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EFFECT OF NiO Nps:BCZY RATIO ON THE MICROSTRUCTURE OF
COMPOSITE ANODE

*Noor Hidayah Aniza Zakaria?, Hanani Yazid? and Nafisah Osman?
'Proton Conducting Fuel Cell Group, Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah
Alam, Selangor,Malaysia.
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PURPOSE/AIM & BACKGROUND

Nickel (Ni) is the most popular catalyst that has been used as an electronic conductor in fuel cell due
to its natural porosity and lower cost compared to platinum (Pt). NiO-Ba(Ce,Zr)Os is one of promising
cermet that has been used as composite anode in proton conducting fuel cell (PCFC) application.
Nowadays, researchers are moving towards nanotechnology and eventually replaced the coarse nickel
oxide (NiO) in anode side to nickel oxide nanoparticles (NiO Nps). The nanostructure of NiO Nps can
promote higher number of active site and increase the performance of the PCFC. In the other hand,
composition ratio between electronic conductor (Ni) to ceramic also play important role for the anode
performance.Different ratios of NiO to Ba(Ce,Zr)Os will create different microstructure and porosity
that effect the performance of the material (Abdalla, 2018; Zakaria, 2019). In this work, NiO Nps-
BCZY with two different composition ratios (50:50 and 60:40) were prepared using mixing method
and then characterized by scanning electron microscopy (SEM/ EDX) and X-ray diffractometer
(XRD). Structural analysis confirmed that a high phase of cubic structure of NiO Nps-BCZY was
obtained without the existence of any secondary phase for ratio 60:40. However, for ratio 50:50,
secondary phases of BaCeO3; and BaZrOs; were observed represented that the NiO Nps-BCZY cermet
were not completely formed. Morphological observation showed the NiO nanoparticles embedded in
NiO Nps-BCZY were spherical in-shape for both of the ratios. The NiO Nps-BCZY particles tend to
form agglomerates with the size 50 to 300 nm.

METHODOLOGY

NiO Nps-BCZY composite anode powder was prepared by a sol-gel method using NiO Nps and
BCZY powders (BCZY = BaCeossZrossYo010295). To prepare NiO nanoparticles powder,
stoichiometric amount of nickel nitrate hexahydrate, Ni(NOs)2.6H20 (99%, Acros) and citric acid
monohydrate (CA), C¢HsO7H20 (99.5%, MERCK) were dissolved in deionized water in two different
beakers and the Ni nitrate solution then was dripped into CA solution under stirring condition with
mol ratio of citric acid to nickel nitrate, (C/N) = 1. The homogeneous mixture was gradually heated
until 70 °C for 2 hours and subjected to drying process using an oven at 80 °C for 24 hours. The
mixture was grinded and calcined at 450 °C for 2 hours with heating rate 5 °C/min (Wu, 2007;
Zorkipli, 2016). The synthesis method for BCZY powder was followed as previously reported by
Samat (2016) and Zakaria (2019) . NiO Nps-BCZY composite anode powder was prepared using a
mixing method. The respective NiO Nps powder and BCZY powder with weight ratio of 50:50
(NiO:BCZY) was grinded with ethanol, C.HsOH (95.1%, MERCK) for an hour. The mixture was
stirred for 2 hours on a hotplate and subjected to drying process at 85 °C for 12 hours (Mehran, 2018).
The powder was grinded and calcined at 1100 °C (6 hours) to obtain NiO Nps-BCZY composite
anode.The morphology and structural analysis of NiO Nps-BCZY composite anode powders (50:50
and 60:40) was observed using respective scanning electron microscope (SEM), Benchtop Phenom
XL with 7000x magnifications, and X-ray diffractometer (XRD), XRD 6000 Shimadzu.

FINDINGS/RESULTS
Figure 1 presents the SEM micrograph of 50:50 composite anode powder with EDX mapping. It can
clearly seen that the particles of the anode powder was clumping together lead to bigger size of



particles. The strong nuclei attraction between the particles was due to high surface area (contributed
by nano-sized NiO and fine BCZY powder) and eventually causing the agglomerations of particles.
50:50 and 60:40 composite anode powder, the particle size was the same which in the range of 50 to
300 nm.

Figure 1. SEM image of NiO Nps-BCZY Composite Anode (50:50)

Figure 2 shows the EDX spectrum of 50:50 composite anode powder. There were three intense peaks
that presenting Ni element, and two sharp peaks of Ce element. The result was in agreement with
structural analysis (XRD analysis). In addition, XRD analyses showed the composite anode with ratio
50:50 formed secondary phase of barium cerate (BaCeOs, JCPDS 82-2486) and barium zirconate
(BaZrOs, JCPDS 89-2486).

9 10 1 12 13 14 15

0
4,932,894 counts in 248 seconds

Figure 2. EDX Spectrum of NiO Nps-BCZY Composite Anode (50:50)

CONCLUSIONS

The NiO Nps-BCZY composite anode powders with weight ratio of 50:50 and 60:40 were synthesized
using a sol-gel method assisted with mixing process. Only the NiO Nps-BCZY powder with
composition 60:40 was confirmed as a composite anode as it presented two phases of NiO (JCPDS 01-
1239) and BCZY (JCPDS 89-2485. Whereas, NiO Nps-BCZY with composition 50:50 formed
secondary phase of barium zirconate (BaZrOs) and barium cerate (BaCeOs). Nevertheless, the particle
size for both composition was in the range 50 to 300 nm. Further works on the electrical performance



of NiO Nps-BCZY composite anode are in progress and will be reported elsewhere.
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POTENTIAL OF SPENT BLEACH EARTH WASTE AS A GREEN
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PURPOSE/AIM & BACKGROUND

Biodiesel has received special attention in the last years due to its potential for replacing conventional
diesel fuel (Plata., 2020) in transportation and household appliances as they are expected to be
decrease in near future (Gui et al., 2008). Bio-energy from biomass and waste when converted to
biodiesel can become reliable substitutes to replace fossil fuels. They give benefits in terms of
biodegradability, renewability, nontoxic and lower emission into environment (Zheng et al., 2012).
One of the highlighted wastes is Spent Bleaching Earth Waste (SBEW), a by-product material derived
from vegetable oil refining industry. It is used in bleaching process to eliminate harmful components,
strong odor or colored compounds in the raw materials of vegetable oils (Boukerroui & Ouali, 2000;
Wafti et al., 2011) Oil from this resource is non-edible as it contains components that are toxic to
human body (Kumar & Sharma, 2011). Meanwhile, open disposal of SBEW creates fire hazard and
threat to environment which makes it necessary for the regeneration of oil in the SBEW. Conventional
extraction methods to recover oil in SBE uses a lot of solvents and catalysts. Hence, it lead to the
discovery of new solvent called deep eutectic solvent (DES) which works as catalyst or co-solvent in
biodiesel synthesis and as extracting solvent in biodiesel purification step (Troter et al., 2016). DESs is
said able to improve the catalytic abilities, avoid saponification and has higher efficiency in separation
and purification processes (Troter et al., 2016). Through this study, in-situ esterification method was
chosen as it is believed that there’s potential in enhance the reaction rate and lowering the reaction
time. Moreover the effect of the following reaction parameters was studied: a) effect of reaction time
and b) DES:Methanol volume ratio. This study aims to produce biodiesel by in situ transesterification
of SBE with the aid of DESs as media.

METHODOLOGY

Spent bleaching earth waste (SBEW) acquired from Eco Oils (Negeri Sembilan) Sdn. Bhd was dried
in the oven at 107 + 2 °C for 24 hours. Choline chloride (ChCI) was mixed with ethylene glycol (EG)
at 1:2 molar. The mixture was stirred at 300 rpm and 80 °C for 1 h until homogenous and transparent
liquid was obtained. The in-situ reaction was carried out by reflux at 65 °C between 80-160 min with
continuous stirring of 25 g SBE (at oil content 18 wt. %) to give 5 mL/g of solvent to SBEW ratio.
The DES to methanol volume ratio was varying from 5-25%. After the reaction stopped, the sample
was centrifuged for 5 min at 1000 rpm to separate the solid-liquid mixture. Then, the extracted liquid
was transferred into separating funnel and stand for 1 hour. The bottom layer containing glycerol,
methanol and DES was removed before adding equal amount of hexane and distilled water to remove
excess methanol. The hexane which contained FAME was evaporated using rotary evaporator and
pure FAME was obtained. The weight of crude oil was weighed, and the biodiesel yield was
determined. FAME vyield was analyzed using GC-FID by dissolving 100 mg of crude biodiesel in 1
mL of 0.6 mg/mL methyl heptadecanoate internal standard. Then 1ul of sample was injected into oven
to allow detection of FAME in sample. The programmed temperature was set as follow: initial column
temperature was maintained for at 190 "C for 5 min, and then elevated by 5 “C/min to 230 °C remained
for 5 min. The FAME vyield was calculated using Equation 1 based on Gu et al., (2015).


mailto:asnida933@uitm.edu.my

Yieldrame %= > A-Ass X (Cis Vis) X 100
Ais m (Eqn 1)

Where, > A = total peak area of FAME, As = peak area of methyl heptadecanoate, m = mass of sample (mg), Cis
= concentration of internal standard (mg/mL), and Vs = volume of internal standard (mL)

FINDINGS/RESULTS

Effect of Reaction Time on Crude Yield, FAME Yield, and FFA Content

Reaction time plays significant roles in various reaction prior to provide sufficient time toward
completion of reaction. The reaction time tested in this study ranged from 80-160 min. From
laboratory experiment, the result shows as the reaction time increased, crude yield increased until it
reaches highest yield at 140 min (see Figure 1). Reaction time above 140 min led to no further
increment of biodiesel yield. Hence, it is the optimum reaction time for in-situ esterification of SBE
sample. This shows that the loading of DES as the catalyst with sufficient contact time improved the
conversion of biodiesel. In addition, the highest FAME yield was obtained at 140 min with 89.78% of
purity shows DES also helps in increasing the FAME vyield. It was observed that the FFA content
reduced with a function of time (see Figure 1). The FFA content reduced from 1.04% at the first 80
minutes to 0.84% after the completion at 160 minutes. This indicates that the longer the reaction time,
it provides longer interaction time between the crude biodiesel and the DES. Overall result shows that
under the presence of DES, FFA content of biodiesel is lower than 2%. compared with the raw SBEW
oil at 13.93% FFA. This is due to hydrogen bonding between DES and hydroxyl group of FFA where
these compounds were extracted out and lowered FFA content of biodiesel. The biodiesel is separated
out into another layer since it does not have hydroxyl group. Apart from FFA, DES also extracted out
other impurities such as monoglycerides, diglycerides, water, and residual methanol through
interaction with choline chloride as the hydrogen bond acceptor (HBA) and ethylene glycol as
hydrogen bond donor (HBD) by formation of hydrogen bonding (Niawanti et al., 2017).

100 100
—~. 80 ~80
= S0
g 40 é "
A 20 a
0
0 0 5 10 15 20 25
60 80 100 120 140 160 180
Time (min) DES:MeOH (v/v %)
Crudeyield (%) FAME yield (%) FFA content (%)

Figure 1. Effect of reaction time on percentages of Figure 2. Effect of DES:MeOH (v/v %) on percentages of
crude biodiesel yield, FAME vyield and FFA crude biodiesel yield, FAME yield and FFA content at
content at 15% DES/MeOH (v/v%) and 65 °C 15% DES/MeOH (v/v%) and 65 °C temperature.
temperature.

Effect of DES to Methanol Ratio (vol %) on Crude Yield and FFA Content

In the present work, the DES (ChCI:EG) played the roles as catalyst and co-solvent. Since this type of
reaction is solid-liquid reaction, the contact area between the oil-bearing material of SBE and catalyst
was the key to the esterification reaction. From figure 2, the highest yield of crude biodiesel was
achieved at 5% v/v DES:MeOH with crude and FAME vyield of 30.26% and 94.64% respectively.
Further increment in ratio shows declining trends in both crude and FAME yield. Tarigan et al., (2017)
stated that products may adsorbed on catalyst if the amount of catalyst too high and therefore leading
to decrease in end yield. Excess glycerol molecules in DES may attract methanol molecules and bind
to them which leads to less availability of free methanol molecules for reaction when DES ratio is too
high (Gu, Huang, Tang, Tian, & Zhang, 2015).

Physicochemical properties of biodiesel



The properties of SBEW biodiesel produced from the in-situ process was studies and the result were
compared to standard biodiesel properties of ASTM and EN. The results are summarized in Table 1.
From the data, it can be concluded that the biodiesel met the required criteria.

Table 1: Physicochemical Properties of biodiesel.

Biodiesel Standard

Specification This Study

EN 14214 ASTM D6751
Density at 25 °C (g/cm®) 0.89 0.86-0.90 -
Kinematic viscosity at 40 °C (mm?/s) 4.1 3.5-5.0 1.9-6.9
Acid value (mg KOH/qg) 0.31 0.5 max 0.5 max

CONCLUSIONS

SBEW which is considered as a non-valuable and caused environmental problems are now has the
potential as a feedstock of biodiesel production. The introduction of DES as catalyst and co-solvent
during in-situ esterification shorten reaction time as the extraction and transesterification processes
occur simultaneously. The physicochemical analysis on the biodiesel produced falls within the
acceptable range in accordance to ASTMD6751 and EN 14214,
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PURPOSE/AIM & BACKGROUND

The aim of this paper is to synthesise the layered hydroxide salt (LHS) especially in the layered zinc
hydroxide (LZH) category, interleaved with the herbicide called 4-chlorophenoxyacetic acid (4CPA)
and this has successfully been done to form layered zinc hydroxide-4CPA (Z4CPA) nanohybrid. The
nanohybrid can help reduce the environmental impacts caused by the higher concentration of common
herbicides as the system controls the delivery rate of the agrochemicals. Herbicides are well known in
agriculture to kill unwanted plants such as weeds that infest the plant crops and reduce the
marketability of the agriculture production. However, a high dosage of herbicide may affect the soil
quality and the water drainage system in the ground which flows to nearby water sources (Derylo-
Marczewska et al., 2017). High acidity from an increased dosage of herbicide will cause water
pollution that will harm humans and the aquatic life. Thus, the synthesised nanohybrid can help reduce
the problem by altering the delivery rate of the herbicide to the environment when applying it to the
field crops. The delivery system mentioned was called the control release system and it can be utilized
by interleaving the herbicide with an inorganic material called the layered metal hydroxide. Layered
metal hydroxide is a 2-dimensional nanosheet stacked on top of one another (Mishra et al., 2018). It
has a positive net charge while the interlayer domain between the two nanosheets was dominated with
negative ions or anions. The cation used here is the divalent zinc cation which will become the layered
hydroxide salt known as zinc layered hydroxide (Adam et al., 2018; Ahmad et al., 2016). The general
chemical formula for the layered zinc hydroxide is M?*(OH)2x(A™)wmnH20 in which M?* is the metal
cation Zn?* while A™ is for the counter anion which is 4CPA (Hussein et al., 2012). In this research,
the successful interleaved product of 4CPA into LHS results in a nanomaterial namely, Z4CPA which
is cheap and environmental-friendly to fight against weeds. The anion can be introduced between the
interlayer of LHS via the ion exchange or coprecipitation methods while hydrothermal treatment was
used to enhance the crystallinity of the products. Additionally, the slow release of 4CPA from the LHS
in the selected aqueous media has also been examined in this research.

METHODOLOGY

Synthesis of LHS Interleaved with 4CPA

All of these solutions were prepared using deionized water. 0.1 M 4CPA was added into 0.05 M of
zinc oxide in a 250 ml conical flask. Then, the slow addition of 2 M of sodium hydroxide was added
to the solution and the pH was adjusted to about 7+0.5 under vigorous stirring for 3 hours. Next, the
homogenized solution was placed inside an oil bath shaker set at 70°C for 18 hours to undergo aging
process. The solvent was decanted and the remaining was centrifuged. Later, 30 ml of deionized water
was added into the tube to resuspend the precipitate into the teflon autoclave for hydrothermal
treatment for 1 hour at 120 °C. The solution was centrifuged and washed with deionized water for
three times. The sample was dried in an oven at 70 °C for 24 hours. Lastly, the sample was grounded
into fine powder for further characterization with the PXRD, FTIR, FESEM-EDX and BET analyses.



Controlled Release Study

Firstly, the maximum wavelength of the 4CPA must be identified by running the 4CPA solution
against a blank sample in the wavelength range set from 200-600 nm. After the maximum wavelength
of the 4CPA had been identified, the control release study had been conducted using the kinetics
system of the UV-Vis spectroscopy. Later, the 100 % release of Z4CPA has been done inside the
quartz cuvette by using 0.25 mg of the sample to be added into 2M HCI solution. The wavelength was
set according to the maximum wavelength of the 4CPA to be run for 360 minutes. Afterwards, the
control release of Z4ACPA was studied in variety of media solutions of sodium chloride, sodium
carbonate and sodium phosphate at concentration of 0.01 M each. Next, around 0.25 g of Z4CPA
sample was inserted inside the quartz cuvette containing the media solution and the control release
was investigated in a timeframe of 360 minutes by using the UV-Vis Spectroscopy.

FINDINGS/RESULTS

X-Ray Diffraction

The diffractograms for the 4CPA, ZnO and the layered metal hydroxide of Z4CPA was obtained from
the analysis of the powder X-ray diffraction analysis as shown in figure 1. In the PXRD patterns,
figure 1(b) denotes the zinc oxide that consisted of five peaks in between the range of 30° to 60°. The
ZnO diffractogram obtained from the PXRD analysis shows the presence of all five peaks which
means that the ZnO was of a pure phase that exhibited high crystallinity (Adam et al., 2018; Ahmad et
al., 2016). The ZnO will react directly with 4CPA under aqueous medium to become the Z4ACPA. In
the synthesized nanohybrids shown in figure 1(c), it was found out that the basal spacing at 26 of
4.0815 degrees was 21.6 A from the calculation using Bragg’s law. This peak is important as the
existence of the peak between the range of 0° to 10° indicates that the interleave possibly occurred
between the host and the anion.

CONCLUSIONS

In conclusion, the conducted study has successfully achieved the overall objectives. Based on the
PXRD analysis, interleaving was confirmed by the expansion of the basal spacing at 21.6 A, which
indicates the interlayer space has significant changes in terms of height. Moreover, the spatial
orientation of 4CPA in the LHS interlayer proposed was 11.6 A according to the basal spacing of 21.6
A. Next, the ATR-FTIR spectroscopy has proven that significant bands such as in the 4CPA can be
observed in the spectrum of Z4CPA. However, there was a slight shift in the wavenumber due to the
modification of the 4CPA natural frequency post-interleaved. The analysis of BET using the nitrogen-
desorption isotherms shows that the synthesized nanohybrid of the Z4CPA was a mesoporous
material. Meanwhile, the findings from FESEM-EDX exhibits the ZnO with irregular granular
structure has transformed into non-uniform flaky shapes with no specific structures of the Z4CPA.
Last but not least, the study effects of the ZACPA to be an eco-friendly nanocarriers in the herbicidal
agriculture has also achieved its objective. The control release mechanism of the Z4CPA was
performed using the UV-Vis Spectroscopy kinetic modes and the result has shown satisfactory as the
release profiles of the anion 4CPA from the LHS matrices has increased with the contact time
followed by a steady release. Additionally, the anions saturated release was in the order of phosphate
> carbonate > chloride with percentages release of 90%, 75%, 50%, respectively.
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PURPOSE/AIM & BACKGROUND

Epoxidized waste cooking oil methyl ester (EWCO-ME), an alternative bio-based plasticizer is
identified as a potential substitution for toxic petroleum-based phthalates in polyvinyl chloride (PVC)
film. EWCO-ME was synthesized via in-situ epoxidation reaction between formic acid (HCOOH) and
hydrogen peroxide (H202), and it was applied as a primary plasticizer in PVC films formulation. In
this study, the main objectives were to determine the oxirane oxygen content (OOC) and relative
conversion oxirane (RCO) at different molar ratio which were 0.05:2.2 and 0.6:1.7; secondly, the
effect of ratio EWCO-ME on mechanical properties and the glass transition temperature (Ty) of
EWCO-ME/PVC formulation were studied.

Epoxidized edible vegetable oils (such as soybean, linseed, sunflower and rubber seeds) are one of the
most currently studied PVC plasticizers since it is renewable sources (Chen et al., 2015). However, the
unreacted double bonds in epoxidized vegetable oils reduce compatibility between PVC and the
plasticizer, and thus epoxidized oils are commonly applied either as a secondary plasticizer or
combined with other additives (Yang et al., 2017). Hence, high conversion of the double bonds into
oxirane rings (such as epoxy groups) is a desirable characteristic in the production of high quality
epoxidized oil-based plasticizers.

METHODOLOGY

Materials

The reagents employed in this study were: waste cooking oil, collected from food stalls near UiTM
Arau, Perlis; chemicals all acquired from Merck, Malaysia; and PVC resin supplied by Kaneka,
Malaysia.

Synthesis of Waste Cooking Oil-Methyl Ester (WCO-ME)

In the first step of acid esterification was took place. In the second step of transesterification, 229 g
esterified WCO and methanol by using molar ratio methanol to WCO (12:1) were placed in a flask
with a stirrer, a reflux condenser and a thermometer, followed by stirring at 600 rpm, 65 °C for 3 h
catalyzed with 1% v/v sodium hydroxide. The excess glycerol was removed, and crude biodiesel
WCO-ME was collected. Then, the mixture was washed twice with 80 °C distilled water (Silva et al.,
2011).

Synthesis of Epoxidized Waste Cooking Oil-Methyl Ester (EWCO-ME)

Initially, the epoxidation reaction molar ratio of 0.05:2.2 (HCOOH: H202) was set up. A 20 g of
WCO-ME and 5g of HCOOH were added to a flask with magnetic stirring, and the mixture was
maintained at 60 °C. Then, 220 g of H.O. (30% v/v) was added drop wise for 30 minutes, and the
mixture was continuously stirred for 4 hours. The mixture allowed to cool at room temperature and
maintained to pH 7. The reaction was repeated with 0.6:1.5 molar ratio (VVaibhav et al., 2006). In order
to determine oxirane oxygen content (OOC), iodine value (IV) was measured by Wijs method from
ASTM D1959. OOC value was determined by direct method using 0.1 N hydrobromic acid
solution in glacial acetic acid with some modification (ASTM D1652 and D2074) (Kousaalya
etal., 2018).

Preparation of PVC Films

PVC resin powder (0.4 g) was mixed with 9 mL THF, followed by the addition of synthesized EWCO-
ME; no thermal stabilizers were utilized. The mixture was thoroughly agitated until it is transparent
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and homogeneous sample solution. Then, the solutions were cast into 10 cm diameter glass petri
dishes, and the solvent was evaporated at ambient temperature (Jia et al., 2015). The composition of
plasticizer for preparing PVC films were PVC-10, PVC-20, PVC-30 and PVC-40 based on w/w%
plasticizer. The films were characterized using Differentil Scanning Calorimetry (DSC) analsysis and
Instron Tensile Testing Machine.

FINDINGS/RESULTS

Analysis The Conversion of Epoxidized Products

Table 1 shows the OOC was determined to be in the range of 4.52 — 4.59. The slightly higher value of
OOC in molar ratio of 0.05:2.2 is because the amount of H.O. has produced more water, which
enhanced the formation of perfomic acid in epoxidation reaction between HCOOH and H,O;
(Mungroo et al., 2008). Similarly, the yield of RCO was achieved up to 97.61% for molar ratio
0.05:2.2, and the higher degree of conversion oxirane was attributed to less steric hindrance and easy
availability of epoxy groups to form epoxidized methyl ester (Sahoo et al., 2019).

Table 1 Properties of EWCO-ME at different molar ratio

Ratio HCOOH: H,0, Oxirane Oxygen Content (OOC)  Relative Conversion Oxirane (RCO)

0.05:2.2 4.59 97.61 %
0.6:1.7 4.52 89.94 %

Mechanical Properties of PVC Films

Fig. 1 illustrate the elongation at break (EB) of PVVC-40 ratio 0.05:2.2 was the highest at 142.895 %, it
is beacause addition plasticizer has enhanced the characteristic of PVC films to be more flexible due
to the tendency of opening the hydrogen bond and replaces the hydrogen position in the polymer
bonds (Dianursanti et al., 2018). Overall, EB for ratio 0.6:1.7 shows better result for PVC-10 until
PVC-30 than ratio 0.05:2.2. The tensile strength of PVC films for PVC-10 resulted 19.56 MPa and
21.51 Mpa for 0.05:2.2 and 0.6:1.7 ratio, respectively. The tensile strength (TS) is related to chemical
structure, relative molecular mass, branching and crosslinking. On the contrary, the tensile strength of
PVC-40 was low because that the epoxy group weakened the interaction force between the PVC
chains (Zhang et al., 2019). Meanwhile, the Young Modulus (YM) value was directly proportional to
tensile strength.
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Glass Transition Temperature of PVC Films

The neat PVC was identify to have Tg value at 96.62 °C. With the increase of plasticizer content, the
Tg decreased gradually from 75.54 to 55.34 °C for 0.05:2.2 molar ratio, while the same trend for

11



0.6:1.7 molar ratio decreased steadily from 77.54 to 56.31 °C as shown in Fig 2. This indicates
EWCO-ME can create more free volume in the polymer.

CONCLUSIONS

In conclusion, the waste cooking oil was successfully converted into epoxidized waste cooking oil
methyl ester with 0.05:2.2 molar ratio of HCOOH:H,0, reported the highest conversion to 4.59 of
OOC value, and RCO at 97.61%. This epoxidation properties result significantly affect the mechanical
and thermal properties. PVC-40 was identified as tough and flexible plasticity with EB (142.90 %), TS
(7.58 MPa) and YM (154.53 MPa); and Tg value reported dramatically reduce to 55.34°C.
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PURPOSE/AIM & BACKGROUND

Polymethyl methacrylate (PMMA) resin commonly used for the fabrication of denture base that by
used heat curing polymerization. The objectives of this work to investigation of the effects the two
types of nanotubes technology, halloysite nanotubes (HNTs) and carbon nanotube (CNT) on the
impact strength (IS), flexural strength (FS) and Vickers hardness (VH) of PMMA denture base.

METHODOLOGY

The denture base composites were fabricated by incorporating PMMA powder, 0.5wt% of benzoyl
peroxide (BPO), fixed nanotubes at 5wt% of HNTs / MWCNTSs (5/0, 4.5/0.5, 4/1, 3.5/1.5, and 0/5)
nanotubes as powder components. PMMA powder was mixed with a liquid (made from 90% methyl
methacrylate (MMA) and10% ethylene glycol dimethyl-acrylate (EGDMA), as a crosslinking agent).

FINDINGS/RESULTS

The results show that the mean of impact strength significantly increased by the incorporation of
5wt% of HNTS/MWCNTSs nanotubes with the ratio of (4:1 wt%) by 10.51 KJ/m?compared to
unenhanced PMMA. However, the Vicker’s hardness of the PMMA decreased by incorporation of
5wt% of HNTs/MWCNTSs nanotubes, to 17.42kg/mm2.

CONCLUSIONS

The addition of HNTs and MWCNTSs nanotubes to the PMMA matrix improved the impact strength
but not the Vicker’s hardness. Therefore, hybrid reinforced PMMA denture base composite with HNT
and MWCNT nanotubes fillers is appropriate to be used for high performance prosthodontics
applications.
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PURPOSE/AIM & BACKGROUND

The simulation and modelling method plays an important role in the engineering sector as it aids in
determining the effect of factor on the process, functioning as an important engineering tool. Research
shows that simulations and modelling serve as a problem solver in predicting the manufacturing
parameters which include material forming, pressure and temperature analysis (Choudhury, Lai, &
Wong, 2006; Thomas, Oenoki, & Altan, 2000). Studies indicate that the design process is costly at 5
% to 15 % of the total production cost and it is this cost which can be removed by using the modelling
and simulation method (Thomas et al., 2000). This method provides significant advantages due to the
ability to produce the “virtual” design while conducting the simulation process conducted to ensure
that the output is suitable and meet the product specifications. Moreover, this method assists in
reducing product defects such as tearing and wrinkling which improve the composite materials and
structural analysis (Pickett, 2004). Therefore, natural kenaf fibre is a promising material for future
development as it user and environment friendly, recyclable and lightweight (Masoodi, Pillai, Grahl,
& Tan, 2012; Tholibon et al., 2016). In this research, PAM-FORM 2G software was used to
investigate the processing parameters of kenaf fibre reinforced polypropylene composite at different
process parameters including puncher velocity, puncher radius and heating temperature. This paper
aims to establish the effect of modelling and simulations used on the materials thickness distributions,
strain values and shear angles.

METHODOLOGY

Geometry design

The CATIA V5 software was used to design the geometry models to develop each component
including the puncher, lower blank holder and the upper blank holder. The specification of each
component was designed according to the hot-pressing technique using a Zwick Sheet Forming
machine. The isometric view of the puncher and blank holder components. The puncher was designed
at 38 mm x 38 mm square with 50 mm high. The lower blank holder and upper blank holder share the
same design dimension with 80 mm x 80 mm x 2 mm height.

Simulation procedure

The previously developed geometry model was imported into the PAM-FORM 2G using the .igs
format before correcting the element orientation. Later, the ‘ply composite’ was developed and the
composite material specification such as young modulus, poison ratio and density were inserted. The
composite material thickness which is 2 mm was assigned and the 0.5 mesh was recorded. Each
component was defined as ‘surface tool’. The progression time to control the simulation process was
defined as 10 ms.
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RESULTS AND DISCUSSION

The thickness distribution of the composite materials is crucial as it ensures that the end product
reache an appropriate thickness and distribution (Behrning, Bley, & Joergens, 2001). Other studies
reported that contact friction and puncher speed affect the product thickness, as low contact friction
causes slippage during the formation process which results in an excellent thickness distribution.
However, when composite materials are exposed to higher contact friction between the puncher and
the composite layer, the results is an uneven thickness distribution (Hao, Zhao, & Chen, 2013). Figure
1 shows the graphical image of the simulated puncher when applied onto the composite layer where
the edge section of the composite layer tends to deform into a curve. Thus, results show that the
thickness distribution was excellent on the flat surface while, the decrease in composite layer thickness
occurred in the curved areas consequently causing wear and tear. Other studies reported an identical
outcome which indicated that the puncher speed plays an important role in maintaining the thickness
distributions (Sala, Cassago, & Di Landro, 2002). The interaction between the thickness distributions
and the strain value has also been discussed and reported by other studies which explained that the
strain value corresponds to the thickness of the composite layer (Zheng, 2012).
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Figure 1: Simulation image of puncher operation onto the composite layer.

CONCLUSIONS

Analysis perform using the kenaf fibre reinforced polypropylene composite material was identially
optimised via Taguchi method by considering the puncher speed, puncher radius and heating
temperature as the hot-pressing process parameters. Based on the findings, the optimised parameters
obtained were recorded at 30 m/s of puncher speed and 2 mm of puncher radius. Meanwhile, the
optimum heating temperature recorded at 160 °C which resulted in maximum thickness distribution of
14.09 mm wothe the shear angle of 2.21°. Upon the three major parameter consider in this study, the
puncher speed is the most significant processing parameter which has the ability to minimise the
defects occurance, i.e: tearing and wrinkling.
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PURPOSE/AIM & BACKGROUND

Calcium oxide (CaO) has been the most promising carbon dioxide (CO.) solid adsorbent as it is cheap,
widely available, with accessible and noticeable performance. Biogenesis calcium waste enriched with
CaCOs can be one of the sources of CaO. Utilization of these natural wastes as the source of calcium-
based adsorbents has been seized for its benefits in production cost reduction and waste minimization.
In this study, natural clam (meretrix meretrix) shells and cockle (anadara granosa) shells were used as
the natural calcium source of CaO-derived adsorbents and investigated for their performance in CO;
adsorption. The approximated retail value of cockle was more than 32 million US Dollars in Malaysia
(Boey, Maniam, Hamid, & Ali, 2011). In addition, the composition of CaCOs in cockle shells is 95 -
99 wt% (Olivia, Mifshella, & Darmayanti, 2015). In the meantime, clam species can be widely found
in Malaysian coasts. CaCOs; composition found in natural clams in Malaysia is 98.7 wt% (Zakaria,
Zakaria, & Kasim, 2004). The recorded CO, adsorption capacities of these CaO-based adsorbents
derived from natural clam shells and cockle shells were 7.95 mmol CO, / g adsorbent and 9.61 mmol
CO- / g adsorbent, respectively. The result observed showed there was still a room of improvement for
the performance to the ideal theoretical adsorption capacity, 17.86 mmol CO- / g adsorbent. The CaO-
based adsorbents were then modified for their properties via ethanol-water hydration treatment. It was
observed from XRD results that the crystallite size of CaO-derived adsorbents decreased with the
increasing of ethanol concentration used in the treatment. Ethanol-hydration treated CaO-based
adsorbents were found to achieve higher CO, adsorption capacities at 13.67 mmol CO, / g adsorbent
for natural clam shells-derived CaO and 16.57 mmol CO, / g adsorbent for cockle shells-derived CaO.
Ethanol was found to play a role in suppressing the growth of CaO crystallites, contributed to higher
surface area in achieving higher CO; adsorption capacities.

METHODOLOGY

Adsorbent preparation

Natural clam (meretrix meretrix) shells and cockle (anadara granosa) shells were collected from the
local market. The shells were cleaned with water and dried under the sun for few days. The dried
shells were then calcined at 900 °C for 4 h. The derived-CaO after calcination were grounded into
powder.

Ethanol-hydration treatment

The derived-CaO adsorbents were soaked in ethanol solution for 2 h. The samples were then dried at
100 °C for 5 h in an oven. 2 different ethanol concentrations, 30 % and 50 % were tested for in ethanol
hydration treatment.

CO; adsorption activity

Thermogravimetric analyzer (TGA) (TA Instruments, SQ100, New Castle, DE, United States) was
used to evaluate CO; capture performance of the adsorbent samples. A pretreatment was first carried
out at 900 °C for 10 min under 100 ml/min N before the commencement of CO, adsorption. Next,
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CO; adsorption study was carried out at 650 °C for 60 min under 100 min/min pure CO; flow. In this
study, CO- adsorption capacity was calculated and expressed in mmol CO,/g adsorbent.

FINDINGS/RESULTS

Crystallite sizes of the ethanol-hydration treated adsorbents derived from clam shells and cockle shells
are tabulated as below. Increase of ethanol concentration in ethanol-hydration treatment has been
found to reduce the crystallite size of the adsorbents. This is due to ethanol could affect the nucleation
and growth of the crystallite relatively. When the ethanol concentration was higher, more ethanol
molecules shielded the surfaces of the crystallites and inhibited the growth of crystallite (Liu, Lu,
Feng, & Tang, 2011).

Table: Crystallite sizes of CaO-based adsorbents derived from clam shells and cockle shells and treated with
different ethanol concentrations via ethanol-water hydration treatment.

Ethanol Concentration Crystallite Size (nm)
%
(%) Clam Cockle
0 88.97 87.53
30 66.88 65.25
50 53.78 42.22

CO; capture capacities of CaO-based adsorbents in this study is presented in figure below. It is
noticeable that CaO-based adsorbents derived from cockle shells achieved higher CO. capture
capacity than CaO-based adsorbents derived from clam shells. As the CO. capture capacity was
significantly affected by the surface area and pore volume of the adsorbents, the treated adsorbents
samples which expected to have a higher surface area were observed to have higher CO, capture
capacities. Ethanol had played a role in enhancing the hydration of the adsorbents as well as
maintaining their reactivity in capturing CO- (L1, et al., 2008).

The theoretical CO; capture capacity of CaO is 17.86 mmol CO./g CaO, with equimolar of CaO and
CO: were reacted via carbonation. As observed from the result, untreated CaO-based adsorbents
derived from clam shells and cockle shells were 7.95 mmol CO./g CaO and 9.61 mmol CO./g CaO,
respectively, which were only about half of the theoretical value. Ethanol-hydration treated adsorbents
at 30% of ethanol were tested for their CO; adsorption performance. It was observed that both of these
treated adsorbents have a higher adsorption capacities as shown in figure below. This has clearly
showed that ethanol-hydration treatment will be a promising way to improve the properties and hence
the CO- capture performance of CaO-based adsorbents by altering the strutural properties of the CaO-
based adsorbents.

2

CO, adsorption capacity, mmol/g adsorbent

Time, min

--------- Cockle 0% — - - Clam 0% Cockle 30% — — Clam 30%

Figurel: CO; capture capacities of untreated and treated CaO-based adsorbents derived from clam shells and
cockle shells.

CONCLUSIONS

This study has proven that natural clam (meretrix meretrix) shells and cockle (anadara granosa) can
be potential natural sources of calcium-based adsorbent in CO, adsorption due to their high CaCOs
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composition. The CaO-based adsorbents can be derived from the shells via simple calcination process.
Ethanol-hydration treatment has found to be helpful in stretching the pore structure of the adsorbents,
contributed to higher surface area and pore volume. Crystallite sizes of the adsorbent samples were
observed to decrease with the increasing of ethanol concentration used in treatment. In the meantime,
CO,, adsorption capacities were found to increase with the reduction of crystallite size. In conjunction
with that, CO. adsorption capacities of the adsorbents were improved with ethanol-hydration
treatment.
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PURPOSE/AIM & BACKGROUND

Fired clay bricks (FCB) are basic building blocks that had been used since ancient age (Cultrone et al.,
2005). The continuously rising demand of FCB in the market increases the use of clay soil which is a
non-renewable resource. Due to this, research had been done on using waste materials as clay soil
substitution. The use of waste materials not only help economically and environmentally, it also helps
to reduce the cost of disposal in landfill sites and to maintain a sound environment (Monteiro et al.,
2014). Few of the waste materials used were oyster shell ash (OS) (GengyingLi et al., 2015) and glass
waste (Souaibou et. al., 2019). It is found that the application of OS has a positive effect on the
increase in strength and durability of bricks in both dry and wet environments. The use of glass as well
significantly increase the physical and chemical properties of FCB from industrial waste (Phonphuak
et el.) Our study would be on the production of FCB using Malaysia’s most common waste which are
cockle shells and soda lime silica glass. Mixtures of SLS glass, clay soil and CS were made, and the
moulded mixtures are then subjected to firing process. They are characterized for linear shrinkage,
bulk density, temperature changes and mechanical strength.

METHODOLOGY

Cockle shells (CS) and soda lime silica glass (SLS) were acquired from Jabatan Nelayan Malaysia and
Jabatan Kraf Malaysia respectively. Thereafter, they underwent drying process then grounded and
sieved into submicron particle. The admixture of the clay soil, SLS and CS is using empirical formula
of [(CL)os(SLS)0s]1-x[CS]x where X: 0, 0.05, 0.1 and 0.15. Only percentage of 5% and 10% of cockle
shell were used due to it being the best composition to be compared with the conventional clay brick
and clay brick with SLS. The FCB mixture was fired in the electrical furnace at optimum temperature
of 900 °C for 5 hours at the rate of 10 °C/min to form fired clay bricks then subjected to analyses of
physical properties by means of linear shrinkage, bulk density, mechanical strength and thermal
properties by temperature changes.

FINDINGS/RESULTS

Linear Shrinkage

Figure 1 shows the linear shrinkage percentage of each samples of FCB. The addition of SLS and CS
content shows a reduce percentage of linear shrinkage specifically the 10% composition of CS which
results in the least shrinking of FCB with 1.98% as compared to conventional FCB from clay with the
highest percentage of linear shrinkage with 7%.
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Graph of Average Linear Shrinkage (%)
Vs Sample
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Figure 1: The linear shrinkage of FCB at 900 °C.

Bulk Density

The bulk densities of the specimens are given as below in Figure 2. Comparing between specimen
with added SLS + 10% CS and added SLS + 5% CS, the brick specimen with added SLS + 10%
CS has bulk density less than with added SLS + 5% CS. The bulk density were highest at
0.0018 g/cm? for conventional FCB and decreases the most until 0.0014 g/cm® when the CS addition is
increased to 10%.
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CLAY 900°C CLAY + SLS CLAY + SLS+ CS CLAY + SLS+CS
900°C  Sample 5% 900°C 10% 900°C

Figure 2: The loss of bulk density of FCB sintered at 900 °C.

Mechanical Strength
Mechanical strength of each sample were calculated and by referring to Table 1, sample of clay + sls +
10% CS showed the highest mechanical strength of 0.54735 N/mm? as compared to other samples.

Table 1: Mechanical strength of FCB sintered at 900 °C.

FORCE SURFACE AREA MECHANICAL STRENGTH
SAMPLE
(N) (mm2) (N/mm?)
CLAY (900°C) 0 1532.1064 0
CLAY + SLS (900°C) 400 1644.9725 0.24317
CLAY + SLS + CS 5% (900°C) 200 1639.0927 0.12202
CLAY + SLS + CS 10%
(900°C) 900 1644.2845 0.54735
Heat Conductivity
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Results in Figure 3 showed that the sample with addition of SLS and 10% CS has the lowest heat
conduction rate of 3200 W proving that it has the highest heat insulation which is required in building
materials so that the buildings built are protected from heat and sun effectively.

Graph of Heat Conduction (W) Vs Sample
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Figure 3: Heat conductivity of FCB sintered at 900 °C.
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CONCLUSIONS

It can be concluded that Fired Industrial Waste Clay Brick (FIWCB) from cockle shells and soda lime
silica glass was successfully produced with increase in physical and thermal properties at optimum
firing temperature of 900°C and composition of clay soil + SLS + 10% CS. The linear shrinkage
decreases and loss of bulk density (BD) decreases as well as highest mechanical strength as compared
to other samples. FIWCB from SLS and 10% CS also showed the lowest heat conduction with high
thermal insulation.
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PURPOSE/AIM & BACKGROUND

This research used to investigate the effect of NaOH-treated Palm Kernel Shell (tPKS) addition on
cure characteristics and swelling behaviour of acrylonitrile butadiene rubber (NBR) compounds using
a semi-efficient vulcanization system. It was found that the tPKS slightly increased the scorch time,
optimum cure time and crosslink density of the NBR compounds up to 10 phr of loading. From this
study, 10 phr of tPKS powder was concluded as an ideal loading in NBR compounds.

METHODOLOGY

Palm kernel shell was dried and ground into the powder size by using pulveriser machine (Chong et
al., 2017). After that, PKS filler was treated by 6% concentration NaOH for 24 hours. Then, rinsed
with water and dried for 24 hours. The PKS/NBR composites were prepared by two roll-mill in
accordance to ASTM D 3184 standard. The cure characteristics of rubber compound before processing
take place was analyzed accordance to ASTM D-2084. After that, the moulding process was
conducted in order to form rubber sheet by using hot press at 160°C.For the crosslink density, the
samples were cut with the dimensions of the sample is 10 mm x 10 nnm x 10 mm and dipped in
toluene and put in the dark place under room temperature. After 24 hours, the samples were dabbed to
remove excess toluene and kept in oven for 70 °C and the dried weight was recorded. The process of
drying was repeated until sample weight was constant.

FINDING/RESULTS

Cure characteristics of NaOH-Treated PKS/NBR Composites

Figure 1 shows the scorch time, Ts, (min.) and the optimum cure time, Tcgo (Min.) of uPKS and tPKS
filled NBR compounds. It can be observed that by increasing tPKS filled NBR composites will
increase the scorch time until optimum loading of 10 phr tPKS is achieved, and then, falls off. It is due
to the limitation of the NBR portion and it needs longer time to begin the crosslinking reaction (Daud
et al., 2017). Besides, the larger particle size also effects on longer mixing time, hence, it will cause
the premature crosslinking (Daud et al., 2017b). Thus, it reduces the Ts, and Tcg (min.) of tPKS/NBR
compounds lower than uPKS/NBR compounds at 10 phr loading (Ooi et al., 2013).
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Figure 2: Crosslink Density (g/mol) & swelling index of the uPKS/NBR and tPKS/NBR Composites

Crosslink density of the uPKS/NBR and tPKS/NBR compounds was illustrated in Figure 2. It can be
reported that increases trend for the 5 phr to 10 phr of tPKS filled NBR compounds by 55.14 %. It can
be seen that tPKS10 shows the highest crosslink density because of 10 phr of tPKS filled NBR
compounds is the optimum loading and it contributes to the lowest swelling index. According to Onn
et al., (2018), the rubber that has high crosslinking density and hence, less swell due to the better
rubber-filler interaction. However, it was drop off when tPKS15 and tPKS20 loading due to the
agglomeration of tPKS in NBR matrix. Karthikeyan et al., (2016) also stated that by the increases of
the filler loading attributed to the high value of the crosslink density, as it resists the swelling and
decreases the uptake of the solvent in cured compounds that lead to better interfacial adhesion.
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CONCLUSIONS

In this research, a study on the effect of palm kernel shell (PKS) on cure characteristics and swelling
behavior of acrylonitrile rubber (NBR) compounds are presented. Scorch time and cure time was
increased until 10 phr loading, then, fall off when tPKS loading increase. Next, as the tPKS loading is
increased, crosslink density is also increased.
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PURPOSE/AIM & BACKGROUND

Bimetallic gold-copper nanoparticles (Au-Cu NPs) possess a unique physical and chemical properties
which are useful in the application for catalysis (Tursunova et al., 2016). The Au-Cu NPs are often
deposited on a support material such as metal oxides, carbon nanotubes (CNTs) or polymers to
prevent the aggregation of the nanoparticles (Fang et al., 2017). However, most of the support material
is in powder form, making recollection difficult after it has completed its role in the catalytic activity.
Hence, one promising approach is the use of nanoporous anodic aluminium oxide (AAQ) in the form
of a membrane as the support material. AAO has high surface-to-volume ratio, which makes it an
excellent choice as a support (Santos et al., 2013). Research by He et al., (2014), finds that Au-Cu
NPs showed higher catalytic activity than its monometallic counterpart when reducing p-nitrophenol.
Gold-copper nanoparticles (Au-Cu NPs) was successfully synthesized by chemical reduction method
followed by grafting the prepared Au-Cu NPs on AAO by spin coating technique. Two formulations
of Au-Cu HDA1 and Au-Cu HDA2 were studied in order to produce smaller Au-Cu particle size for
further deposition on AAO membrane. Based on UV-Vis results, Au-Cu HDA2 proved to be the best
formulation. Meanwhile, vertically aligned and porous structure of AAO membrane was obtained by
electrochemical anodization method with 84.17 £ 10.0 nm pore size. This AAO membrane acts as a
support for deposition of Au-Cu NPs, which improved the stability as well as prevent the aggregation
of Au-Cu NPs. The prepared Au-Cu/AAO was tested as a catalyst for the reduction of p-nitrophenol.
The highest rate constant (k) of 0.0012 s was achieved over 10 mg of Au-Cu HDA2/AAOQ catalyst.
The synthesized catalysts were characterized by Fourier Transform Infrared (FTIR) spectroscopy and
Field Emission Scanning Electron Microscopy (FESEM) while the catalytic study was monitored
using Ultraviolet-Visible (UV-Vis) spectrophotometer.

METHODOLOGY

Synthesis of Au-Cu NPs

About 22.5 mg of hexadecylamine (HDA) and 2 mL of deionized water was added to a vial followed
by addition of 0.3 mL of CuCl,.2H,0 (100 mM), HAuCl..3H,O and 0.28 mL of 1 M glucose solution.
The vial was then capped, and the content was magnetically stirred at room temperature for 20 hours.
The vial was heated in an oil bath at 100 °C for 3 minutes and then cool by soaking in an ice bath.
This formulation was denoted as HDA1. Another Au-Cu formulation was named as HDA2 with the
second addition of 15 mg of HDA to the vial and heated for 15 minutes. The vial was then cool in the
ice bath.

Fabrication of AAO

The fabrication of AAO was done by two-steps anodization process of aluminium foil (Al). The
anodization was carried out using an electrochemical cell. The Al foil was exposed to oxalic acid
(H2C204) under constant voltage of...??? for one minute in an insulated water bath at 5 ° C. The
structure form was then immersed in phosphochromic acid solution for 30 minutes before undergoing
the second anodization for another 2 hours under the same condition as the first one. Lastly, the Al
layer was removed by the CuCI/HCI solution.
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Grafting Au-Cu NPs HDA1 and HDA2 on AAO

The synthesized Au-Cu NPs (HDA1 and HDA2) were deposited on the AAO membrane by spin-
coating technique. The solution of Au-Cu NPs was spin-coated at 1000 revolutions per minute (rpm)
for 60 s respectively. The deposition was repeated three times on the front and back of the membrane
without changing the condition. The Au-Cu HDA1/AAO and Au-Cu HDA2/AAO were then dried at
100 © C for 15 hours in an oven followed by calcination treatment at 400 ° C for 4 hours.

Catalytic Activity

The prepared catalysts were tested for catalytic reduction of p-nitrophenol by using UV-Vis
spectrophotometer over a scanning range of 200-600 nm. The Au-Cu HDA1/AAQ catalyst was put in
a cuvette containing freshly prepared NaBH4 and p-nitrophenol solution. A decreased in absorbance at
400 nm (Amax p-nitrophenolate ion) was observed and rate constant (k-value) was calculated. The
catalyst that shows the highest catalytic activity will be selected for further study on the effect of
catalyst mass.

FINDINGS/RESULTS

Au-Cu HDA2/AAO

After grafting the Au-Cu HDAZ2 onto the AAQ it is found that the average size of the Au-Cu NPs is
220 nm % 70 nm. Figure 1 shows the FE-SEM image of Au-Cu HDA2/AAO.

@ (b)
Figure 1: FE-SEM image of (a) Au-Cu HDA2 attached to the surface AAO membrane
and (b) Au-Cu HDA2 attached in the AAO pores (cross section).

Catalytic Reduction of p-Nitrophenol

Figure 2 shows a plot of In A vs time (s) for catalytic reduction of p-NP over Au-Cu HDA2/AAO at a
various mass of 1 mg, 5 mg and 10 mg. Highest k-values of 0.0012 s was achieved over 10 mg of
Au-Cu HDA2/AAQ. The catalytic test was stopped at 10 mg since its already achieved complete
reduction with comparable k-value as other literature. (Rout et al., 2017) and (He et al., 2014) reported
that their Au-Cu NPs have k-value of 0.0045st and 0.00427s%, respectively. The summary of k values
is summarized in Table 1. It can be observed that by increasing the mass of the catalyst, the k-value
increases.

0
1 Table 1: Mass of catalyst and its k-value
5 y =-0.0007x - 1.7049 "y fALC
R? = 0.9594 ass of Au-Cu 3 -1
‘é 3 \ HDA2/AAO (mg) k-value (s)
£ 4 y =-0.0012)} - 1.974
5 \ R? = 0.9452 1.0 0.0007
- y =-0.0007% - 4.6154
- RZ = 0[962 5.0 0.0007
0 1000 Time {250]00 3000 10.0 0.0012
Linear (10mg)

Figure 2: Plot of In A vs time (s)
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CONCLUSIONS

The Au-Cu NPs and AAO were successfully synthesized and fabricated by chemical reduction method
and two-steps electrochemical anodization process respectively. The FE-SEM image of Au-Cu
HDA2/AAO found that the size of NPs is 220 nm + 70 nm. In addition, the fabricated AAO have an
average pore diameter of 84.17 + 10.0 nm. The grafting of Au-Cu on AAO prove to be a competitive
catalyst with high k-value of 0.0012 s* at 10 mg in the reduction of p-np. For instance, extended
works are still in progress to further increase the performance of the catalyst.
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PURPOSE/AIM & BACKGROUND

Bio-oil derived from biomass through thermal pyrolysis consist of undesirable oxygenated chemical
compounds that contribute to low quality of bio-oil. Introduction to catalytic thermal pyrolysis on
sequential pre-treatment of biomass shows a promising technique to enhance aromatic hydrocarbon in
the bio-oil as an important precursor for the synthesis of additive fuel, pharmaceutical industry and
formation of polymeric compounds. Based on previous studies, poor stability, phase separation
propensity, high water and acid content, low heating value, and complicated composition of bio-oil
come from low grade of raw biomass materials (D. Chen et al., 2017; Stefanidis et al., 2015). In order
to produced biomass with low ash and oxygen content, demineralization and torrefaction could
eliminate alkali and alkali earth metals (AAEMS) that contribute to ash content and reduce the oxygen
content through degradation of hemicellulose, respectively. Further, several aspects of good quality
bio-oil such as increased HHV and high-value compounds of bio-oil from pre-treated biomass were
monitored and improved (G. B. Chen et al., 2017). Catalytic pyrolysis of biomass over acidic catalysts
which is zeolite has attracted significant attention to promote the production of aliphatic and aromatic
hydrocarbons through cracking reaction for converting the oxygenated compounds of bio-oil into
hydrocarbon under atmospheric pressure (Khanday et al., 2016). Studied by Ro et al., (2018), the bio-
oils obtained from the catalytic pyrolysis of palm EFB over the spent FCC and HZSM-5 catalysts
produced higher amount of gas and a small amount of bio oil during the catalytic pyrolysis of EFB at
500 °C. Similar finding was reported that HZSM-5 could promote an effective thermal pre-treatment
for improving the selectivity of benzene, toluene and xylene (BTX). In this study, the sequential pre-
treatments of demineralization and torrefaction palm empty fruit bunches (TDPEFB) followed by
catalytic pyrolysis using HZSM-5 was successfully carried out using a fixed-bed reactor in inert
nitrogen gas at ambient pressure condition using response surface methodology (RSM). The results
from GCMS analysis shows that formation of aromatic hydrocarbon compounds enhanced by 54 % of
phenolic and aromatic hydrocarbon compounds in the catalytic thermal pyrolysis of TDPEFB.

METHODOLOGY

Catalytic Thermal Pyrolysis Process

Torrefied demineralized empty fruit bunches (TDPEFB) was carried out using sequential pre-
treatment of demineralization and torrefaction based on our previous work. Catalytic thermal pyrolysis
experiment was conducted in fixed-bed reactor system. About 5.0 g of PEFB were loaded in a
stainless-steel reactor tubing and placed in the fixed-bed reactor for pyrolysis in the inert nitrogen
condition. The optimum operation parameters were at 537 (15 °C) of pyrolysis temperature, 85 °C
mint of heating rate, nitrogen flow rate of 150 mL min and holding time for 273 s. The calculation of
bio-oil yield, biochar yield and biogas yield were calculated according to Mohamed et al., (2014).
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GC-MS Analysis

The chemical compound of bio-oil 1 pL diluted in dichloro methane (DCM) was analysed by gas
chromatography-mass spectrometry (GC-MS) model Agilent 6890N equipped with a HP-5MS
capillary column (30 m x 250 um x 0.25 pm nominal). The GC oven temperature was controlled with
the programme as follows: (i) 50 °C hold for 3 min, (ii) 50 °C to 180 °C at a rate of 6 °C min™ and (iii)
180 °C to 240 °C rate of 8 °C min* and held for 30 min. The identification of compound based on
computer matching of the peak with the mass of spectra in NIST 08 MS library.

FINDINGS/RESULTS

The Effect of Catalytic Thermal Pyrolysis on Pyrolysis of TDPEFB Product Yields

In an attempt to study the effect of catalytic thermal pyrolysis on the pyrolysis product distribution,
Table 1 shows the comparison results for untreated PEFB, TDPEFB and catalytic thermal pyrolysis of
TDPEFB at optimized operation condition. Untreated PEFB and TDPEFB were thermal pyrolysed at
condition of 490 °C (* 15 °C), pyrolysis temperature, holding time 210 s and at 85 °C min of heating
rate. Meanwhile, the optimum condition for catalytic thermal pyrolysis were at pyrolysis temperature,
holding time, heating rate and catalytic ratio of 537 °C (x 15 °C), 273 s, 85 °C min? and 10 %,
respectively. Beside the sequential pre-treatment, catalytic thermal pyrolysis is another option to
increase the percentage of bio-oil yield and enhance the quality of the bio-oil.

Table 1 Pyrolysis products of untreated PEFB, TDPEFB and catalytic PEFB at optimized operation condition

Pyrolysis products Untreated PEFB (%) TDPEFB (%) Catalytic TDPEFB (%)
Bio-oil yield 56.85 + 0.19 59.53 £ 0.13 59.28 + 0.23
Biochar yield 22.74+£0.21 28.76 £ 0.14 28.78 £ 015
Biogas yield 2041+ 0.11 11.71+0.23 11.94 + 0.37

The attainment of 59.28 % bio-oil yield from catalytic TDPEFB pyrolysis is substantially higher
compared to untreated PEFB which about 56.85 %. This finding shows an improvement on thermal
pyrolysis of untreated PEFB using fixed-bed reactor system in comparison to previous repeated study
on bio-oil yield of 35 % (Mohamed & Hamzah, 2014) and 46.13 % (Azduwin et al., 2015) from
untreated PEFB pyrolysis. This result is due to the contribution of initial demineralization step which
has successfully removed AAEMSs from PEFB since the existence of AAEMSs had promoted secondary
reactions in biomass pyrolysis that resulted in reduced bio-oil yield (Thangalazhy-Gopakumar et al.,
2018). As can be seen, biochar yield follows a similar trend of bio-oil yield which increases from
22.74 % for untreated PEFB to 28.76 % and 28.78 % for thermal pyrolysis of TDPEFB and catalytic
thermal pyrolysis of TDPEFB, respectively. However, biogas yield of thermal pyrolysis and catalytic
thermal pyrolysis of TDPEFB show in direct contrast compared to bio-oil and biochar yield. This can
be explained as increased in coke formation due to insufficient hydrogen capture of active radicals
during the reaction of pyrolysis. Interestingly, catalyst play a significant role as cracking agent that
invoked the cracking of non-volatile oligomers into monomerics resulting increased in high bio-oil
yield.

On the other hand, sequential pre-treatment of TDPEFB shows comparable value of thermal pyrolysis
product yields compared to the catalytic thermal pyrolysis of TDPEFB due to the effect of sequential
pre-treatments. Remarkably, the optimum HZSM-5 presence of 10 % during the thermal pyrolysis
process enhance yield of valuable compounds such as aromatic and phenolic compounds formation
(liopoulou et al., 2019). The main compounds identified in all three bio-oils can be classified into 7
groups which are ester, hydrocarbon, carbonyl, phenolic compounds, furan, organic acid and nitrogen-
containing compounds. From the result shows in Figure 1, bio-oil from catalytic TDPEFB produced
aromatic hydrocarbon increased about three times which is 9.35 % compared with bio-oil from non-
catalytic of TDPEFB, only 2.19 %. Phenolic compound indicated the similar trend clearly increased to
44.27 % for catalytic TDPEFB pyrolysis. Interestingly, organic acid, carbonyl and furans groups
showed the reduction in bio-oil of catalytic TDPEFB pyrolysis. This indicated that during thermal
catalytic pyrolysis of TDPEFB, deoxygenation, decarboxylation, decarbonylation and cracking
reactions occurred.
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Figure 1: Percentage area of functional group compounds obtained in bio-oil.

CONCLUSIONS

Bio-oil enhance with aromatic hydrocarbon and phenolic compound by 54 % as well as reduced in
oxygenated compounds was successfully produced from catalytic thermal pyrolysis of torrefied
demineralized palm empty fruit bunch (TDPEFB) in the presence of HZSM-5.
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PURPOSE/AIM & BACKGROUND

Proton conducting fuel cell (PCFC) is a green technology system, operates at intermediate temperature
between 600 to 800°C that used in portable and mobile devices. A major limitation that inhibits the
performance of the overall cell system is a high cathode polarization resistance (R,) (Ricote et al.,
2012). This is due to the lack of surface active site present for oxygen reduction reaction (ORR) that
constribute to meeting point between electrolyte, electrode and gas phase which known as triple phase
boundary (TPB). Researchers have found several alternatives to improve the TPB length and one of
them by introducing composite cathode (Zhou et al., 2013).

LSCF is a well known cathode materials used for PCFCs because it carries both ionic and electronic
species that improved from the conventional cathode materials. Recently, addition of some protonic
species to the LSCF cathode is believed to lengthen the TPB. The optimum ratio for composite
cathode reported was 70:30 for LSCF to BCZY (Osman et al., 2016). In this work, LSCF-BCZY
composite cathode is prepared based on the optimum ratio and coated on both sites of the BCZY body
that act as a support. The fabricated symmetrical half-cell was then introduced to electrochemical
study using an electrochemical impedance spectroscopy (EIS) and morphology of the cell was
evaluated using scanning electron microscope (SEM).

METHODOLOGY

LSCF-BCZY composite cathode powder was synthesized via a modified sol-gel method. A
stoichiometric amount of La, Sr, Co, Fe (nitrate based salt) was dissolved one-by-one in deionized
water, followed by addition of citic acid and ethylenediaminetetraacetic acid (EDTA). The solution
was then adjusted to alkaline condition (pH9) using ammonium hydroxide solution and followed by
addition of ethylene glycol. The heating treatment of the gel was conducted at 900°C for 5 hours and
the black solid was labelled as LSCF. The preparation of the BCZY powder was carried out as
previously reported (Abdullah, Hasan, & Osman, 2013). In this study, the composition of 70 : 30
weight percent (wt%) of LSCF to BCZY was formulated. The LSCF-BCZY composite was then
transformed into cathode slurry using 6% ethyl cellulose and terpeniol binder, followed by sonicating
and stirring methods. The slurry was coated under optimize condition (2000 rpm for 30 seconds) onto
BCZY pellet. The symmetrical half-cell of LSCF-BCZY|BCZY|LSCF-BCZY was sintered at 900°C
for 1 hour and subjected to electrochemical study using electrochemical impedance spectroscopy
(EIS). The EIS spectra was recorded between 1 MHz to 10 mHz using an equivalence circuit of
Rs(R1Q1)(R2Q2). The morphological of the cross-sectional cell was observed using scanning electron
microscope (SEM) and energy dispersive X-ray (EDX).

FINDINGS/RESULTS

Figure 1 presents the impedance spectrum of LSCF-BCZY|BCZY|LSCF-BCZY at 700°C under wet
air atmosphere. The responses was well fitted using equivalent circuit of RS(R1Q1)(R2Q2). Rs
corresponds to ohmic resistance, R1Q1 associated with charge transfer reaction that involved the
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transfer of ion from electrolyte to the cathode layer with capacitance value of 3.08x10° Fcm™ and
R2Q2 related to oxygen adsorption or dissociation at the cathode site (capacitance : 2.58x102 Fcm™).
The ASR value of the composite cathode was 0.45 Qcm?. This result was in-line as reported by other
work (Lee et al., 2018) as the addition of protonic phase to MIEC electrode has extended the meeting
point between electrolyte, electrode and gas phase and promotes more surface active region for high
electrochemical reaction. Thus, the preliminary study of electrochemical responses signifies that the
composite cathode has shown a good potential for PCFC application.
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Figure 1. The EIS spectrum d%ql__SCF-BCZY|BCZY|LSCF-BCZY performed at 700°C under wet air atmosphere

Figure 2 show the morphology of the cross-sectional part of fractured half-cell. The good contact layer
was observed between electrode and electrolyte. The thickness of the cathode film was about 8 pm as
measured by ImageJ software.

Cathode layer

Electrolyte substrate
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Figure 2. The cross-sectional at image of the half-cell after the EIS analysis

CONCLUSIONS

The modification of the pure cathode material to become composite cathode exhibited the ASR value
of 0.45 Qcm? at 700°C. The enhancement of the cathode was due to the high surface active site that
attributed to the increased of TPB length. The good contact layer between electrolyte and cathode
layer allow the vast electrochemical reaction in the cell.
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PURPOSE/AIM & BACKGROUND

Currently the world is facing huge problem about the decomposition of synthetic plastic material
that used to wrap and to package the foods, fruits and vegetable. Petro-chemical based plastic has
been used because it is cheaper, and its mechanical performance is good. However, the usage of
synthetic plastics needs to ban and reduce because they are non-recyclable, and non-
biodegradable. Hence it will give bad complication and lead to disaster ecological problem.
Protein-based film by from fish has received recognition as a demanding packaging, because of their
good performance especially gas barrier, biodegradation and environmental friendly aspect.
(Tongnuanchan, Benjakul, and Prodpran, 2014). It has been reported that the addition of active
ingredient (essential oil) improved the antioxidant activity of gelatin films. As for the consequences,
the packaging material that based on gelatin film is qualify for food protection and preservation.
(Tongnuanchan et. al., 2013).

This research is concerned with the development of ecologically clean natural food wraps production
using fish waste products. For this study lemongrass extract was used as an active agent and
incorporated with gelatin film extracted from Nile tilapia’s fish scales. Mechanical properties and
physical properties of the incorporated film was determined as well as the quality changes of fruit
wrapped with gelatin film incorporated with lemongrass extract.

METHODOLOGY

Lemongrass Extraction

The dried lemongrass was extracted in 200 mL ethanol by using Soxhlet method. The extraction
process was performed for a total of at least 6 hours. After the process finished, the ethanol was
evaporated using a rotary evaporator, leaving a small yield of extracted lemongrass in the glass bottom
flask. The extracted lemongrass was weighed and placed in the sample container and sealed tightly for
further used.

Gelatin Extraction

The gelatin from Nile tilapia’s fish scales was extracted by using warm distilled water as described by
Zakaria and Bakar (2015).

Preparation of Gelatin Film Incorporated with Lemongrass Extract

The incorporated film was prepared by using the method as described by Li et al., (2014) with slight
modification.

Characterization of the Films

Antioxidant of the films were evaluated using free radical scavenging activity through
diphenylhydrazyl (DPPH) Assay. The functional groups of the control film (gelatin film without
lemongrass extract) and the incorporated film were determined by using attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR). The thickness of the films were measured using
Handheld micrometer with 0.001 mm accuracy. The mechanical properties (Tensile strength (TS),
elastic modulus (EM) and elongation at break (EAB) of both films were determined by using the
Instron Machine equipped with tensile load cell of 1200 N. The moisture content and water solubility of
both films were also measured. The quality changes of fruits (cherry tomatoes) were determined by
wrapping the fruits with the incorporated film as well as the control film at room temperature for 14
days. Within 14 days, the appearances of the fruits were determined in term of the fruits’ shrinkage
and percent weight loss.
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FINDINGS/RESULTS

The calculated percent yield for lemongrass extract was 22.5 %. The percent yield of gelatin
extracted from Nile tilapia’s fish scale was 16.0 %. The similar percent yield was reported by the
previous study done by Zakaria and Bakar (2015) for gelatin extracted from the scales of black
tilapia.

From the results of DPPH scavenging activity, it can be concluded that film solution that incorporated
with lemongrass extract was able to inhibit free radical due to high amount of inhibition which is
72.50% at concentration of 125 ppm. This might be due to the content of phenolic compound and
flavonoid constituent in the film solution. (Ganiari et al., 2017). This finding suggested that film
solution incorporated with lemongrass extract is relatively potential has antioxidant agent.

The absorption peaks at 1584.13 cm?, 3317.68 cm™, 1478 cm™ and 2852 cm™ for FTIR spectrum of
incorporated film confirmed the presence of —-N-H, —OH,C = C and C-H groups respectively
groups which indicated that incorporated film contain flavonoids and terpenoids (Basera, Lavania,
Agnihotri, and Lal, 2019)

It was found that the thickness of the incorporated film was 0.20 mm which is higher than that of the
control film (0.15 mm). Lemongrass extract droplets might insert and localize themselves in the film
network, which can improve the cross linking between the bond in the film matrix. As for mechanical
properties, the incorporated film had highest EAB but lower TS and YM, as compared with the control
film. TS of films decreased as the lemongrass extract were added due to protein—protein interaction by
the replacement of lipids occurred in film network (Tongnuanchan, Benjakul, and Prodpran, 2014).
According to Yang and Paulson (2000), the interactions between non-polar molecules and polymers
molecules are much lower than those polar polymer molecules. Plant extract, crude oil contains high
amount of non-polar molecules or hydrophobic compounds, such as monoterpene hydrocarbon, which
could reduce the compactness of film network as evidenced by the decreased in TS and YM of the
film.

The moisture content of control film and incorporated film are 23.12% and 13.17% respectively. The
film incorporated with lemongrass extract has low moisture content due to the ability of the
lemongrass extract incorporated with gelatin film reduced the water content in the film to enhance the
stability of the film. The incorporated film demonstrated slightly higher water solubility than control
film. Commonly, high water solubility of incorporated film may indicate the lower water resistance.
However, high water solubility may be an advantage for some applications especially in fruit
wrapping. The film with high water solubility can be degraded rapidly and modified easily to improve
their physical and chemical properties (Li et al., 2014).

The quality changes of cherry tomatoes (unwrapped, wrapped with control film and wrapped with
incorporated film) were successfully observed and recorded. All of cherry tomatoes experienced
weight loss due to shrinkage of fruit and they get lighter day by day. At day-14, it was found that the
unwrapped cherry tomato has highest weight loss (21%) followed by cherry that wrapped with control
film (19%) and incorporated film (16%). It is also observed that cherry tomato wrapped with
incorporated film shrunk slower than the other two which got shrunk and swollen badly starting from
day-7. This proven film incorporated with that lemongrass extract helped in prolonging the shelf-life
of fruit at room temperature. This might due to the presence of antioxidant compound from
lemongrass extract that slow down the oxidization process of the fruits.

CONCLUSIONS

The incorporation of lemongrass extract to the gelatin film extracted from Nile tilapia’s fish scales
improved the physical and mechanical properties of the film. The incorporated film also contribute in
extending the fruits’ shelf life due to the presence of antioxidant compound from lemongrass extract.
Therefore, gelatin film incorporated with lemongrass extract show a potential to be used for fruit
wrapping application.
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PURPOSE/AIM & BACKGROUND

Bio-based coating can be defined as utilization of organic compounds, recyclable, and non-toxic to the
environment. Renewable resources such as vegetable oils, fatty acid and industrial starches can be
used as the sources of bio-based coating. Recently, the potential utilization of chemically modified
vegetables oils has been paid a high consideration as raw materials to produce modified thermoset
polymer (Rucigaj et al., 2014). This is because, they have a specific structure that can be categorized
by the existence of dissimilar types of fatty acids in a triglyceride structure (Espana, et al., 2012). This
triglycerides groups can undergo reaction such as acylation, isomerization, hydrogenation,
hydroxylation, oxidative cleavage, carboxylation and epoxidation. Nevertheless, epoxidized soybean
oil (ESO) that has the epoxy group functionality has several weaknesses such as less reactivity and
prone to produce intra-molecular bonding that show a tendency to initiate limited thermal and
mechanical properties of polymer. Hence, ESO which is made up from epoxidation process of
soybean oil can be further modified into maleinated soybean oil (MSO) by incorporating maleic
anhydride under esterification process (Li, et al., 2017). MSO has a high potential to be used in the
application of bio-based coating. Maleic anhydride act as a hardening agent that make the ESO to
toughen along the crosslinking of the chains. The anhydride groups with long chain backbones will
contribute to produce good flexural strength to the bio-film product. Thus, the current study intends to
enhance the usage of ESO functionalized maleic anhydride for the bio-coating film applications.

METHODOLOGY

Preparation of Maleinated Soybean Oil

The maleinated process was carried out by the mixture of 100g of ESO and 64.7g of maleic anhydride
together with 0.10g of hydroquinone and 100g of ethanol. The mixture was heated up to 80-90°C until
homogenous solution was formed. Acid value (AV) and oxirane oxygen content (OOC) test were
measured at every 30 minutes interval until a near constant acid values was achieved. The OOC and
AV test were measured from starting until the reaction was completed.

Oxirane Oxygen Content (OOC) Test

OOC was carried out for the characterization of MSO. It was used to define the amount of oxirane
groups produced in place of double bonds by wet titration. The value of OOC for MSO was
determined by using ASTM D1652-11.

Acid Value (AV) Test

Acid value test by using the AOCS Cd 3d-63 was used for the characterization of MSO. It is described
as the amount of KOH in milligram required to neutralize the organic acids exist in 1 gram of fat. It is
also used to measure the amount of the free fatty acids existing in the MSO.

FINDING/RESULTS

Oxirane Oxygen Content (OOC)

The oxirane oxygen content value for the sample was taken every 30 minutes during esterification
process. The values of OOC are gradually decreasing with reaction time as can be seen in
Figure 1. It indicates a ring opening of epoxide group from ESO that allow ester group from maleic
anhydride to form on the backbone of MSO. Lui et al., (2005) study on the synthesis and testing of
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soy-based polyols and they stated that the reduction of oxirane oxygen content was due to the oxirane
opening polymerization underwent by the polyols. To relate with this study, the reduction of oxirane
oxygen content in the sample was caused by the substitution of epoxide group with ester group from
the process of esterification.

00C (%)
o = N w H (6] (o)}

30 minutes 60 minutes 90 minutes 120 minutes 150 minutes
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Figure 1: Graph OOC value for MSO sample

Acid Value Test

AV test was done on each sample of MSO by taking 5 gram of the sample every 30 minutes and
mixed with the phenolphthalein indicator in the conical flask. The mixture was titrated with potassium
hydroxide solution and the changed in color was observed during the titration. The result was shown
in Figure 2. Based on the result, the acid value for each sample that was taken every 30 minutes was
decreased as the time increased (Figure 2).
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Figure 2: Graph of acid value for MSO sample

At 30 minutes of the synthesis, the acid value was 250mg KOH/g. It means that there is a lot of free
fatty acid in the sample of MSO. When the synthesis continued for 1 hour, the acid value was high
with 201mg KOH/g. There is 19.6% percentage different between 30 minutes and 1 hour of synthesis.
Then, the acid value decreased a little to 195mg KOH/g at 1 hour and 30 minutes of synthesis. After
that, it gradually dropped to 172mg KOH/g at 2 hours of synthesis. There is 11.8% percentage
difference from the previous hour. Lastly, at the end of the synthesis, the acid value dropped to 150mg
KOH/g and the percentage difference with previous acid value is 12.8%. When the acid value was
low, there is small amount of free fatty acid content in the sample and it will have high amount of acid
functionality due to the esterification process. Mazo et al., (2011) reported that the decreasing of acid
value was due to the reduction of the component’s concentration. The component’s concentration in
this study referred to the free fatty acid.

CONCLUSIONS

In conclusion, maleinated resin from epoxidized soybean oil was successfully synthesized. The
reduction in OOC and AV values indicate the formation of hydroxyl groups at the backbone of MSO.
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The presence of ester group and disappearance of epoxy group in tryglycerides ESO backbone has
been confirmed by AV and OOC test through wet titration. Hence, MSO can be further modified to
produce MSO film coatings.
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PURPOSE/AIM & BACKGROUND

Loss circulation occurs when drilling fluid known as mud, flows into fractures of formations and not
able to recirculate in oil and gas well during drilling process (Shaikh, 2010). The objectives of this
paper are to conduct parametric study of banana peels and sugarcane bagasse as lost circulation
material additive for drilling mud application and to investigate thermal stability of the formulated
banana peels and sugarcane bagasse based lost circulation material. The performance of banana peel
and sugarcane bagasse with different particle size were tested using Fann Viscometer and Low
Pressure, Low Temperature (LPLT). The performance of the banana peels in rheological properties
and filtration properties studies exhibited higher efficiency compared to the sugarcane bagasse and
mud without LCM.

METHODOLOGY

Preparation of Banana Peels and Sugarcane Bagasse as potential LCM

These raw materials were cut into small pieces and dried for 2 days under sun to ensure no moisture
content that may affect the efficiency of sample during experiment. Thereafter, samples were ground
into smaller size and sieved by following the desired particle sizes; 0.3mm for fine, and 0.7 mm for
coarse.

Mud Preparation

The water-based mud contained fresh water, sodium hydroxide, bentonite, xanthan gum and barite.
Formulation A is a base fluid composition without LCM, whereas Formulation B is water-based mud
with the environmentally friendly potential LCM which are banana peels and sugarcane bagasse.
Rheological Properties and Filtration Test Procedure.

In order to measure the plastic viscosity, gel strength, and yield point of drilling mud, Fann
Viscometer was used in this test. Plastic viscosity functions to minimize high shear rate viscosity. Gel
strength is important in order to classify the good mud formulation (Akeju, Akintola, & Akpabio,
2014). For Filtration Test, Low Pressure, Low Temperature (LPLT) Filter Press was used since these
samples were tested at room temperature and pressure of 100psi. The filtration test will determine the
amount of filtrate loss and mud cake thickness.

Thermal Stability Test

Fann Viscometer was set to three different temperature which are 25°C, 50 °C, and 100 °C. Then, the
best sample from previous test was tested again and the reading of plastic viscosity, gel strength and
yield point was recorded and compared (Apaleke, Al-Majed, & Enamul, 2012).

FINDINGS/RESULTS

Rheological Properties Study.

Rheological properties on water-based mud analyzed were pH, mud weight, plastic viscosity (PV),
yield point (YP), and gel strength (GS). All results were obtained using Fann Viscometer. The results
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indicate that by having banana peels or sugarcane bagasse as additive in water-based mud, the
rheological properties were altered. Banana peels and sugarcane bagasse additives enhance the value
of plastic viscosity, yield point and gel strength of water-based mud compared to the blank sample
which is the water-based mud sample without any additive.

pH and Mud Weight.

By adding banana peels, pH of the water-based mud changed to higher alkalinity and mud weight
decreased. The blank sample can achieve up to 11ppg which is the standard mud weight that use in
drilling industry. The eco-friendly LCM additives managed to reduce mud weight to the range of 8.9 —
9.9ppg. For sugarcane bagasse, value of alkalinity is higher compared to banana peels as additive.
Filtration Properties Study

Effect of Different Type of Raw Materials as Loss Circulation Materials.

The objective of this test is to observe the performance of water-based mud without LCM and with
LCM in fluid lost controlling and formation of mud cake. Banana peels exhibited good performance in
filtration compared to the sugarcane bagasse because the volume of filtrate in banana peel water-based
formulation was less compared to sugarcane bagasse. Banana peels tends to give a significant result
compared to sugarcane bagasse because it contains lignin, starch and cellulose, and is also fibrous.
Effect of Different Particle Size of Loss Circulation Materials.

A drilling fluid should contain particle size ranging up to the requisite maximum that should be able to
effectively bridge the formation and form the filter cake (Alsaba, 2015). The smaller the particle size
of drilling mud additives forms, the lower filtrate volume of drilling obtained. The fine sized of LCM
has more surface area so they possess more resistance to pressure and they can plug more formation.
For the mud cake thickness, the best range of mud cake thickness is between 2 to 25mm.

Thermal Stability Test for Loss Circulation Materials.

Banana peels with fine particle size and high concentration has been chosen as the optimum additives
to prevent loss circulation materials. Therefore, this sample was used to complete the second objective
of this study, which is to investigate the thermal stability of the optimum LCM. As the temperature
increase up to 100 °C, the rheological properties show the decreased pattern in the Fann viscometer
reading. The reading of yield point at first temperature was 62kg/m? then decrease to 28 kg/m? and
25kg/m?. Same goes to gel strength and plastic viscosity value decrease as well as the temperature
increases. Temperature affects stability and resistant rheology of mud.

CONCLUSIONS

In conclusion, the important factor that can contribute to better performances of loss circulation
material are particle size distribution and type of materials used. LCM with finer particle size is
preferable compared to coarser LCM particle since finer size enhance filling behavior. By comparing
all samples, Banana Peels produced better results compared to sugarcane bagasse as they have variety
of crude fiber and the higher content of cellulose, lignin and starch. For the thermal stability study,
when the temperature increases rapidly, the performance of rheological properties of banana peels
degrade. At the same time, pH and mud weight of drilling mud are affected by using different type of
additives. For recommendation, mud formulation can be improved by using different amount of
additive. The mixing procedure also need to be modified such as integrating hot and cold rolling to
make sure the mud and additives mix more perfectly.
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PURPOSE/AIM & BACKGROUND

Among the cathodes used for solid oxide fuel cells (SOFCs), LaoeSro4Coo2FeosOss (LSFC) offer
suitability for an intermediate temperature operation (600-800°C) due to its higher ionic and electronic
conductivity than Lanthanum strontium manganite, LSM-based materials (Lanzini et al., 2009) .
Besides that, at lower operation temperatures, LSCF are superior to LSM due to lower area specific
resistance (ASR) value (Sun, Hui, & Roller, 2010). The successfulness of LSCF as mixed ionic or
electronic conductor (MIEC) electrode is due to its high surface oxygen vacancy concentration at
operating temperature, due to the replacement of Sr?* dopant for La®*" host (Finsterbusch, Lussier,
Schaefer, & Idzerda, 2012).

However, despite its outstanding advantages, the long-term stability of LSCF cathode as air-electrode
has yet to be throughly verified experimentally. One of the concern of the issue is due to the cation
segregation at the surface of perovskite oxides (Yu, Ludwig, Gopalan, Pal, & Basu, 2016). Recent
study showed that perovskite-based electrode materials such as Sr?*, Ba?*, Pb?* etc tends to segregate
to the surface thus, formed an insulating resistive phase on the cathode surface. This significantly
impacting the catalytic performance of the electrodes (Li et al., 2017). Furthermore, study showed that
oxygen vacancies improve the diffusion process of oxygen species on the surface and in the lattice for
oxygen reduction reaction (ORR), however it presence might also reduce the stability of the structure
by increasing repulsive forces between atoms and weaken the attractive forces. Besides that, the
increase in oxygen vacancies can also increase the probability of mechanical failure (Y. Wang,
Duncan, Wachsman, & Ebrahimi, 2007).

Recently, there are substantial efforts in the research and development of LSCF based electrode
material. The surface modification of LSC porous electrode has been claimed as a promising method
to further improve the durability and enhanced the performance of SOFC (Tsvetkov, Lu, Sun,
Crumlin, & Yildiz, 2016)(Jiang, 2019). Surface modification has been reported plays a key role in
enhancing the ORR activity thus limiting pernicious cation segregation (H. Wang et al., 2019). In this
study, we modified the LaoeSro.4Coo2FeosOss (LSCF) film surfaces with a small amount of ZrCls on
the Ba(Ceo.6Zr0.4)0.9Y0.103-5 chemical bath deposition method.

METHODOLOGY

The LSCF powder as prepared elsewhere (Ismail, Jani, & Osman, 2017) was mixed with ethyle
cellulose and terpinol to form cathode slurry then was spin coated on both sides of the BCZY pellet
and fired at 600 °C and 950 °C respectively. A detail of BCZY pellet fabrication was previously
reported elsewhere (Malaysiana, 2018)(Science, 2017). For the surface modification of LSCF, about
0.324 g of Zirconyl Chloride Octahydrate (ZrOCl,.8H.0) was dissolved in deionized water. The
solution was stirred continuously and heat up to 80 °C. The LSCF film was then submerged into the
solution for 120 s and dried at 100 °C for 2 minutes.

The Electrochemical Impedance Spectroscopy (EIS) was carried out at 800 °C in the frequency range
of 1 mHz to 1 MHz with 10 mV AC signal amplitude using ZIVE LAB wonATech. The spectrum
curve fitting was performed using ZMAN™ 2.2 f3 (ZIVE LAB) software to analyze the impedance
arcs referred to the equivalent circuits of four parallel pairs of R-CPE in series.

45



FINDINGS/RESULTS

Figure 1 shows the representative of the impedance spectrum recorded on the modified
LSCF|BCZY|LSCF cell with platinum current collector at 800 °C in air. The spectrum was fitted with
equivalent circuit of Rs(R1Q1)(R2Qz2) (Rahman et al., 2019), where Rs is the total Ohmic resistance
and R:Q: and R.Q; correspond to the cathode processes (Ismail et al., 2017). In the Nyquist plot, the
high-frequency intercept of the impedance arc with real axis represents the ochmic resistance, Rs could
be assigned to the contribution of the BCZY electrolyte as referred to the literature (Science, 2016).
The difference between the middle-low frequency intercepts indicate the polarization resistance, Rp
which characterizes the electrode that associated with charge-transfer processes. This include oxygen
ion diffusion in the cathode bulk and incorporation of oxygen ion from three-phase boundaries (Adler,
Lane, & Steele, 1996). The polarization resistance (R;) of the cathode is defined as the sum of R; and
R2, respectively. The area specific resistance (ASR) of the cathode is calculated using the relation
ASR = Ry, x S/2 as S being the cathode surface area and factor %2 was applied due to the symmetrical
cell used. The ASR obtained for modified LSCF-Zr** was 0.375 Qcm? , remarkably lower than pristine
LSCF value (1.01 Qcm?) reported by Ismail et al., (2017).
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Figure 1: The electrochemical impedance spectrum of the modified symmetrical cell at 6 = 800 ° in air

CONCLUSIONS

In conclusion, it is significantly showed that the surface modification of LSCF cathode system with
less reducible cation has improved the electrical performance due to the Zr** metal cation enhanced
the ORR activity. The evaluation on the electrochemical properties of the cathode in different type of
atmospheres is in the progress and will be reported elsewhere.
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PURPOSE/AIM & BACKGROUND

Rare earth (RE)-doped glasses have attracted interest among researchers since they have potential in
numerous photonics applications such as in optical amplification (Kamil et al., 2016) lasing, color
displays and imaging (Song, Chang, & Pecht, 2013). Among rare earth elements, Er** is known in
optical signal amplification at 1.55 um where this is coincides with the low-loss wavelength region of
silica optical fibres. Er®* transitions in blue, green and red spectral regions were also discovered to
have potential in various applications (Kamil et al, 2019).

Er3*-activated silica-zirconia (SiO2-ZrQ,) thin film can be applied to produce optical amplifiers or
lasers that can be integrated with other active or passive devices on the same chip. However, excess
doping of Er** ion leads to quenching effect due to ion clustering. Yb®" has strong absorption cross
section about seven times larger than Er®* at 980 nm wavelength. Thus, co-doping with Yb®*" would
increase the pump rate, thus improve the emission intensity of the excited Er®* ions inside the
waveguides (Jha et al., 2012).

Incorporation of high RE ions dopant and usage of different type of substrate materials might affect
the optical, structural and morphological properties of the resultant film. This paper attempts to
prepare and characterize the glass ceramic thin film of 70SiO.- 30ZrO,:Er¥*/Yb**, deposited on fused
SiO; substrate and silicon wafer via sol gel dip coating. Effects of the increment of the Er**/Yb®*
doping ratio and type of the substrate on the optical, structural and morphological properties of the
deposited film were studied.

METHODOLOGY

The solution for film deposition was prepared by using sol gel technique and the film deposition on
substrate (fused silica and silicon wafer) was carried out by computerized KSV dip coater system. The
dipping and withdrawing speed were set up to 40 mm/min. The deposited film was annealed at 900°C
layer by layer for 50 seconds. At final layer, the resultant film on the substrate was kept in tube
furnace at 1000°C for 30 minutes for full film densification.

Thin film and refractive index measurements of these samples were measured by Prism coupler
(SAIRON SPA 4000-R). Atomic force microscope (AFM XE-100 Park System (hon-contact mode))
was employed to analyze morphology and surface roughness. Photoluminescence spectra and optical
transparency were obtained using Horiba Jobin Yvon spectrophotometer (514.5 nm excitation of
Argon ion) and UV -VIS-NIR spectrometer (Cary 5000 spectrophotometer Version 1.12),
respectively. Raman spectroscopy (Raman Horiba Jobin Yvon Spectrometer) was used to determine
the samples structural properties.

FINDINGS/RESULTS

Thin film samples coated on fused SiO; substrate demonstrate thickness from 3.09 um to 3.30 um and
refractive indices value starting from 1.496 to 1.570. Meanwhile, the films coated on silicon wafer
possess thicknesses ranging from 4.45 to 8.30 pum with the refractive indices value from 1.690 to
1.710. The film demonstrates full densification as the thickness decreases with increment of the
refractive index. Film coated on silicon wafer has good adhesion as it demonstrates higher thickness
compared to the film coated on the fused silica substrate. This might be due to the transformation of
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the films structure, thus leads to volume expansion. It is believed that the orientation of the substrate
surface influences the growth of the thin film as well as the nucleation sites.

From AFM, surface roughness of the film is decrease with addition of co-dopant Yb®*" until the doping
ratio of Er**/Yb® reach to 1/10. At 1/5 (Er®*/Yb*") doping proportion, the film demonstrates lowest
surface roughness, for both substrate as the ions distributed homogeneously within the host matrix. It
is believed that the Yb®" co-dopant helps the ions distributed homogeneously inside the matrix thus
promotes to smoother surface. The films deposited on silicon wafer exhibit smoother surface
morphology compared to the deposited film on fused SiO. substrate as evidenced by low roughness
value. The cleaning process of fused SiO; substrate contributes to the differences in the roughness of
the resultant film. During the cleaning process, the surface condition of fused SiO; substrate is
invisible. Presence of any contaminations would reduce adhesion of the first layer and the substrate,
thus affect the roughness of the resultant film.

In photoluminescence spectra, Er* emissions both in green and red bands are decreased as the doping
ratio of Er**/Yb® increased. Red emission peaks are more intense and narrower compared to the
green. Domination of the red emission compared to the green might be due to the energy transfer from
Erd* to Yb*'. In the presence of Yb®, the electrons from S, level transfer energy to the first excited
state of Yb®* thus depopulate the ions in the “Ss level of Er®*. As a result, the green emission which
originated from “Ss, level of Er®* is decreased.

The optical transmittance spectra of these thin films started to increase from 200 nm to NIR range with
the percentage of 75% to 85%. High optical transparency indicates homogeneous and smooth film
surface with small roughness (Cabello et al., 2010). From Raman spectra, samples with high content
of ytterbium coated on both fused SiO; and silicon wafer exhibit broaden spectra. Meanwhile, sample
with lower amount of co-dopant Yb** shows few weak peaks which attributed to SiO. network
assigned by 400 cm™, 430 cm?, 1060 cm™, 1100 cm™ (Ferrari et al., 2000; Marques & Almeida, 2006;
Zampedri et al., 2004). It is believed that the co-dopant Yb** changes the structure of SiO,-ZrO,
matrix from crystalline to the amorphous phase. The addition of higher Yb®*" make the crystallization
process less efficient as depicted by broaden band. Sharp and intense peak recorded at 550 cm™ is due
to silicon wafer used as the substrate. Besides that, the samples coated on these two different
substrates with the similar doping ratio of Er¥*/ Yb®" exhibit same pattern of spectra but differ in
intensity. It can be concluded that having different substrate influenced crystallinity of the deposited
materials.

CONCLUSIONS

Thin films coated on the silicon wafer showed positive influenced on the film properties compared to
the fused silica substrate. Unlike fused SiO; substrate, silicon wafer has good orientation of the
surface, therefore provide a good substrate or host for optical coating. This might also be attributed by
cleaning process of the fused silica substrate. Contamination or unseen dust left on the uncoated
substrate after the cleaning process may reduce the adhesion of the first layer on the substrate, thus
affected the growth of the deposited film.
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PURPOSE/AIM & BACKGROUND

Lead is one of the heavy metals that can be leached into the drinking water supply through corroded
lead pipes, faucets and solder. It can give bad effects on human, animals, aquatic lives and plants.
Most adsorbent that has been used is activated carbon due to its efficiency in adsorbing the element
that are targeted. However, the problem rises as the cost for commercially activated carbon are high.
The studies showed that agricultural waste can be used as adsorbent in removing heavy metal in
wastewater. Agricultural waste like sugarcane bagasse is easy to get. Furthermore, it can minimize the
impact of the abundance of sugarcane bagasse caused by business in selling sugarcane juice. Surface
modification of the sugarcane bagasse can increase the active sites on the fibre of sugarcane bagasse at
the same time eliminate all soluble components of sugarcane bagasse such as tannins, resins, reducing
sugar, and colouring agents (Martin-Lara, et al., 2010). Polysaccharides in sugarcane bagasse contain
abundance of hydroxyl and phenolic groups that have potential as a new compound after surface
modification (Chand et al., 2015). High amount of cellulose, hemicellulose and lignin also has
potential to achieve high adsorption of lead (Hegazi, 2013). Therefore, the objective of this study was
to modify the sugarcane bagasse by using H.SO4 to produce chemically reactive surface for adsorption
of lead (Il). The adsorption performance of treated sugarcane bagasse, the effect of lead (II)
concentration and the effect of adsorbent dosage were observed. Treated sugarcane bagasse showed
better performance in adsorption of lead compared to untreated sample. The results indicated that the
higher the dosage of adsorbent, the higher the adsorption percentages of lead. The lower the lead
concentration, the higher the adsorption percentages by adsorbent.

METHODOLOGY

Treated Sugarcane bagasse

Sugarcane bagasse were washed and dried in the oven at 70°C for 24 hours. Then, it was grinded to
fine powder and sieved in the size of 150 um. The powder sugarcane bagasse was immersed in
concentrated sulphuric acid and heated at 150°C. Then, it was immersed in diluted sodium hydroxide
until the residual acid was removed. The material was dried in the oven for 24 hours at 150 °C before
further analysis.

Preparation of Adsorbate

Serial dilution of lead was made for 5ppm, 10ppm, 15ppm and 20 ppm.

Method of Adsorption

50 ml of lead solution of known concentration was added to 0.4 g of adsorbents in centrifuge tube.
This was done at constant room temperature (29+°C) and pH 7. The mixture was stirred and separated
by filtering using filter paper. Then, the concentration of the sample was measured using ICP-OES to
determine the concentration before and after the adsorption. The concentration of the adsorbate and
the dosage adsorbent was varied to study the effect and performance of the adsorption. The sample
from the experiment was run using ICP-OES to detect the concentration of the adsorbate before and
after the adsorption.

Varying the Lead (I1) Concentration

The lead concentration was varied by 5ppm, 10ppm, 15ppm, and 20 ppm and the adsorbent dosage
was kept constant 0.4 g. The pH at 7 and 29+°C at room temperature. The time interval was 10, 20,
30, 40, 50 minutes.
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Varying the Adsorbent Dosage

The experiment was done by changing the adsorbent dosage by 0.2g, 0.4g, 0.6g, 0.8g and 1.0g at
constant concentration of lead (10 ppm) with pH 7.0 and 294°C at room temperature. The contact time
are 10, 20, 30, 40, 50 minutes.

FINDINGS/RESULTS

The Effect of Lead (I1) Concentration

The results for treated adsorbent have shown in figure 1. The graph in figure 1 has shown the
increment of the percent of adsorption as the contact time increased with lower lead concentration.
This is support by Tran et. al. (2017) which stated that the lower the lead concentration, the higher the
percent of adsorption. This due to the low amount of metal ions in the solution making the adsorption
of metal onto the surface of adsorbent almost 100%. The size of the porous structure also plays a role
in the adsorption performance of sugarcane bagasse. The smaller the size, the higher the adsorption.
The treatment with acid can changed porous of adsorbent form macrospores to microspores that
indicate higher active sites produced and more efficient adsorption. Hence, at 150um to 200 pum, the
porous in the sugarcane bagasse functioning at its fullest in adsorbing the metal ion, in trends with the
previous study by Joseph et al. (2009) and Pham et al. (2015). The graph of the percent of adsorption
for treated sugarcane has increment starting from 10 minutes and becoming equilibrium from 20
minutes to 50 minutes. The equilibrium achieved indicated that the active site of the adsorbent has
fully occupied thus the adsorption become equilibrium.
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Figure 1: Effect of lead (I1) concentration for treated sugarcane bagasse

The Effect of Adsorbent Dosage

The effect of adsorbent dosage for treated sugarcane bagasse has shown in figure 2. The percent of
adsorption of lead increased gradually when the dosage of adsorbent increased. The percent increase
from 58.30% to 99.30% at dosage of 0.2 g to 1.0 g. The lowest adsorption for treated sugarcane
bagasse is 88.30% at 0.2 g of adsorbent. The highest is 99.30% which is at dosage of 1.0 g. When the
adsorbents dosage increased, the surface area available for the adsorption of lead (lII) ions also
increased (Salihi et al., 2015). The graph has shown that there is an increment between 10 to 20
minutes before it reached equilibrium at 30 to 50 minutes. The equilibrium reached due to the surface
of the sugarcane bagasse are completely occupied by the metal ions. This is in trend with the previous
research by Salihi et al., (2015).

Percent of Lead Adsorption (%) vs Time (min)

Percent of Lead Ads

Figure 2: effect of adsorbent dosage for treated sugarcane bagasse

The Effect of Contact Time between Adsorbate and Adsorbent

The contact time was evaluated by varying the time (10, 20, 30, 40 and 50 minutes). For each 10-
minute interval, the samples were collected for three times. The ideal time for the adsorption is at 50
minutes. The adsorption of lead by treated sugarcane bagasse occurs at fast rate. At 10 minutes, the
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adsorption for treated sugarcane bagasse are increasing rapidly for all graph before it reached
equilibrium. Short time are required to adsorb lead (I1) ions due to the high propensity of carboxyl
acid groups and ester group to form complexes with lead (I) ions (Shiralipour et al., 2018). At 40 to
50 minutes the graph increased gradually.

CONCLUSIONS

The performance of the adsorption by sugarcane bagasse are highly depends on the concentration of
adsorbate and the adsorbent dosage. The higher the adsorbate concentration, the higher the percent of
adsorption. For the case of adsorbent dosage, the higher the dosage, the higher the adsorption. The
contact time for both conditions are varied. The contact time for the rate of adsorption in for the factor
of concentration of lead are fast with 99.80% at 10 minutes. Meanwhile, for the adsorbent dosage the
rate of adsorption is 66.50% at 50 minutes. Sulphuric acid work as chelating agents helps in producing
more available chelating sites for removing of heavy metals.
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PURPOSE/AIM & BACKGROUND

The FTIR analysis, physical, mechanical and biodegradability properties of biodegradable blended
film were characterized by using FTIR, solubility test, moisture uptake test, tensile test, and soil burial
test. FTIR analysis confirmed the existence of good chemical interaction between (Caulerpa
Racemosa) CR as filler and starch as matrix. The solubility and moisture uptake test revealed a
slightly increasing trend when the composition of CR is more than 2.5%. When the composition of CR
increased, the hydrophilic property of films increased due to large number of hydroxyl groups (OH) in
the films. Therefore, the binding capability of hydroxyl group in film with hydroxyl group in moisture
also increased. Tensile test result revealed that the increasing of CR composition had increased the
flexibility and elasticity of the films produced. Films with 2.5% CR exhibit highest tensile strength
and highest Young’s modulus. Apart from that, soil burial test revealed that the increasing of CR
compositions had increased the weight loss of film. Among the overall biodegradable blended films
produced, film with 2.5% CR composition has been chosen as the best one due to good physical,
mechanical and biodegradability properties. Thus, film with 2.5% CR may be the best option to
produce biodegradable blended film with better properties. Therefore, different composition of
seaweed and starch could be used to customize a film with desired application.

METHODOLOGY

Film Preparation

Solvent casting method was used to prepare the film. About 10 g corn starch was dissolved in 200 mL of
distilled water and heated for 15 minutes at 60 °C with continues stirring. Raw CR with varies loading which
were 0%, 2.5%, 5%, 10% and 15% were added into the solution. Then, 3 grams of glycerol was added and
stirred the mixture with a constant temperature at 70 °C for two hours. The mixture was casted, cooled and dried
at room temperature on glass plates (Agustin, 2014).

Film Characterization

The functional groups exists and compatibility of the CR filler and corn starch has been determined by using
Fourier Transform Infrared Spectroscopy (FTIR) (Chong et al., 2018). Solubility test was conducted according
to method by Moey, (2017). The moisture uptake of the films were determined by using method described by
Tran et al., (2020). Mechanical properties of the film were determined by tensile test according to the method by
Agustin et al., 2014. Biodegradability of the film were determined by using soil burial test method.

FINDINGS/RESULTS

The changes intensity of the peaks in the FTIR spectrum of film with different CR
composition proven that the formation of new hydrogen bonding between starch and raw CR
has taken place during the preparation of the blended film (Figure 1) (Jumaidin et al., 2017).
The solubility test revealed that films with 2.5% and 10% CR exhibit lower solubility
compare to other composition (Figure 2). This might be due to the higher water resistance of
starch, which helps to prevent water absorption that can contribute to disintegration and
dissolution (Jumaidin et al., 2017). Film with 2.5% CR exhibited the highest value for
moisture uptake which can attribute to the highest number of exposed hydroxyl group existed
in CR structure (Figure 2). Therefore, it can improve the binding capability of hydroxyl group
in moisture with the hydroxyl group in CR structure. However, for CR composition of 15%,
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10% and 5%, the moisture uptake reduces to 37.73%, 33.74, and 30.78% respectively. The
declines can be due to the development of hydrogen bonding between the CR filler and the
corn starch matrix hydroxyl functional group that reduces the moisture uptake of the films (D.
Hermawan et al., 2019). Tensile test result revealed that the increasing of CR composition had
increased the flexibility and elasticity of the films produced. Films with 2.5% CR exhibit
highest tensile strength and highest Young’s modulus. This phenomenon may be contributed
as similar hydrophilic character of seaweed and starch matrix has resulted in good
compatibility between them, promoting good material adhesion (Jumaidin et al., 2017). Soil
burial test revealed that the increasing of CR compositions had increased the weight loss of
film. Among the overall biodegradable blended films produced, film with 2.5% CR
composition has been chosen as the best one due to good physical, mechanical and
biodegradability properties. Thus, this film with 2.5% CR may be the best option for the
desirable biodegradable blended film.
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Figure 1: FTIR Spectrum of Film with Different Figure 2: Solubility and moisture uptake for CR/corn
Seaweed Composition starch blended film with different CR composition
CONCLUSIONS

In this study, the effect of different loading of raw Caulerpa racemosa (CR) seaweed on the functional group,
physical, mechanical of the blended films were investigated. The addition of CR seaweed filler had a noticeable
impact on the starch’s physical, mechanical, and biodegradability. The increasing loading of seaweed filler in
starch-based films showed significant increment of moisture uptake and solubility of the film. In addition, soil
burial test indicates that the introduction of seaweed increases materials weight loss, indicating faster
biodegradation of film. However, the value of tensile, elongation at break and young modulus decreased with the
increased of seaweed content. The FTIR analysis results showed that good miscibility in blended film was due to
the improved intermolecular interaction between CR seaweed and starch. From this study, the blended films with
2.5% raw Caulerpa racemosa came across as being the best physical, mechanical and biodegradability among
all blended films.
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