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Abstract

Aim of study: The aim of the study was to investigate the usability of potassium humate material as an
additive to improve some properties of wood-plastic composites.

Area of study: The fire retardancy and mechanic properties of the wood-plastic composites.

Material and Methods: The medium-density fiberboard (MDF) powder and high-density polyethylene
(HDPE) granule mixture was pelletized by using a parallel twin-screw extruder. The obtained composite pellets
were molded into boards via hot pressing method. Some mechanical, physical, thermal and fire properties of
the produced boards were investigated. Moreover, the chemical properties of the composites were analyzed by
using Fourier Transform Infrared (FTIR) spectroscopy.

Main results: The results showed that the addition of potassium humate increased the tensile and flexural
strengths by 15% and 9%, respectively. However, the water uptake and volumetric swelling of the composite
samples increased from 1.15% up to 2.52% and from 3.2% to 5.77%, respectively. LOI and linear burning rate
tests indicated that the potassium humate addition increased the fire resistance of composite samples by 3% Oz
(LOI) while it improved the burning rate as being 6.62 mm/min lower.

Research highlights: The addition of the potassium humate into the wood-plastic composites enhanced the
fire, thermal and mechanical properties of the material to some extent.

Keywords: Potassium humate, polyethylene, composite, additives, fire properties, mechanical properties

Ahsap-plastik kompozit iiretiminde potasyum humat maddesinin

degerlendirilmesi

Ozet

Calismanmin amaci: Bu ¢aligmanin amaci potasyum humat maddesinin ahsap-plastik kompozitlerin bazi
ozelliklerini gelistirmek i¢in bir katki maddesi olarak kullanilabilirliginin aragtirilmasidir.

Calisma alani: Ahgap-plastik kompozitlerin yangin direnci ve mekanik 6zellikleri

Materyal ve Yontem: Orta yogunluklu lif levha (MDF) tozu ve yiiksek yogunluklu polietilen (HDPE)
graniilii karigimi paralel ikiz vidali bir ektriider kullanilarak pelet haline getirilmistir. Elde edilen kompozit
peletler sicak presleme islemi ile levha haline doniistiiriilmiistiir. Uretilen levhalarm bazi mekanik, fiziksel, 1s1l
ve yangin Ozellikleri arastirilmigtir. Dahasi, kompozitlerin kimyasal 6zellikleri Fourier Doniisiimii Kizil6tesi
(FTIR) spektroskopisi kullanilarak analiz edilmistir.

Sonuglar: Sonuglar potasyum humat eklenmesinin ¢ekme ve egilme direnglerini sirasiyla %15 ve %9
artirdigin1 gostermistir. Bununla birlikte, kompozit drneklerinin su alma ve hacimsel sisme oranlar1 sirasiyla
%]1,15'ten %2,52'ye kadar ve %3,2'den %5,77'ye kadar artig gostermistir. LOI ve liner yanma hizi testlerine
gore potasyum humat eklenmesi kompozit érneklerinin yangimn direncini %3 Oz (LOI) arttirirken yanma hizini
6,62 mm/dk daha diisiik olacak sekilde iyilestirmistir.

Arastirma vurgulari: Ahgap-plastik kompozitlere potasyum humat eklenmesi malzemenin yangin, termal
ve mekanik 6zelliklerini belirli derecede gelistirmistir.

Anahtar kelimeler: Potasyum humat, polietilen, kompozit, katki maddeleri, yangin 6zellikleri, mekanik
ozellikler
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Introduction

Wood plastic composites (WPCs)
basically consist of thermosets (e.g., epoxy
and phenolic resins) or thermoplastics such
as polyethylene (PE), polypropylene (PP)
and polyvinyl chloride (PVC) and they are
reinforced  with  lignocellulosic  fibers
including wood industry wastes such as MDF
powder. Additionally, several additives were
combined with plastic and fiber to improve
properties of the composite material (Ashori,
2008; Félix et al., 2013; Ndiaye et al., 2008).
WPCs have become very popular and
environmentally attractive due to renewable
wood filler and the recycled plastics in the
last decade. They rapidly found their way
into the market and employed in a large scale
of applications from automotive, to furniture,
to construction industries for windows,
doors, decking, fencing, and decorative trims
(Markarian, 2005; Panthapulakkal et al.,
2006). WPCs products also play a role in
developing a more sustainable future offering
a wide range of advantages such as weather
resistance, long service life, superior fungal
resistance and lower maintenance over
conventional bio-products such as pressure-
treated lumber and naturally durable cedar or
redwood (Altuntas et al., 2017a).

Even though WPCs have merits such as
higher stiffness and dimensional stability as
well as lower cost and water uptake, they still
have demerits such as lower mechanical
properties, exposure to biological attack
under high humidity conditions,
discoloration due to sunlight etc. in
comparison with unfilled polyolefin itself.
Thus, it is necessary to improve their
physical and mechanical properties to
increase the market share and meet the
requirements in the wood composite panel
industry. A variety of additives have been
used in WPCs in order to increase their
performance as well as to eliminate the weak
features, to prolong their service life and to
increase their resistance to physical external
influences. These additives include coupling
agents (compatibilizers), lubricants (waxes,

antisticks, releasing agents and flow
modifiers, colorants, antioxidants, UV
absorbers, mineral fillers, fire retardant
chemicals and biodegradation inhibitors
(biocides). Coupling agents and the fire
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retardants are the most popular among them
(Klyosov, 2007; Kim and Pal, 2010).

Physical and mechanical properties of
WPC are mostly related to the interactions
between the wood filler and the polymer
matrix. These interactions could be
developed by using a coupling agent as an
additive. Usually, coupling agents improve
the compatibility between hydrophilic
lignocellulosic material and hydrophobic
polymer material providing the formation of
a single-phase composite structure (Kim and
Pal, 2010; Wechsler and Hiziroglu, 2007).
Interfacial adhesion between bio-fiber and
polyolefin is an important issue for WPC
processing and its performance. In order to
improve the interfacial adhesion between
bio-fiber and polyolefin matrix as well as
some biological and physical properties,
different kinds of compatibilizers such as
isocyanates, maleic anhydride, silanes, etc.
were used as coupling agents (Ibach and
Clemons, 2006; Kim and Pal, 2010; Klyosov,
2007; Lu et al., 2005). The coupling agents
can result in covalent bonds, secondary
bonds (e.g., hydrogen bonds), Van der
Waals’ forces, molecular entanglement and
mechanical interlocking (Lu et al., 2000).
However, the mechanical properties of WPC
treated with the above-mentioned coupling
agents are still lower than those of polyolefin
itself (Cetin et al., 2014; Klyosov, 2007;
Ndiaye and Tidjani, 2012). So far, there have
been various struggles to find out the cost-
effective, eco-friendly and high performance
coupling agents in WPC industry.

Another drawback of the applications of
WPCs is their flammability. WPCs have a
serious fire risk comparing the wood-based
materials owing to the high heating value of
polyolefins. Thus, fire retardancy is a very
critical issue to widen the usage of WPC in
the application areas requiring low fire risk
materials. The most commonly used method
is the addition of fire retardants for the
improvement of the flame resistance of WPC
materials. Until now, a wide range of fire
retardants including inorganic compounds,
halogenated compounds and phosphorous
compounds have been used as an additive in
WPCs (Kim and Pal, 2010). The fire
retardants can be classified into two principal
groups as passive or active. Passive fire
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retardants such as ammonium polyphosphate,
zinc borate, antimony trioxide operate by
removing fuel for flame spread or by
retarding heat generation. On the other hand,
active fire retardants inhibit or suppress
combustion by using several mechanisms
such as releasing water (e.g., magnesium
hydroxide), forming nonflammable gases
(smoke) to poison the flame (e.g.,
brominated compounds) and acting as char
formers (e.g., ammonium polyphosphate)
(Klyosov, 2007). Commonly used fire
retardants are boric acid; phosphoric acid;

zinc chloride and borate; aluminum
trihydroxide;  decabromodiphenyl oxide;
ammonium  phosphates and  borates;
ammonium sulfate and chloride;

dicyanodiamide; antimony trioxide; sodium
borate; magnesium dihydroxide, expandable
graphite, carbon nanotubes, and mineral
fillers (e.g., calcium carbonate, wollastonite,
soapstone and talc) and so on (Fu et al.,
2010; Huuhilo et al., 2010; Mngomezulu et
al., 2014; Sain et al., 2004; Stark et al.,
2010). Moreover, some of the fire retardants
(e.g., zinc Dborate, antimony trioxide,
magnesium hydroxide) were used together as
synergists to improve the fire retardancy of
WPC (Altuntas et al., 2017b).

Nowadays, the mechanical stability and
the fire resistance are two important factors
in the usage areas of WPC materials. For this
reason, it is necessary to improve these
properties by adding various additives.
Although several fillers and additives have
been widely used, composites containing
organic fillers derived from renewable
resources should be investigated on the
account of environmental concerns at the end
of its service life and the increasing costs of
the synthetic additives. Moreover, some
process complexities along with the cost-
effectiveness issues about the production
may arise due to increasing ratio and number
of the additives in WPC. In this context,
potassium humate, a natural abundant
material, was used as an additive in WPC to
meet these two important necessities
simultaneously in this study.

In previous studies, the potassium humate
has been used as an additive in the
production of superabsorbent nanocomposite
(Shahid et al., 2012). For instance, Li et al.
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(2008) prepared a novel potassium humate-
acrylic  acid-acrylamide  superabsorbent
polymer from the reaction among leonardite
potassium  humate, acrylic acid and
acrylamide by free radical initiating process.
In another study, a new polyacrylamide-
bentonite composite with amine functionality
was produced using direct polymerization
with N,N'-methylenebisacrylamide as a
crosslinking agent and potassium
peroxydisulphate as an initiator followed by
reaction with ethylenediammine. The
prepared composite was modified by
immobilizing humic acid and tested as an
adsorbent to remove basic dyes from aqueous
solutions (Anirudhan et al., 2009).

Humic acids and their salts are the natural
organic materials obtained from different
coal sources and they may be a significant
alternative for the existing compatibilizers
and fire retardants. Potassium humate (Figure
1) is an inexpensive, commercially available
soluble salt of humic acid, containing a
variety of components such as quinune,
catechol, sugar, phenol, sugar moieties and
functional groups (e.g., -COOH, -OH, -NH,
-CHO, -COOH, -N=C and phenolics)
(Stevenson, 1994).

In this study, different WPC formulations
were prepared with the addition of potassium
humate at different ratios. The mechanical,
physical, chemical and fire properties of the
produced WPC samples were investigated by
using different methods. Although potassium
humate was wused as an additive in
adsorbents, hydrogel nanocomposites and
soils, to the best of our knowledge, there is
any study reported on the usage of potassium
humate as an additive in lignocellulosic
material-filled polymer composites.

Kx

Figure 1. Example of a typical potassium
humate
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Materials and Method
Materials

In the manufacturing processes, medium
density fiberboard (MDF) powders were
used as the lignocellulosic filler. MDF
powders, obtained from a local furniture
manufacturer, were screened into the size of
60 mesh and dried in an oven at 103 + 2 °C
overnight. High-density polyethylene
(HDPE; S0464) was provided from Petkim
Co. (Turkey). Potassium humate was
provided from Platin Chemistry Co.
(Turkey). Table 1 demonstrates the
properties of potassium humate used as an
additive material. The potassium humate was
firstly diluted with water and then mixed
thoroughly with MDF powders. Finally, the
mixture was dried in an oven at 103 + 2 °C
until the constant weight.

Table 1. Properties of potassium humate used
in the study

Ingredients wit%
Total organic matter 25
Total humic and fulvic acid 70
Water-soluble potassium oxide 3
(K20)

The maximum humidity 20
Boron 100 ppm
pH 9-10

Production of Composites

As shown in Table 2, three different
formulations were prepared from various
ratios of HDPE, MDF and potassium humate
along with pure HDPE and a composite
sample without potassium humate for the
comparison. The prepared mixtures were
primarily pelletized by using a twin screw
extruder (Gililnar Machinery Co.) with an
L/D ratio of 44. The temperature profile was
set between 90-175 °C for extruder zones at a
screw rotation speed of 50 rpm. The pellets
were dried in an oven at 103 & 2 °C until the
constant weight prior to the molding process.
The dried pellets were then molded into the
composite boards having a size of 250 x 250
x 2 mm by using a hydraulic hot press
(Carver) at 190 °C for 5 min. Finally, the
produced boards were cooled to ambient
temperature under a cold press. All the test
samples were  prepared from  the
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compression-molded boards according to the
relevant standard and conditioned in a
climatic test chamber (Niive) at 65 + 5%
relative humidity and 23 + 2 °C temperature
for 7 days.

Table 2. Formulations used for the
production of composite samples
Sample HDPE Pﬁtassium MDF
code  (Wi%) umate  powder
(Wt%0) (Wt%0)
HDPE 100 0 0
W40 60 0 40
H5 55 5 40
H10 50 10 40
HI15 45 15 40

Characterization of Composites

Mechanical properties of the composites
were measured using Zwick/Roell test
equipment. Flexural, tensile and impact
strengths were determined according to
ASTM D790, ASTM D638, and ASTM
D256, respectively. Limiting Oxygen Index
(LOI) was tested according to ASTM D2863
standard wusing a cylindrical chamber
(Dynisco) while the burning test was carried
out according to ASTM D635 standard in a
horizontal-vertical flame chamber (Atlas
HVUL2). Short-term water adsorption and
thickness swelling test were carried out by
immersing the composite samples in distilled
water at 25 °C for 24 h. Thermo-gravimetric
analyses (TGA) of the composites were
carried out via Shimadzu TGA-50 analyzer.
The analysis of the samples was performed
from 25 to 800 °C at a heating rate of 20
°C/min under a nitrogen flow of 50 mL/min
after samples were completely dried in an
oven at 103 £ 2 °C for 6 h. Fourier-transform
infrared (FTIR) spectroscopy was used to
determine the chemical interaction of
potassium humate with MDF powder and
HDPE. The FTIR measurements of
composites and potassium humate were
carried out with the Perkin-Elmer 400
Spectrometer in the wavenumber range of
400-4000 cm™ by using potassium bromide
(KBr) technique. One mg of potassium
humate was homogeneously mixed with 200
mg KBr in a mortar and pressed into pellet
forms.
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Results and Discussion
Mechanical Tests

Figure 2 demonstrates the tensile strength
and modulus of composite boards with and
without potassium humate. As clearly shown
in this figure, composites treated with
potassium humate had a higher tensile
strength than that of control sample without
potassium humate. This could be attributed
to the enhanced interfacial interaction
between HDPE and wood. However, the
tensile strength of the composite samples was
decreased with the increasing ratio of
potassium humate. Similar results were
obtained in a study about WPC produced by
using HDPE, wood and different kinds of
functionalized polyolefins. In general, the
tensile strength of composite increases
significantly with the addition
compatibilizers at the lower loadings, but it
tended to decrease or level off at the high
levels of concentration (Lai et al., 2003; Lu
et al., 2005).

This phenomenon was explained due to
critical interfacial concentration as an
important parameter. This parameter defines
the optimum concentration of an interfacial
agent (i.e., compatibilizer) in the interface of
two immiscible components to determine the
efficacy of compatibilization. The optimum
interfacial concentration is the minimum
value of interfacial saturation of a
compatibilizer agent in the dispersed phase.
When the concentration is above or below
this critical value, the compatibilizer is not
effective in improving the compatibilization

of the polymer blends (Liu et al., 2003).

The tensile modulus of MDF
powder/HDPE composite increased with the
addition of potassium humate. With the
addition of 5 wt% potassium humate into the
composite board, the tensile modulus was
determined as about 838 MPa and then
became almost constant with further
increment in the potassium humate content.

In addition, tensile modulus of the whole
composites was higher than that of HDPE
composite itself. It has been reported that the
modulus  of  elasticity  values  of
lignocellulosic composites firstly increased
with increasing ratio of natural fiber added
into the polymer matrix and then decreased
after further addition. Generally, wood-based
fibers have an average tensile strength of 0.5-
1.5 GPa and a modulus of 10-80 GPa. Thus,
wood-based fibers increase the modulus of
elasticity of the polymer composites, which
they are added into (Bledzki et al., 1998;
Hargitai et al., 2008; Khoathane et al., 2008).
Finally, the tendency of all the mechanical
properties of the composite samples was
found to be very similar to each other.

The flexural strengths and modulus of
MDF powder/HDPE composites treated with
and without potassium humate were given in
Figure 3. With the addition of 5 wt% of
potassium humate into the composite, the
flexural strength was found a little lower
(33.49 MPa) compared to the composite
without potassium humate (30.74 MPa).
About 9% increment in the strength was
recorded due to the addition of 5% potassium

30 7 I Tensile strength ==g==Tensile modulus [ 1000

- 900
=271 - 800 o
E - 700 S
20 | g =
= - 600 &
=11 —_—
S 15 = - 500 &
z g
- ol - 400 3
Z - 300 Z
=P
= L 200 =

F 100

0 0
HDPE W40 HS H10 H15
Samples

Figure 2. Tensile strength and tensile modulus of composite samples
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humate into the board sample in comparison
with the reference sample. The highest
flexural strength (ca. 33 MPa) was
determined for 5% potassium humate added
sample and then it slightly decreased with
increasing potassium humate addition from 5
to 15%.

Ozmen et al. (2014) reported that the
flexural strength and modulus values of
composites increased with the increasing
ratio of the medium density fiberboard
(MDF) powder in MDF/PP polymer
composites. Moreover, some other
researchers also reported that the flexural
strength and flexural modulus values of
composites increased due to the increase of
fiber ratio in natural fiber-added composites
(Bengtsson et al., 2007; Basiji et al., 2010).

The flexural modulus of the MDF
powder/HDPE composites was improved
with increasing potassium humate content.
The flexural modulus of the potassium
humate added composites was found as 1993
MPa, 1814 MPa and 1785 MPa for 5, 10, 15
wt%  potassium  humate, respectively.
However, the composites without potassium
humate had a lower modulus of 1676 MPa. It
was important to notice that the tendency of
flexural modulus was similar to that of
flexural strength as expected. Furthermore,
the modulus of the pure HDPE composite
was considerably lower than those of
composite boards with and without
potassium humate.

Table 3 depicts the impact strength of
composite boards treated with and without

potassium humate. It was evident from the
table that the impact strength decreased
somewhat with the addition of potassium
humate for all the samples compared to the
neat HDPE board and W40. This
phenomenon could be ascribed to the filler
effect of potassium humate. The impact
strengths of the potassium humate added
composites were lower compared to board
without potassium humate.

Table 3. The impact strength of composite
samples

Impact strength  Standard
Samples (kJ/m?) deviation
HDPE 193.41 3.57
W40 3.76 0.27
H5 2.93 0.15
H10 3.23 0.26
H15 291 0.13

When the potassium humate added

composites compared with each other, it was
noted that the impact strength of the
composites firstly slightly increased with an
increase in potassium humate content, and
then slightly decreased with the further
increase in potassium humate content. This
can be explained by the fact that MDF
powder containing 12% adhesive in advance
reduced the ability of the composite to
absorb energy during crack propagation and
also resulted in high-stress concentration
regions (Nourbakhsh and Ashori, 2009).
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Figure 3. Flexural strength and flexural modulus of composite samples
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Therefore, in order to obtain sufficient
impact strength, an optimum bonding level
was imperative.

Fire Retardancy of Composites

Figure 4 demonstrates the linear burning
rate and LOI index of composite boards. As
shown in this figure, the addition of
potassium humate into the board clearly
reduced the linear burning rate. With the
addition of potassium humate at the
percentages of 5, 10 and 15, the linear
burning rates were determined as 13.86
mm/min, 13.43 mm/min and 12.74 mm/min,
respectively, in comparison with the
composite sample without potassium humate
(19.36  mm/min) and HDPE composite
(25.17 mm/min) itself.

Garcia et al. (2009) produced wood
plastic composites with HDPE and wood
fibers by adding additives such as fire
retardants and light stabilizers to improve
properties like fire retardancy and durability
performance. They reported that when neat
HDPE was burnt, the polymer started the
dripping as soon as the material was in
contact with the flame and the integrity of the
material was completely lost immediately.
However, the addition of wood fibres and
other fire retardants improved such
behaviour and the composite maintained its
integrity during the burning.

Moreover, several author reported that the
fire retardants significantly improved the fire
properties of the composites by slowing
down the burning rate of the polymer part

and preserving the lignocellulosic part of the
polymer composites (Stark et al., 2010;
Chapple and Anandjiwala, 2010; Nikolaeva,
2011; Pan et al., 2014).

However, for our study it was unclear
whether the obtained improvements in fire
characteristics of the composite samples
were due to the reduction of the HDPE ratio
or the addition of potassium humate into
formulation. Because, the main source of the
combustion problem in the WPCs is the
polymer matrix.

The LOI value of composite boards
increased relatively with increasing amount
of potassium humate. However, there was no
significant difference in LOI values amongst
composite boards with various potassium
humate ratios. Moreover, all the composite
samples with potassium humate showed
higher LOI value when compared to that of
HDPE and W40 composite.

Consequently, it could be revealed that
the addition of potassium humate evidently
increased the fire retardancy of MDF
powder/HDPE composite boards. Finally, the
effects of potassium humate treatment on
mechanical properties were much more
pronounced compared to those of the effects
potassium humate on the fire retardancy
properties of the boards.

TGA Analysis of Composites

Figure 5 illustrates the thermal
degradation curves of composites samples
along with pure HDPE. It was evident from
this figure that the initial decomposition
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Figure 4. Linear burning rate and LOI results of composite samples
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temperature of composites decreased by
about 30 °C with the addition of potassium
humate in the temperature range of 270-400
°C, that was the region in which wood
polymers decomposed rapidly.

According to the results obtained from
TGA of the wood, it was reported that the
degradations below 400 °C are caused by the
deterioration of the wood components. For
example; hemicelluloses, lignin, cellulose
and extractives degraded at 150-350 °C, 350-
500 °C, and 275-350 °C temperature ranges,
respectively (Kim et al., 2006).

However, in the region of 400-520 °C,
which was the degradation range of HDPE,
the mass loss of composites substantially
decreased due to the increased thermal
stability of polymer material in the composite

via addition of potassium humate. In this
range, the maximum mass loss rate was
recorded at the temperature of about 480 °C
from the DrTGA curves. The mass loss of
the composite samples reduced by about 7-
15% with the addition of potassium humate
compared to the sample W40 in this region.
When the thermal properties of HDPE were
examined, it was obvious that TGA curve
composed of a single degradation region.
The degradation of the polymer was usually
rapid at the temperatures between 400-500
°C and it loses 99% of its mass. The
maximum weight loss in the structure was in
the range of about 460-465 °C
(Contat-Rodrigo et al., 2002).

Consequently, the amount of the residues
of the samples along with total weight loss
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Figure 5. TGA and DrTGA curves of composite samples
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also showed that the addition of the
potassium humate significantly increased the
thermal stability of the composites by
preserving polymer matrix from the heat. In
previous  studies, the addition of
lignocellulosic filler or inorganic additives
affected the thermal degradation properties
of material in different ways (positively or
negatively) due to the diversified thermal
characteristics of additives (Ayrilmis et al.,
2014; Altuntas et al., 2017b; Koohestani et
al., 2017). However, it has been also
determined that the thermal properties of the
composite could be improved by applying
chemical modification processes on the
lignocellulosic materials (Cetin et al., 2015).

Water Absorption Tests

Table 4 indicates the effects of potassium
humate addition on the volumetric swelling
and water uptake capacity of composites
samples with and without potassium humate.
As depicted from this table, the swelling ratio
of the composite increased about 3% with the
addition of 15% potassium humate. Although
there was no significant increase in the
swelling ratio when the amount of potassium
humate increased from 5 to 15%. About 1%
increment in the swelling was determined for
15% potassium humate added sample.
Moreover, there was no significant difference
in the swelling percentages determined for 5
and 10% potassium humate added samples.

That results showed that the small amount
of potassium humate should be added to the
wood plastic composite to some extent in
order to stabilize the dimensions under high
humidity conditions.

Table 4. Volumetric swelling and water
uptake percentages of composite samples

Samples Volumetric  Water uptake
swelling (%) (%)
MO g
i 051 14
o 076) 017
S gy 036)

*Standard deviation
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It was obvious from the table that the water
uptake percentage relatively increased when
the amount of potassium humate increased
from 0 to 15%. The highest amount of water
uptake (i.e., an increment of about 1.5%) was
found with the addition of 15% of potassium
humate. This phenomenon also revealed that
the addition of potassium humate should be
adjusted by considering the other properties.

On the other hand, the obtained results
came into conflict with the previous literature
data available. Because the water absorption
phenomenon in WPCs is normally related
with the hydrophilic nature of wood fibers.
The voids in the wood fibers could be
occupied by using polymer and or a filler
such as nanoclay to decrease the available
space for water absorption in the composite.
Moreover, if a chemical compatibilization
could be generated between fiber and
polymer, this would cause a decrease in the
size of the interface area reducing the water
absorption through this layer into inner sides
of the composite (Franco-Marques et al.,
2011; Deka and Maji, 2010).

However, in the case of potassium humate
the water uptake capacity of the samples
relatively increased with the addition of
humic substance. The obtained water uptake
results in our study were assigned to the
hydrophilic sites of the humic substances.
They are important additives in soil science
due to their function in plant growth by
enhancing the structure, porosity, cation and
anion exchange capacity of soil, chelation of
mineral elements and most importantly water
holding capacity (Khaled and Fawy, 2011;
Eyheraguibel, 2008).

Thus, the addition of potassium humate
into composite material weakened the
structure relatively against water, while it
enhanced several properties of the composite
samples. Therefore, the usage of the
potassium humate as an additive in WPCs
may limit the usage of material in the high
humidity applications such as outdoor
flooring near the sea and the pool sides.

FTIR Spectroscopy

Figure 6 shows FTIR spectra of
composite samples with and without
potassium humate. Table 5 also lists the
explanations of the wavenumbers along with
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Figure 6. FTIR spectra of composites with (H15) and without (W40) potassium humate

determined functional groups. In the FTIR
spectra of the composite samples, the peaks
at 2910 cm™, 2840 cm™, 1450 cm™ and 715
cm” were assigned to the characteristic
groups in the polyethylene structure, namely
CH, asymmetric stretching, CH, symmetric
stretching, CH» bending deformation and
CH, rocking deformation, respectively.
Moreover, several peaks were originated
from the cellulose, hemicellulose and lignin
compounds of wood fibers in the composite
structure. Several studies have been
explained the FTIR spectra and reported
functional groups of the wood filler in the
WPCs (Altuntas et al.,, 2017a; Wei et al.,
2013; Fabiyi et al, 2011). In the FTIR
analysis, the possible bonds between the
potassium humate and wood fiber or
polyethylene in the composite structures
were investigated.  Consequently, the
following findings were obtained from
spectra of composite samples with and
without potassium humate. The wide bands
in the regions of 3700-3100 cm™ and 2920-
2840 cm™' were attributed to -OH groups and
aliphatic C-H stretching, respectively. It
should be noted that -OH transformation
bands were observed between 1420 and 1260
cm’. Also, two ester bands occurred between
1360 and 1075 cm™, showing possible
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reaction of -COOH groups of potassium
humate with -OH groups of the wood fibers
in MDF powder. In addition, it could be
realized that the HI15 spectrum strongly
changed at about 1700 cm™ wavenumber due
to -COO- deformation bands based on the
possible interactions between potassium
humate and wood fibers (Senesi et al., 2003;
Tatzber et al., 2007).

Conclusion

Potassium humate was used as a filler
material in MDF powder/HDPE composite
board production. The findings showed that
potassium humate had a positive effect on
the tensile and flexural strength and their

modulus of elasticity as well as fire
retardancy properties to some extent.
However, the impact strength slightly

reduced with the addition of potassium
humate. FTIR study demonstrated that there
might be esterification type of interactions
between cellulose-lignin complex in the
wood fiber and potassium  humate.
Furthermore, potassium humate addition into
composite boards increased water uptake and
volumetric swelling due to water soaking in
the negative direction. Therefore, so as to
provide the best performance in mechanical
and physical properties the optimum level of

8
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Table 5. FTIR spectra assignments of composite samples H15 and W40

Wavenumber Explanation
(cm) P
3700-2200 OH, small contributions can be derived from -NH3", -NH,", -CO-,
NH,, -CO-, NH and S-H
2920-2840 Aliphatic groups
1700 C=0 vibrations of carboxyl groups, aldehydes and ketones,
contributions can be derived from carbonyl groups of esters
1620 C=0 of amide groups and C=0 of quinone ketones, contributions
can be derived from nitrates (R-O-NO,), nitrites (R-O-NO)
1550 N-H, C=N, and C=C
1500 Aliphatic C-H
1420 C=N of primary amides, contributions are possibly from groups like
-COO-
1360 CO-CHj3; and possibly from nitrate
1260 Nitrates (R-O-NO,), =C-O-C groups, and possibly P=0O vibrations,
C-O of phenolic groups
1075 C-0 of alcohols and C-O of aliphatic ethers
900 R,C=CH; groups
730-690 Aromatic C-H

potassium humate content found to be as 5
wt%, while the fire retardancy and thermal
stability properties were better at the humic
material level of 15 wt%.
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