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Abstract

More and more importance has been given lately to the use of environment-friendly
materials. Natural resins of vegetal, animal or mineral origin are increasingly
employed. This article studies the properties of hybrid composites, obtained by for-
mulating the natural resin Dammar with epoxy resin. The Dammar volume propor-
tion was of 60%, 70% and 80%, respectively. The article is divided in two parts. In
the first part, the chemical composition of the natural resin Dammar is analysed.
Therefore, the substance was purified by chromatography. The structure and purity
of the isolated substances were investigated by 'H-NMR, 3*C-NMR experiments and
mass analysis. The second part concentrates on structural characterization and on
some mechanical properties of the three different hybrid composites. For this pur-
pose, the characteristic curves, modulus of elasticity, tensile strength and elongation
at break were measured.
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Introduction

Bio-composite materials have been increasingly used in the last decades, but they
have a synthetic resin matrix and show the disadvantage of limited processing,
due to their high viscosity when melted, whereas the end product is hard to recy-
cle. These faults can be made up for by resorting to natural resins that can be fos-
sil (Colophony), vegetal (Sandarac, Copal, Dammar), or animal (Shellac). Natural
resins cannot be dissolved in water. However, they dissolve in petrol, alcohol and
oil. As a consequence, they can be used in combination with organic solvents so as
to obtain solutions that may be used as covering lacquers. For example, turpentine,
colophony and mastic result from the distillation of certain coniferous resins. Some
properties of these resins are to be found in the work of Prati et al. [1]. Suprakas and
Mosto [2] present some applications of these resins.

The studies of these resins have mainly focused on their chemical composition
and chemical properties and less on their mechanical properties. Thus, Romero-
Nagueram et al. [3] concentrate in their work on expanding the knowledge about the
microbiological bio-deterioration of Dammar-based lacquers in works of art submit-
ted to unsuitable protection conditions, particularly those exposed for a long time
to high levels of relative humidity. Zakaria and Ahmad [4] present a new modified
binder of silicon and Dammar that reduces the use of synthetic binders and has bet-
ter and more ecological properties. The work also measures the optimal composi-
tion, which ensures the best properties for the impact, hardness, tensile and adher-
ence stresses. Furthermore, Zakaria and Ahmad [5] study in another work the way in
which Dammar addition can contribute to improving the rigidity, elasticity modulus
and hardness of a modified silicon.
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Dammar gum as additional material to improve thermal conductivity and perfor-
mance when preparing the composite phase change material was studied [6]. Hama-
dani et al. [7] investigated the possibility of using beeswax, tallow, and Dammar as
PCM (phase change materials) in concrete-made buildings. The effect of polymethyl
methacrylate (PMMA) on Dammar’s physical properties for the application of cov-
ering lacquers was also analysed [8]. The general importance of polymer compos-
ites based on epoxy resins is described widely in the work of Hsissou et al. [9, 10].
Because of their many properties which they offer and their ease of handling epoxy
resins used to coat materials for their protection [11], mechanical characteristics of
composite materials are different and superior to those of the materials used in its
composition [12, 13].

Nevertheless, there are relatively few studies on the mechanical behaviour of nat-
ural resins. Pethe and Joshi [14] researched the mechanical characteristics (tensile
strength, percentage elongation and Young‘s modulus), the characteristics of water
vapour transmission, and the dampness absorption characteristics of Dammar films,
which contain a softening agent and which do not contain a softening agent. Also,
there are few studies on composite materials with both their matrix and reinforcing
agent of natural materials. The mechanical behaviour of certain composite materials
with a Dammar-based bio-resin matrix, reinforced by cotton, flax, silk and hemp,
was examined in the past [15].

Experimental
General

All reagents were purchased from commercial sources (Sigma-Aldrich or Acros)
and used without further purification. Solvents were of analytical grade. 'H and *C
NMR spectra were recorded at room temperature on a Bruker Avance 300 operat-
ing at 400 MHz for "H-NMR and 100 MHz for 3 C-NMR. Chemical shifts (5) are
reported relative to the tetramethylsilane peak (6=0.00 ppm). Mass spectra were
recorded on a Finnigan MAT 8400-MSS and Finnigan MAT 4515. Purifications
were monitored by TLC, performed on silica gel plates 40X 80 mm Polygram Sil G\
UV,s, (Macherey—Nagel). Visualization on TLC was achieved by UV light. Column
chromatography was performed with Merck silica gel 60 (70-200 mesh).

Isolation of individual compounds from Dammar resin

15 g of Dammar resin was solved in 100 ml DCM (dichloromethane, or traditional
name: methylene dichloride). To this solution was added 50 g of silica gel. The sol-
vent was removed, and the substance fixed on silica was loaded on a column of silica
gel (200 g) and chromatographed using as eluting system n-Hexane—Acetone with a
gradient of (20:1-5:1) to give seven fractions (Fr.1-Fr.7). Amounts: Frl: 1.3 g color-
less oil; Fr2: 0.98 g white solid; Fr3: 1.6 g white solid; Fr4: 0.7 g white solid; Fr5:
0.83 g white solid; Fr6: 1.03 g white solid; and Fr7: 1.12 g white solid.
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Compound 1

BC.NMR (CDCl,, 100 MHz) & 131.55 (Cq), 124.71 (CH), 78.95 (CH), 75.44
(Cq), 55.85 (CH), 50.63 (CH), 50.27 (Cq), 49.82 (CH), 42.26 (CH), 40.48 (CH,),
40.35 (Cq), 39.03 (CH,), 38.95 (Cq), 35.22 (CH,), 31.16 (CH,), 27.98 (CH;),
27.51 (CH,), 27.37 (CH,), 25.72 (CH3), 25.31 (CH,), 24.79 (CH,), 23.60 (CH),
22.53 (CH,), 21.52 (CH,), 18.26 (CH,), 17.69 (CH;), 16.43 (CHj;), 16.19 (CH,),
15.49 (CH,), 15.34 (CH;). '"H-NMR (CDCl;, 400 MHz) 6 5.16-5.08 (m, 1
H); 3.20 (dd, J=11.15 Hz, J=5.07 Hz, 1 H); 2.30-2.15 (m, 1 H); 2.13-2.1.78
(m, 4 H); 1.78-1.57 (m, 3 H); 1.69 (s, 3 H); 1.62 (s, 3 H); 1.57-1.38 (m, 6 H);
1.38-1.17 (m, 4 H); 1.16-0.75 (m, 8 H); 1.14 (s, 3 H); 0.97 (s, 3 H); 0.96 (s, 3
H); 0.88 (s, 3 H); 0.84 (s, 3 H); 0.77 (s, 3 H). H,H-Cosy, HSQC and HMBC were
made. MS(EI) 428 [6], 411 [17], 410 [20], 394 [100]. HRMS(ESI): m/z calcd.
for C3yHs30," (M +H™) 429.4091, found 429.4096.

Compound 7

M.p.: 140-142 °C. Elem. Anal. Calcd for C;,Hs,05 (%): C, 78.55; H, 10.99.
found (%): C, 78.23; H, 10.87. 3C-NMR (CDCl;, 100 MHz) § 179.86 (Cq),
147.42 (Cq), 131.59 (Cq), 124.61 (CH), 113.43 (CH,), 75.60 (Cq), 50.76 (CH),
50.64 (Cq), 49.44 (CH), 42.30 (CH), 40.99 (CH), 40.56 (CH,), 40.00 (Cq), 39.01
(Cq), 34.24 (CH,), 33.80 (CH,), 31.18 (CH,), 28.32 (CH,), 37.40 (CH,), 25.71
(CHy), 25.29 (CH,), 24.74 (CH,), 24.58 (CH,), 23.19 (CH;), 22.52 (CH,), 22.03
(CH,), 20.12 (CH;), 17.69 (CH,), 16.34 (CH,),15.30 (CH;). "H-NMR (CDCl,,
400 MHz) 6 5.12 (t, J=1.28 Hz, 1 H); 4.85 (s, 1 H); 4.66 (s, 1 H); 2.45-2.31 (m,
1 H); 2.25-2.13 (m, 1 H); 2.10-1.92 (m, 3 H); 1.90-1.57 (m, 6 H); 1.73 (s, 3 H);
1.69 (s, 3 H); 1.63 (s, 3 H); 1.57-1.36 (m, 7 H); 1.36-1.19 (m, 3 H); 1.18-1.03
(m, 2 H); 1.15 (s, 3 H); 1.00 (s, 3 H); 0.98-0.82 (m, 1 H); 0.89 (s, 3 H); 0.85
(s, 3 H). H,H-Cosy, HSQC and HMBC were made. MS(EI) 458 [3], 440 [25],
424 [100]. HRMS (ESI): m/z calcd. for C4)HsoNa,O5 (M +Na™) 481.3652, found
481.3658.

Compound 8

Elem. Anal. Calcd for C5yH,0; (%): C, 79.25; H, 10.20. found (%): C, 79.13; H,
10.05. ¥C-NMR (CDCl,, 100 MHz) § 217.74 (Cq), 207.27 (CH), 137.93 (Cq),
125.91 (CH), 55.23 (CH), 52.63 (CH), 50.17 (Cq), 47.37 (Cq), 46.76 (CH), 45.53
(CH,), 42.27 (Cq), 39.77 (Cq), 39.35 (CH,), 38.81 (CH), 36.62 (Cq), 34.14 (CH,),
32.62 (CH,), 31.80 (CH,), 30.14 (CH,), 26.84 (CH,), 26.58 (CH), 26.44 (CH,),
23.45 (CH,), 23.16 (CH,), 23.12 (CHj), 21.46 (CH), 21.03 (CH,), 19.54 (CH,),
16.95 (CH,), 15.29 (CH,). 'H-NMR (CDCl,, 400 MHz) 6 9.33 (s, 1 H); 5.48-5.42
(m, 1 H); 5.36-5.32 (m, 1 H); 2.60-2.47 (m, 2 H); 2.44-2.31 (m, 2 H); 2.25-1.80
(m, 4 H); 1.79-1.20 (m, 8 H); 1.20-1.0.72 (m, 10 H); 1.10 (s, 3 H); 1.04 (s, 3 H);
0.97 (s, 3 H); 0.95 (s, 3 H); 0.94 (s, 3 H); 0.92 (s, 3 H). H,H-Cosy, HSQC and
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HMBC were made. MS(EI) 456 [3], 438 [29], 409 [100]. HRMS (ESI): m/z calcd.
for C;,H,eNa,0; (M +Na*) 477.3339, found 477.3331.

Compound 9

Elem. Anal. Calcd for C;,H,O5 (%): C, 79.60; H, 9.80. found (%): C, 79.42; H,
9.65. 13C-NMR (CDCl;, 100 MHz) 6§ 217.69 (Cq), 207.34 (CH), 143.04 (Cq),
122.98 (CH), 55.29 (CH), 49.10 (Cq), 47.41 (Cq), 46.78 (CH), 41.81 (Cq), 40.43
(CH), 39.53 (Cq), 39.16 (CH,), 38.96 (CH), 36.70 (Cq), 34.12 (CH,), 33.13 (CH,),
33.03 (CH), 31.26 (CH,), 30.62 (Cq), 27.68 (CH,), 26.71 (CH,), 25.40 (CHj;), 23.50
(CH,), 23.39 (CH,), 22.04 (CH,), 21.44 (CHj;), 19.54 (CH,), 17.18 (CH,), 15.64
(CH,), 15.04 (CH,).

'H-NMR (CDCl;, 400 MHz) 6 9.40 (s, 1 H); 5.52-5.48 (m, 1 H); 5.39-5.35 (m,
1 H); 2.69-2.61 (m, 1 H); 2.60-2.47 (m, 1 H); 2.44-2.31 (m, 2 H); 2.25-1.80 (m,
4 H); 1.79-1.20 (m, 7 H); 1.20-1.0.72 (m, 8 H); 1.15 (s, 3 H); 1.09 (s, 3 H); 0.99
(s, 3 H); 0.96 (s, 3 H); 0.91 (s, 3 H); 0.88 (s, 3 H). H,H-Cosy, HSQC and HMBC
were made. MS(EI) 454 [3], 436 [23], 407 [100]. HRMS (ESI): m/z calcd. for
C;0H,4Na, 0" (M +Na') 475.3183, found 475.3179.

Infrared spectroscopy

Bruker™ Fourier transformed infrared spectrometer is used for recording the infra-
red spectra. The light beam passes through the sample. The thickness of the sample
is 2 pm. The analysis is carried out between 4000 and 600 cm™".

Hybrid composites

The natural resin Dammar, diluted by turpentine, hardens in time if it is applied in
thin layers. If kept in containers, it remains liquid. The composite materials based
only on this resin have a very long hardening time. To remove this shortcoming, it is
sufficient that this resin should be combined with synthetic resins.

We cast three bio-resin plates, where we used Dammar with a volume proportion
of 60% (Da 1), 70% (Da 2) and 80% (Da 3). The difference up to 100% consisted of
Resoltech 1050 epoxy resin, together with its associated reinforcing agent Resoltech
1055. The synthetic component (epoxy resin and reinforcing agent) was necessary
for generating quick activation points of the polymerization process. The tempera-
ture ranged between 21 and 23 °C. We observed the producer’s indications to make
the combination of Resoltech 1050 and the reinforcer Resoltech 1055. We used a
mixture of 7/3 volume proportion. We mixed the obtained epoxy resin with Dammar
resin. All samples of the three types of hybrid composite were cut out after 10 days.

We cut three sets of ten samples out of the cast plates, labelled Da 1.1-10, Da
2.1-10, Da 3.1-10. The size of the samples was 250 mm long and 25 mm wide,
according to ASTM D3039. The thickness was 6.1 mm for the samples of the Da
1.X and Da 2.X sets and 6.0 mm for the samples of the Da 3.X set. The sample den-
sity ranged between 1.04 and 1.06 g/cm’.
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Results and discussion
Identification of single compounds in Dammar resin

A Dammar resin was purified by column chromatography, and the isolated
substances were investigated by NMR experiment and mass analysis. In the
past Hidayat et al. [16] analysed the Dammar resin from Aglaia elliptica. They
described six compounds which were isolated for the first time in this plant
(Fig. 1). Further results are given in [17].

By chromatographic purification, we obtained seven fractions from which four
contained a single compound. These were fractions three, four, six and seven. The
others contained mixtures. For the determination of the structure, the pure sub-
stances were analysed mainly by 'H-NMR and '>*C-NMR experiments and mass
and elemental analysis.

Fig. 1 For comparison: identified compounds from Hidayat et al. [16]
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Fig.2 Structure of Dammare-
nolic acid 7 from fraction 7

Fig.3 Structures of compound 8 from fraction 3 and compound 9 from fraction 4

The already known (5R,8R,9R,10R,13R,14R,17R)-4,4,8,10,14-pentamethyl-
17-((R)-6-methylhept-5-en-2-yl)hexadecahydro- 1 H-cyclo-penta[a]phenanthren-3-ol
(1) was identified in fraction six as a component of the Dammar resin mixture inves-
tigated. This is not surprising as this compound is the basic structure of the Dammar
material class. It was described, among others, by the already mentioned group of
Hidayat [16].

The substance in fraction 7 could be identified as
3-((35,3aR,5aR,5aR,5aR,685,75,9aR,9bR)-3-((S)-2-hydroxy-6-methylhept-5-en-2-
yl)-6,9a,9b-trimethyl-7-(prop-1-en-2-yl)dodecahydro-1H-cyclo-penta[a]naphtha-
lin-6-yl)propionic acid (7). The structure is an interesting secondary metabolite in
which ring A was opened from the Dammar skeleton generating a carboxylic acid
functionality by oxidation of the secondary alcohol at C-3 under C—C-bond break-
age (Fig. 2). Compound 7 is also known as Dammarenolic acid [18].

In fraction 3 and 4 two interesting substances could be identified (Fig. 3) as
(5R,8R,9S,108,13R,14R)-17-(4-hydroxy-6-methylhept-5-en-2-yl)-4,4,8-trimethyl-
3-oxododecahydro-15H-13,14-methanocyclopenta[a] phenanthrene-10(1H)-car-
baldehyde (8) and (4aS,4bS,6aR,7bS,7cR,9aR)-6b-(4-hydroxy-6-methylhept-5-en-
2-y1)-1,1,7c-trimethyl-2-oxo-dodeca-hydro-7H-6a,7b-methanocyclopropa[3,4]
cyclobuta[1,2-a]Jphenanthrene-4a(2H)-carb-aldehyde (9). Both show similar modifi-
cations. On the one hand, the hydroxy group at position three was oxidized to ketone
in a known manner. Secondly, more interestingly, a methyl group was converted
into an aldehyde function. To the best of our knowledge, this combination of alde-
hyde and ketone is unique in Dammar’s substance class. Although these substances
are strongly oxidized in ring A, the prenyl group in the side chain is still intact.
The establishment of a cyclopropyl ring is also interesting. How this functionality
is formed has not yet been clarified in this work. In total, aldehydes 8 and 9 show
interesting structural changes compared to the Dammar strain system, which is rep-
resented by compound 1.
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Structural characterization by IR spectroscopy

After the synthesis of the composite materials, we proceeded to the structural iden-
tification of the latter by Fourier transformed infrared spectroscopy. As an example,
the IR spectrum of the hybrid composite material Da 2.5 is given in Fig. 4. The
allocation of different bands of the material is the following. The band at 3341 cm™
represents the different types of hydroxy groups. Aliphatic methylene bond elonga-
tion is represented by the two bands at 2922 cm™! and 2852 cm™!. At last, should be
mentioned the band at 1032 cm™! which is formed by variation of binding valence of
aliphatic ethers (CH,—O). Since the IR spectra of the compounds from the Dammar
resin are also dominated by the bands belonging to the aliphatic methylene groups,
the differences between the different IR spectra of the different types of hybrid com-
posite materials are small.

Mechanical properties

The bio-resin samples underwent a tensile test, which was carried out according
to the ASTM D3039 provisions [19]. We used the LRX Plus testing machine from
LLOYD Instruments with the following specifications: Force range: 2.5 kN; Travel:
1-735 mm; Crosshead speed: 0.1-500 mm/min; Analysis software: NEXYGEN.
The elements obtained from this trial were: the characteristic curve, tensile

strength R,, (MPa), percentage elongation after fracture A (%) and elasticity modu-
lus E (N/mm?).
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Fig. 4 IR spectrum of a composite material containing 30% epoxy resin and 70% Dammar (DA 2.5)
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Fig.5 The characteristic curve for a Da 1.X set representative sample
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Fig.6 The characteristic curve for a Da 2.X set representative sample

Henceforward, by representative sample we understand the sample with the aver-
age values of the studied mechanical properties. The characteristic curves of the rep-
resentative samples of the three sets of hybrid composites are presented in Figs. 5, 6
and 7.

Table 1 shows the value limits of the tensile strength, modulus of elasticity and
elongation at break for the three types of hybrid composites that have been studied.

Conclusion

The use of natural resins for manufacturing composite materials can be influenced
by the resin properties and the capacity of producing a synergetic effect together
with the reinforcing materials. The analysis of the obtained results shows an impor-
tant variation of the properties, depending on the proportion between natural and
synthetic resin.
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Fig.7 The characteristic curve for a Da 3.X set representative sample
Table 1 Value. llimits 0; tlensile 4 Sample Tensile strength  Elasticity modulus  Elongation
strengt}.), elasticity modulus an p/(MPa) p/(MPa) at break
elongation at break %)
Da 1X 20.2-21.4 4990-5690 1.82-2.02
Da 2X 15.3-16.3 2100-2410 2.83-2.98
Da 3X 6.2-6.6 860-950 4.45-4.83

Comparing the experimental results points out an important modification of
the mechanical properties when changing the proportion of epoxy resin and natu-
ral resins. There is a decrease in the values of the tensile strength, and the modu-
lus of elasticity as the volume proportion of the natural resins is being increased
in the mixture. Although the mixtures with a higher amount of epoxy resin have
better mechanical properties, we cannot say that there is a certain proportionality
between the tensile strength, or the modulus of elasticity, and the volume propor-
tion of epoxy resin. Thus, the 60% Dammar mixture (Da 1) has the best values of
mechanical properties. Compared to this, the 70% Dammar mixture (Da 2) has a
76% tensile strength and its modulus of elasticity is 42%, while the 80% Dammar
mixture (Da 3) has a 31% tensile strength and a modulus of elasticity of 17%. We
notice a significant reduction in the mechanical properties as the Dammar per-
centage in the mixture is being increased.

There are modifications concerning the forms of the characteristic curves. If
the characteristic curve is almost linear in the resins Da 1, where the natural resin
proportion is 60%, there is an obvious nonlinearity of the characteristic curve of
the Da 3 resins, where the natural resin proportion is 80%. In these cases, it is
evident that there is a plastic behaviour.

We notice that there an increase in the elongation at break as the Dammar pro-
portion is increased.
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An increase of 80% in the Dammar proportion results both in a decline of the
mechanical properties and an increase in the hardening time, up to values that are
not recommended for manufacturing composite materials.

The fact that the properties of the Dammar-based hybrid composites can be mod-
ified, depending on the proportion of natural and synthetic resin, could be used so as
to keep under control the mechanical properties of the composite materials based on
these resins.
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