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Foreword

The Plastics and Rubber Instite of Singapore (PRIS$ a national academic organization
established for members who are in businesses related to plastic and rubbers. The members are
from manufacturing industries, trading companies, service business, education and research
institutesand students fromolytechnicsand universities. PRIS publishes journals periodically
aiming to meet the interest of and promote information exchange in the local industries and
within researchers pertaining to plastics, rubbers and additives as wdétasimeeresting high
tech areas.

The committee of PRIS is publisiy its 16" issue of Plastic and Rubber Singapore Journal.
This issue includes methods for characterization of rubber products and investigation of
copolymerization; nanmnaterials and polyer composites for energy applications, functional
films and inhibitors for corrosion control etc. | would like to take this opportunity to thank our
members, corporate members and all related persons and companies for their strong support. |
would like tothank all the authors for their dedicated contribution for this journal.

| am grateful to Dr. Zhao Jianhong and Dr. LudBewulStulbs for reviewing the papers. |
am also grateful to Ms Jane Koh for her help and coordifuatéhe publication of thehard
copies soonThe support fronMr. Nee Pai HowMr. Sanjeev Kumar, Dr. Gu Haiweand Mr.

Ong Kian Soo is also appreciated.

Thank you.
Hong Han
Editor
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A Message from the President of PRIS

The Plasticend Rubbernstitute of Singapore (PRIS) is very proud to present you this issue of Plastics
and Rubber Singaporean official technical journal of the Institute.

Plastics and rubbers are nowadays widely used in all walks of our life playing irreptac#esl Though
some of the manufacturing related processes have moved out of Singapore, polymeric material
applications, the science and technologies are getting more and more important for our future
development. As the national professionakociety for the plastic and rubber industry, PRIS has
consistently devoted over the past 36 years since its establishment to the cause of developing,
promoting, and introducing new and advanced polymer science and technologies to the Singapore
plastics and rubber ingstry.

PRISacts as the centre for promoting the interests of its members throaghariety of technical
activities such asegularworkshop seminarsconferencestraining coursesand visits to manufacturing
plants and industrial site&Ve also organ& various networking and entertaining events for members to
communicate and exchange view in friendly and relaxed environment. Publication of the Journal has
served as a means for technical communications, exchange of views, and promotion of new
technologes. This issue of the Journal has included a few selected papers that were presented at our
meeting and seminars in the past year for the benefit of our members and readers; it is also glad to see
that a few papers are authored by teachers and studentsf&ingapore Polytechnic.

I would like to take this opportunity to thank all PRIS members for their support rendered to the
Management Committee over the past years. | would also like to congratulate Dr. Hong Han, the Editor
of the Journal, and the JourhaubCommittee members Dr. Ludger Stubs, Dr. Pan Yongzheng, Mr. Ong
Kian Soo, and Ms Jane Koh, for the excellent job done throughout the process of the publication.

Finally, on behalf of the Institute, | would like to thank our corporate members for sijports in the
publication of the journal.

Dr. Zhao Jianhong
President

The Plastics and Rubber Institute of Singapore



A Practical Combination Test Method for Effectively Evaluation of the
Rubber Materials for Fenders

Kousik Kumar Mishra
4 Jalan Pesaat Singaporé519362

Abstract A reliable, viable analytical method to assess the composition of recently procured fenders prior to
delivery has been developed, using a simple sampling procedure from the surface of the fender. This new
technique will helpa ensure that fenders supplied use the correct quality of rubber compound required to
adhere to the specification. The recommended tests to evaluate the quality of fenders, based on a sample of
only 2050grams which can be easily gathered by obtainingps@a from the final product prior to
installation, without affecting the fenders performance during application.

Keywords fender; quality; recycled rubber; test.

1. Introduction

1.1 Fender system:

Fendering systems are mission critical equipment for mariw@#onments globally. Long gone are the days of
wooden or rope fenders, and the use of rubber has become standard best practice. Although rubber fenders have a
long lifecycle, ultimately it is still limited. Depending on the environment and quality effehder itself, the
expected average lifespan will be approximately 15 to 20 years. Designing a fender system requires engineers to
determine the berthing energy of a vessel or range of vessels that are likely to be docked against the system, then
determhing what capacity the fender needs to have to absorb that kinetic energy. Finally, engineers must find a way
to avoid creating too much force and damaging either the wharf structure or vessel.

I'tds accepted that high opeatonstaysourceng quaity matedadsrand dullyd v al |
tested compounds allows ports to drive cost efficiencies, minimise maintenance requirements and reducing the risk
of incidents. High quality fenders also have a longer service life and, due to reductshamaia requirements, also
l ead to fewer fAlostodo days for ports, and their shippi
systems are a portds first Iline of defence wéafety a ve
of port personnel, vessel crew, cargo and infrastructure.

However, there has been a worrying trend becoming more pronounced across the industry in recent years, of
putting up front costs higher on the agenda than whole life costs. Although thieseimamediate cost savings for
procur ement manager s it means that, over the <course
unscrupulous fender suppliers are taking the opportunity to undercut reputable fender manufacturers by supplying
lower cost, but lower quality fenders. They are able to elicit cost savings to pass on to their customers (in the
immediate term) in two ways:

1 By using a higher percentage of recycled rubber within the fenders, instead of virgin rubber
1 Replacing carbon blackKiiers with norreinforcing fillers
A simplified comparison chart representing the whole life cost differences between the two can be found
below:

n
S S

Purchase price of a CONE 1000 fender $8,000 $10000
Installation $4000 $4000
Replacement after five years $9200 n/a
Re-installation $6000 n/a
Maintenance $9000 $4000
Maintenance installation $12000 $4800
Total 10 year whole life cost $48200 $22800




These manufagtburceorrs exlts@nédapgtors from reputabl e ma
factors are derived based on both rubber compound used as well as fender geometry. They do not make any
investment in PIANC Type approved fenders.

1.2 Setting the Standards

AAlthough PI ANC is not in a position where it may #dar
is very careful to promote best practice. We also stress that in the long term, through life cycle appraaches, it
recommended to use the most adapted, strong and resi s
Caude, PIANC President, 2011. There are a number of different standards used worldwide to design fender systems
but the most commonly used is®PNC6s @A Gui delines for the design of fenc
from its predecessor of 1984. Although PIANC set out these guidelines, they do not regulate the industry, or indeed,
enforce the guidelines in practical terms. This has led tesomi ender suppliers misusing P
applying it to fenders that use higher percentages o0

guidelines specify that robust material testing is a necessity, and the fact that thisiginety performed by all

suppliers as part of their quality assurance process is a serious concern. Laboratory and full scale testing are
fundamental to the design and production of mission critical equipment and the industry needs the reassurance that
both sets of testing have been performed. Some suppliers are able to cut costs though replacing natural rubber with
reclaimed rubber, and using large amounts ofmeamforcing fillers, which is a poor substitute for the carbon black
reinforcing filler usd in high quality fenders. These lower cost fenders, therefore, do not meet the required

specifications, wonét perform adequately whilst theyor
claimed to have. Additionally, port owners, aamtors and consultants have no simple method available to test the
guality of the fenderds materi al once it is purchased

A new analytical test has been developed to help buyers understand and substantiate what is in a fender and
ensure thaport owners, operators and contractors can ensure the highest quality of fenders going forward. Both
chemical and physical testing are required to verify the rubber quality of the fender and ensure that it remains stable
and suitable for the use it wasténded for, throughout its lifecycle, to ensure maximum protection of the port
infrastructure and the vessels that come to berth there.

2. Methods

To demonstrate and quantify the difference in performance characteristics of a high quality and low quality
fender, the following tests were carried out in an independent third party laboratory:
1 Comparison of the physical properties of the rubber samples. The samples were cut from two commercial
sized fenders: one a typical high quality fender, and one a typicaidst fender
1 Comparison of the chemical properties of the fenders. The samples were taken from the fender surface of
two commercial sized fenders: one a typical high quality fender, and one a typical low cost fender.
The following tests were conducted:

Physical analysis:

Density Weighing balance ISO 2781
Hardness Shore A hardness tester ASTM D2240
Tensile strength Universal test machine ASTM D412
Elongation at break Universal test machine ASTM D412

Chemicalanalysis:

Polymer (virgin plus recycled rubber) % TGA /FTIR ASTM D6370/D297
Carbon black % TGA /FTIR ASTM D6370/D297
Ash % TGA ASTM D297
Calcium Carbonate (white filler %) Chemical method ASTM D297

1. For further information on TGA and FTIR equipment, please see footnote [2].



3. Results and discussion

Physical analysis:

Density (g/cc) ISO 2781 1.15 1.29 Not specified
Hardness (shore A) ASTM D2240 67 71 Max. 78

Tensile Strength (Mpa) ASTM D2240 15.4 9.3 15.2- 13.6 (Note)
Elongation @ Break (%) ASTM D2240 364 278 297- 333 (Note)

2. For more detailed information on results, see footnote [3].
Chemical analysis:

High quality
fender

lo,ag% of Ash

= CaC0,

1 15.5% of Ash

NB: Carbon Black is the high quality, reinforcing filler. Ash contains CaCO;, the non-reinforcing white filler.

The cost of a fender is often reduceg using a higher percentage of recycled rubber, and low cost non
reinforcing white calcium carbonate (CaCO3) fillers in the formulation. We found that fenders with recycled rubber
and filler are heavier (and denser) than virgin rubber fenders. This signifiveight difference enables a user to
evaluate whether a fender uses low cost recycled materials, or is the genuine article, made with high performance
rubber compound, with the benefits of long life and superior resilience. Chemical and physicalsaregaled
some further interesting insights into the materials used for manufacturing the fenders, and the properties these

materials have:

1 Values of tensile strength and elongation at break for the low cost fender were lower than the high quality
fenderand not in compliance with the user specification.

1 Rubber to filler ratio (Polymer %: Carbon Black % + Ash %) for the high quality fender was 1.23. This
simply means 1 kg of filler was blended with 1.23 kg of rubber. The rubber to filler ratio for lew cos

fender was only 0.88, which means 1 kg of filler was blended with just 0.88 kg of rubber.

1 The low cost fender contained 28.45% less rubber than high quality fenders. The presence of more rubber
in high quality fenders explains the reason behind bettgsigdl properties of these fenders, and also
justifies the higher cost. For perspective, the cost of rubber is usually three times higher than fillers like

carbon black.




1 Most of the raw rubbers are weak when vulcanized and need reinforcing filler tosagcreschanical
properties of the final product. Ash analysis of the high quality fender indicated that it contains 100%
carbon black filler which is high quality reinforcing filler.

1 On the other hand, the ash analysis result of the low cost fender sh@sedqear of only 55% carbon black
and 45% CaCO3. The price of CaCO3 is approximately a fifth cheaper than carbon black. CaCO3 is
considered as white, na@einforcing filler which is usually used to reduce the cost of the rubber compound
but does not help improving the properties.

1 The density of low cost fender is 12% higher than the high quality fender. The reason behind the higher
density of the lost cost fender could be attributed to the following two factors:

T The presence of high density CaCO3 inftirenula at 15.54%, as determined by ash analysis. Note that
density of CaCO3 is 2.7 g/cc while that of Carbon black is 1.8g/cc.

T The presence of a high percentage of recycled rubber in the formulation is the other contributing factor.
The density of recyed rubber is 1.15 to 1.20 g/cc while that of virgin rubber is 0.92 g/cc.

Recycling of rubber is a hard line, energy intensive process in which rubber powder is cooked with aggressive
chemicals. This process breaks long rubber molecules into shortesrah#itereby reduces the physical properties.
Usually tensile strength of recycled rubber is-timed of virgin Natural rubber (NR). Chemical analysis showed
that the low cost fender contained 60% NR. However, the low tensile strength, elongation anhtrbigh density
of the fender pointed towards the presence of high percentage of recycled rubber instead of virgin rubber.

4. conclusion

These newly developed physical and chemical tests provide a reliable, viable analytical method which can now
be made avkable for buyers to be able to assess the composition of recently procured fenders prior to delivery,
using a simple sampling procedure from the surface of the fender. This new technique will help to ensure that
fenders supplied use the correct quality rabber compound required to adhere to the specification. The
recommended tests to evaluate the quality of fenders, based on a sample ofafdya®@s are listed in the table
below. These samples can be easily gathered by obtaining scrapings fromalthpediituct prior to installation,
without affecting the fenders performance during application.

Density ISO 2781 Max 1.20 g/cc
Polymer % ASTM D6370 Min. 45%
Carbon Black % ASTM D6370 Min 30%

Ash % ASTM D297 Max 5%

Chemical testing is not enough the guarantee fender performance and full scale testing should also be
performed in the factory to guarantee the lifecycle and performance of fenders meet the specification they are
intended for As demonstrated, manufacturers with in house design and engineering capabilities are able to test their
compounds in the | aboratory and provide full scal e
imperative that port owners and specifiexderstand the importance of not making procurement decisions purely
based on uffront costs.

The equipment will need to be replaced earlier, and in the long term, require heavier investment, not to
mention the higher risks of failure during service IBecision makers should be aware of these key differences and
the varying quality on offer when buying on the basis of short term cost savings. There is a need for the whole
industry to come together to discuss changes to a culture that is causing emgeetéelvels of downtime and
putting ports at risk.

5. Reference and footnotes

[1]. Analytical equipment like TGA/FTIR are not usually used in testing for the fender industry for quality control checks, but
were applicable in this case to enable chemaralysis of the rubber compounds.
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TGA: Thermogravimetric Analysis measures the amount and rate of change in the weight of a material as a function of
temperature or time in a controlled environment. Measurements are used primarily to determine the iconapaksjiredict
thermal stability at temperatures up to 1000°C. The technique can characterize substances that exhibit weight loss or gain
due to decomposition, oxidation or dehydration.
FTIR: Fourier Transform Infrared Spectroscopy is most useful fottiigemy chemicals that are either organic or inorganic
in nature. It can be utilized to quantify some components of an unknown mixture. It can be applied to the analysis of solids,
liquids and gases. The term Fourier Transform Infrared Spectroscopy tefarfairly recent development of the manner in
which the data is collected and converted from an interf
computerized which makes them faster and more sensitive and accurate for composition analysis
NB: TGA/FTIR are unable to differentiate between virgin and recycled rubber generated from natural rubber.

[2]. It is assumed that tensile strength and elongation at break of samples prepared from cured productlg#fddewser than
samples preparedhithe laboratory by moulding of uncured rubber

[3]. Specification: Tensile Strength Min 16Mpa, Elongation at break 350% min. (Ref: Physical Testing of Rubber by Roger
Brown, Chapter 3, page 47). The values reported were median of five reading. Tensjthstfempa min, E@B 350% min
when tested in the compound. These values are lower when tested in the sample taken from final produ@o(f@ader).

Mr Kousik Kumar Mishra is currently working with Trellebar§weden based company and market leader in-non

tyre industrial products, since 2001. Mishra was responsible for the Technical development of Marine fenders,
Mining products and general purpose & special purpose industrial goods for Trelleborg Singapoee,&C
Australia manufacturing units. Currently He is working as Global Technical and Market Support Manager for
Trelleborg Marine Systems and supporting technical and sales team globally in fender business.

With more than 15 years of experience in théober industry, Mishra has presented technical papers in various
international conferences. Mishra holds a B.Tech in Rubber Technology from University of Calcutta, M.Sc (Tech)
from UDCT, Mumbai University and an Executive MBA from the Chicago Booth $&wehoe.
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Copolymerizations Studied with MALDI ToF MS

Alex van Herk

Institute of Chemical and Engineering Sciences
1 Pesek Road, Jurong Island Singap62¥333
Email: alexander_herk@icesstaredu.sg

Abstract A reliable method based on a single MALDoFMS spectrum of the copolymers was applied to
determine reactivity ratios. Since MALHIOFMS gives information on individual polymer chains, access to
homopropagation and crogwopagationprobabilities becomes available. These probabilities provide the
reactivity ratios by simulation of a first order Markov chain by using the Monte Carlo method. The
experimental results of random copolymers of P(styeAgutylacrylate) was reported. Theactivity ratio

of styrene and butylacrylate was calculate@®.d@® and 0.21 respectively.

Keywords:Copolymers; MALDITORMS spectrunreactivity ratio.

1. Introduction

One of the ultimate challenges in polymer chemistry is the ability to control thécghpsoperties of a
copolymer by tailoring its microstructure. Knowing the reactivity ratio of the comonomers allows predicting and
tuning of the copolymerés microstructure, bot h with
ascertainreactivity ratios is by determining the comonomer composition of a range of polymers prepared with
different feed compositions. A fast and reliable method that can prevent this tedious acohton®ing laboratory
work is therefore highly desired. Varioosethods to determine reactivity ratios have been reported which deal with
either the differential or the integral form of the Mayewis equation1]. Nevertheless, most methods have the
disadvantage that still quite some reactions have to be perfornteddifferent feed compositions. Moreover,
comparison of ratios obtained by diverse methods often shows a relatively big variety due to a statistical error by for
example linearization of the equations and absence of weighing the individual data. Chudsighgt statistical
method is therefore crucial ftine reliability of the outcome [2].

Since a copolymer is a statistical mixture of individual molecules, a copolymer sample obtained from a single
experiment in principle contains all the informatiorjuized to retrieve the reactivity ratios. Still, examples of
methods that only require a single experiment are limited. Jaacks introduced a method in which the ratios are
determined from a single experiment when one of the two monomers is in large[8kcEss method is limited to
systems in which the reactivity ratios do not have an extreme difference in glueadin reported on the use of a
single NMR spectrum by using the sequence distribution as determined from the measured diads[B}. triads
However, to obtain a highly resolved spectrum, long measuring times are required and assigning the peaks is not
straightforward. In ICES we recently acquired a MAEDIF MS and have implemented a new method to obtain
information about copolymerizations.dttix assisted laser desorption/ionization tiofd€light mass spectrometry
(MALDI -To~MS) is a fast and accurate technique to determine copolymer compositions and in principle should be
suitable to rapidly determine reactivity ratios of comonomers. Tineipte of MALDI ToF MS is that polymer
chains are brought into flight in a mass spectrometer by using a matrix material for the sample that easily evaporates
when illuminated by a laser beam and with it, it brings the polymer chains into flight. A adifed to bring the
polymer a charge.

Recently, we have reported on the use of MAITDFMS to determine polymer topologies and to study
mechanistic aspects of various copolymerization sys{én7$ The first to apply MALDITORMS to determine
reactivity ratios of comonomers were Suddaby and Willemse but they still required data from different reactions
[8,9].
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In this study we are going to apply a reliable method to determine reactivity ratios based on a single MALDI
ToFMS spectrum of the copolymersinSe MALDI-ToFMS gives information on individual polymer chains,
access to hompropagation and croggopagation probabilities becomes availdile]. These probabilities provide
the reactivity ratios by simulation of a first order Markov chain by uiiegMonte Carlo method. The reactivity
ratios have been determined with this new method successfully for three different types of copolymerizations
free radical polymerization, ringpening polymerization of cyclic esters and of oxiranes and anhgdtidé

2. Methodology and Results

MALDI -ToMS spectra give highly accurate molar masses of all the polymer chains in the sample which not
only enables elucidation of i ndividual chain | engths,
chemical composition and to some extend the copolymer topology (random, gradient, block, alternating): MALDI
ToFMS spectra can be deconvoluted by employing the equation:

M, =nMw, +mMw, +E, +E, +M” @)
whereE, andE, represent the molar masses of the endpg@i opposite sides of the chaigylw; and mMw,
represent the number and molar mass of the repeating units of mongraed M, respectively, an#1* the mass
of the cation (a salt is usually added for charging the polymer chains in order for theactzleeated in the mass
spectrometer). With this equation, a complete matrix wijtrows andm,; columns can be constructed for a given
end group combination(see Figure 1). The peaks in the spectrum are assigned to a certain position in the matrix
employing the inequality:

Dm

om 2
¢2 )

‘mexp- M

In which m,, represents the experimental mass,t he cal c ul arthedaccoracy (2 g-enoi Yl Byp
calculating the natural abundance isotope distributions for pashion in the matrix and rescaling it to the
corresponding highedititensity masgeak, a full spectrum can be simulated as welth@ corresponding contour
plot, which provides information about the polymer composition (see Figure 2).

® =114 u}=18 +=39

Measured @ =100

I h127 l11a1 li1s5 n. @

l|‘ II l|‘ |I l|‘

| | ng| 3 ‘ l73

Calculated 4 mass @ 4 lea
] - ]
v 2 [ Tlss| |
| lss 'EA l73 6
7 1

mass
_eessevesee . +
| My = 5*114 + 5*100 + 18 + 39 = 1127 |

Figure 1. Schematic representation of the matrix of the copolymer.
The chemical composition distributions for the chain lengths covered by @hehatn length distribution can

be obtained by diagonally walking through the matrix from @)Mo (M, ,0) after normalization using the sum of
intensities within this chain length. The distribution of monomer repeating units along an individuataindia
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described by a first order Markov chain by means of the Maywas (terminal) mode]11]. In this study we use the
terminal model for copolymers in which we can distinguish the following four probabilities:

. . M, ML)
M +M, - - MM, P IV, TV, ) +1
~M;+M, - ~M,M; s
12" 12 UM, M, +1
-~ * - -~ * :7r2
M2+ M, - ~ MM, ERTRITAED
. . [M,]M,]
~ + - - =
Mz +M,- = MM, EETRITAET

The reactivity ratios are then givey ri= P11/P1; [M]/[M 1] andry= Py/Py; [M4]/[M ).
The reactivity ratios can be obtained from the MALIF MS spectrum at one chain length at a time (see slice in

Figure 2), also allowing to look for chain length dependent effects, still from one ekpgement.
a.50 STY/50 BA

70 STY/BA, n=20

60

r =0.79
ST

25 1 r =0.21
BA
5 1 H measured
| o fitted
| -.,.-. . 1 . | - - .

40 50 60 70 80 0123 456 7 8 910111213 1415161718 1920

. No of butyl acrylate
BA units

50
40

STY units
8

Figure 2: Copolymer matrix for a styrerdautylacrylate copolymer represented in a contour plot and one chemical
composition distribution (CCD) at chain length 20 monomer units (right) also showing the fitted CCD resulting
in the reactiviy ratios for this copolymerization system.
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Abstract Manganese oxide nanoparticles, a pseudocapacitor material, can be synthesised through
hydrothermal synthesis to control and produce nanopatrticles of desired morphologies. The addition of carbon
nanotubes, a good electric conductor, intg gynthesis process allows these nanoparticles to be form on
these nanotubes and be embedded within them. This overcomes the poor electrical conductivity limitation of
manganese oxide, thus allowing its excellent pseudocapacitance properties to besdhainesspe to
optimise the pseudocapacitance of this nanocomposite, the nanopatrticle crystal structure, morphology and the
effects of nanoparticlebés morphology on specific capaci
temperature as well as thelume of potassium permanganate were respectively characterised and studied
using Xray diffraction, scanning electron microscopy and cyclic voltammetry. Post studies shows the
synthesis of nanopatrticles with flower, hexagonal plates and nanorods mgiptaldere flowers possess
birnessite crystal structure while hexagonal plates and nanorods possess nsutite crystal structure. Optimal
specific capacitance was shown to be achieved &C]68(20 minutes and using 2mL of 0.25M potassium
permanganate wherbd highest specific capacitance obtained was 335F/g.

Keywords:Manganese oxide nanopatrticles; carbon nanotubes; pseudocapacitance; morphology; specific
capacitance.

1. Introduction

Environmental issues and depleting fossil fuels have sparked intertst iesearch and development of
alternative energy storage/conversion devices in recent years. Supercapacitors, or electrochemical capacitors, have
received enormous attention owing to their potential applications ranging from mobile devices to eleidies.ve
Supercapacitors are broadly classified into doldjer capacitors and pseudocapacitors with each having different
mechanisms of energy storage. Dodhlger capacitors store energy via Aearadic accumulation of charges at the
electrolyteelectiode interface while pseudocapacitors store charges by undergoing Faradic reactions which involve
the transfer of electrons [4]. Pseudocapacitors display higher specific capacitance ovetagieulgapacitors and
thus, various transition metal oxides hdveen investigated as potential pseudocapacitor materials [3].

Out of the various oxides investigated, hydrated ruthenium oxide ,(Rt®) was reported to have specific
capacitances of up to 700F/g [4]. However, the use of ruthenium oxide is limitezlHigh cost, toxicity, and the
required use of highly acidic electrolytes to obtain peak performance. On the other hand, manganese oXide (MnO
nanoparticles (NPs) which have the advantages of low synthesis cost, abundataecitprand ability to peiorm
well in neutral electrolyte systems, has recently garnered attention as a promising pseudocapacitor material.
Although hydrated Mn@has a theoretical specific capacitance value of 1370 F/g, it has been experimentally
reported to exhibit specific cagitances within 100 200 F/g which is far from the theoretical value of 1370 F/g
owing to its poor electrical conductivity [6].

MnO, can be synthesised using different techniques, such as simple reductged, seprecipitation and in
particular, hydothermal synthesis. Hydrothermal synthesis was found to be a good technique in the preparation of
nanomaterials with different morphologies such as wires, rods, urchins and belts. The main advantages of
hydrothermal synthesis over the other synthesis scate its ability to have good control over the morphologies of
the nanoparticles formed as well as environmental benign since water is used as the solvent. Each nanostructure has
its own advantages when used in potential applications. In the synthbi©OpMNPs, it was observed that the NPs
could take up 3 different morphologies which are highly relevant to the discussion of this study [6]. The NPs would
initially aggregate to form spherical flower agglomerates which with prolonged durations and spediftons of
ageing, would gradually transform into nanorods. This transformation was due to the fact that the high specific
surface areas of nanospheres/nanoflowers led to high surface energies, and thus they would aggregate further to
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form structures ich as nanorods as they are more stable and have lower surface energies. This transformation is
consistent with the Ostwald Ripening process which stated that larger particles with lesser surface energy form at the
expense of smaller particles with greaserface energy. The third morphology observed was hexagonal plates
morphology and this morphology was regarded as an intermediate of the transformation from nanoflowers to
nanorods. Hexagonal plates appeared due to insufficient time and temperature ti@n#fiormation to occur
completely. Thus, it could be deduced that nanoflowers have the highest surface energies, followed by the hexagonal
plates, and then nanorods. Generally, nanoflowers are desired as it has higher surface area available for surface
faradic reaction than hexagonal plates and nanorods morphology which therefore allow higher pseudocapacitance to
be obtained.

There has been an increasing use of carbon additives, such as carbon nanofoams, graphenes and CNTSs, during
the synthesis of MNONPs to overcome its poor electrical conductivity and improve its performance as a
supercapacitor. Due to their high electrical conductivity, such carbon additives are added to facilitate electron
transport to the MNEONPs during Faradic reactions.

This stidy aims to deduce the optimum synthesis of MEOT composite with the highest specific
capacitance. MnPwas synthesised onto functionalised multill CNTs through hydrothermal synthesis with
different reaction conditions, namely synthesis time, syigh&mmperature, and the volume of potassium
permanganate (KMngused for the synthesis. The effects of the reaction parameters on the morphology, the crystal

structure of the morphology produced and morphology on specific capacitance of theCMAQompaite are
studied and discussed.

2. Experimental

2.1 Preparation of Hydrothermal Synthesis

1) 50mg FCNT
2) 33mL ultrapure water

3) 5mL Manganese (Il) Nitrate Tetrahydrate
4) Potassium Permanaanate

Repeat twide

A 4

Autocla || Oven Centrifug || Removal of

(W7 ~

A 4

~iinAavrnatant

Figure 2.1.1: Hydrothermal synthesis procedure

Table 2.1.2: Samples and their respective parameters

Parameter 3: Time (Min)
45 120 180
Parameter 2: 120 Al A2 A3
0.4 | Temperature 160 A4 A5 A6
Parameter (°C) 200 A7 A8 A9
1: Volume Parameter 2: 120 Bl B2 B3
of 0.25M 1 Temperature 160 B4 B5 B6
KMnO4 (9] 200 B7 B8 B9
(mL) Parameter 2: 120 C1 C2 C3
2 Temperature 160 C4 C5 C6
(°C) 200 C7 C8 c9

50mg of FCNT and 5mL of 1% w/v ageous manganese (ll) nitrate tetrahydrate were added into an autoclave's
Teflon capsule. After which the desired volume of the variable 0.25M KMveDe added before adding ultra pure
water till the solubn reaches 50ml in total. The resulting solution is then sonicated for 5mins. The autoclave with its
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Teflon capsule inside was subsequently placed and heated in an oven at the desired temperature and duration. Next,
the synthesised mixture was transferire®d a centrifuge tube and subjected to centrifugation. After the first cycle

ends, the supernatant was removed and the centrifuge tube was topped up with ultra pure water till the solution
reaches 50ml before the next centrifugation. Another 2 cyclegrdfifugation, refilling of ultrgpure water and

removal of supernatant were carried out in order to remove reactants from the sample. This procedure as illustrated
in figure 2.1.1 is repeated for the all the 36 samples with their respectively parasriistsdabelow in table 2.1.2.

2.2 Scanning Electron Microscope (SEM) analysis

The centrifuge tube containing our sample was topped up uMitkpure water before ultrasonicating the
solution. A micropipette was used to draw small amount of sample tirtentest tube and dropped on the shiny
surface of silicon wafer. The silicon wafer was dried in an oven at 70°C before inserting into JEG6QEMFE
SEM for viewing of the sample's NPs' morphology. This procedure was repeated for each sample.

2.3Cyclic Voltammetry (CV) test

A mortar was used to grind 12mg of sample and 1.5mg of carbon black for 10 minutes. A slurry was obtained
by adding 3 drops of NMP and 25mg of 5% w/w PVDF in NMP solution into the grinded sample. A dry 1cm X 1cm
carbon paper was wgied and the slurry was applied evenly on the surface of the weighed carbon paper and dried
under vacuum in a vacuum oven af@®vernight to remove the NMP solvent and trapped air. The dried carbon
paper was weighed to obtain the mass of sample appitedito It was then set up as a working electrode, along
with a platinum wire counter electrode, and a silver chloride reference electrode. CV was then conducted using
Solartron Analytical Model 1470E with the following scan rates: 5, 10, 20, 40, 802000500 and 1000mV's
and potential window 0f0.5 to 1.5V. From the obtained voltammogram, the area within the graph is calculated
using software and the specific capacitance is calculated with the equation shown in figure 2.3.1. This procedure
was repated for each sample.

Area within the voltammogram graph

= Specific capacitance
Mass of sample X scan rate

Figure 2.3.1: Equation for calculating specific capacitance

2.4 X-ray Diffraction (XRD) test

Some amount of a sample was powdered with a mortar and transferred onto the centre of a specimen holder
and was subsequently pressed dowsing a glass slide to flatten the sample. The specimen holder was then
transferred into the specimen stage of Shimadzu LabX-B&ID Xray Diffractometer and the test was carried out
using a preset programme.

3. Results and discussions

3.1 Morphology

When he samples were viewed under SEM, we observed various morphologies which are recorded in table
3.1.1. In total, 3 morphologies of manganese oxide NPs were obtained and they are flower, hexagonal plate and
nanorods which can be illustrated in figure 3.1.2.

3.2.1Time effect

From the morphologies obtained in our sample, it was observed that as synthesis time increases, the favoured
morphology shifts from flower to hexagonal plates followed by nanorods. Based on the observations recorded in
table 3.1.1, pardf this trend can be observed from sample B1 to B6 and C1 to C6. Flower and hexagonal plate NPs
were observed at 45mins synthesis with flower morphology being most prominent. However as synthesis time
increases, only hexagonal plate morphologies werenadbeAnother part of this trend can be observed in samples
from C7 to C9 where both flower and hexagonal plates NPs were observed in 45mins synthesis time but at higher
synthesis time, flower morphology were no longer observed while nanorods morphalegesbserved instead.

However, this trend could not be observed from samples ranging Al to A9 which was synthesised using 0.4ml
of 0.25M KMnQ, and from samples from B7 to B9 which have common parameters of 200°C and 1ml of 0.25M
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KMnOQO,. This could be du¢o the smaller amount of 0.25M KMnQ@sed and the applied synthesis temperature
parameter having a more dominant effect over the time parameter thus preventing this trend from expressing.

Table 3.1.1: Morphologies of NPs observed in samples with varyimnesis time, temperature and volume of
0.25M KMnGQy

Parameter 1: Time (Min)
45 120 180
E ° Sample Al; Sample A2: Sample A3:
" ™ | Hexagonalplate morphology. Mo visible NPs. Hexagonal plate
2 maoarphology.
E Sample Ad: Sample AS5: Sample Ab:
; : E E Hexagonal plate morphology. Hexagonal plate Hexagonal plate
S morphology. morphology.
— E o Sample A7: Sample A8: Sample A9:
E & 2 | Novisible NPs. Mo wisible NPs. Hexagonal plate
2 = morphology.
E E - Sample B1: Sample B2: Sample B3:
= Il ™ | Mixed presence of flowerand Hexagonal plate Hexagonal plate
E 2 hexagonal plate morphology. morphology. morphology.
g E ~| o Sample B4: Sample B5: Sample Bb:
s - & _o_":'_ ¥ | Mixed presence of flowerand Hexagonal plate Hexagonal plate
E 5 hexagonal plate morphology. morphology. morphology.
% 'E o Sample B7: Sample B8: Sample B9:
= ® 2 | Hexagonal plate morphology. Hexagonal plate Hexagonal plate
l"‘_'_; = morphology. morphology.
43 @ o Sample C1; Sample C2: Sample C3:
E % ™ | Flowermorphology. Hexagonal plate Hexagonal plate
H = morphology. morphology.
= E‘ - Sample C4; Sample C5: Sample Céb:
~ e 5} ® | Flowermorphology with minor | Hexagonalplate Hexagonal plate
N presence of hexagonal plate. morphology. morphology.
E Sample C7: Sample C8: Sample C9:
E S Mixed presence of flower and Mixed presence of Mixed presence of
E ™ | hexagonal plate morphology. hexagonal plate & hexagonal plate &
a- nanorods morphology. nanorods morphology.

3.1.2Temperaturesffect

It was observed that an increasing synthesis temperature results in a similar trend where the favoured type of
morphology shifts from flower to hexagonal plates followed agarods.This could be observed from sample B1,
B4, B7, C1, C4 and C7. Flower morphology were prominent at lower synthesis temperatures but as synthesis
temperature increases towards 200°C, hexagonal plates morphology was observed to have higher pifveminence
flower. From sample C2, C5, C8, C3, C6 and C9, it was observed that at lower synthesis temperatures of 120°C and
160°C, only hexagonal plate morphology were found. However at 200°C, nanorods were observétsatsnd
was not observed in othernsples. This may also probably due to the other parameters having a more dominant
effect over the temperature parameter which as a result prevented this trend from expressing.

3.1.3 Effect of @lume of 0.25M KMn©

The volume of KMnQused was observed tffect the morphology of NPs as well. An increase in the volume
of KMnO,4 used was observed to lead to flower and nanorods morphologies. This can be observed in samples Al, B1,
C1, A4, B4, C4, A7, B7 and C7 where the morphology of the greatest prominefisdreini hexagonal plates to
flower morphology with increasing volume of KMpSGamples A8, B8, C8, A9, B9 and C9 on the other hand shows
that with increasing volume of KMnQhe morphology of the greatest prominence shifts from hexagonal plates to
nanorodsmorphology. Similarly as previously discussed parameters, the possibility of a dominant effect of other
parameters could have prevented other samples from expressing thesdtthersdseen noted that only at 0.4ml of
0.25M of KMnQ,, some samples werdserved to be absent of NPs. As KMri®the precursor to MnQthe low
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amount of KMnQ used may have result in low yield of Mp@hich could be too low for significant precipitation
of MnO, to form NPs.

Figure 3.1.2: a) Flover morphology MnO, NP b) Hexagonal plate morphology MNQNP c¢) Nanorods
Morphology MnO , Nanoparticle NP

3.1.4Discussion

Comparing to other literature such as one by Suh et al., they reported that an elevated temperature and longer
synthesis time favoed the growth of nanorods morphologies over the flower morphologies [5]. In another study
conducted by Subramanian et al. it was also found that with increasing synthesis time the flower NPs forms into
hexagonal plate NPs first before subsequently formiagorods NPs [4]. These findings are consistent with our
results however the difference in our results is the additional presences of hexagonal plates morphology which
suggest that the morphological transformations of our NPs in most of our sample wenpléte since hexagonal
plate morphologies were found to be intermediates of the transformation from flower to nanorods morpRologies.
how morphologies are affected by concentration of reactants used, we are at the moment unable to find any similar
studes for comparison as our project may be one of the first to conduct morphology studies using this parameter.

It is known that pseudocapacitance is proportional to the surface area of NPs and surface area of flower
morphology is the highest followed by sgonal plate morphology and subsequently nanorods. It thus can be
deduced that decreasing temperature and time could lead to pseudocapacitors with higher specific capacitance as
flower morphology is favoured with these parameters.

3.2 Cyclic voltammetry test
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Each sample was tested with different scan rate: 5, 10, 20, 40, 80, 100, 200, 500 and 1bH0Ume\&gecific
capacitance results obtained for each sample are shown in table 3.2.1. For this discussion, results obtained from
40mV.s' scan rate have beselected for discussion and comparison.

Using statistics, we identified the range in which the specific capacitance results are not considered an outlier.

Median of data: 171.25
1% Quartile: 129.442™ Quartile: 219.75
Interquartile range: 219.75129.44 = 90.31

219.75+90.31 X 1.5 = 355.218nd129.441 90.31 X 1.5 =6.025

Table 3.2.1: Samplebés specific capacitance (F/g)
Parameter 1: Parameter 2: Parameter 3: Time (Min)
Volume of
0.25M Temperature
KMnO4 (mL) (°C) 45 120 180
Al A2 A3
120 162.2 128.32 277.07
0.4 A4 A5 A6
160 207.36 219.75 169.57
A7 A8 A9
200 468.36 114.56 151.51
Bl B2 B3
120 212.31 129.44 140.01
1 B4 B5 B6
160 159.34 174.17 171.25
B7 B8 B9
200 121.94 209.97 114.16
C1 Cc2 C3
120 187.97 99.23 80.45
2 C4 C5 C6
160 244.39 334.60 275.36
Cc7 Cc8 C9
200 170.21 323.17 184.57

Thus the range of specific capacitance in which the result is acceptable is 0 to 355.215F/g. Therefore sample
A7 with 468.36 F/g is an outlier data and will be discussed separately from others@apésl on the CV results
obtained, outlier sample A7 produced the highest specific capacitance of 468.36 F/g. However, the SEM images of
this sample as shown in figure 3.2.2 did not show any presence of NP.

This observation of achieving very high spiecfapacitance despite absence of NPs in SEM images may be a
result of noruniform distribution of NPs throughout the sample as shown by the two red circles in figure 3.2.3
where one circle has NP present while the other have none. Thus for that saergpectmen sent for CV test may
have a large amount of NPs present while the specimen sent for SEM analysis may have extremely low amount NPs
found on it. Therefore more tests have to be carried out in future to investigate this anomaly.

From table 3.2.there are no observable trends as to how different parameters affect the specific capacitance of
the produced pseudocapacitor material. However from the results it was observed that samples with higher specific
capacitance are most frequently produced winging 120 mins synthesis time or 160°C synthesis temperature or
2ml of 0.25M of KMnQ. This could help in understanding the optimum conditions to synthesise manganese oxide
NPs with optimum specific capacitance.
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Based on the results in table 3.2.4,tiere no observable trend which suggest
a part in the specific capacitance. The lowest and highest specific capacitances were obtained by samples with
hexagonal plate morphology. Furthermore, samples with nanorods morphcogyged to exhibit higher specific
capacitance than samples with flower morphologies. This is unexpected as it is theoretically expected that flower
morphologies with higher surface area would exhibit higher specific capacitance. Furthermore, manydoringgals
literature review also indicated that flower morphologies would exhibit higher specific capacitance.

Figure 3.2.2: SEM images of outlier sample

Figure 3.2.3 SEM image showing non uniform distribution

Table 3.2.4: Range of specific capacitae achieved by various morphologies

Morphology Range of specific capacitance (F/g)
Flower 170.21i 212.31
Hexagonal plates 80.45i 334.60
Nanorods 184.57i 323.17

A possibility as to why hexagonal plates and nanorods morphology achieved bettec spgeifitance than
flower morphology despite theory and journals supporting flower as the morphology that would achieve superior
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