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Abstract. Great interest has been shown lately in bio-composite materials because they are inexpensive
and sustainable. Composites with matrices and natural reinforcers have been little studied. Here, we
study certain mechanical properties of composite materials with a Dammar-based matrix (also named
hybrid matrix) and flax fabric reinforcement. To be precise, we examine three types of resins where
Dammar is the major component, with a volume proportion of 55%, 65% and 75%. In this respect, we
have made composite materials reinforced by two types of flax fabric and we have measured the
characteristic curves and some mechanical properties, such as the Young’s modulus, tensile strength
and elongation at break using tensile tests. Based on the obtained properties, it is proposed or possible
to use these materials in orthopedics.
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1. Introduction

Bio-composites that have both matrix and reinforcer made of natural materials are increasingly used
because they are environmentally friendly compared to conventional petroleum-based materials.

The use as a reinforcer of natural fibers instead of synthetic ones in the structure of polymers, has
certain disadvantages, such as: excessive water absorption, low thermal properties, etc. Finding effective
solutions to improve or eliminate these disadvantages is a challenge for researchers in this field. In the
case of matrices, there are situations where the use of thermosetting-biological resins based on vegetable
oil resins instead of synthetic resins is indicated. One such example is injection molding where vegetable
resins do not need a polymerization process, and synthetic resins can only withstand certain processes
because they have a high melt viscosity. A possibility for the disposal of plastics waste obtained from
oil is biodegradable polymers. In order for biodegradable polymers to have a low price with which to
compete economically on the market, it is necessary to find applications that consume sufficiently large
quantities of these materials [1-3].

Biopolymers are obtained from sustainable resources and, accordingly, they have been given
increasing attention in comparison with petrol-based polymers [4]. Among the vegetable resins, which
are produced by different trees, the most used are Sandarac, Copal and Dammar. An advantage of these
resins is that they are insoluble in water. They can form (by dilution with gasoline, oil or alcohol)
solutions used as coating varnishes [5-9]. As they cannot form thick resins (the works can be consulted
for justification [5,6]) these coating varnishes have been and are used to ensure the shine and protection
of furniture, paintings and musical instruments made of wood, by applying them in thin layers. The
structure of a hybrid material based on a natural lake and organic epoxy and saline compounds was
analyzed by using liquid and solid nuclear magnetic resonance.
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The drying, hardness and casting properties of the obtained hybrid resin were analyzed. This
drawback can be removed if hybrid resins are used (which contain both organic and synthetic
constituents). We must mention that most trials aimed at obtaining such resins have taken place in the
lacquer industry [5-7]. Hybrid resins are an eco-friendly alternative to synthetic resins.

One of the most used natural resins is Dammar. This resin is produced by trees of the
Dipterocarpaceae family in Southeast Asia. The mechanical properties of natural resins have been little
studied. The tensile strength, Young’s modulus and other properties related to the mechanical behavior
for the Dammar film treated with softening agents were studied in [10]. The way in which the addition
of Dammar contributes to improving the rigidity, the Young’s modulus and the hardness of modified
silicon is studied in [11,12]. The studies regarding this resin have focused mainly on its chemical
composition and properties, as shown in detail in [13,14].

The chemical composition of Dammar (tetracyclic Dammarane skeletons, pentacyclic hopane,
ursane and oleanane derivatives) made this resin to be used to make drugs. Studies on the influence of
crosslinked Dammar gum with biodegradable components based on zirconium and polyacrylamide on
the administration of atenolol are made in [15]. Using SEM (Scanning Electron Microscopy) with EDS
(Energy Dispersive Spectroscopy) and FTIR (Fourier Transform Infrared Spectroscopy), in [16-18] are
analyzed properties of the hydrogel (Dammar gum mixed with zirconium iodate).

Apart from hybrid resins, using natural reinforcements instead of synthetic fibers has been preferred
more and more for making biodegradable composite materials [19,20] because, in comparison with
synthetic fibers, natural fibers have a biodegradable and sustainable character. Kenaf, hemp, flax,
dogbane, henequen, palm leaves, sisal, wood, herbs, corn stalk, cocoanut, and others range among the
most used natural fibers. According to studies conducted in [1, 21], some mechanical properties of
natural fibers, report to the specific gravity, are comparable to those of fiberglass. The mechanical
properties of a wide range of natural and synthetic fibers can be found in the works [19-23].

The use as a matrix of hybrid resins together with natural fiber reinforcers generates composite
materials "more environmentally friendly" than those made entirely of synthetic materials, or those in
which only the reinforcements are natural. There are also few studies about the composite materials that
have both their matrix and their reinforcement made of natural materials. The mechanical properties of
certain composite materials obtained from Dammar-based hybrid resin, reinforced by flax, cotton, hemp,
wheat straw and cattail are analysed in [24]. In the paper [25] is studied the influence of material non-
uniformities on the mechanical behavior of composite materials that have the hybrid matrix based on
Dammar and the reinforcement of hemp fabric.

Next, some mechanical properties of Dammar-based composite materials will be studied, and the
reinforcer will consist of two types of flax fabric. More precisely, the matrix used will consist of a
volume proportion of 55%, 65% and 75% natural Dammar resin, respectively.

The characteristics and mechanical properties of the mentioned material make it particularly
attractive in the orthopedics. The different types of pathology (consolidation delays, pseudarthrosis,
congenital pseudarthrosis) in which it is necessary a longer period of immobilisatione of the different
anatomical segments, as well as the progressive modification of the orthosis according to the local
evolution, represent situations in which this material can be applied with good results. Thus, from the
composite material with the flax fabric reinforcement and the hybrid matrix with 65% volumic
proportion of Dammar resin, will be made a fixed orthosis to protect the tibia bone against external
stresses.

Functional bracing is an effective method in the treatment of selected, low — energy fractures. In the
case of tibial fractures, it is applicable for reduced transverse fractures and to axially unstable fractures
with minimal shortening. The rate of union of tibial fractures after this method of treatment is around
97% [26].
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2.Materials and methods

For use in the field of paints Dammar natural resin Dammar is diluted with turpentine (vernis
protection). Its disadvantage is that the resin hardening process is very long, even if we apply thin layers.
The works [5-7] show that natural lacquers can form thick resins only when synthetic components are
included. We solved this shortcoming by adding Resoltech 1050 epoxy resin, together with its Resoltech
1058 S associated hardener. Henceforth, we will call the new type of resin, obtained by mixing Dammar,
turpentine, and epoxy resin with the associated hardener, hybrid resin. The epoxy resin properties
(Resoltech 1050/Resoltech 1058 S) can be found on the producer’s webpage [27].

Three hybrid resin plates were cast in the first stage. The volumic rations of Dammar were 55% for
the first plate, 65% for the second plate, and 75% for the third. Thus, 100 mL of hybrid resin with a
volume proportion of 55% Dammar contain: 50 mL of natural Dammar resin diluted with turpentine; 5
mL of Dammar resin powder; 34 mL Resoltech 1050 epoxy resin; 11 mL hardener Resoltech 1058 S.

100 mL of hybrid resin with a volume proportion of 65% Dammar contain: 60 mL of natural Dammar
resin diluted with turpentine; 5 mL of Dammar resin powder; 27 mL Resoltech 1050 epoxy resin; 11 mL
hardener Resoltech 1058 S.

100 mL of hybrid resin with a volume proportion of 75% Dammar contain: 70 mL of natural Dammar
resin diluted with turpentine; 5 mL of Dammar resin powder; 19 mL Resoltech 1050 epoxy resin; 6 mL
hardener Resoltech 1058 S.

The cast plates were kept for 10 days at a constant temperature between 21-23 °C. Sets of 10
specimens were cut from each plate, which we labelled Dammar 1.1 — 10 for the 55% Dammar samples,
Dammar 2.1 — 10 for the 65% Dammar samples, Dammar 3.1 — 10 for the 75% Dammar samples. The
size of the samples was 250 mm long and 25 mm wide, according to ASTM D3039 [28]. The sample
density ranged between 1.04-1.06 g/cm?.

Figure 1 shows one sample of each set.

Figure 1. Sample specimens of each set of hybrid resin

In the second stage, composite materials are made from Dammar-based resins by reinforcing with
five layers of two types of flax fabric. Reinforced composites with the first type of fabric and the resin
matrix with 55%, 65% and 75% Dammar, respectively, with DH1-55, DH1-65 and DH1-75 respectively
are strengthened. Composites reinforced with the second type of fabric are symbolized by DH2-55, DH2-
65 and DH2-75 respectively. The flax fiber properties [1, 29, 30] are: 1.5 g/cm? density, 27-39 GPa
Young’s modulus, 345-1100 MPa tensile strength, 2.7% -3.2% elongation at break.

In the case of the first type of fabric, we put 8 layers of the mixture, having 100% flax; the specific
mass of the fabric was 220 g/m?. The obtained composites had 1.15-1.16 g/cm?® density, and the resin
mass proportions in the plates are shown in Table 2.

In the case of the second type, we put 16 layers of the mixture, having 40% cotton and 60% flax,
whereas the specific mass of the fabric was 160g/m?. The obtained composites had 1.19 -1.20 g/cm?®
density, and the resin mass proportions in the plates are shown in Table 3. One may notice that there are
no important differences as far as density is concerned in the composites reinforced by the same type of
fabric when we change the Dammar proportion in the hybrid resin employed. In addition, it can be seen
that the density of composer DH1 is slightly lower than the density of composer DH2. This can be
explained both by the density difference between fabrics and by the volume difference.
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Sets of 10 specimens are cut from each plate of composite material. The samples were 250 mm long,
25 mm wide. The thickness was 4.0 mm for the samples of DH1 composite and 5.0 mm for those of
DH2 composite.

All sets of specimens were tested for traction. The provisions of ASTM D3039 have been observed.
The traction test was performed with LLOYD Instruments Lrx PLU. The characteristics of this test
machine are: maximum tensile force 2.5 kN; maximum stroke 735 mm; variable traction speed between
0.1 mm / min and 500 mm / min. NEXYGEN analysis software was used.

From obtained stress-strain diagram were determined: percentage elongation after fracture ¢ [%];
tensile strength Rm [MPa]; Young’s modulus E [MPa].

It should be mentioned that in order to perform the tensile test in optimal conditions, the required
samples must have a minimum thickness of 4 mm. Because the densities of the two types of flax fabric
used as reinforcement are different, in order to obtain this thickness of the samples, a number of 8 layers
of the first type of fabric and 16 layers respectively of the second type of fabric were used.

Figure 2 shows the equipment for the tensile test of a Dammar-based resin sample.

Figure 2. The equipment for the tensile test of a
Dammar-based resin sample

Based on the composite material DH1-65 was casted an orthosis to protect the tibia bone. 4 layers of
flax fabric were used, resulting in a thickness of only 2 mm and a 160 g weight. Only 4 layers of the
higher density fabric were used because this number of layers ensured the simultaneous fulfillment of
three conditions:

- low weight;
- the thickness obtained was sufficient to ensure the necessary rigidity;
- allowed the modeling of the orthosis according to the shape of the foot.

The orthosis was fixed with 4 velcro straps for good stability and avoidance of movements that can
create injuries of the skin (the final weight of the orthosis with velcro straps was 210 g).

3. Results and discussions
Figures 3-5 show the stress-strain diagrams of a sample of each set of Dammar-based resin samples.
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Figure 3. Stress-strain diagram of a Dammar 1.X sample

Percentage elongation at break ¢=1.42%; tensile strength R, =27.9 MPa; Young’s modulus
E =3053 MPa.
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Figure 4. Stress-strain diagram of a Dammar 2.X sample

Percentage elongation at break ¢ =2.01%; tensile strength R, =19.0 MPa; Young’s modulus
E =2401 MPa.

—_
(=)

< R,=128 MPa

Stress MPa
o=

—
«w o

A;=2.99 %}

= >

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
Strain %

Figure 5. Stress-strain diagram of a Dammar 3.X sample

Percentage elongation at break &=2.99%; tensile strength R, =12.8 MPa; Young’s modulus

E=1767MPa.
The experimental results for the sets of hybrid resin samples are shown in Table 1.
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Table 1. Extreme values of the studied mechanical properties
for the samples of Dammar-based hybrid resin

Hybrid resin type | Elongation at break Tensile strength Young’s modulus
e[%] Rm[MPa] E[MPa]
Dammar 1.X 1.38-1.47 26.8-28.8 2980-3070
Dammar 2.X 1.93-2.07 18.3-194 2330-2450
Dammar 3.X 2.93-3.06 12.1-13.6 1700-1790

The samples made of composite materials reinforced by flax fabric underwent a tensile test, in their
turn. Figures 6-8 show the stress-strain diagrams of the DH1 composites.
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Figure 6. Stress-strain diagram of DH1-55 composite

Percentage elongation after break ¢ =3.53%; tensile strength R, =75.3 MPa ; Young’s modulus
E =5163 MPa.
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Figure 7. Stress-strain diagram of DH1-65 composite

Percentage elongation after break ¢ =3.30%; tensile strength R, =71.2 MPa; Young’s modulus
E=5027MPa.
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Figure 8. Stress-strain diagram of DH1-75 composite

Percentage elongation after break & =23.15%; tensile strength R =65.8 MPa; Young’s modulus

E =4882 MPa..

The experimental results for the sample sets of DH1 composites, are shown in Table 2.

Table 2. Extreme values of the studied mechanical properties for DH1 composites

Tensile strength

Young’s modulus

Hybrid resin Composite Elongation at break
mass proportion type £[%] Rm[MPa] E[MPa]
0.51 DH1-55 3.40-3.61 72.9-76.7 5120-5220
0.53 DH1-65 3.20-3.35 70.3-73.2 4980-5050
0.51 DH1-75 3.09-3.21 64.4-66.2 4830-4910

Figures 9-11 show the stress-strain diagrams of the DH2 composites.
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Figure 9. Stress-strain diagram of a DH2-55 composite

Percentage elongation after break ¢ =2.90%; tensile strength R, =69.4 MPa ; Young’s modulus

E =4852 MPa.
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Figure 10. Stress-strain diagram of a DH2-65 composite

Percentage elongation after break ¢ =2.80%; tensile strength R =66.0 MPa ; Young’s modulus
E =4680 MPa..
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Figure 11. Stress-strain diagram of a DH2-75 composite

Percentage elongation after break ¢ =2.65%; tensile strength R =62.5 MPa ; Young’s modulus

E =4613 MPa..
The experimental results for the sets of DH2 composites are shown in Table 3.

Table 3. Extreme values of the studied mechanical properties
for DH2 composites.

Hybrid resin Composite Elongation at Tensile Young’s

mass type break strength modulus

proportion £[%] Rm[MPa] E[MPa]
0.53 DH2-55 2.81-2.98 68.3-69.9 4790-4880
0.51 DH2-65 2.67-2.87 65.1-67.0 4650-4720
0.52 DH2-75 2.57-2.75 61.2-63.1 4580-4650

Based on the previously determined mechanical properties of these composite materials (with the
Dammar-based hybrid resin matrix and the flax fabric reinforcement), we made a fixed orthosis (see
Figure 12). The tensile strength and Young's modulus of the composite material used are high enough
to ensure the protection of the tibia bone for a long period of time. In addition, the working time allows
the orthosis to be shaped according to the shape of the anatomical segment. After use, by heating, the
orthosis can then be remodelled according to subsequent changes in the immobilized segment (muscle

atrophy).
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Such an orthosis provides protection against the loading of a bone segment from the tibia, by taking
over a significant part of its physiological load.
The advantages of using the orthosis made of composite materials with the hybrid resin matrix based
on Dammar and flax fabric reinforcement are:
better tolerated by the human body (because it is made almost entirely of natural components
that are allergic inert);
increased mechanical efficiency, as there is as intimate contact as possible between the material
of the orthosis and the skin covering the bone;
can be easily shaped to take the shape of the human foot, namely it can be processed so as to be
customized; by heating, the composite material with hybrid resin based on Dammar can be remodelled
so that the orthosis is adapted for another user;
low costs.

Figure 12. Orthosis made of
hybrid resin based on
Dammar and flax fabric
reinforcement

3. Results and discussions

The mechanical properties to be obtained are determined by the field in which the composite
materials based on hybrid matrix and natural reinforcement are to be used. The adhesion between the
resin and the reinforcing fibers is taken into account in the manufacture of composite materials. The type
of hybrid resin, more precisely the mass proportion of the natural resin in the matrix, as well as the type
of fibers influence this adhesion.

The variation of the mechanical properties of the three types of hybrid resin studied and of the
composite materials labelled with DH1-55, DH1-65, DH1-75 and respectively DH2-55, DH2-65, DH2-
75, is presented below.

A fast decrease in the Young’s modulus when the Dammar proportion is increased in the hybrid
resin composition, from 2980-3070 MPa the hybrid resin with 55% Dammar to 1700-1790 MPa of the
hybrid resin with 75% Dammar was found out.

It is found that the tensile strength decreases to 26.8-28.8 MPa in the case of 55% Dammar hybrid
resin and to 12.1-13.6 MPa in the case of 75% Dammar hybrid resin. The effect is the opposite of
elongation at break, ie there is an increase when the proportion of Dammar is increased. The stress-strain
diagram shows important changes. In the case of the 55% Dammar hybrid resin, the stress-strain diagram
is almost linear, while for the 75% Dammar hybrid resin the nonlinearity is significant.

The proportional variation of the volume of Dammar in the composition of the hybrid resin implies
important changes of the mechanical properties of the studied composites. As the proportion of the
volume of natural resin in the mixture increases, there is a decrease in the values of tensile strength and
Young's modulus.

It is found that the variations in breaking strength values for hybrid resins used as matrices are larger
than the variations in breaking strength of composer DH1 and DH2. The maximum tensile strength
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difference between the 55% Dammar resin and the 75% Dammar resin was 15.2 MPa, while in the case
of DH1 and DH2 composites, the difference was between 6.8-9.9 MPa, for each type of reinforcement.
In the case of composites DH1 and DH2, the Young module has even smaller variations. The maximum
difference of the Young's modulus between Dammar 55% resin and Dammar 75% resin was 1300 MPa,
while for DH1 composites the variation was 610 MPa and for DH2 composites it was 230 MPa. A
possible explanation may be that the fibers take over the stress from the beginning and the matrix has
the role of supporting the fibers.

The main utility of this orthosis is related to the possibility to customize it, adapting it to the local
anatomy of each patient. Its mechanical properties are close to those of prefabricated, standard orthoses,
offering in addition the important advantage mentioned above. This fact is especially useful in cases
with pseud arthrosis in which, in most cases, there is a deformation of the affected region which limits
the use of standard orthoses. Moreover, the possibility of remodeling, according to the local evolution,
is useful both from a mechanical point of view, permanently adapting it to this evolution, and from an
economic perspective as well, not being necessary to change it frequently. Postoperative protection of
congenital pseudarthrosis of the tibia in an ankle-foot orthosis made from this new material to avoid a
new fracture of the region is another good indication, due to the reduced weight. This kind of orthosis
can be used in the preoperative period as well in order to avoid the fracture or to delay the surgery. In
some cases, orthosis can be used until skeletal maturity [31].

In 1963, Sarmiento introduced the functional cast for the management of fracture of the tibial shaft
[26]. Some cases, due to the medical contraindications, are treated in an orthopaedic manner despite the
surgical indication. Fot those cases the utility of a personalised orthosis, well adapted to the local
anatomy of the involved segment is obvious, compared with traditional method (cast, resins, etc), due to
the weight of orthosis and the posibility to reshape the orthosis according to local changes of the
anatomical segment. The brace promotes fracture healing by compressing the soft tissue in the leg to
limit its motion. The soft tissues surrounding the fracture, firmly compressed, prevented shortening and
angulation by the principle of the incompressibility of fluids [32]. The philosophy of functional bracing
is based upon principles which that micro movement at the site of a fracture during functional activities
encourages osteogenesis [33,34]. Many studies confirmed that the strength of the callus which forms at
the site of a fracture where micro movement occurs, like after bracing, is greater than that after rigid
fixation provided by osteosynthesis [35].

Another strong recomandation is medical recovery after fractures. This orthosis will be installed for
a certain period of time, to protect the fracture and ensures a certain rigidity in the specific situation
where after removal of the cast there is a delay in consolidation.

Another future direction of development may be joint orthoses which due to the very good
mechanical properties of the material in conditions of low thickness and reduced weight of it, can be
particularly useful in case of chronic joint instabilities, when orthosis must be worn most of the time for
a long period [36].

It is also recommended to use it in sports, like a protection for exposed anatomical regions. In the
case of footbal players, this orthosis can offers better protection of the anterior aspect of the calf than
comercial plastic protections, due to the better contact with the skin.
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