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The purpose of this study was to determine the effects of clamshell nanoparticles
(Anadara granosa) predominantly consisting of calcium carbonate and the molding pres-
sure on unsaturated polyester resin composites. The method of applying clamshell nanopar-
ticles uses a top-down method, nanoparticles are made directly by minimizing large-sized
material through the stages of suspension, ultrasonication, and separation of nanoparticles
using a membrane. Composites are made using the press method on two parallel plates.
The results showed that clamshell nanoparticles had an average diameter smaller than
50 nm, crystallinity index of 99.06 %. The greatest tensile strength properties at 97:3
composition, 8.6 bar molding pressure at 30.947 MPa, the elongation at break at 100:0
composition, 6.89 bar molding pressure at 11.169 %, with the impact strength at 97:3
composition, 8.6 bar molding pressure at 12050 J/m2.

Keywords: nanoparticle, top-down, ultrasonication, molding pressure.

Hanouacrtunkn rpeiidpeproi paxopunu (Anadara granosa) AKX HAIIOBHIOBAY HEHACHYEHOL
noaiedipuoi cmoan: BILIMB HANOBHIOBAdYiB Ta THCKy dopmysanmna. M.H.S.Ginting, R.Ha-
sibuan, M.Lubis, FAWinoto, R.C.Siregar

BuBueHo BIJIMB HAHOYACTUHOK KapOOHATY KAaJbIlisi, OTPMMAHOIO 3 PAKOBMHI MOJIOCKA Ha
HeHacuyeHi KommoauTu mosiedipuux cmoia. Ilpu omep:kamHi HaHOYACTHHOK rpeiidepHOl 000JI0H-
KI BUKOPHUCTOBYETBCSA HUSXIJHHN METOJ, HAHOUACTUHKY BUIOTOBJIAIOTHCH OE3II0CEPeIHbO IILIA-
xoM Mimimisarii BeugorabapuTHOro MaTepianay uepes cramii cycneHsil, yasTpasByKoBOi 06pobKu
Ta POSALIEHHA HAHOYACTUHOK 34 TOIIOMOION MeMOpanu. KOMIIOSUTH BUIOTOBIAIOTHECH [IPECOBUM
METOIOM HA IBOX IIapasieIbHUX ILIACTUHAX. PesyabTaTy HOKA3aIH, 1[0 HAHOUACTUHKY I'peiihep-
HOI 00OJIOHKM Mauu cepeiHiil miamerp menine 50 HMm, iHgexce Kpucraniunoctri AC 99,06. Haii-
BUIIl BaacTuBoCTi MimHocTi Ha pospus mpu ckiaxi 97:3, Tucky mpu dopmysaHHi 8,6 Gap mpu
30,947 MIla, noxosseHusa npu pospusBi npu ckuaani 100:0, Tucky npu dopmysanui 100 dyuris
Ha KBagpartHui moim npu 11,169 %, ymapua minmicts umpm 97:3, Tucky upm dopmysBaHHL
125 @yur/rs-Oix/M2.

HccnemoBano BIMSAHUA HAHOYACTUIL KapGoHaTa KaJNblUd, HOJYIYEHHOTrO K3 PAKOBUHBI
moJsriocka (Anadara granosa), Ha CBOMCTBA KOMIIO3UTOB M3 HEHACHIN[EHHBIX ITOJUIPUPHBIX
cvoia. Ilpy mosyyeHMM HAHOYACTUI[ M3 PAKOBUHBI MOJIIIOCKA HCIIONb3YEeTCH HUCXOMAMIAI
MeTOJ, HAHOUYACTUIILI [IPOMU3BONATCS HANPAMYO IIyTeM PasMeJbUeHHA MaTepuaaa OOoJbIIOro
pasMepa uepes CTaAuM CYyCIHeHIMPOBAHUS, 00paboOTKMU YIbLTPA3BYKOM M pasgeseHHS HAHOYAC-
TUI] ¢ IIOMOILI0 MeMOpaHbl. KOMIIOBHTEl M3roTABJAMBAIOTCI METOJOM IIPECCOBAHUS HA JIBYX
MapajebHbIX ILJIACTHHAX. Pe3yabTaThl MOKAa3ajd, YTO HAHOYACTUIILI ABYCTBOPUYATON 0060-
JIOUKM HMeJu cpegHuii guamerp MeHee 50 mm, mHgexc xpucrajaamudoctu AC 99,06 %.
HauGoapme xapakTepuCcTUKN IIPOYHOCTH HA paspbiB A cocTasa 97:3, maBaeHus GopMoBa-
Hua 8,6 Gap mpu 30,947 MIla, yaxiauHeHus npu paspeiBe guad cocrasa 100:0, nasinenus
dopmosanus 6,89 6ap npu 11,169 %, ¢ ymapHOll BASKOCTBIO nuad coctaBa 97:3, mapieHums
dopmoBanus 8,6 6ap upu 12050 dyur/dx-m2.
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1. Introduction

Unsaturated polyester resins are poly-
mers that are rigid, brittle, have low me-
chanical properties so that, to make the
product suitable for applications, appropri-
ate fillers should be added. These fillers
must have properties in conformity with
polyesters, such as fiberglass. However, in
the recent years fillers of natural origin
were used, such as eggshells [1], Clamshell
[2] and snail skins [3].

Clamshells contain calecium carbonate
compound, CaCO; (carbonate group/COs)
with 94-99 % of the total weight of the
clam [4-7], as well as Mg 0.51 %, and sili-
cates 0.078 %. It can be categorized, from
its chemical composition, as mineral bioma-
terial filler [5]. It is hydrophilic, and is
expected to be able to interact well with
unsaturated polyester resins.

Research on unsaturated polyester com-
posites filled with clamshell particles has
been carried out, with the best tensile
strength properties achieved at conditions
97:3 (wt. %) with 17.785 MPa and water
absorption of 0.811 % [8]. This property
can be improved by reducing the particle
size to nanoparticles [9]. The mechanical
properties of composites are known to be sat-
isfactory if the fillers are evenly distributed
on the matrix [1]. This distribution is influ-
enced by the particle size. The smaller the
particle size, the more homogeneous is the
distribution of fillers and the better compos-
ites are produced, so, studies should be car-
ried out on the clamshell-based nanoparticle
fillers in unsaturated polyester composites.

Polyester composites of polyester nanopar-
ticles filled with clamshell nanoparticles were
made using the molding pressure method on
two parallel plates. The mixture of unsatu-
rated polyester-clamshell nanoparticles was
enclosed in two parallel plate molds, at pres-
sure 8.6 bar for 40 min [2, 10]. This method
is easy and simple, so we used it for our
research. The purpose of this study was to
determine the effect of clamshell nanoparticle
fillers and the pressure of molding unsatu-
rated polyester resin composites.

2. Experimental

This study used clamshell as fillers,
which were obtained by random selection
from seafood restaurants around Percut
Medan. The chemicals — unsaturated poly-
ester resins and methyl ethyl ketone perox-
ide (Mekpo) — were purchased from CV
Juntus Raya Medan.
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Clamshell nanoparticles are made using
the top-down method by reducing the large
material directly into the size of the
nanoparticles [9]. The clamshell is ground
using a ball mill up to 170 mesh size [8]. Its
was made through several stages — making
the suspension of nanoparticle clamshell by
adding a solution of Cocamidopropyl Be-
taine/Amphitol 24AB as a surfactant, then
the ultrasonication process for 60 min re-
sulting in a reduction in particle size [11]
and separation of nanoparticle suspension
using a dialysis membrane [12].

Unsaturated polyester resin with certain
variations mixed with Mekpo catalyst at
1 wt. % of resin weight [13—15]. The batter
is stirred using a mixer made of iron, for
10-15 min until it is homogeneous.

Polyester composite is made by mixing
matrix and filler:100:; 99:1; 98:2; 97:3; 94:4;
95:5 (wt. %) [8] into (200x200x3) mm3 iron
plate mold which is first smeared with glyec-
erin, so the resin does not stick to the mold.
Molding pressure at 8.6 bar for 40 min [10].
Dry composites are removed from the mold
and then smoothed unto the surface with a
file and sandpaper.

Analyzing of FTIR was carried out at
Research Laboratory, Faculty of Pharmacy,
University of Sumatera Utara by using instru-
ment IR Prestige-21 Fourier Transform Infra-
red Spectrophotometer with Serial Number
A21004602022 LP, Power 220-240 V
50/60 Hz produced by Shimadzu Corporation.

Transmission Electron Microscopy (TEM)
aims to see the shape of particles. TEM
analysis was carried out at Medan State
University.

XRD analysis is a common technique to
find out the crystallinity of a sample. XRD
analysis was done in Physic Laboratory,
Medan State University by using X-Ray Dif-
fractometer Shimadzu 6100.

Composites of size of (200x200x3) mm3,
made as dumble shaped specimens were
tested for their tensile strength and elonga-
tion at break properties according to ASTM D
638 using a servo control computer system
universal testing machine model AI-7000 M
capacity 2000 kg, Power 1F 220 V 50 Hz.
A load of this tool is 100 kgf with a speed
of 50 mm/min.

Water absorption is tested by soaking in
water at room temperature every 12 h until
the composite material no longer absorbs
water (saturated). Test specimens were
made in sizes of (25x25x3) mm3 according
to ASTM D 570. At each time immersion
period, samples were taken and cleaned with
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Fig. 1. X-Ray diffraction Clamshell nanopar-
ticles (Anadara granosa).

tissue paper to absorb water. The sample is
then weighed and calculated using the equa-
tion:

w o= YVe=Wo 00
e W, 0>

(1)

where W, is the percentage weight gain of
the composite, W, is the composite weight
after immersion, W, is the weight of com-
posite before immersion.

Specimens were tested on flexibility
using the Shimadzu tool based on ASTM D
790-10 standard with specimens of dimen-
sions 3.2 mmx12.7 mmx127 mm and with a
test speed of 2 mm minute.

3PL (2)
2bd?’

where UFS is the flexural strength (MPa),
P is the load or force given (N), L is the
distance between the two dumps (mm), b is
the sample width (mm), d is the sample
thickness (mm).

UFS =

3. Results and discussion

3.1 X-Ray diffraction (XRD) of clam-
shell nanoparticles (Anadara granosa)

The purpose of this characterization is to
determine the crystallinity index of the
crystals. X-ray diffraction provides infor-
mation about the structure of the polymer,
both the amorphous state and the crystal-
line polymer.

Calculation of crystallinity index
nanoparticles was carried out using the Sea-
gal method, based on the intensity of the
absorption peak of the spectra produced,
which is 20 = 20 = 31.64° with an intensity
of 1066. The crystallinity index of the
clamshell (Anadara granosa) is 99.06 %.
Analysis of the crystal structure shows that
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Fig. 2. Fourier transform infrared particles
and clamshell nanoparticles (Anadara gra-
nosa).

nanoparticles are composed of calcite poly-
morphic caleium carbonate which is a type
of calcium carbonate constituent in addition
to aragonite and vaterite. Islam et al. [9]
reported the XRD characterization pattern
of calcium carbonate nanoparticles from
clamshell with the addition of a catalyst in
the form of BS-12 surfactant composed of
aragonite crystals while clamshell powder
was composed of a mixture of calcite and
aragonite crystals.

3.2. Fourier transform Infra red (FTIR)
particles and clamshell nanoparticles
(Anadara granosa).

This purpose to find out the functional

groups of clamshell compounds.
Figure 2 indicates the wavenumber

1489 em ! showing the carbonate group (C-
O stretching). The wavenumber 1076 cm™1
shows the silicate group (Si-0), and
wavenumber 864 ecm ! shows the carbonate
group (C—-O bending). The FTIR results are
supported by XRD analysis of nanoparticles
composed of calcium carbonate polymorph
calcite, Clamshell containing calcium -car-
bonate compounds, CaCO; (Carbonate
group, CO3) of 94-99 % of the total weight
of the shell [4—7], magnesium (Mg) 0.51 %,
and silicate (Si-0) 0.078 %.

MgO/Mg wavenumbers were not detected
because the Mg metal absorption band was
not located at 4000—400 cm™! wavenum-
bers. Its wavenumbers were below 400 ecm™!
[16]. Figure 2 shows that the functional
group of nanoparticles does not change
after a reduction in size, marked by the
identification of a typical compound from
clamshell (Anadara granosa).

Functional materials, 28, 1, 2021
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Fig. 3. Transmission electron microscope clam-
shell nanoparticles (Anadara granosa).

3.3. Transmission Electron Microscope
(TEM ) clamshell nanoparticles (Anadara
granosa ).

The purpose of this characterization is to
determine the shape and size of the clam-
shell nanoparticles (Anadara granosa).

Figure 3 showed nanoparticles of clam-
shell having an average diameter smaller
than 50 nm. Making of clamshell nanoparti-
cles has several stages: formation of nano-
suspension, making a solution of colloidal
shells with stirring to facilitate the ultra-
sonication stage, chemical treatment (add-
ing surfactant Amphitol 24AB) to reduce
the size to nanoparticles and to make the
dispersion more stable. The mechanism of
the formation of nanoparticles shows that
surfactants can control the size and mor-
phology of nanoparticles without changing
the chemical structure of the nanoparticles
[17]. This is supported by the results of
FTIR particles and clamshell nanoparticles
without changes in functional groups.

The ultrasonication process occurs under
microwaves and shock waves on the surface
of the particles, together with collisions be-
tween particles resulting in a reduction in
particle size. Franco et al. [11] reported the
effect of ultrasonic treatment on particle
size and specific surface area of kaolinite
powder controlled by various variables such
as ultrasonic processor power, number of
samples and treatment time.

At the stage of separation of clamshell
nanoparticles (Anadara granosa) using a di-
alysis membrane, nanoparticles will diffuse
through the membrane from the first me-
dium, nanosuspension and enter the second
medium, aquadest, with the aid of stirring
using a magnetic stirrer as the driving
force [12].

Functional materials, 28, 1, 2021
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Fig. 4. Fourier Transform Infrared polyester
and polyester composite filled Clamshell
nanoparticles (Anadara granosa). Description
of functional group [18]

— 3537 em ! : OH group

— 2939 em ! : alkanes group (C-H)

— 1600 em™! : alkenes group (C=C)

— 856 em™! : carbonate group (C—O bending)
— 1485 em ™! : carbonate group (C—-O stretch-
ing)

— 1072 em™! : silicate (Si-O)

— 1732 cm! carboxylic acid group

(—COOH stretching)

3.4. Fourier transform infra-red polyester
and composite polyester composite filled
clamshell nanoparticles (Anadara granosa)

The purpose of the characterization was
to determine the functional groups of un-
saturated polyester compounds and polyes-
ter composites filled with clamshell
nanoparticles (Anadara granosa).

Figure 4 shows the wavenumber
2939 cm™! indicating that the alkane
groups in the polyester interacting with
nanoparticle fillers increase the hardness of
the composite. The wavenumber 1732 cm™!
shows the carboxylic group, and wavenum-
ber 3587 ecm! shows OH. The carboxylic
group interacts with the O group of CaO
clamshells, with the H group from the poly-
ester matrix. The wavenumber 1600 cm™!
shows the group (C=C). Wavenumbers 856
and 1485 cm™! indicate the presence of car-
bonate groups (C—O bending) and carbonate
groups (C-O stretching). Wavenumber
1072 em™! shows the range of the Si-O
group. This group is obtained from silica
groups derived from clamshell nanoparticles
(Anadara granosa).

3.5. Scanning electron microscopy of
polyester and composite polyester filled bro-
ken clamshell nanoparticles

This characterization is to find out the
morphological form of unsaturated polyes-
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Fig. 5. SEM of break samples (a) polyester (b) polyester composite filled clamshell nanoparticles at
composition 97:3 8.6 bar pressure molding and (c) composite polyester composite filled clamshell
nanoparticles at composition 97:3 5.17 bar pressure molding at 2000 magnification.

ter and broken polyester composites. Mor-
phology provides information on how the
damage occurs at the break. The broken
area is the first area of stress that triggers
destruction to occur so that we can inter-
pret the cause of the decision.

Figure 5a shows that on the surface of
the sample there is an agglomeration of the
catalyst due to the mixing of polyester resin
and Mekpo. It weakens the interface adhe-
sion thereby reducing the mechanical
strength of the polyester.

Figure 5b shows uniformly filled clam-
shell nanoparticles (Anadara granosa) dis-
persed on the polyester matrix because the
nanoparticles have a relatively small size so
that they interact physically between the
filler and the matrix. The molding pressure
affects the composite — at higher pressure,
the density increases, and better interaction
between the matrix and the filler is achieved.

Figure 5¢ shows the surface the sample
of break more roughly, indicating high
cracking resistance by fillers. There are
voids on the surface of the composite. This

110

is due to imperfect wetting due to interac-
tions between nanoparticle fillers and low
polyester matrix. Low interaction causes the
charger to pull out when stressed. Voids can
also be caused by the formation of air bubbles
during mixing when the composition of fillers
is increased resulting in increased viscosity of
the mixture, producing voids that are diffi-
cult to remove from the sample.

3.6. Effect of composition of polyester-
nanoparticles clamshell (Anadara granosa)
and pressure molding on water absorption
properties of polyester composites

Water absorption aims to determine how
the composite is damaged when immersed in
water. Water will diffuse into the compos-
ite, thereby damaging the composite struc-
ture and reducing the mechanical properties
of the composite.

Figure 6 shows the addition of nanopar-
ticle fillers causing increased water absorp-
tion. Water absorption at 100:0 is 0.409 %.
The highest absorption at the ratio of 95:5
was 1.433 % . The larger the content of the

Functional materials, 28, 1, 2021
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Fig. 6. Effect of immersion time on water water
absorption on polyester composites at 8.6 bar.
polyester-nanoparticles: 1 — 100:0; 2 — 99:1;

3 —98:2; 4 — 97:3; 5 — 96:4; 6 — 95:5.

filler, the smaller the particle size, which
causes the agglomerating nanoparticles to
increase the water absorption. The largest
compound content of the filler is calecium
carbonate (98.99 %) tends agglomeration.

Agglomeration weakens the interface ad-
hesion between the filler-matrix causing the
formation of a gap in the interface area so
that water molecules are trapped in the gap.
This result is supported by Azis and
Rahmah research (2016). The higher the
composition of the filler (CaCO3 30 %), the
percentage of water absorption and flexural
strength is increasing in hybrid composi-
tions of kenaf/rice husk fiber. The effect of
the polyester-nanoparticle composition of
the clamshell (Anadara granosa) and the
pressure of molding on the water absorption
properties of polyester composites is shown
in Fig. 6 [19].

Figure 7 shows the composite water ab-
sorption is greater than the addition of
filler and pressure molding. Increasing the
pressure molding causes a decrease in the
percentage of water absorption of the polyes-
ter composite at 100:0;5.17 bar: 0.811 %;
8.6 bar: 0.409 %. Increasing the molding
pressure, voids can be reduced in the compos-
ite, increasing the interface bond between the
matrix and the filler, so the composite den-
sity increases. The percentage of composite
water absorption decreases in proportion to
the increase in the molding pressure [20].

3.7. Effect of polyester-nanoparticles com-
position clamshell (Anadara granosa) and
pressure molding on tensile sirength polyes-
ter composites

The purpose of this analysis to determine of
force needed to pull the material until it breaks.
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Fig. 7. Effect composition polyester-clamshell
nanoparticles (Anadara granosa) and pressure
molding on water absorption polyester com-
posite.

Figure 8 shows the addition of clamshell
nanoparticle fillers (Anadara granosa) caus-
ing the tensile strength to increase. The
greatest tensile strength in the composition
97:3 and at a pressure of 8.6 bar, which is
30.947 MPa, is due to the filler of clamshell
nanoparticles (Anadara granosa) having high
calcium carbonate content, its strong brittle
nature causes an increase in the stiffness and
hardness of the composite [21]. The particle
size affects the mechanical properties of
composites. The smaller the particle size,
the greater the surface area, and stronger
the interaction between matrix and filler
power, so the better are the mechanical
properties of the composite. This is sup-
ported by the results of the scanning elec-
tron microscopy in Fig. 5b — one can see
that the filler is evenly dispersed inside the
polyester matrix so that a good interface
interaction occurs.

The tensile strength of properties of 96:4
compositions was decreased due to the ag-
glomeration of nanoparticles forming
larger and unevenly distributed particles.
Veena et al. (2011) stated that an increase
in filler content (wt. %) that has exceeded
the limit can reduce mechanical strength,
decreased interaction of the filler with the
matrix due to the agglomeration effect of
the filler particles which causes the initial
damage/failure [22].

Figure 8 shows that the tensile strength
of composites increases with increasing
pressure molding increase the density of the
composite, reduces voids, and increases the
interface bond between the filler-matrix so
that the composite becomes more rigid. This
statement is supported by the research by
Younesi and Bahrololoom [20]. Increasing
the pressure molding to 10 bar can increase
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Fig. 8. Effect composition polyester-clam-
shell nanoparticles (Anadara granosa) and
pressure molding on tensile strength of
polyester composite.
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Fig. 9. Effect composition polyester-clamshell
nanoparticles (Anadara granosa) and pressure
molding on elongation at break polyester
composite.

the density, crystallinity, MFI (melt flow
index), Ultimate tensile strength and the
Young modulus on polypropylene-hydroxya-
patite biocomposites [22].

3.8. Effect of composition of polyester-
clamshell nanoparticles (Anadara granosa)
and pressure molding on elongation at break
polyester composites

The purpose of this test to find out
which material has deformation or elonga-
tion when given load.

Figure 9 showed the elongation at break the
highest at the composition of 100:0; 6.89 bar:,
11.169 % and decreased at 95:5; 6.89 bar pres-
sure molding of 3.992 % . The greater the filler
content, the elongation at the time of breaking
decreases. Fillers give a rigidizing effect on the
matrix, non-organic fillers tend to be more
rigid resulting in a decrease in the strain on
the matrix thereby reducing the value of elon-
gation at break on composites [23].

Figure 9 shows the higher pressure ap-
plied causing the elongation at break value
to decrease. This is due to the effect of
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pressure closing the distance of the inter-
face bond between the matrix and the filler
and urging the existence of the pore. This
compaction affects the reduction in thick-
ness and increased density of the composite,
the resulting composite becoming more rigid,
causing a decrease in the percentage of elon-
gation at the break of the the composite.

3.9. Effect of polyester-nanoparticles
composition of clamshell (Anadara gra-
nosa) and pressure molding on impact
strength of polyester composites

This test aims to determine the amount
of energy needed to break the material
through an impact on the surface.

Figure 10 showed the impact strength of
polyester composites increased by
12050 J/m?2 at a composition of 97:3, pres-
sure molding 8.6 bar, but decreased in the
composition of 96:4 to 95:5 with pressure
molding of 8.6 bar for 7199 J/m2. The ad-
dition of clamshell nanoparticle fillers
(Anadara granosa) increases the value of
impact strength due to clamshell nanoparti-
cles fillers (Anadara granosa) is a natural
mineral having a high calcium carbonate
content, has strong and brittle properties
causing stiffness and hardness [20]. The im-
pact strength increases due to good inter-
phase network flexibility between matrix-fill-
ers. The presence of fillers causes the compos-
ite to absorb the higher impact energy [24].

The decrease in impact strength in the
96:4 composition is due to the fact that
when more fillers are added to the matrix,
they cannot be properly distributed to cover
the entire surface of the filler. Composition
of clamshell nanoparticles (Anadara gra-
nosa) which exceeds the optimum limit will
result in agglomeration in a certain area
thereby reducing the mechanical strength of

Functional materials, 28, 1, 2021
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the composite upon addition of too much
filler [25]. Kang and Chan (2004) reported
that certain particle sizes with the addition of
fillers were easily agglomerated. with the dis-
tance between particles becoming larger to re-
sult in decreased mechanical strength [26].
Figure 10 shows the strength of the com-
posite impact strength increasing with in-
creasing pressure. Increasing the pressure
will be more easily absorbed by the compos-
ite energy. Increased impact strength is a
compaction effect which results in de-
creased porosity and forms a strong inter-
face bond. Decreased porosity minimizes
crack initiation due to loading. A strong
interface bond indicates that the distribution
of loading between the matrix and the rein-
forcing material can work well. Therefore
composites can sustain larger loading before
experiencing initial cracks and fractures.

4. Conclusions

The results obtained show that clamshell
skin nanoparticles of the average diameter
smaller than 50 nanometers have the larg-
est content of calcium carbonate com-
pounds, with the crystallinity index of
nanoparticles of 99.06 % . The greatest ten-
sile strength properties at composition
97:3 MPa; 8.6 Dbar pressure molding
30.947 MPa, elongation at break composi-
tion 100:0; 6.89 bar pressure molding
11.169 % . The impact strength at 97:3
composition was 8.6 bar at pressure mold-
ing of 12050 J/m?2.
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