in the mechanical
properties between the treatments can be attributed to a non-
homogeneous dispersion and distribution of the pigment in the mixture,
allowing a possible formation of aggregates, agglomerates, and particle-
particle interactions [29]. Pircheraghi et al [9] also report a great variation
in the mechanical properties of a pigmented PE100 material, using
between 5,75 and 6,60% of a masterbatch containing between 35 and
40% (w/w) of carbon black but they also mention that it is difficult
to corroborate this finding due to lack of previous studies focused on
evaluating the effect of carbon black on these materials.

Additionally, the selected plasticizer is generally used to convert starch
into thermoplastic (TPS), since it allows to create intermolecular bonds
with starch chains, conferring greater molecular mobility, generating a
flexible polymeric material suitable for film making [30]. However, such
interactions do not appear to take place between the plasticizer and
carbon black, which is an inorganic and stable molecule [20], leading
to the loss of mechanical properties, due to a possible excess plasticizer
in starch because, according to the literature, the plasticizing effect
of glycerol in the amylose and amylopectin chains reduces the tensile
strength and stiffness of the films [31], as shown in Fig. 2. Similarly, Dos
Santos Caetano et al [32] found that at a low concentration of glycerol,
high tensile strength values were obtained but with the increased addition
of glycerol, the resistance decreased, since this plasticizer makes the starch
flexible as long as it causes changes in its structure.
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Figure 2
Main effects graph for Tensile Strength in longitudinal (A) and transverse (B) directions

Source: e Authors.

Other studies have reported that the mechanical properties of starch-
based films decrease with the increase in the concentration of fatty acids
[33], this behavior can also be evidenced in Fig. 2, where the tensile
strength fell so much in longitudinal as transverse direction, with the
increase of Stearic acid. In this case, Schmidt et al [34] report that the
addition of this organic acid had a negative effect on the mechanical
properties of starch-based films, decreasing tensile strength, possibly due
to the weakening of the polymer network by the effect of the fatty acid.
Dos Santos Caetano et al, [32] found that adding oregano essential oil to
a film obtained from cassava starch negatively impacted tensile strength
compared to the control film.

Furthermore, the mechanical properties measured in longitudinal and
transverse direction of the treatments were compared by means of a t-test,
finding that there was no significant difference (P<0,05), which indicates
that the polymeric chains of the film have a balanced orientation, as
shown in Fig. 3, which can favor high impact resistance and a tendency
not to tear easily in the direction of the extrusion flow (longitudinal
direction) [35].
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Figure 3
Stress curve vs. longitudinal and transverse deformation of treatment 30P0G0E

Source: e Authors.

3.2. Color

e film was pigmented black in order to prevent the passage of light
and UV radiation to ovoid its possible harmful effects on the roots of
coffee seedlings. It has been reported that light affects the morphology
and behavior of roots and that these are better adapted to grow in the dark
[36]. In this sense, it was deemed important to evaluate the color of the
film.

e color was evaluated by measuring the CIE-Lab coordinates, where:
L, which stands for luminosity, takes values between 0 and 100 (0 (black)
and 100 (white), values (+) indicate red and (-) green, b (+) values
indicate yellow and b (-) blue. e C values represent the color saturation
of the sample and vary from the "dull" colors, less saturated (low values),
to the vivid colors of maximum saturation (high values). e value of h
is defined as a circle of color, with red-violet at an angle of 0°, yellow at
90° and green-blue at 270° [26]. Table 3 shows the experimental results
obtained from the evaluation of color in the film for storage using CIE-
Lab coordinates.
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Table 3
Results obtained from the evaluation of color and weight gain in the film for seedlings.

Values are reported as the mean ± standard deviation. P, pigment concentration (% w/w). G, Glycerol
concentration (% w/w). E, Stearic acid (% w/w). Level of statistical significance: different letters on the superscripts

of the same column indicate significant differences according to the comparison of Tukey means (P <0,05)

e luminosity (L) varied between 24,14 ± 0,06 and 26,56 ± 0,54,
being closer to 0 (black) than 100 (white), a* presented positive values
close to zero, b* values negative tending to blue, but close to zero, C* low
saturation values between 0,34 and 1, corresponding to a dull color and
h* values between 270,94 ± 0,59 and 279,55 ± 6,57 (green blue).

According to the analysis of variance, the luminosity (L*) showed
statistically significant differences (p<0,05) among treatments, due to
the effect of pigment concentration, plasticizer and lubricant, and the
interaction between factors. e color coordinates a* also presented
significant influence by the action of the three factors, b* due to the
effect of the pigment and glycerol and the interaction between them,
as well as the color coordinate C* thus obtaining several homogeneous
subgroups according to Tukey’s test. Souza et al. [26], report that the
observed optical changes can be attributed to the formation of crystals
of the incorporated compounds, which interfere with the reflection of
light. It has also been reported that the amount of reflected light and
chroma depends on the ratio and uniformity of the film thicknesses and
that, in industrial practice, it is difficult to achieve a uniform color effect
throughout the film, due to slight variations in thickness that lead to the
formation of color patches [37]. In this test, the film thicknesses varied
between 0,067 and 0,1311 mm and may have interfered with the color
coordinates evaluated.

3.3. Water absorption

Water absorption was measured because the film is going to be used to
make bags for coffee seedlings, which will be exposed to a high amount of
water from irrigation and rain.

Table 3 shows the results obtained from the evaluation of water
absorption, where the treatments evaluated presented a percentage of
increase in weight between 20 and 60%, with treatments 20P0G0E and
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30P0G0E, which presented a higher increase percentage and treatment
40P0G1E, which presented less water absorption, corresponding to a
concentration of 40% pigment and 1% Stearic acid. According to the
analysis of variance, the differences in weight gain between treatments are
due to the effect of the concentration of pigment and lubricant (Stearic)
and the interaction among the three factors evaluated.

ese results can be attributed to the fact that water absorption
increases with the increase in starch content as long as the molecules of
this carbohydrate have a large number of free hydroxyl groups, which
are related to water [38,39]. It has also been reported that plasticization
with fatty acids may decrease water absorption by sealing the pores of the
surface of the films and prevent swelling [40]. Additionally, the inclusion
of oils or hydrophobic compounds in the films reduces permeability and
water absorption, probably due to the development of internal processes
of cross-linking and formation of a microstructure [32].

Some other studies have also reported that an increase in the addition
of glycerol in starch-based films increases water absorption because this
plasticizer interacts strongly with starch forming hydrogen type bonds,
causing a decrease in inter and intramolecular interactions, which also
increases the movement and reorganization of chains facilitating water
absorption [32,41].

4. Conclusions

e mechanical properties, modulus of elasticity, tensile strength, and
elongation of the film showed variation due to the concentration of
pigment, plasticizer, and lubricant in the masterbatch, these changes
being significant both in the longitudinal and in the transverse direction
of the film. It was established that the increase in lubricant (0, 0,5, 1%)
and plasticizer (0,30%) generated a decrease in the mechanical properties
of the films. In this sense, the treatment 40P0G0E, with 40% pigment,
absence of plasticizer, and lubricant, showed a high value of mechanical
properties of tension and integrity in both longitudinal and transverse
directions.

e different masterbatch formulations evaluated had a significant
influence on changes in CIELab color parameters. ese variations were
subject to film thickness and pigment dispersion.

e increase in film weight due to water absorption was affected by the
interaction between the concentration of the pigment and the lubricant
present in the masterbatch.
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