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Metal nanoparticles for optical limiting: comparision of re-
duction with sodiumborohydrate and citrate

C.S. Hege,"” S. Dengler,' B. Eberle,!

! Fraunhofer IOSB, Department Optronics, Ettlingen, Germany

Abstract:

Lasers radiation can damage eyes or sensors, a
possibility to protect them are optical limiting
devices. They attenuate intense laser beams
while showing high transmittance at low intensi-
ty levels. The optical limiting is based on non-
linear optic. Metal nanoparticles act optically
linear. The extent of their optical limiting ability
is influenced by their shape and their size. So
we compared the reduction with citrate with the
reduction with sodium borohydride to see,
which results in the best optical limiting.

Keywords: Optical limiting, nanoparticle syn-
thesis, citrate, sodium borohydride

Introduction:

Metal nanoparticles as well as several organic
and inorganic materials, dyes or macrocyclic
rings with conjugated m-system act optically
nonlinear [1]. They can be used to attenuate
intense laser beams while showing high trans-
mittance at low intensity levels. By utilizing
them in so called optical limiting devices they
can prevent sensors or the human eye from laser
induced damage [2]. The intensity of the optical
limiting of nanoparticles is related with the size
and the shape of the nanoparticles.

So we examined in this study the influence of
different reduction methods regarding the opti-
cal limiting properties of thus produced nano-
particles. Reduction with sodium citrate was
compared to sodium borohydride.

Additionally it was analyzed if dilute concentra-
tion and long reaction times or high concentra-
tion of reduction agent and shorter reaction time
give better results.

Experimental:

Silver nitrate, sodium borohydride (NaBH,),
sodium hydroxide, polyvinylpyrollidone (PVP,
40 kg/mol), nitric acid (all Sigma Aldrich),
ascorbic acid (Alfa Aesar) were used as re-
ceived.

In the first citrate reduction 5 ml of AgNO; (12
mol) were given to 15 ml of citrate solution

(2 mol) in distilled water. The solution was
heated to 100°C under reflux for 1 h.

In the second citrate reduction 5 ml of AgNO;
(12 mol) were given to 15 ml of citrate solution
(0,56 mol) in distilled water. The solution was
boiled at 100°C under reflux for 4 h.

In the first NaBH,-reduction, 1 ml of AgNOs-
solution (0,0125 mol) was given in 3 ml chloro-
form. 0,02 g PVP (40 kg/mol) were added and
at last 500 pl of NaBH, solution (0,125 mol) in
distilled water. The mixture was stirred for 4
hours.

In case of the second reduction with NaBH, 1
ml of AgNOs-solution in distilled water was
given to 10 ml ethanol. To this 0,11 g PVP was
added. This was completed with 2 ml of NaBH,-
solution (7,8 mol) in distilled water. The reac-
tion mixture was stirred for 1 hour.

The SEM-measurements were performed at 5
KV using the Hitachi SU 70.

Results:
We investigated the morphological effects of
citrate and sodium borohydride reduction. In
case of the citrate reduction the influence of
different reduction times and additives were
analyzed.

It was analyzed if dilute NaBH,-solutions, or
citrate solutions and longer reaction time, or
concentrated NaBH,-solutions or citrate solu-
tions and shorter reduction time give better re-
sults.

The silver nanoparticles, which were produced
with the citrate reduction in one hour, were
small and anisotropic (see picture 1 a). The sil-
ver nanoparticles produced with a reaction time
of 4 hours were wormlike (see picture 1b).

In case of the nanoparticles made with sodium
borohydride neither the shape nor the size of the
produced nanoparticles changes much with re-
duction time (see picture 1 c/d).

Consequently the optical limiting ability of the
sodium borohydride produced nanoparticles is
quite similar.



The worm-like nanoparticles had better optical
limiting properties than the other citrate nano-
particles and the sodium borohydride particles.
The citrate nanoparticles with higher citrate
concentration showed the worst optical limiting
behavior. They were also with 187 nm the big-
gest non-structured nanoparticles.

Discussion:

The silver nanoparticles prepared with the lower
amount of citrate were able to produces worm-
like particles. In case of the higher citrate con-
centrations also after four hours only very few
worm-like particles were produced and they
were thicker than the other nanoworms.

The formation of nanowires/nanoworms was
already shown for gold nanoparticles in case of
low citrate concentration [3].

In case of the NaBH,-reduction no nanoworm
formation was observed.

Conclusion:

The citrate reduction with low citrate concentra-
tion produced the nanoparticles with best optical
limiting ability. So it is the best of the examined
reduction methods.

For optical limiting small nanoparticles or struc-
tured nanoparticles seems to be advantageous.

Figure 1: SEM-pictures of the nanoparticles
produced by citrate reduction: a) 1 hour reaction
time, 1 mol citrate solution, b) 4 hour reaction
time 0,056 mol citrate solution and sodium bo-
rohydride solution a) 1 hour reduction time,
7,8 mol NaBH,, b) 4 hours reduction time,
0,125 mol NaBH..
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Figure 2: Measurement of the optical limiting
behavior of silver nanoparticles at 532 nm. The
transmittance reduces near input energies of
around 1 WJ. This is important as energies of
this level can damage the eye. The silver nano-
particles stabilized with citrate showed better
optical limiting properties than the PVP-
stabilized silver nanoparticles.
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Effect of nanoclay on short term water absorption and swell-
ing of composites made by wood poplar flour and recycled
polystyrene
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Abstract:

In this research effect of nanoclay content on
short term water absorption and swelling of
nano composites made by poplar flour and re-
cycled polystyrene were investigated. Compo-
site samples were produced by injection mould-
ing method. 0,3 and 6 % nanoclay with 3 %
MAPP were mixed to produce hanocomposites.

Nano composite samples were soaked at dis-
tilled water and 2 and 24 hours water absorption
and swelling were measured according to DIN
standard. Results showed that by increasing
nanoclay content, water absorption and swelling
of nanocomposites were decreased. Scanning
electron microscopy pictures showed that by
adding more nanoclay to composites, adhesion
between fibers and polymer matrix has im-
proved and voids and hollows decreased.

Keywords: nanoclay, water absorption, Com-
posite

Introduction:

Today wood plastic composites (WPCs) are
produced in progressed countries. Production of
these composites is possible by too many poly-
mers like polypropylene, polyethylene, poly
vinyl colored and polystyrene(PS). Cellulosic
fillers and fibers obtained from wood and paper
wastes and agricultural sources are usually used
in combination with polymers.

In recent years application of WPCs has gradu-
ally grown. This growth is due to some ad-
vantages of these materials like lower density,
lower production costs, Biodegradability, higher
Dimensional stability and higher fire resistance
in comparison with raw polymers. Because of
using wood flours, some defects like low impact
strength and hardness has been emerged in final
composites.

Production of nano-composites by nano fillers
can overcome to these defects. In fact the main
objective of using nano scale fillers is the crea-
tion of new properties and developing new ap-
plication of composites.

Polystyrene is a polymer with good resistance
against water and humidity. It has good trans-
parency and light properties. But impact
strength and resistance to fire of this polymer is
low. Production of PS/nanoclay composites by
adding nanoclay to PS matrix will improve the
morphology and mechanical strength of compo-
sites. So nowadays, industries pay more atten-
tion to using nano fillers.

Mechanical modulus, strength, heat resistance,
gas permeability, physical properties and re-
sistance against fire of polymers will improved
by adding nanoclay to them.

Beside these features, investigation of physical
properties of composites is necessary. Physical
properties like water absorption and thickness
swelling will limit extend of the use of these
composites. These defects are due to hydro-
philic nature of lingo cellulosic filler that are
used composites. When humidity penetrates to
composites, thickness swelling increase and
fiber degradation will happen and finally poly-
mer structure will destroy.

Also, water absorption destroys the compatibil-
ity between fiber and polymer matrix. This de-
struction lead to separation of fibers from poly-
mer matrix and finally its connectivity became
weak.

Water penetration to composites is done by
three mechanisms:



1-water molecules penetrate to small pores in
polymer matrix.

2-water molecules transfer by capillary pro-
cess: a) to pores and cracks at intermediate re-
gion of polymer and fiber b) to wood flour and
fiber pores c¢) to pores and cracks of composite
created during the mixing and production pro-
Cess.

3-Fiber cell walls absorp water, because of hy-
groscopic nature.

Effect of short term water soaking on physical
properties of waste recycled PS/wood flour
/nanoclay were investigated at this research.
Materials and Methods:
Wood poplar flour was prepared from Aria Cel-
lulose Co. wood flour screened and 60 mesh
sizes were used. PS were obtained from Tabriz
petroleum Co. Its melt index and density were
11g/10min and 1.07gr/cm3 respectively. Maleic
anhydride polypropylene with melt index of
64gr/10 min were prepared from Solvay Co and
used as a coupling agent. Nanoclay cloisite 30b
were obtained from Southern clay Co.
Sample preparation
Wood flour, PS, MAPP and nanoclay were
weighed (Table 1) and mixed in a mixer. Mix-
ing temperature and rotation speed were fixed at
180 ¢ and 60rpm respectively.
Tablel: Different treatments
Wood flour % Recycled

PS% Coupling agent(MAPP)%
Nanoclay%

50 47 3 0

50 44 3 3

50 41 3 6

After 10 minutes mixing, samples were made by
injection molding machine.

Measuring physical properties

Water absorption and thickness swelling of
samples after 2 and 24 hours soaking at water
were measured based on DIN-EN 317. Water
absorption and thickness swelling were calcu-
lated by equations 1 and 2 respectively.

WA(t)=(Wt-Wo0)/Wix100 (1)

WA: water absorption (%) at soaking time t.
Wo: weigh of samples (gr) before soaking.
Wt: weigh of samples at soaking time t.

Thickness swelling at soaking time (t) were ob-
tained by equation 2.

TS(t)=(Tt-To)/Tox100 (2)

Ts(t): thickness swelling(%) at soaking time t

To: oven dried thickness swelling.

Tt: Thickness swelling(mm) at soaking time t.
Data were analysed by SPSS software and one
way Duncan test were done.

Results and Discussions

Water absorbtion

Analysis of variance showed that the effect
of nano clay at 2 and 24 hours water soaking
has no significant effect on water absorp-
tion. Water absorption of composites with-
out nanoclay was higher than composites
which has nanoclay. In fact water absorption
after 2 and 24 hours decreased by adding
nanoclay.

Thickness swelling

Analysis of variance showed that effect of
nano clay on 2 hours thickness swelling had
no significant effect. Thickness swelling at
composites without nanoclay was higher. By
addition of nanoclay to composites, thick-
ness swelling were decreased.
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Morphology

Samples were broken and SEM pictures
were obtained from surfaces. Dispertion of
filler and polymer and its compatibility can
be observed by SEM npictures. Creation of
empty cavities shows the poor adhesion be-
tween fiber and matrix. Because of weak
adhesion between fiber and polymer matrix,
effect of stress and compress will pull out
the fibers. Results showed that using 3 per-
cent weigh MAPP led to create homogeny
texture and fiber and polymer had good ad-
hesion without pull out. Samples with 0 ,3
and 6 % nanoclay were shown at figures 3
(A-C)

Figure 3: Samples with different nanoclay
(A:0% nanoclay, B: 3%nanoclay
C: 6% nanoclay)

As shown at figure 3 A, polymer matrix had
good adhesion with fibers and proper distri-
bution had been produced. Also by adding
more nanoclay , number of cavities and
pores decreased.

Result and discussion

Results showed that

1-water absorption and thickness swelling
were decreased while adding nanoclay to
WPCs. Nanoclay filled the pores and cracks
between fibers and polymer materials. Wa-
ter penetration to cracks and pores decreased
2- Polymeric material has usually hydro-
phobic nature and lignocellulos material is
hydrophile.

Hydroxyl groups at cellulosic chain made
new adhesion with water molecules. So wa-
ter absorption of composites will improve
and thickness swelling increased. Long time
water soaking led to more absorption water
by hydroxyl groups.

3- SEM pictures showed that adhesion be-
tween fiber and polymer improved by add-
ing nanoclay and number of pores de-
creased
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Solid Cation-exchange Resin Catalysed Esterification of
Lactic Acid with Ethanol: A Novel Kinetic Study

Edidiong Okon' and Edward Gobina®

' School of Engineering, Robert Gordon University Aberdeen, AB10 7GJ, United Kingdom.

Abstract:

Cation-exchange resin catalysts have attracted a
lot of attention in the esterification process in-
volving carboxylic acid and alcohol to produce
ester and water as the by-product. In this work,
the esterification of lactic acid and ethanol to
produce ethyl lactate using different cation-
exchange resin catalysts was carried out at 100
oC. The cation-exchange resin used as catalyst
for the esterification process was amberlyst 36.
The characterisation of the resin catalysts was
determined using different methods including
FTIR and liquid nitrogen at 77 K. The esterifi-
cation product was tested using FTIR (Nicolet
iS10) to determine the most adsorbed compo-
nents on the surface of the resin catalysts. The
absorption band at 2998 nm depicts C = O bond
while the band at 1745 nm showed O-H bond,
suggesting ethanol and water as the most ad-
sorbed components on the surface of the resin
catalysts based on the mechanism of Langmuir-
Hinshelwood model. The surface area and pore
size of resin was determined using the BET and
BJH methods respectively. The BET result of
amberlyst 36 was found to be 33.883m2/g. The
BET result of amberlyst 36 was 33.883m2/g.
The BET isotherm of the resin exhibited a type
IV isotherm which was in agreement with the
IUPAC classification for mesoporous material.

Introduction:

Ethyl lactate otherwise known as o—hydroxyl
propionate has shown a lot of advantages in
various industries including medicine, chemical,
food and other industries because of its
biodegradable and non-toxic properties [1].
Ethyl lactate can be obtained from the
esterification of lactic acid and ethanol in the
presence of catalysts. Esterification is normally
performed in the presence of homogeneous
catalyst including sulphuric acid and
heterogeneous catalyst such as solid cation-
exchange resins which are generally strong
acids. Generally, the traditional method of
removing water from the reaction system is
through the use of a dehydrant solvent such as
benzene or toluene. However, the quality of the

products is affected due to the existence of
these toxic dehydrant solvents [1]. During the
continued development of the chemical
processing industry, a lot of effort has been
made in order to improve the yield of the
desired products with the use of minimum
amount of energy. Nevertheless, several
conventional methods can be employed for
increasing the yield of the reaction product
including raising the pressure and temperature
for such endothermic reaction to drive the
reaction to a higher product yield whereas other
methods seek to drive a reaction away for the
equilibrium [2]. In spite of the numerous
esterification studies using heterogeneous
catalysts, only very few Kinetic studies have
consider the effect of adsorption, reaction and
diffusion in the heterogeneous systems. This is
in stark contrast to the homogeneous system.
This is because, the reaction mechanisms and
the rate expressions are more complicated in
heterogeneous system than that of the
homogeneous catalysts [3]. According to
Sharma et al. [4] the Kkinetics of the
esterification reaction products can be analysed
using two methods; either by titration or using
Gas Chromatography with a choice of detector
and carrier gas. Using the GC-MS, the product
can be analysed by matching the retention time
of the reaction product to the retention time of
the commercial ethyl lactate. Fourier transform
infrared coupled with attenuated total reflection
(FTIR-ATR) can be used for the structural
analysis and this can be achieved based on the
structure analysis of the spectra of the resin
catalyst using the characteristic library spectra
of organic compounds. Based on the
heterogeneous and homogeneous approaches,
the esterification reactions in the presence of
cation-exchange resins can be explained using
several kinetic models including Langmuir
Hinshelwood (LH), Eley-Rideal (ER) and
pseudo-homogeneous (PH) models [5]. In this
work, the esterification of ethyl lactate was
carried out using solid cation-exchange resin
and the Kkinetic study of the adsorption



component was described using Langmuir
model.

Kinetic Experimental Design and Procedure
Agueous lactic acid (99.9 wt%), ethanol (99.9
wt%) solutions and the catalyst used for the
experiments were all purchased from Sigma-
Aldrich, UK. Prior to the esterification process,
the fresh commercial resins were rinsed with
deionised water and ethanol and were oven
dried at 65 °C for 24 hrs to completely remove
any poisonous substances. 30 mL of lactic acid
with 5g of the different cation-exchange resins
were charged into the reactor and heated to 100
°C. After the desired temperature has been
attained, 50 mL of ethanol which had been
heated separately using the heating mantle was
added to the mixture in the reactor. The stirring
and heating of the reaction mixture was
achieved using a magnetic hot plate with a
stirrer. FTIR method was used to determine the
component with the strongest adsorption
strength on the surface of the catalyst, while the
BET isotherm of the catalysts was measured
based on the liquid nitrogen adsorption at 77 K.
Figure 1a shows the schematic diagram of the
sequential steps that were employed for cation-
exchange resin synthesis while figure 1b shows
the FTIR instrument that was used for the
characterisation process.

Cation-exchange
resins

I

.|  Catalyst Catalyst
7| selection cleaning
Controlled
heating
Batch
esterification
Cation-exchange
characterisation
-FTIR
-SEM
-EDXA
-N2 Adsorption

Evaluate results

Fig. la: Schematic diagram of the sequential
steps for Batch process esterification.

ATR plate

FTIR-ATR

Fig. 1b. FTIR- ATR instrument for
characterisation.

Results and Discussion

Figure 2 presents the FTIR-ATR spectra of the
percentage transmittance (%) against the
wavelength (cm™) for the esterification
product at 100 °C catalysed by amberlyst 36
cation-exchange resin. It was observed from fig.
2 that there was a presence of a peak at 2996.72
and 2944.26 cm ' wavelengths which were
attributed to O-H stretching vibration bond
while the bands at 1734.43 and  1455.14 cm™
corresponded to C=0 and =C-O-C- functional
group respectively. However, the wavelengths
between 1373.77 - 757.38 cm™ were attributed
to the C-H functional group as shown in table 1.
The C=0 and -C=0-C- were suggested to
originate from the lactic acid structure while
C=0, C-H and O-H bonds were suggested to
have originated from the ethanol and water (O-
H). The assumptions of the adsorbed
components for this result were explained using
two mechanisms based on the Langmuir model
as thus:

According to Zang et al. [13], heterogeneous
reaction can be presented with many models
including LM, ER and pseudo-homogenous
model. Among them, LH model seems to be
more appropriate for this type of reaction. The
FTIR-ATR results were further tested using
simplified mechanism of the Langmuir
Hinshelwood model as thus:



LA + S<> LA-S
@)

E+S <> ES
2

E-S+LA-S<> EL-S+W-S
®)

EL-S<> EL+S
(4)

W-S<> W + S
(5)

Where LA = Lactic Acid, E = Ethanol, EL =
Ethyl Lactate, W = Water and S = Vacant site
on catalyst surface [6]. Therefore, the LH model
which describes the reaction rate as initial molar
amount of lactic acid and water in the
esterification process could be written as
follows:

(6)

From equation 6, the reaction rate constant (k)
involving the esterification parameters (lactic
acid, ethanol, ethyl lactate and water) can be
written as shown in equation 7:

nLdp A%
W {ﬂ't}

k _ ClACE — agLaly
(1+kwew+ ket kLials+kgLapr )2
(7)

The adsorption coefficient (i) as well as the
equilibrium constant (K.q) of the esterification
parameters in the esterification reaction can be
written using the equation 8:

o, == K. _ (GEL*aw,
Y=g ! gq= 1:rz,t_,.-:,:rrz;l_r}
®)

In equation 6-8, mnp4o= initial molar

concentration of lactic acid and w = the catalyst
loading, k = represents the reaction rate
constant, k; = adsorption coefficient, C; = the
concentration of vacant site on catalyst surface,
C; — s = the concentration of component i at the
catalyst surface, a; = the activity for component
and K = the reaction equilibrium constant.
Although ethanol and water were identified as
the most adsorbed components on the surface of
the resin catalysts, lactic acid was also
suspected to also adsorb on the surface of the

resins. However, two mechanisms of the
Langmuir model were tested in order to
determine which one of these was more suitable
to describe the adsorption components. The 1%
mechanism assumes that ethanol and water
adsorbed much stronger than other components
in the esterification solution and as such, the
adsorption of lactic acid and ethyl lactate were
ignored. The Kkinetic equations for the two
mechanisms (1% and 2™) were written by
combining equation 7 and 8.

In the 1% mechanism, it was assumed that water
and ethanol adsorbed on the surface of the resin
catalysts as in the denominator of equation 9.

WELUTY"

GLAGE ~ keg

r==k
©)]

In comparison to the first mechanism, in the
second mechanism it was assumed that water
and lactic acid adsorbed most in the second
mechanism as shown in the denominator of
equation 10.

(1+kpyaw+kgag)2

4
BLABE—— -

r=k

(10)

(14+kpraw+ kraera)2

In both 1% and 2™ mechanisms, there are three
parameters involved instead of five parameters
to be evaluated at a constant reaction
temperature. In the 1% mechanism, the
parameters include: k, ky and ke whereas for the
2" mechanism, the corresponding parameters
are k, kyw and ki These results further confirm
Langmuir model as the fitted model for the
description of the adsorption components. This
model was based on a similar work by Zang et
la. 2004 [6].

Table 1: Wavenumber and their respective
functional groups

Wavelength (cm ™ | Functional group
)

2996.72 O-H

2944.26 O-H

1734.43 C=0

1455.14 =C-0-C-
1373.77 C-H

1216.39 C-H

1121.31 C-H




1045.93 C-H
1013.11 C-H
924.59 C-H
757.38 C-H
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Fig.2. FTIR spectra of esterification reaction
product catalysed by amberlyst 36 at 100 °C and
the wavelength region of 500 — 4000cm ™.

Figure 3 presents the relationship between the
volume @ STP (cc/g) and the relative vapour
pressure (P/P,). From the results obtained, it
was found that the BET surface area of the
amberlyst 36 resin catalysts showed a high
surface area of 33.883 m/g as shown in table 2
which was in accordance with the IUPAC
nomenclature for mesoporous materials. A
similar result was obtained in our previous
study at 60 °C [7].

Table 2. BET summary of the catalyst

Slope 90.201
Intercept 1.26E+01
Correlation Coefficient, r 1
Constant, ¢ 8.169
Surface area 33.883
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Fig. 3. N, adsorption/desorption BET isotherm
for amberlyst 16 at 77 K.

Conclusion

The esterification of lactic acid with ethanol to
produce the corresponding ethyl lactate was
carried out using a batch process. The character-
isation methods included FTIR and Liquid ni-
trogen. The spectra for the FTIR showed differ-
ent functional groups including C=0, O-H and
C-H. Ethanol, water and Lactic acid were iden-
tified as the most adsorbed components on the
surface of the resin catalysts. The Langmuir
model was found to be the best fitted model for
the description of the adsorption component on
the resin surface. The BET surface area of the
amberlyst 36 exhibited a type 4 isotherm which
was in accordance with the IUPAC classifica-
tion of mesoporous material.
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Nomenclature

LA = Lactic acid

E = Ethanol

W = Water

EL = Ethyl lactate

T = Temperature (K)



npa0 = Initial molar amount of lactic acid (mol)
k; = adsorption coefficient

k = rate constant (molg™min™)

Keq = reaction equilibrium constant

ci = concentration of i at the surface of the
catalyst (mol/L)

t = time (min)

r = reaction rate (molg™min™)

C, = the concentration of vacant site on catalyst
surface

S = vacant site on catalyst surface

LM= Langmuir Hinshelwood (LH)

ER = Eley-Rideal

PH = Pseudo-homogeneous.
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ABSTRACT

Micro electro mechanical systems (MEMS) are
built using integrated circuits and include mov-
able parts, such as perforated microplates, wich
can oscillate. To control such oscillations it is
necessary to know the modal parameters: eigen-
frequencies, damping ratios and stiffness of the
perforated microplates. The purpose of this
communication is to identify the modal parame-
ters of a perforated microplate using only the
time data obtained from the displacement of the
microplate. Dynamic measurements of a perfo-
rated microplate are conducted in time domain
and we use the continuous wavelet transform of
such measurements to identify the modal pa-
rameters of the vibrating perforated microplate.
Experimental results are presented showing the
effectiveness of the procedure in modal parame-
ter identification.

Key-Words

MEMS, perforated microplate, oscillating sys-
tem, dynamic response, wavelet transform,
modal parameters, experimental identification.

1. INTRODUCTION

The design of micro electro mechanical sys-
tems (MEMS) includes oscillating elements and
components which are often perforated micro-
plates supported by elastic suspensions. The
main purpose of the holes, due to perforations,
is to reduce the damping and spring forces act-
ing in the MEMS. These forces come essential-
ly from the fluid flow inside and around the mi-
cro structure. The study of the damping caused
by surrounding fluid and by the dissipations in
the material is very important to predict the dy-
namic response of the microsystem and to esti-
mate the quality factor. G. De Pasquale and T.
Veijola (2008) used numerical strategies for the
estimation of the damping force acting on a per-
forate movable MEMS, using FEM methods
with ANSYS. It was shown that ANSYS results
contained a systematic error at small perfora-
tions and were not usable for large perforations.

A method was proposed by J. Lardiés (2015) to
estimate the modal parameters of a perforated
micro structure using the subspace approach.
The parameters were identified by eigendecom-
position of the transition matrix. In this commu-
nication we propose a time-frequency method to
identify the modal parameters of a perforated
microplate. Applying the continuous wavelet
transform (CWT) to the displacement response
of the microstructure we identify the modal pa-
rameters. Experimental results are presented
showing the effectiveness of the method.

2. CONTINUOUS WAVELET
TRANFORM METHOD

The continuous wavelet transform of a signal
x(t) is an example of a time-scale decomposi-
tion obtained by dilating and translating along
the time axis a chosen analysing function called
mother wavelet. The CWT is defined as (Tor-
resani B., 1995 ; Le T.P and Argoul P., 2015)

1 [+ t-b
(Wyx Yab)=—= [ op(—=)et @

where a is the dilatation or scale parameter def-
ing the analysing window stretching, b is the
translation parameter localising the wavelet
function in the time domain and () is the

mother analysing wavelet function. The CWT
gives time and frequency information about the
analysed data. Any function y (t) can be used as

an analysing wavelet when it satisfies the ad-
missibility condition (Torresani B., 1995), this
condition being necessary to obtain the inverse
of the CWT. There are a number of different
complex and real valued functions used as ana-
lysing wavelets, but the Morlet wavelet may be
the most commonly considered and will be used
in this communication. The Morlet wavelet is
defined in the time domain as

i _12
w ()= eJ w,t e te/2 )

where o, is the oscillating frequency of the

analysing wavelet. The Morlet wavelet is basi-
cally a sinusoidal function, oscillating at the
frequency , and modulated by a Gaussian



envelope of unit width. In the frequency do-
main the dilated Morlet wavelet becomes

4
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and the maximum is located at aw =, .

3. MODAL PARAMETER
IDENTIFICATION BY THE CWT

Consider a modulated signal in amplitude
and frequency : x(t)=A(t)cos(¢(?) ). The CWT of
x(t) is

Ja

(Wy,x )ab)=== Ab) ¥ (a g(b)) """ (4)

where ¢(b) =d ¢(b)/db is the instantaneous fre-
guency of the signal. The dilatation parameter is
obtained when |( W, x)(a,b)| is maximum, that

isa=a(b) =w, / ¢(b) and (4) becomes

(W, X (a(b)b) = za(b)/ 2 A(b)e!*®” (5)

Now, consider the impulse response of a vis-
couly damped single degree of freedom system

x(t) = Be ™ ' cos(wy t + %o) (6)

where wy=w, \1-¢? is the damped angular
frequency and ¢ the damping factor. It is easy

to see that A(t) = Be ¢ “l and p()=wyt +
Yo SO @(t)= wq . The amplitude of the wavelet

transform is maximum for the constant scale
a=a;=w, /wy and we obtain the ridge of the

CWT. Equation (5) becomes

(W, W(a,b)=.[ra, /2 Be ¢ @b gldx) (7)
From (7) we can deduce

Arg ((W,, X (a b)) =wg b+ ¥, ®)
In(|(W,, %) (ay b)) = ~¢enb+constant 9)

The phase function is a straight line whose
slope represents the damped angular frequency.
The log of the wavelet modulus cross-section is
again a straight line whose slope is the decay
rate ¢w,. Once the instantaneaous frequency
and the decay rate have been estimated we can
identify the natural frequency and the damping
ratio of the vibrating system.

4. MODAL PARAMETER
IDENTIFICATION OF A PERFORATED
MICROPLATE

The perforated microplate supported by an
elastic suspension as shown in Figure 1, and the
mechanical model used to study the microplate
behavior is constituted by the following parame-
ters : the plate mass m concentrated in the cen-
ter of the plate, the damping coefficient ¢ and
the stiffness coefficient k. The dynamic meas-
urements are conducted in time domain by
means of a laser vibrometer. The sampling fre-
quency is 2 MHz.

Figure 1. Optical i;ﬁagleo the perforated mi-
croplate

The perforated microplate area is A =3.127x10
® m? and its mass is m = 3.814x10° kg. The mi-
croplate stiffness is given by k = m (2 = F)? and

the damping coefficient is ¢ = 4 zm F¢ where

F is the resonance frequency of the perforated
microplate and ¢ the damping factor. Figure 2
shows the time response of the microplate cen-
ter to a step force actuation and the CWT ampli-
tude of this time response. We obtain then the
ridge of the wavelet transform and we can iso-
late the scale parameter given the maximum of
the CWT amplitude.

I
{17

LA

Time (5)

Figure 2. Displacement response of the micro-
plate and its CWT amplitude

The modal parameters are obtained from the
ridge of the CWT using the slopes of straight
lines presented in Figure 3, as explained in sec-
tion 3. Table 1 presents their identified values.
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Figure3.Logarithm of the amplitude and phase

of the CWT
Resonance | Damping Stiffness Damping
frequency | factor ¢ coefficient coefficient ¢
F K
22805 Hz 1.58 % 78.31N.m-1 | 17.27x10-6
N.s.m-1
Table 1. Parameter identification of the micro-
plate

5. CONCLUSION

The effectiveness of the CWT identification
procedure developed in the paper has been ap-
plied to modal parameter identification of a per-
forated microplate. Experimental results are
presented showing the accuracy of the method.
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Abstract:

Twill woven carbon fibre fabric have been im-
pregnated with the modified epoxy resins with ad-
ditional nano rubber particles (Narpow®UFPR VP-
501) in the range of 0 to 1 wt%. The laminates
were studied in flexural properties and sectioned
subsequently for microstructural damage investiga-
tion. In addition, the TEM observation was used
to investigate the nano-sized Narpow®UFPR VP-
501dispersed in the epoxy resin matrix. The re-
sults showed that the panels with modified epoxy
resins by adding nano rubber particles up to 1 wit%
were developed approximately 16% and 17% in
the flexural strength and modulus of elasticity in
bending, respectively. For microstructural damage
investigation, the cross sections of the specimens
with additional 0 and 1 wt% nano rubber particles
were examined after the flexural test as shown in
Figure 1. It can be seen that for the specimen with-
out nano rubber particle (Figures 1(a)) that sub-
stantial delamination of the composite has oc-
curred after the flexural test, whereas less damage
is evident in the specimen containing a dispersion
of 1 wt% nano rubber particles (Figure 1(b)). This
is consistent with a higher resistance to delamina-
tion being shown by the specimens additionally
reinforced with 1 wt% nano rubber particles after
the bending flexural test of the specimen. The ob-
servation suggest that the enhanced flexural prop-
erties are a consequence of the nano rubber parti-
cles producing a reduction in the extent of delami-
nation during bending fracture of the specimens.
In addition, the TEM images gave representative
shape distributions of the Narpow®UFPR VP-
501dispersed in the epoxy resin matrix (Figure 2).
The diameter of nano rubber particles ranges from
about 50 to 100 nm.

Keywords: carbon fibre fabric, CFRP, nano
rubber particle, modified epoxy resin, flexural
properties, delamination

Introduction
Nanocomposites are currently being used to be a
matrix system for fibre-reinforced polymer (FRP)

composite materials. The modified polymer matrix
system by adding nano materials was made to im-
prove mechanical properties in FRP such as car-
bon nanotubes (Yang et al., 2007). Recently, mod-
ified polymer matrix with additional nano rubber
particles was studied to improve the delamination
fracture toughness of CFRP laminates (Zeng et al.,
2012) and to increase the tensile and flexural
strength of GFRP panels (Srinivasarao et al.,
2014). However, Young’s modulus and flexural
modulus of the composite were decreased (Zeng et
al., 2012) and (Srinivasarao et al., 2014). The ef-
fects of modified epoxy resin with additional nano
rubber particles on flexural properties in CFRP
panels should be further investigated.

Materials

Twill woven carbon fibre fabric (obtained from
J.N transos Co.,Ltd. (Thailand)), stacked in a 0/90
configuration for four layers, have been fabricated
using a wet lay-up method with modified epoxy
resins by a random dispersion of nano rubber par-
ticles (Narpow® UFPR VP-5010btained from Siam
Extek Co., Ltd (Thailand)) up to 1 wt% of the to-
tal matrix system. The fabric is 200 tex yarn twill
weave with the density between 12.5 and 13.5
picks/inch. The thickness of panels was approxi-
mately 1.8 mm.

Experimental methods

The flexural properties of CFRP laminates with
nano rubber reinforcement up to 1 wt% can be de-
termined using a composite beam specimen under
a three-point bending mode according to the
ASTM Standard D790-10. The laminates were cut
into coupons, 12.7 mm in width and 120 mm in
length which were tested by the universal testing
machine (Zwick Roell Z010) with the load cell 10
kN. Subsequently, the specimens without and with
additional 1 wt% nano rubber particles after the
flexural test were sectioned and investigated for
microstructural damage observation by the optical
microscope (Olympus BX60M) at a magnification
of 50x. For particle size determination, the modi-
fied epoxy resin matrix with additional nano rub-



ber particles 0.25 wt% was measured the size of
nano rubber particles using Transmission Electron
Microscopy (TEM).

Results and discussion

Flexural testing results

The results of flexural properties of panels with
additional nano rubber particles in the range of 0
to 1 wt% are shown in Table 1. The results showed
that the panel with modified epoxy resins by add-
ing nano rubber particles up to 1 wt% was devel-
oped approximately 16% in the flexural strength
which is in agreement with Srinivasarao et al
(2014). The modulus of elasticity in bending was
also improved approximately 17%. However,
there are few different results of flexural proper-
ties in the panels containing nano rubber particles
between 0.25 wt% and 0.5 wt%.

Table 1: Flexural strength, ot and modulus of
elasticity in bending, Eg of specimens containing
nano rubber particles up to 1 wt%

CFRP with Narpow® o Es
UFPR VP-501 [wt%] [MPa] [GPa]

0 437.743.1 23.6+0.5
0.25 492.6+1.3  26.0+0.1
0.5 490.4£6.0 26.6+0.1
1 509.1+3.0  27.5+0.3

Microstructural observation

Figure 1 shows the images of microstructural dam-
ages of the cross sections of the specimens after
the flexural test between 0 wt% and 1 wt% nano
rubber particle additions. The results show that the
image of the specimen without nano rubber parti-
cle has occurred substantial delamination (Figures
1(a)), whereas less damage is evident in the com-
posite specimen with dispersion of 1 wt% nano
rubber particles (Figure 1(b)). This is consistent
with a higher resistance to delamination being
shown by the specimens additionally reinforced
with 1 wt% nano rubber particles after the bending
flexural test of the specimen. The observation sug-
gest that the enhanced flexural properties are a
consequence of the nano rubber particles produc-
ing a reduction in the extent of delamination dur-
ing bending fracture of the specimens. In addition,
Figure 2 shows the TEM images which gave rep-
resentative shape distributions of the Nar-
pow®UFPR VP-501dispersed in the epoxy resin

matrix. The diameter of nano rubber particles
ranges from about 50 to 100 nm.

Summary

This paper shows the results of flexural properties for
twill woven carbon fibre fabric reinforced epoxy resin
with different additional nano rubber particles (Nar-
pow® UFPR VP-501) panels. The flexural strength and
modulus of elasticity in bending of panels with modified
epoxy resin additions up to 1 wt% of nano rubber parti-
cles increase approximately 16% and 17%, respectively.
The microstructure observation suggest that flexural
properties increase because nano rubber particles con-
tribute the reduction of delamination during the bending
test of coupons
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Figure 1: Cross sections of the specimens after the
bending flexural test for Narpow®UFPR VP-501 addi-
tions (a) 0 wt%, (b) 1 wt%
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Figure 2: TEM images of the round shape distributions
of the Narpow®UFPR VP-501 dispersed in the epoxy
resin matrix
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Abstract:

This paper reports the fabrication of silver (Ag)
nanoparticles (NPs) on silicon substrate via
electron beam physical vapour deposition
(PVD), followed by thermal annealing at
different preset temperatures to further study the
temperature difference effect on Ag NPs
formation. Post physical synthesis process
characterization was conducted using atomic
force microscopy (AFM). AFM studies were
conducted for both unannealed and annealed Ag
thin-film samples. Whilst unannealed samples
showed no presence of Ag NPs, annealed
samples showed a clear formation of Ag NPs
recognizable in the topography AFM images of
the annealed samples. The images showed clear
development of the surface roughness and
topography compared to unanealed samples. In
the case of the annealing temperature at 800°C,
diameters of Ag NPs ranged from 50 to 100 nm
while the highest NP size was ~ 8.3 nm.
Moreover, clear agglomoration was observed in
the cases of annealed samples at temperatures of
500, 600, and 700 °C which to be further
investigated at the completion of the running
project and to be reported later.

Keywords: Silver, Noble,
Growth, Annealing.

Nanoparticles,

Introduction:

The synthesis of nanoparticles (NPs) of metals
has been a subject of increased interest lately in
many photonic and optical applications, i.e. in
photovoltaic cells due to their plasmonic [1] and
novel properties that can be controlled via the
fabrication process. Noble NPs are efficient
light capturing particles which assist converting
absorbed light into electrical energy by vibrat-
ing the electrons when light passes through the
structure containing the NPs. Noble NPs, espe-
cially silver (Ag), have been proven, through
literature, to exhibit unique optical properties on
account of their surfarce plasmon resonance
(SPR) [2]. Moreover, controlling the variation
in size and shape of noble metallic NPs leads to
unique physicochemical characteristics, includ-

ing catalytic activity, optical properties, elec-
tronic properties, and magnetic properties.
However, these properties of NPs are highly
depending on the fabrication techniques and the
processing conditions. According to the litera-
ture, controlling the processing conditions to
acheive the required size and shape has been a
great challenge over the time. Several physical
and chemical aproaches have been used to syn-
thesize metallic NPs at different structures [3].
Controlling the annealing temperature is one of
the main physical parameters that are used to
achieve the predicted results of the NPs in terms
of size, height and shape. Varying the annealing
temperature is considered one of the physical
approaches used to produce the required speci-
fications of the NPs. In this paper, we report the
effect of the variation of annealing temperature
on the formation of the Ag NPs.

Materials and Methods:

Thin films of Ag NPs with a fixed thickness of
4 nm were deposited on square silicon sub-
strates via electron beam physical vapour depo-
sition (PVD) in an ultra high vacuum (UHV)
chamber. The silver pellets were at a purity of
99.99% purchased from Kurt J. Lesker. Silicon
substrates were B dopped <100>, and 625 pum
with 200 nm thermal oxide. The deposition rate
of Ag material was adjusted at 0.1A/s, whereas
the vacuum during deposition was roughly
about ~10-6 Torr. Subsequently, samples were
annealed at different temperatures of 500, 600,
700, and 8000C in a thermal tube furnace of
argon inert atmosphere for 30 minutes. Charac-
terizing of the samples, afterwards, was carried
out thourgh surface morphology studies which
were conducted using the atomic force micros-
copy (AFM) in conctat mode, provided by Agi-
lant Technologies.

Results and Discussions

Thin films of Ag samples with varying
temperatures (500, 600, 700, and 800 °C) were
annealed following similar  experimental
procedure and conditions. Samples annealed under
500, 600, and 700 °C have shown clear



agglomeration when studied by AFM. On the
other hand, samples annealed at 800 °C have
shown clear NPs which is further discussed in this
paper. To insure that the aglomeration issue is not
a cause of sample contamination, we produced
twenty samples of Ag thin-films with different
cleaning scenarios of pre and post-annealing
sonication at different set timings. This is to be
further investigated and reported in future work.

For the 800°C sample case, the surface
morphologies of the as-deposited and annealed
thin films with 4 nm thickness using the AFM are
shown in Figure 1(a), and (b) respectively. These
morphologies clearly reveal the formation of NPs
in annealed films as a result of thermal exposure,
whilst the as-deposited sample shows no obvious
formation of the NPs. The roughness value in the
as-deposited sample was 0.14 nm, whereas in the
annealed sample it was 0.69 nm. The size of the
Ag NPs has been analysed using the AFM, and the
size disrtibution corresponding to annealed films is
shown in Figure 2. For the 800°C annealed
sample, about 85% of the formed NPs have
heights between 9.5 and 12.5 nm reflecting a
uniform formation of the NPs by PVD and
annealing processes. NPs were about 400 nm apart
in average compared to the very smooth surface of
the unannealed sample. The average size in terms
of the Ag NPs diameters has ranged between 50 to
100 nm.

Strickingly, the maximum reached height of the
Ag NPs exceeds, by a factor of 3, the deposited
thickness of 4 nm. This might be referred to the
temperature variation at the film surface in
addition to the temperature intensity. Morover, the
thermal distribution on the film surface which is
carried out by multiple thermal waves inside the
thermal tube could be another factor contributing
to the measured difference bwteen the deposited
thickness and the maximum NPs height. This is
defined in litreture as Marangoni convection
which starts to act on the thin film after the
temperature gradiant appears in a confined area
[4]. This indicates that the average nanoparticle
diameter and height mostly depends on the film
thickness after introducing it to the thermal source.

When observing the growth of Ag NPs, during
annealing at a lower temperature deposited Ag
atoms and smaller Ag NPs agglomorate. This
leads to the formation of larger NPs and more
condensed films. As the annealing temperature is
increased, the NPs grow in size because of the
enhanced surface diffusivity of Ag and expand in
diameter even more leading to larger separation
distances between the particles. Furthermore, this
phenomena can be related to the thermal

conductivity of the Ag, which has a value of
429W/m K. High thermal conductivity value leads
Ag to interact more with annealing thermal waves
forming the NPs. In addition, the surface energy
value of Ag ~ 890 mJ/m? which is also known as
surface tension, affects the adhesion of the
metallic particles and their physical interaction
with the Si substrates.
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Figure 1: Atomic force microscopy topography of: (a) as-
deposited Ag thin film (b) 1x1 um surface annealed Ag
films at 800°C for 30 minutes in inert atmosphere.
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Figure 2: Size distribution in percentages of Ag NPs ana-
lyzed from the AFM topography

Conclusions:

We, in this work, were successfully able to
produce ultrathin film of Ag NPs at a thickness of
4 nm via the electron beam PVD. Thermal



annealing has shown the ability to form NPs, that
can be obviously observed at the AFM images,
which vary in diameters as the set annealing
temperature changes. The higher the annealing
temperature, the more separated the nanoparticles
formed. Additionally, it was observed that the
hieght of Ag NPs were formed have exceeded the
fabricated film thickness, which is referred to the
Marangoni convection theory. Morphology studies
were conducted as well as distribution of
nanoparticles.
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Abstract:

Nanomaterials and especially their
preparation by chemical approach is a very
active field of materials research. The synthesis
of nanoalloys is one integral part of nanoscience
and development of efficient methods is a
challenging task due to their chemical, phase,
and morphological variability. In case of metal
nanoalloys we can observe many interesting
properties such as depression of melting
point,“? plasmon resonance,®* catalytic activity,
and phase separation.® Nanoalloys can be
prepared by many approaches, but highly
advantageous is the solvothermal synthesis,
specifically in oleylamine.>” The hot injection
technique appears to be the best for ensuring
homogeneous conditions for nanoparticles
nucleation and growth.

AgNi nanoparticles were prepared by

injection of an oleylamine solution (4 cm®) of
AgNO; and Ni(acac), (different molar ratios, 4
mmol total amount) to a mixture of oleylamine
(16 cm® and octadecene (20 cm®) at 230 °C.
After 10 minutes, the reaction mixture was
cooled down to room temperature in a water
bath. Then 20 cm® of acetone was added to
precipitate nanoparticles and the suspension
was centrifuged. The precipitate was washed by
a mixture of hexane and acetone (1:3 volume
ratio). This procedure was repeated twice and
finally the precipitate was dispersed in hexane
and characterized.
Dynamic Light Scattering (DLS), Transmission
Electron Microscopy (TEM), Elemental anal-
yses (ICP OES), and Small-Angle X-ray Scat-
tering (SAXS) analyses were performed for de-
termination of chemical composition, average
size, size distribution, and shape of the prepared
nanoparticles. Plasmon resonances were ob-
served and we found that the intensity of plas-
mon resonance was dependent on the molar ra-
tio of AgNi in the particles. HT-XRD was car-
ried out and we observed a phase separation in
the prepared nanoalloy. Magnetic properties and
their dependence on temperature were also
characterized and the results are in a good
agreement with the HT-XRD characterization.

Keywords: nanomaterials, nanoalloy, silver,
nickel, DLS, SAXS

Introduction:

Nanomaterials and especially their
preparation by chemical approach is a very
active field of materials research. The
synthesis of nanoalloys is one integral part
of nanoscience and development of efficient
methods is a challenging task due to their
chemical, phase, and morphological
variability. In case of metal nanoalloys we
can observe many interesting properties
such as depression of melting point,?
plasmon resonance,** catalytic activity,> and
phase separation.® Nanoalloys can be
prepared by many approaches, but highly
advantageous is the solvothermal synthesis,
specifically in oleylamine.>’ The hot
injection technique appears to be the best for
ensuring homogeneous conditions for
nanoparticles nucleation and growth.

We used the hot injection method to
prepare AgNi alloy nanoparticles from sim-
ple precursors AgNO3 and Ni(acac) in
oleylamine and octadecene at 230 °C and
characterized them by DLS, SAXS, and
TEM techniques.

Synthesis:

For a typical synthesis Ni(acac),
(Aldrich) and AgNOs (different ratios, total
amount 4 mmol) were put to Schlenk flask.
Schlenk cyclus was carried out three times
and then dry oleylamine (4 cm®, 80-90%
Aldrich) was added. Mixture was heated in
an oil bath to 85 °C. Oleylamine (16 cm®)
and 1-octadecene (20 cm®, 90% Aldrich)
were put into a three neck Schlenk flask and
were heated to 120 °C under reduced pres-
sure to remove residual water and oxygen.
After 20 minutes vacuum was exchanged for



nitrogen atmosphere and temperature was
increased to 230 °C. The precursor solution
was rapidly injected to mixture of solvents.
After 10 minutes, the reaction mixture was
cooled down to room temperature in a water
bath. Then 20 cm?® of acetone was added and
the mixture was centrifuged. Acetone was
added to increase the yield, because after
acetone addition aggregates arise and these
aggregates are easily dispersible in hexane.
The precipitate was washed with a mixture
of hexane and acetone (1:3 volume ratio).
This procedure was repeated twice and fi-
nally the precipitate was dispersed in hexane
and characterized.

Results and Discussions

Dependency of nanoparticle sizes on
their composition was studied by using DLS
technique. This characterization method
provides tree types of results which can be
used for  description of  prepared

nanoparticles. Samples must be free of
aggregates, impurities and dust, because
their presence can highly distort results.
Syringe filtration and sedimentation were
used for removing of distorting influences.
Results are summarized in

Table 1. Composition of
nanoparticles was established by ICP-OES
analyses. Every DLS result is an average of
three measurements. Z-Average and Pdl are
mentioned only when software marked them
as satisfactory. When Pdl is lower than 0.1
sample can be considered as monodisperse.
Z-Average as one of the results from DLS
characterization can be used for comparison
with other characterization techniques such
as SAXS. This comparison is summed up in
Table 2. The model of average nanoparticle
can be calculated on the basis of SAXS data,
see Figure 1.

Table 1: DLS characterization of AgNi nanoalloys with different compositions

Ag

(Mol%) 11 18 32 41 49

X
(d = nm) 28 33 27 27 25

Z-Aver.

(d = nm) 28 28 25 26 23

PDI 0.253 0.194 0.092 0.225 0.069 0.194 0.073 0.067

59 60 63 73 75 83
34 30 27 28 29 27

28 28 25 25 31 25

0.099 0.293 0.074

Table 2: Z-Average and SAXS results comparison

Ag mol% 32 41 49
Z-Average
(d = nm) 25 26 23
SAXS 15.2 34.3 40.9

59 63 73 83
28 25 25 25
21.9 38.4 23.2 15.3




10 nm

Figure 1: SAXS model of AgNi nanoalloy
(Ag 73 mol%)

Size, shape and dispersity of
prepared  nanoalloys  with  different
compositions were characterized also by the
TEM method. Figures of nanoparticles were

analyzed by ImageJ software and histograms
of nanoparticle diameters were obtained (see
Figure 2 and Figure 3). The results are in
good agreement with DLS characterization.
Weighted  averages of  nanoparticle
diameters are smaller according to TEM
characterization, because the method
observes only metal core of nanoparticles,
unlike DLS technique which observes
hydrodynamic diameters, i.e. metal cores
with organic layers on the surfaces of
nanoparticles.
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Conclusions:

AgNi nanoalloys were synthesized
with  variable composition by the
solvothermal hot injection technique using
very common precursors in a mixture of
oleylamine and 1-octadecene. Prepared
nanoparticles were characterized by DLS,
SAXS, and TEM focused to size, shape, and
distribution. The results were mutually
compared. We have found that size, shape,
and distribution do not depend on
nanoparticle composition. Distribution of
sizes is relatively narrow.
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Abstract

An Explicit expression for the axial pressure
profiles in a cylindrical channel with Maxwell
slip gas flow is derived and given in this pa-
per. The resulting expression, which only in-
volves the inlet and outlet pressures and the
channel diameter, is given for use in modelling
and design of MEMS and NEMS or for sim-
ulations of channel flows at Knudsen numbers
in the range 1073-0.1. The expression is vali-
dated by deriving from it an expression for the
channel mass flow, which is found to be identi-
cal to the known expression for the mass flow
through cylindrical channels with Maxwell slip
flow.

1 Introduction

An upsurge in the development of micro-and
nanoelectromechanical devices has kindled re-
newed interest in the flow of fluids at moder-
ately high Knudsen numbers through channels
and crevices. In many modern design appli-
cations, e.g. MEMS and NEMS, micro- and
nanoelectromechanical devices, it is necessary
to characterize and model the flow in narrow
channels. For this it is useful to know the pres-
sure profile in channel flow at Knudsen num-
bers whereby the flow is in the Maxwell slip
regime, since this is often the regime into which
the flows in such devices fall in practise. It is
therefore notable that expressions for the pres-
sure profiles for Maxwell slip flow in channels,
even of simple geometries, have not yet been
published.

Arkilic et al. [1] derived an expression for the
axial pressure profile in slip flow, based on a 2-
D model and perturbation analysis applicable
to a rectangular channel of very large aspect
ratio, accurate to zeroth order. Gallis and Tor-

czynsky [2] derived an expression for the pres-
sure profile in channels in the slip flow regime
based on a more advanced slip expression than
the one of Maxwell but did not give an explicit
solution.

In this paper an explicit expression for the
axial pressure profiles in a cylindrical channel
is derived directly from first principles. Since
there is nothing in the functional forms ob-
tained below that will demand that the vari-
ables are non-dimensionalized, the derivations
will be done in terms of the physical, dimen-
sional variables themselves.

2 Pressure profile

A standard momentum balance on an element
differential in the axial direction to analyze
laminar pipe flow, with a no-slip wall boundary
condition, results in [3]:

dp_ _2(_ du
dz 7 Ndr

giving by integration:

u d 1 T
/ d/ =L~ 2)
0 dz2p JR
The for Maxwell wall slip is ( [4,5]): uy =

—(94|, _p with ¢ = £ and the factor 9%[ _.
evaluated from the no-slip solution. This re-

(1)

/ /
r dr

sults in:
u d 1 T
/ d' =L | (3)
| dz2u Jg
giving:
du dp 1 , 5 o
o . _ 4
u+<dr r—R dz4,u( T) )
From the no-slip DE, (1):
du _ rdp du Rdp (5)
dr  2updz dr|,_p 2pdz




Roy et al. [6] and others give ( = 2;%)\ .oy is
the momentum accommodation coefficient |7]
and in general depends on the nature of the
gas, the channel wall material and the Knudsen
number. In many cases oy ~ 0.8 ( [7,8]), A is
the mean free path in the gas. Filling in, this
makes the solution for u, the gas velocity:

dp 1

_ dpl o o5 2—oy Rdp
U= d2’4M( r) A

2udz’

(6)

ov

The mass flow, r; = fOR punr dr, becomes:

. npR3 dp

=— 4N(2 — R) —.

T SWV( (2—ov)+ovR) -
p = % = k{’B—”% where M and m are the

molar and molecular masses, R the universal
gas constant, kg the Boltzmann constant and

kgT . .
A= \/ii o ( [5]), with d the molecular colli-
sional diameter, is the mean free path in the

gas, giving for the mass flow,ry:

TpmR> ( kgT ) dp
— 2—oy)+oyR) —
kT 8uoy \/impp( v) v dz
which can be rewritten to:
. dp dp
= A= 1+ Bp— 7
e dz + pdz (7)
where, after simplification,
39 4
g MmRQC-ov) op  mmR
V8d2poy 8ukpT

(8)
0 £ oy £ 1, is the fraction of molecules or
atoms undergoing diffuse, rather than specular,
reflection at the wall ( [2,8]), so that both A
and B are negative.

Equation (7) is a differential equation for
p(z), and can be solved as a boundary value
problem. A standard, first-principles, steady-
state mass balance on an element, which spans
the channel cross-section and is differential in
the z-direction, gives after rearrangement:

d?p dp\ >
A+Bp)—+B|(— ] =0

(9)
There are two solutions to this equation. Tak-
ing the positive one as the one satisfying the
boundary conditions at the ends of the channel
gives the following expression for the pressure

as a function of axial position in the channel,
p(z):

A+ \/(A + Bpy)? — B(po—pL)(2AL+B(po+pL))z
N B

(10)
satisfying the end boundary conditions. This
profile is quite non-linear, similar to Poiseuille
flow, in the low-Kn range of the Maxwell
slip and becomes progressively more linear at
higher Kn, which is reasonable.

This solution makes it possible to study the
effects of the governing variables, such as the
accommodation coefficient as shown in Fig.1.
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Figure 1: Pressure profiles for slip flow in a
cylindrical channel with diameter 325 pum, ef-
fect of the accommodation coefficient.
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Abstract:

Atomic force microscopes (AFMs) are instru-
ments for the measurement of topographic sur-
face features in the nanoscale. Nanoscale sur-
face features are reconstructed through scanning
the surface by silicon cantilevers The recent use
of selfsensing and self-actuating cantilevers
eliminated the need for the relatively bulcky
optical deflection systems. To overcome the
limitation on the measurement range, a new
measuring system has been developed where a
piezo-resistive sensing active (PRSA) cantilever
is integrated into a nanomeasuring machine
(NMM-1) which extends the lateral scanning
area up to 25 mm x 25 mm with a vertical range
up to 5 mm. The PRSA_AFM integrated system
was successfully used for measuring two sam-
ples; a glass scale with a spacing of 8 ym and
100 nm feature height; and a calibration grid of
119 nm and 5 um step height and width respec-
tively. The integration, calibration and factors
affecting the performance of the developed sys-
tem have been investigated.

Keywords: Nanometrology, Atomic Force Mi-
croscopy (AFM), Self-Sensing Cantilevers, Na-
noMeasuring Machines (NMMs).

Introduction:

Surface features imaging and measurement is a
major challenge especially in the nanoscale.
One of the most versatile tools for surface
measurement is the Atomic Force Microscope
(AFM) [1]. It can image a wide range of various
samples regardless of being conductive or no-
conductive, in vacuum, in air or in a fluid [6]. It
depends on the interaction forces generated be-
tween the cantilever probe tip and the surface as
the tip comes into a close proximity with the
test surface. Conventionally, the AFM has a
laser source, cantilever and optical readout pho-
to-senstive device (PSD) [3]. As the cantilever

scans across the test sample, the reflected laser
beam which is focused into the upper surface of
the cantilever draws surface features on the
PSD readout. Despite its high sensitivity and
precision, conventional AFMs have major
drawbacks such as design complications, diffi-
culty to precisely align optical components, lim-
ited throughput and small range[2,4,5].

Piezo-resistive bridge
deflection sensor

Figure 1: Self-sensing AFM cantilever in com-
parison to the conventional optical AFM [15].

¥

Figure 2: Th‘e.PRSA_AFM integrated system is
illustrated, Self-sensing cantilever is integrated
into the NMM-1.

A briliant idea to simplify AFM construction
has been the use of a self-sensing cantilever
type, firstly done by Tortonese et.al. [7]. It de-
pends on integrating a piezoresistor on the can-
tilever. Defelection in the cantilever causes a



corresponding change in the resistor resistance.
The AFM design becomes more simple with no
need for the optical units. It also facilitates the
use of a parallel self-sensing cantilevers set in
an automated operation which increases the
throughput and saves the scanning time
[8,9,13]. Thermal resistor actuators have recent-
ly been introduced to produce not only self-
sensing but also selfactuating cantilevers
[10,11,14]. Self-sensing cantilevers are applied
in many applications including; data writing and
reading, multi-probe, nantopographical imaging
and nanostructure fabrication [12]. Self-sensing
cantilevers can be easily integrated into elec-
tronic devices. In this a paper, a self-sensing
thermal self-actuating PRSA cantilever [6] has
been integrated into a Nano-Measuring Machine
(NMM-1) to build a new type of metrological
large range Atomic Force Microscopes for sur-
face topography measurements. The
PRSA_AFM integrated system has a range of
25mm x 25mm x 5mm. Nano features of a glass
scale and a calibration grid have been measured
using the new system. Calibration and factors
affecting the performance of the integrated sys-
tem are illustrated.

Instrumentation:

The main components of the PRSA_AFM inte-
grated system are; PRSA cantilevers, AFM pre-
amplifier box, mechnaical assembly, HF2 Lock-
in amplifier and Nano-measuring machine
(NMM-1). PRSA cantilevers are silicon cantile-
vers with integrated piezo resistors and thermal
actuators for selfsensing and self-actuating
scanning probe microscopy (SCL-Sensor.Tech.
Fabrication GmbH). AFEM Pre-Amplifier Box is
designed at FMT-FAU institute to connect the
small electronic PRSA_Preamplifier part to oth-
er system components, Figure 3. Mechanical
assembly is designed and built at FMT-FAU
Institute to integrate and install the setup of
PRSA cantilevers into NMM-1, Figure 4. HF2
Lock-in Amplifier is a digital lock-in amplifier
covering the frequency range between DC and
50 MHz. The signal to be measured is amplified
to a defined range, filtered, and digitized at very
high speed and sent directly to NMM-1. The
lock-in amplifier one of the most important el-
ements in this setup. It gives the operating sig-
nal (input signal) for tapping mode and digitizes
the output signal from AFM cantilever and send
it directly to the NMM-1. NMM-1 is used for

three-dimensional coordinate measurement in a
range of 25mm x 25mm x 5mm with a resolu-
tion of 0.1 nm (SI0S MeRtechnik GmbH). It has
a unique sensor arrangement that provides Abbe
error-free measurements on all three coordinate
axes, Figure 5.

Piezn actuator
connection
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100X Output signal

Slhiding Vertical Plate Left Bracket-

Block

Long Vertical Plate

L

£

Middle Bracket-Block  Cantilaver is fixed hers

Rizht Bracket-Block

Figure 4: Mechanical assembly

Fixing points for probe system
Surface-sensing probe

Pitch and yaw angular sensor
x-Interferometer

y-Inter-
ferometer

Roll and
yaw angular sensor

Sample Metrology frame (Zerodur)

Corner mirror z-Interferometer

Figure 5: Schematic principle of the NMM.
The detection point coincides with the intersec-
tion of three interferometer beams orientated in
X, Y, and z axes. The Abbe error is minimum.




Figure 6: Experimental Setup for PRSA_AFM
system.

Measurement Procedure:

The PRSA_AFM integrated system is used for
tapping mode with thermal actuation. The canti-
lever is adjusted vertically at a stand off dis-
tance of approximately 300 nm from the test
sample surface. Then, the cantilever is calibrat-
ed against the NMM-1 vertical axis in this
range. The proper scanning speed is selected
together with the appropriate NMM-1 control
parameters. The system can be used either in
linear or area scanning modes.

Results and Discussions:

The PRSA_AFM integrated system is intially
calibrated against the NMM-1 before measure-
ments. The output signal of the PRSA-AFM
probe is compared against the NMM_Z axis
reading. This facilitates the communications
between the cantilever and the NMM and con-
verts cantilever signal to units of length. The
NMM stage is moved in z axis for a specified
distance (usually 300 nm) twowards the AFM
cantilever (forward direction, FWD) and then
moved upward in opposite direction (backward
direction, BWD), Figure7. The output signal of
PRSA cantilever in “mV” is calibrated against
the z-axis of NMM-1 in nm. The NMM-1 reads
the signal of AFM and converts its values into
nanometer length units.

Calibration of PRSA_AFM integrated system against NMM-Z axis

/L

Forward direction, FWD

/ Backward direction, BWD

NmuMP‘o&’m

Output signal of PRSA-AFM integrated system in mV

Figure 7: Calibration of PRSA_AFM integrated
system against NMM-Z axis.

The PRSA-AFM developed system was used
for line scanning at different speeds, Figures 8
and 9. When the scanning speed was increased
from 1 pum/s to 10 pum/s and 25 pm/s, sharp
spikes were observed in the recorded signal.
Thorough investigation revealed the possibility
of controlling these spikes by careful setting of
the  NMM-1Proportional-Integral-Derivative
(PID) controller parameters (Kp and Kn).

An optimization procedure was performed using
a full factorial design of experiments to select
the most appropriate values of the two parame-
ters K, and K, to supress the spikes observed at
high speeds. The test samples used in the exper-
imental analysis are a Glass Scale of 99 nm step
height and 16 pum periodicity; and a Calibration
Grid of 119 nm step height and 10 um perio-
dicity. Step height and periodicity are measured
three times for both samples at all possible
ettings of K, and K.

Table (1) shows levels of both Kp and Kn used
in this study. The experimental analysis was
performed at a tapping amplitude of 1200mVpp
and a scan speed of 25 um/s.

Table (1) Levels of Kp and Kn used in the
study.

K, Ky
25 0.05
50 0.10
75 0.15
100 | 0.20
125 | 0.25
150 | 0.30

0.35

0.40




Line scan measurement of glass scale sample at 1 ym/s speed

Step heightin nm

Lateral movementin um

Figure 8: Recorded signal of the glass scale
sample at a scan speed of 1 um/s.

Line scan measurement of glass scale sample at 10 pm/s (blue) and 25 pm/s (red)
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Figure 9: Recorded signal of the glass scale
sample at scan speeds of 10 um/s (blue) and 25
pum/s (red).

Main effectof Kp_step height Glassscale (blue)_Calibration grid
500

400
- %
200

100

Step heightin nm

(1]

T T T T T T T T )
0 005 01 015 02 02 03 035 04 045

(a)

Main effectof Kn_step height Glassscale (blue)_Calibration grid (red)

z 500
]
E A
- 400
=
2
= 300
g

200 W

100

o T
o 25 50 75 100 135 150 175
()
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Figure 11: Main effects of Kn and Kp on the
measured values of the periodicity (a) Kp (b)
Kn

Figures 10 and 11 show the main effects of both
K, and K, on the estimated average step height
and periodicity for either glass scale and cali-
bration grid samples. It is obvious that the error
in the measured values of either step height or
periodicity increases by increasing both K, and
K,. The results suggest that the values of 25 for
Kn and 0.05 for Kp give minimum error in the
measurement results.

Conclusions and Outlook:

The PRSA_AFM system is integrated into
a Nano Measuring Machine (NMM-1). It has a
large range of 25 mm x 25 mm x 5 mm. The
integrated system is calibrated against the Z axis
of NMM that the output signal of PRSA canti-
lever can be converted into unit of length. The
PID controller has the main effect on NMM at
high speed. To get the minimum measurement
error especially at high speeds up to 25 pum/s,
the parameters of PID controller of Kp and Kn
have to be used at Kp 0.05 and Kn 25. The
PRSA_AFM integrated system has a capability
to measure precisely at nanoscale.
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Legal Metrology Framework for Nanotechnology in Australia
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Abstract:

This work explores the feasibility of le-
gal metrology (LM) as a platform to address the
impact of nanotechnology (NT) on legal and
social-economic aspects for NT and the associ-
ated benefits and risks.

Keywords: legal metrology, national measure-
ment system, nanotechnology, regulatory re-
gimes, nanometrology

Introduction:

There is a general consensus for an internation-
ally integrated Nanotechnology (NT) govern-
ance due to the current fragmented regulatory
regimes for NT world wide. It is expected Legal
metrology (LM) as a platform can fill the gap.
Legal metrology (LM) objectives aligns with
International Organisation of Legal Metrolo-
gy (OIML)’s objectives on global harmonisa-
tion of regulations and measurements. It is nei-
ther exclusive to measurement ranges eg. mac-
ro, micro, meso, nano, nor to specific technolo-
gies, eg, space and biotechnologies.

Methods:

The international harmonization is achieved
through CIPM MRA (a guarantee of compe-
tence and of valid testing and examination re-
sults on the basis of OIML Recommendations)
and OIML MAA(International equivalence of
measurements: Mutual Recognition Arrange-
ment). LM integrates with Metre convention
and International Laboratory Accreditation Co-
operation (ILAC) to deliver a global measure-
ment system.

The Commonwealth Government in Australia
gives effect to International treaty obligations,
the Metre Convention, 1947 (The Metre Con-
vention established the structure and processes
through which we obtain world-wide uniformity
in measurement, firstly through the use of a
harmonised set of units of f measurement, the
International System of Units (SI), and secondly
through recognised means of establishing meas-
urement standards that realise these units, de-
scribed by the International Bureau of Weights
and Measures (BIPM)) and the OIML conven-
tion, 1959 with respect to measurement under
the National Measurement Act 1960 (Cth)
through National Measurement Institute (NMI).
LM is the application of legal requirements to
measurements and measuring instru-
ments,comprising all measurements carried out

for any legal purpose including measurements
in the areas of health and safety Environment
(HSE), law & trade.
TheLM is founded on the key principles of me-
trology, the measurement traceability and confi-
dence in measurements (Peggs 2005), at what-
ever accuracy and for whatever physical quanti-
ty, and to ensure the measurements are ex-
pressed in legal units with known uncertainties.
The national measurement system in Australia,
ensures that measurements can be made on a
consistent basis throughout the country and are
linked to the International System of Units (SI)
and ensures technical,legal and international
traceability. This is achieved through the hierar-
chy of standards by which physical measure-
ments can be related back through the national
metrological pyramid to the relevant Sl units.
The National Measurement Act (The Act) pre-
scribes that 'Australian legal units of measure-
ment (ALUM) of a physical quantity are the
sole legal units of measurement of that physical
quantity’in addition to establishing a framework
for the regulation of measuring instruments
providing specifications for pattern approval
and verification. The National Measurement
Regulations 1999(Cth) provides details on the
application of the Act and prescribes the
ALUM. The NMI in Australia, in addition to in
addition to coordinating Australia’s measure-
ment system, also develops and maintains
standards of measurement, reference materials
and reference technigues.
Discussions:
A LM Framework (LMF) in Australia is as de-
picted in Figure 2, executed through:
» National Measurement Act 1960 (Cth)
» ALUMS
e Which reflect SI units into Australian
law
e Recognised as the sole units of meas-
urement for physical quantities
» Verification ALUMS, via
¢ Standards of measurement
o Certified measuring instruments
o Australian certified reference materials
e Combination of one or more above.
The LMF accords legal status to the measure-
ments through its certification, verification /
reverification, uniform test procedures and ac-
creditation programmes to ensure confidence
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and integrity of the measurement systems. It
ensures that measurements are what they pur-
port to be thus satisfying Australia’s interna-
tional obligation and Australian law (Birch
1998., Brittain, 2013). The LMF (Figure 1) is
directly linked to the Australian measurement
system.

The LMF, however needs to be developed in
conjunction with the nanometrology group in
Australia, responsible for developing measure-
ment infrastructure and standards for the NT.
The challenges of nanometrology are for the
measurements to be expressed in legal units and
the measurement errors to be known with speci-
fied probability and comparable to the inter-
atomic distances and to be able to measure any
property in three dimensions at the nanometre
scale. Many measurements are effective in two
dimensions (or 2% dimensions) and there is
generally a trade off between measurement sen-
sitivity & spatial resolution. In addition differ-
ent techniques measure and operate on different
principles and do not cover the full range of
measurement values. Some measurement prob-
lems fall between the ranges of available in-
struments where there is no overlap.

The use of scanning probe microscopy (spm)
allows measurements and imaging at a na-
noscale.The traceability for metrological spm
and interferometermeters is established using
lasers whose frequency is traced back to to SI-
unit meter (Petr Klapetek, 2013, Miles, 2010).
Thesy are used to calibrate standards for flat-
ness, step height standards and fiffractometers
forlD or 2D grating. These calibrated standards
are subsequently used to calibrate the secondary
instruments maintained by the NMI and the user
instruments. When the traceability chain is ac-
companied by the ceritification program offered
under the LMF under the provisions in National
Measurement Regulations as shown in Figure 2,
it offers measurement confidence and traceabil-
ity for nanodimenional measurements.
Conclusions:
A Legal Metrology Framework for Nanotech-
nology can ensure
» uniform and accurate methods of NT
measurement across Australia and interna-
tionally.
» agreed level of transparency in the meas-
urement.
» reduced transaction costs and trade barri-
ers.

» promote confidence that measurements are
what they purport to be.

» settle legal disputes.

» can be applied equally throughout the
product lifecycle of manufactured nanopar-

ticles.
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Figure 1: Legal Metrology Framework
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Figure 2: LMF for traceability of nano-scale
dimensional measurements in Australia:
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Abstract:

We report the influence of the nature of the host
molecules on the photophysical properties of
poly(9,9-dioctylfluorene-alt-bithiophene)  (PF-
BT) copolymers. 1-RM-BCD, 1-TM-BCD,
1-TMS-gCD and 1-CB7 polyrotaxanes have
been synthesized by Suzuki cross-coupling of
5,5-dibromo-2,2"-bithiophene  (BT) inclusion
complexes in randomly methylated -
cyclodextrin (RM-BCD), 2,3,6-tri-O-methyl B-
cyclodextrin (TM-BCD), 2,3,6-tri-O-
trimethylsilyl B-cyclodextrin  (TMS-BCD) or
cucurbit[7Juril  (CB7) and bulky 9,9-
dioctylfluorene-2,7-diboronic  acid  bis(1,3-
propanediol) ester (DF) (Figure 1). Their opti-
cal, electrochemical and morphological proper-
ties have been evaluated and compared to those
of the non-rotaxane 1 counterpart. The compar-
ison reveals that the rotaxane formation is suffi-
cient to induce the desirable film forming ability
combined with a high transparency as well as
favourable optical and morphological proper-
ties. Fluorescence emission shows vibronic
transitions and a mono-exponential kinetics in-
dependent of the concentration. HOMO/LUMO
energy levels proved that the polyrotaxanes are
electrochemically accessible in an electrolumi-
nescence configuration cell. Based on AFM
analysis, the less flexible conformation of the
rod-like polyrotaxane chains indicates their
higher tendency to organize into fibers or linear
ribbons in the solid state. These findings are
relevant to the application of these supramolec-
ular architectures in electronic devices, where it
is essential to prevent luminescence quenching
without hindering charge transport properties.

Keywords: fluorene-bithiophene copolymer,
host-guest system, polyrotaxanes, macrocycles,
permethylated BCD, persilylated BCD, fluores-
cence, wetting properties, surfaces, optical ap-
plications.

Introduction:

Conjugated polymers (CPs) have gained wide-
spread interest as an alternative to conventional
inorganic materials in many electronic applica-
tions. Undesirable intermolecular interactions,
which affect the fluorescence efficiency limit
considerably their application as semiconductor
materials in optoelectronics.™ The past decade
has witnessed remarkable innovations and pro-
gress in polymer science, including the field of
supramolecular science as a complementary
field, which offers great opportunity to tune a
large number of physico-chemical properties of
CPs by polyrotaxane formation.®! The poly-
rotaxane architectures preserve the semicon-
ducting and optical properties of conjugated
backbones and keep the conjugated chains at a
minimum separation distance, imposed by the
thickness of the macrocycle walls and diminish
the aggregation tendency. Despite the reduction
of aggregate formation, threading of conjugated
backbones into macrocycles leads to an increas-
ing environmental stability and resistance to
quenching from impurities. This approach has
been applied to the synthesis of PF-BT poly-
rotaxanes by incorporating chemically-modified
CDs or CB7 as host molecules.

Materials and Methods:

The synthesis and characterization of the poly-
rotaxanes 1-RM-BCD, 1-TM-BCD, 1-TMS-
BCD and 1-CB7 as well as the non-rotaxane 1
counterpart used in this study is described else-
where [

Results and Discussions

In order to investigate the effect of macrocyclic
encapsulation on the photophysical properties
of PF-BT copolymers, 1-RM-BCD, 1-TM-
BCD, 1-TMS-BCD and 1-CB7 polyrotaxanes
and the non-rotaxane 1 counterpart have been
synthesized from a 1/1 molar ratio of BT encap-



sulated into RM-BCD, TM-BCD, TMS-BCD or their higher tendency to organize into fibers or
CB?7 cavities with DF.**! linear ribbons in the solid state.

Conclusions:

These investigations provide that the PF-BT's
T o photophysical properties could effectively be
Y improved by rotaxane formation. The future

RO OR
H - - .y .
1 RM-5CD R H,-CHO - RMLpOD strategy is to find additional improvements of
oD . ReCHI=TM4CD these complex architectures for the generation
R= -Si(CHs); =TMS-BCD . . . . .
1-cer or of active layer in organic electronic devices.
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Abstract:

This work aims to investigate the use of alkali
activated metakaolinite from natural kaolinitic
soil as precursors for the production of Nano-
porous geoplymer cement for passive cooling
systems. Nano — porous geopolymer cement
was synthesized using metakaolinite, and
alkaline activators, namely sodium silicate
(Na;SiO3) and sodium hydroxide. For
metakaolinite  preparation, Kaolinitic  soil
sample was collected from kaolin deposit
(Saudi Arabia), which is located in Riyadh
region. XRD analysis showed that kaolinite
phase, was diminished due calcination and
geopolymerization. The produced geopolymer
cement exhibited a flexural strength of
12.3MPa, and compressive strength of 32MPa
and 44.2MPa under immersed and dry
conditions. The microstructure of the produced
geopolyemer was characterized by formation of
Nano-porous network as shown by the SEM
images. The general evaluation of the produced
geopolymer cement from kaolinitic soil
indicates its potential for a number of
applications including green construction
materials, and passive cooling.

Keywords: Nano-porous, Geopolymers,
Kaolinite, SEM, Construction, Minerals,
Strength.

1 Introduction

Geopolymerisation, refers to stabilization of
aluminosilicates such as kaolinite and
transformation  into  geopolymers  [1-5].
Geopolymers consist of an amorphous,
structure resulting from the transformation of
aluminosilicate  monomers in an alkaline
solution [4,5]. The geopolymerization reactions
involving polycondensation of hypothetical
monomers, i.e. orthosialate ions, has been
proposed. As a result of these reactions, solid,
hard, and stable materials similar to

hydroxysodalite, feldspatiod or zeolite are
formed [6]. These geopolymers are composed
from SiO, and AIO, tetrahedra linked
alternately by sharing all the oxygen atoms.
When aluminum is four coordinated to oxygen
atoms, a negative charge is created and
therefore the presence of cations such as (Na*,
K*, Li*, Ca,", Ba,", NH,", and H;0") is essential
to balance the negative charge of Al in the
fourfold coordination [7].

Geopolymers cement has recently received
wide attention in view of their advantages over
other cementitious materials, like Portland
cement. Some of the advantages are high
strength, low environmental impact, chemical
resistance and thermal stability [8,9].
Geopolymer  cement results from the
geopolymerization of aluminosilicate
monomers in an alkaline solution; the products
obtained are considered ceramic-like materials.
Kaolin clay is an abundant natural resource and
readily commercially available. The objective
of this work is to determine if a low purity
kaolin mineral from mineral deposits in Saudi
Arabia can be successfully used to produce
alkali-activated geopolymer cement. The
investigation addressed the synthesis and
evaluation of nano-porous geopolymer cement
using kaolinite from Saudi Arabia, in terms of
microstructure, mechanical, and physical
properties. The significance of this research is
to encourage the commercializing of the
geopolymer cement by using low cost, and
available in large amounts precursors such as
low purity kaolin from local deposits [6-9].
The produced Nano-porous geopolymer cement
could be a good candidate for passive cooling
using evaporative cooling system.



2 Materials and methods

2.1 Materials

Nano-porous  Geopolymer  cement  was
synthesized wusing kaolinite from natural
deposit, sodium silicate (Na,SiO3) and sodium
hydroxide. Untreated kaolinite was collected
from a deposit in Riyadh region (Saudi Arabia)
with the assist of Saudi Ceramic Company.
Preparation of the kaolinite samples involved
crushing of oven dried clay (at 105 °C) with a
grain size less than 60 um. The powdered clay
was heated at 750 °C for 4 h in a laboratory
furnace to obtain its respective metakaolinite.
The chemical composition of kaolinite was
determined by X-ray Fluorescence (XRF)
(Bruker System S4 Pioneer) and is given in
Table 1. Na,SiO3; and NaOH solutions were
used as alkaline activators for the dissolution of
aluminosilicate phases. Sodium silicate solution
(Merck, Germany) contained 27% SiO, and 8%
Na,O. The hydroxide solution with a
concentration of 6.0 M was prepared using
sodium hydroxide (NaOH) flakes of 98% purity
(Merck) and distilled water.

Table 1, Chemical analysis of untreated
kaolinite

Compound Composition%
MnO 0.3
Cr,0; 0.4
CaO 1.1
K,0 0.1
P,0s 0.9
Fe,0, 9.3
Al,O, 22.5
SiO, 38.1
TiO; 14.2

2.2 Production of geopolymer cement

The ratios used during the alkaline activation
process were: SiO, (in sodium silicate
solution)/Al,O3 (in metakaolinite) molar ratio
of 1, and Na20 (in sodium silicate and NaOH
solutions)/Al,O; (in metakaolinite) molar ratio
of 1. The H,O/Na,O molar ratio was 13. The
aqueous solution of Na,SiO;, NaOH and H,0O
was mechanically mixed for 1 min.
Metakaolinite was mixed with the sodium
hydroxide and sodium silicate solutions for 15
minutes. The final pulp was poured into three
rectangular molds  (160mmx15mmx30mm
each) which were cured in a ventilated oven
(Binder-ED115, Germany) at 400C for one day.

After curing, specimens were removed from the
molds and cooled at room temperature. In
addition, three discs (2cmx2cmxlcm) were
prepared from each mixture, to carry out
microstructural and mineralogical studies using
XRD, TGA and SEM.

2.3 Mineralogical analyses

X-ray diffraction (XRD) analyses were carried
out on powdered samples to identify major
crystalline and potentially newly formed phases
using a Shimadzu diffractometer-6000 (Japan)
with a Co tube and a scanning range from 5° to
80° 20 at a scan rate of 2°/min. Qualitative
analysis was carried out using the crystalline
phases were identified by detecting and
analyzing the positions of the peaks using the
software package supplied with the instrument.
The morphology of the specimens was studied
using an Inspect F50 scanning electron
microscope (Netherlands). The samples were
pre-coated with platinum under an argon
atmosphere. Energy-dispersive X-ray
spectroscopy (EDX) was used for elemental
analysis and chemical characterization of
samples.

2.4 Mechanical and physical
characterizations of geopolymer cement

The fabricated specimens were tested for the
water absorption, the density, the flexural
strength and the compression strength. Water
absorption of the immersed specimens (Group-
2) was calculated for each series according to
the following equation.

W % = (Wi, — Wa)/Wq) X 100 %

Where, W % is the absorption of water
expressed as percentage; W,, and Wy are the
weights of the immersed specimen and of
specimens after drying, respectively. For
density measurements, the eight specimens
after the curing were weighed using an
electronic balance and their dimensions were
measured using a digital micrometer. The
specimens were tested in three-point bending
and in compression. Testing was performed at
room temperature with a universal testing
machine. The bending specimen's dimensions
were: height=15 mm, width=30 mm and length
160 mm, the distance between the supports was
120 mm and the speed of the machine head
during testing was 0.1  mm/minute.
Compression tests were performed on the failed
bending specimens, placed on their side with a
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loading area=40x15 mm? and height=30 mm.
The speed of the machine head during testing
was 2 mm/minute.

3 Results and discussion

3.1 Microstructural characteristics and
phase composition

The XRD patterns of kaolinitic soil and
produced geopolymer cement are reported in
Fig.1. The results show that most the identified
peaks are corresponding to kaolin, Figl-B. As a
result of calcination and metakaolinite-alkali
geopolymerization a high background seen in
XRD patterns, Fig. 1-A, between 20° to 40°
indicates the presence of amorphous phases [6].
The amorphous phase detected could be albite
since the K* content in the reactants (kaolinite
and Na-silicate solution) is very low compared
to Na'. The diminishing of XRD peaks
corresponding to kaolinite and the formation of
amorphous phase (gel) indicate to the high
percentage of the geopolymerization of
kaolinitic soil. The geopolymer gel is
considered as the binder material of the end
products as shown by the SEM analysis, Fig.2.
The formation of high amount of binder
material is an indication of the high mechanical
performance and stability of the produced
geopolymer cement [3].
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2-Theta Scale

1400 K B
«  Kaolin

1200

1000 Kaolinite: K

Anatase (TiO2): A
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CPS
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400
200
0
5 15 25 35 45 55
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Figure 1: Qualitative XRD patterns of
powdered kaolinitic soil, and  powdered
geopolymer cement



Figure 2: SEM image of geopolymer cement;
A: Kaolin, B: fully transformed metakaolin, C:
Nano-porous sodium aluminum silicate phase
(geopolymer gel).

The layers of metakaolin are repoted by the
SEM as shown in Fig. 2-A. SEM analysis
indicates  that the  microstructure  of
metakaolinite-based geopolymers, is

characterized by the coexistence of geopolymer
gel and partially unreacted metakaolinite layers
(Fig. 2-B). This SEM image reveals also that
due to geopolymeric reactions the gaps between
partially reacted metakaolinite layers have been
filled with formed geopolymeric gel (sodium
aluminosilicate matrix).

The metakaolinite, which is considered as
precursor in this study, was attacked by the
alkaline solution during geoplymerisation as
shown in Fig. 3 and was partially consumed.
The residual metakaolin was amorphous, as
seen in Fig. 2-B. Due to the alkaline attack,
macro holes filled with new formed Na-
aluminosilicates are widely scattered between
the residual metakaolin layers. The geopolymer
gel, binder material, composed from Nano-
porous network, Fig. 2-C. The size of the pores
less than 100 nm as reported in this figure.

3.2 Physical and Mechanical properties of
geopolymers

Experimental results show that flexural strength
of the produced geopolymers is around
12.3MPa. It is reported also that compressive
strength of the produced geopolymer is 32MPa
and 44.2MPa under immersed and dry
conditions respectively. The bulk density,
1.45g/m? and water absorption 15% (w/w).
These results are comparable with geopolymer
produced from pure kaolin [3,6,9].

4 Conclusions

Nano-porous  Geopolymers  have  been
successfully produced by alkali-activation of
natural and untreated kaolinitic soil from
mineral deposits in Saudi Arabia. The products
composed mainly from geopolymer gel and
broken kaolinite layers. The geopolymer gel
consists a Nano-porous network with pore sizes
less than 100nm. Due to its optimum pore sizes
and the regular pore network, this cement could
be a good candidate for evaporative cooling
systems.
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Concentrating Solar Power (CSP) is one of the
most interesting option as renewable energy
today. One option in order to improve the effi-
ciency of these plants is to enhance the proper-
ties of the heat thermal fluid (HTF) used. Thus,
one of the research lines of greater interest is
the use of nanofluids to enhance the thermal
properties of HTFs, because of the incorpora-
tion of solids into these fluids improves several
thermal properties such as thermal conductivity
or the heat transfer coefficient.[1,2] In this
work, we report nanofluids based on metallic
nanoparticles, and we analysed the effect of the
presence of the nanoparticles in different prop-
erties such as density, viscosity, and thermal
properties, that is isobaric specific heat, thermal
conductivity, and thermal diffusivity. So, in
function of the nanoparticle nature, the en-
hancement of the HTF properties were differ-
ent. Also, in order to understand the behaviour
of the nanofluidics systems, dynamic molecular
analysis were performed. The structural and
dynamic properties of the nanofluids were ana-
lysed. From, radial distribution function (RDF)
and the spatial distribution function (SDF) anal-
ysis, the structural properties of the systems
were studied. In turn, the thermal properties
were estimated from theoretical calculations,
and the same trend obtained from the experi-
mental results were observed, which validates
the methodology proposed.

The nanofluids studied in this work were pre-
pared by means of the two-step method.[3] This
method consist of the dispersion of nanoparti-
cles into the base fluid. The nanoparticles are
synthesized (first step) and then dispersed into
the base fluid (second step). In this study, a eu-
tectic mixture of biphenyl (C1.Hyo, 26.5%) and
diphenyl oxide (C,H100, 73.5%) was used as
the base fluid. Also, commercial Cu and Ni na-

noparticles were added. Cu nanoparticles (puri-
ty > 99.5%, density 8940 kg m™ at 298 K, Sig-
ma-Aldrich®), showed a particle size of 40.60
nm. Ni nanoparticles (purity > 99%, density
8900 kg m?® at 298 K, Sigma-Aldrich©),
showed a particle size of < 100 nm.

The performance of the nanofluid prepared was
analysed according to Dittus-Boelter equa-
tion,[4,5] which was used as a Figure of Merit.
The Dittus-Boelter equation gives the ratio be-
tween the heat transfer coefficient, h, of the
nanofluid and the base fluid, which depends on
the density, p, viscosity, W, isobaric specific
heat, C,, and thermal conductivity, k, according
to

h
FoM = " =

hps

0.8 0.6 0.4 -0.4

[ ot Kn Coinf) Hni

Pof Kot Cowh) Mt
where subscripts nf and bf are related to
nanofluid and base fluid, respectively. When
hnt/hes > 1, @an improvement in the performance
of the nanofluid with respect to the base fluid is
obtained. From the values measured for density,
viscosity, isobaric specific heat and thermal
conductivity, this FoM was estimated. The val-
ues obtained are shown in Figure 1. It shows
how the efficiency of the nanofluid system can
be improved by up to 11% by adding Cu nano-
particles to the base fluid. In turn, the addition
of Ni nanoparticles does not improve the per-
formance of the base fluid. So different behav-
iour is found depending on the nature of the
nanoparticles used.
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Figure 1. Values of the ratio of the heat transfer
coefficients for the nanofluids prepared.

For understanding the different behaviour of the
two nanofluids systems depending on the nature
of the nanoparticles, molecular dynamics calcu-
lations were performed. From RDF and SDF
analysis, there is difference in the interaction
between metal and O. For Cu nanofluids, there
is three O atoms around the metal, but for Ni
nanofluids there is only one O atom around the
metal. This results is found too from SDF anal-
ysis, as is shown in Figure 2. In this Figure, red
surface is assigned to O atoms, blue surface is
related to C atoms bonded to O atoms, and sky-
blue surface is assigned to C in the benzene
rings. So, three biphenyl oxide molecules round
the Cu, but only one biphenyl oxide rounds the
Ni. The reason of this situation is the =-
interaction. Cu-benzene interaction is weak
probably due to a stable d'° configuration for
Cu. Ni-benzene interaction is higher, because Ni
atoms transfer charge to benzene rings, that is m-
interaction is produced. So the different reorder-
ing of the base fluid around the metal must be
responsible for the different thermal properties
found in the two nanofluids. The preference for
an M-O interaction for Cu seems to be favoured
and leads to an increase of C, and thermal con-
ductivity.

Thus, this study provides us with a better under-
standing of how the HTF molecules are rear-
ranged around the metal, leading to an en-
hancement of the thermal properties.

Figure 2. The metal-fluid interactions lead to a
different behaviour of the thermal properties of
nanofluids based on metallic nanoparticles (Cu
on the right and Ni on the left) and the eutectic
mixture of diphenyl oxide and byphenil as base
fluid.
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The Indium Gallium Nitride (InGaN) ternary alloy is a
good material for high—efficiency—high-reliability solar cells,
notably through its good tolerance to radiations, its high light
absorption and its Indium—composition—tuned bandgap [!].
Unfortunately, owing to the lack of ad hoc acceptors and to
residual n-doping [2], InGaN p-doping is still a challenge.

We propose a new Metal-IN (MIN) InGaN solar cell struc-
ture, Shown on figure 1, where the InGaN p-doped layer is
removed and replaced by a Schottky contact, addressing the
above mentioned drawback. A set of realistic physical models
based on actual measurements is used to simulate and opti-
mize its behavior and performance using mathematically rig-
orous multi-veried optimization methods.

The material dependent parameters used in this study have
been determined for GaN and InN binaries, either from exper-
imental work or ab initio calculations. The values for InGaN
were linearly interpolated in between the GaN and InN bina-
ries, except for the bandgap E, and the electronic affinity x
where the modified Vegard Law was used, with a bowing fac-
tor b = 1.43eV for the bandgap and b = 0.8V for the affinity,
respectively [3].

The transport equations for electrons and holes are de-
rived from a drift-diffusion model. We included in the model
the bandgap narrowing effect [4], as well as the Shock-
ley—Read—Hall (SRH) [5] and the direct and Auger recombi-
nation models using Fermi statistics [6]. The holes and elec-
trons lifetime was taken equal to Ins [7] in InGaN.

Light absorption and refraction index in InGaN are mod-
eled for the whole solar spectrum and for all x Indium com-
positions.

The device was then simulated in the framework of the
above mentioned drift-diffusion model using the Atlas'> de-
vice simulation tool from Silvaco®. The mathematically rig-
orous L-BFGS-B quasi-Newton optimization method [8] was
used to find the optimum efficiency with respect to a given set
of parameters; work done through a Python package that we
developed in the SAGE interface to the SciPy [9] optimizers,
using the Atlas™™ simulator as the backend engine.

The MIN solar cell was optimized with respect to its most
important parameters: L; and L, , the thicknesses of the I and
N layers respectively, N; and N; , the doping levels of the I and
N layers respectively, the Indium composition x and the metal
workfunction Wy . The optimal values for all these parame-
ters have been sought within a physically and technologically

Schottky
InGaN N-
InGaN N
Ohmic Ohmic
GaN N+
Substrate

Figure 1: Schematic views of the Schottky and MIN solar
cells structures.

meaningful interval.

The resulting optimum efficiency is reported in table 1,
along with the associated photovoltaic parameters as well
as the corresponding parameters and their tolerance range.
The results corresponding to the previously reported Schot-
tky structure [10, 1 1] are provided for comparison purposes.

Figure 2 shows the current-voltage characteristics of the
optimal MIN solar cell, the Schottky one still being shown for
comparison purposes. We observe that the MIN structure has
a lower Vpc compared to the Schottky structure, but a higher
Jsc, associated to a higher overall efficiency. This behavior
stems from the change in the bandgap induced by the Indium
composition variation.

The maximum MIN cell efficiency is found to be 19.8%,
It is associated to wide tolerance ranges, addressing two of
the major drawbacks of InGaN technology for solar cells. In-
deed, on the one hand, the Schottky contact has removed the
need for p-doping, yielding a MIN solar cell with an efficiency
comparable to that of the highest efficiencies reported for the
thin films structures. On the other hand, the MIN structure
wide tolerances could facilitate the design of low resistance
ohmic contacts and growth defects management, leading to
the next generation of high efficiency reliable solar cells.



n(%)
L;(um) L,(um) Ni(cm™3) Ng(cm™3) We(eV) x Voc(V)
Jsc(mA[cm?)
FF (%)
Range | [0.10—1.00] | [0.10—1.00] | [1.0 x 10" — 1.0 x 10'7] | [1.0 x 10'6 — 1.0 x 10'°] | [5.50 — 6.30] | [0.00 — 1.00]
19.8
MIN 0.61 0.83 6.1x10'° 3.6 x 10" 6.30 0.60 0.835
[0.10—1.00] | [0.10—1.00] | [1.0 x 10'* —1.0 x 10'7] | [1.8 x 10'® — 1.0 x 10'°] | [6.11 — 6.30] | [0.48 — 0.72] 30.29
78.39
18.2
Schottky 0.86 6.5 x 10'° 6.30 0.56 0.863
[0.53 —1.00] [1.0x 10" —3.0x 10'"] | [6.15 — 6.30] | [0.50 — 0.72] 26.80
78.82

Table 1: Optimum efficiency 7 obtained for the MIN solar cell and associated open-circuit voltage V¢, short-circuit cur-
rent Jg¢ and Fill Factor FF, along with the corresponding physical and material parameters, all compared to the previously
published Schottky structure used as a reference. These results are obtained from several optimizations with random starting
points ensuring the absoluteness of the optimum efficiency 7. x is the indium composition. L; and L, are the thicknesses
of the I and N layers respectively and where applicable. N; and N; are the dopings of the / and N layers respectively where
applicable. For each parameter, a range and a tolerance range are given. The range is on the second line of the table. It
is the range within which the optimum value of a given parameter is sought. The tolerance range is given just below each
parameter optimal value. It corresponds to the set of values of that parameter for which the efficiency 1 remains above 90%
of its maximum, the other parameters being kept at their optimum values.
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Figure 2: Current-voltage characteristics for the InGaN
Schottky and MIN solar cells.

References

[1]

A. Bhuiyan, K. Sugita, A. Hashimoto, A. Yamamoto,
InGaN solar cells: present state of the art and important
challenges, Photovoltaics, IEEE Journal of 2 (3) (2012)
276-293.

B. Pantha, H. Wang, N. Khan, J. Lin, H. Jiang, Origin
of background electron concentration in In x Ga 1-x N
alloys, Physical Review B 84 (7) (2011) 075327.

G. Franssen, T. Suski, A. Kaminska, J. Pereiro Viterbo,
E. Munoz Merino, E. Lliopoulus, A. Georgakilas,
S. Che, Y. Ishitani, A. Yoshikawa, et al., Bowing of the
band gap pressure coefficients in InGaN alloys, Journal
of Applied Physics 103 (3) (2008) 033514-1.

[7] K. Kumakura,

(10]

[4] H. Schenk, S. Borenstain, A. Berezin, A. Schon,

E. Cheifetz, S. Khatsevich, D. Rich, Band gap narrow-
ing and radiative efficiency of silicon doped gan, Journal
of Applied Physics 103 (10) (2008) 103502.

[5] H.-Y. Ryu, H.-S. Kim, J.-I. Shim, Rate equation analy-

sis of efficiency droop in InGaN light-emitting diodes,
Applied Physics Letters 95 (8) (2009) 081114.

[6] F. Bertazzi, M. Goano, E. Bellotti, A numerical study

of auger recombination in bulk InGaN, Applied Physics
Letters 97 (23) (2010) 231118.

T. Makimoto, N. Kobayashi,
T. Hashizume, T. Fukui, H. Hasegawa, Minority
carrier diffusion length in GaN: Dislocation density
and doping concentration dependence, Applied Physics

Letters 86 (5) (2005) 052105.

[8] J. Nocedal, S. J. Wright, Large-scale unconstrained op-

timization, Numerical Optimization (2006) 164-192.

[9] S. van der Walt, S. Colbert, G. Varoquaux, The NumPy

array: A structure for efficient numerical computation,
Computing in Science Engineering 13 (2) (2011) 22-30.

S. Ould Saad Hamady, A. Adaine, N. Fressengeas, Nu-
merical simulation of InGaN Schottky solar cell, Mate-
rials Science in Semiconductor Processing 41 (2) (2016)
219-225.

[11] A. Adaine, S. O. Saad Hamady, N. Fressengeas, Simu-

lation study of a new InGaN p-layer free schottky based
solar cell, Superlattices and Microstructures In Press
(2016) . doi:10.1016/j.spmi.2016.05.020.


http://dx.doi.org/10.1016/j.spmi.2016.05.020

Low Cost and Free TCO Porous Coal as a Counter Elec-
trode (CE) for Dye Sensitized Solar Cell (DSSC)

M.Y. Feteha, Shaker Ebrahim and Laila Saad

Department of Materials Science, Institute of Graduate Studies and Research, Alexandria University,
P.O Box 832, Alexandria, Egypt.

Abstract:

In this work, commercial porous coal and its
nanocomposites with platinum nanoparticles are
investigated as a CE for DSSCs. Two types of
CEs were fabricated using carbon material
namely, commercial porous coal and commer-
cial porous coal with electrodepositing of plati-
num nano-particles (NPs) layer. The photovolta-
ic cell parameters, i.e., open circuit voltage
(Voc), short circuit current density (Jsc), fill
factor (FF) and energy conversion efficiency (1)
were evaluated under illumination (AM1.5) and
were found to be 0.42 V, 4.9 mA/cm2, 0.26 and
0.53% respectively for new DSSC structure of
glass/ITO/TiO2(NPs)-
N3dye/electrolyte/commercial porous coal/Pt
nanocompsites. The prepared materials and the
cells were characterized using scanning electron
microscope (SEM), cyclic voltammetry (CV),
current density— voltage (J-V) and impedance
measurements.

Introduction:

DSSC is used for the conversion of visible light
into electricity based on the sensitization of a
semiconductor with a wide band-gap by a dye
as a sensitizer and Tri-iodide ions 13- created by
the reduction of dye cations with I— ions are re-
reduced to I- ions at the CE interface [1]. The
increased cost of platinum has recommended
the replacement of platinum as a CE for DSSC
with other cheaper materials for decreasing the
production cost of DSSCs [2]. The catalytic ac-
tivity of inexpensive conducting polymers in
DSSCs -such as Polypyrrole or Polyaniline and
it's nanocomposites- have been investigated to
find a replacement for the expensive platinum-
based CE [2-3]. On the other hand, carbon
nanotubes (CNTSs) are a novel carbon allotrope
that offers structural and electronic properties
that are unique from other carbon allotropes,
such as graphite, fullerene and diamond [4] but
still relatively expensive. Carbonaceous materi-
als are quite attractive to be applied as a CE for
DSSCs due to their high electronic conductivity,
high corrosion resistance towards 12, high reac-

tivity for triiodide reduction and low cost pro-
duction [5]. Prashant Poudel et al in 2014 re-
viewed the development in carbon based CEs
which have the advantages of high surface area
and high electrocatalytic ability due to the po-
rous morphology. Various carbon nanostruc-
tures including graphene, carbon nanotubes,
carbon nanofibers, carbon nanoparticles, con-
ductive carbon, carbon dye and composite car-
bon nanostructures were investigated and their
surface defects effect on DSSC performance
was studied [6]. Yimhyun Jo et al in 2012 pre-
pared highly interconnected ordered mesopo-
rous carbon—carbon nanotubes nanocomposites
which create a Pt-free DSSC with a remarkable
long-term durability [7]. On the other hand, an
ordered multimodal porous carbon (OMPC) as a
CE was used in DSSCs and the cell efficiency
was 8.67% [8].

In other work, a combination of porous coals
with a different structures and dimensions were
investigated for constructing a metal-free DSSC
with a good stability and an efficiency of 7.5 %
[9]. Also, a pure carbon CE was used for DSSC
by an industrial flexible graphite sheet as sub-
strate and activated carbon as a catalytic materi-
al. The CE shows a very low series resistance
(Rs) and low charge-transfer resistance (Rct).
The fabricated DSSC has a conversion efficien-
cy of 5% [10]. In addition, a nano-scale car-
bon/Ti02 composite CE was used in DSSC and
the efficiency was 5.5% compared to Pt-based
CE DSSC with an efficiency of 6.4 % [11].
Many works [12-13] investigated the using of
porous Pt films on a conductive glass substrate
with different techniques (polyol reduction,
electro-deposition and thermal decomposition)
as a CE in a DSSC and the lowest gained effi-
ciency (less than 3%) was attained using polyol
technique.

In this work, two types of CEs were fabricated
using a carbon material namely commercial po-
rous coal and commercial porous coal with an
electrodepositing of platinum nano particles
(NPs) film. The new DSSC structu-
tu-



re(glass/ITO/TiO2(NPs)N3dye/electrolyte/(poro
us coal) or (porous coal/Pt(NPs)) with TCO-free
CE was characterized and the effect of different
CEs on the cell performance was investigated.

Materials and Methods:

2.1 Commercial Porous Coal Preparation

The commercial coal substrates were first polished
with two different sizes of sandpaper. Secondly, they
were washed in an ultrasonic bath with distilled water
at room temperature for 30 minutes followed by a
drying stage at 80 °C.

2.2 Electrochemical Preparation of Platinum
Nanoparticles Film

Thin layer of platinum nanoparticles was
electrodeposited on commercial porous carbon
substrate in order to be used as counter electrode.
Three-electrode system was used for Pt deposition
and Pt plate counter and Ag/AgCl (SCE) reference
electrodes are connected with potentiostat (750 G,
Gamry instruments) using 0.01 M of K,PtCy in 0.5
M of H,SO, solution and applying of -0.3 V for 900
sec. As a consequence, two types of CEs (commercial
porous coal and commercial porous coal with an
electrodepositing of platinum nano-particles (NPs)
film) were fabricated to be used in the assembled
DSSC. On the other hand, the photo-electrode was
prepared using the method mentioned in ref.[3].

2.3 DSSC Assembly

The assembly of DSSC was performed by
sandwiching the sensitized N3 Ruthenium dye -TiO,
NPs film photoelectrode with one of the two CEs
using paper clips without an additional pressure. The
potassium iodide (0.5M) and iodine (0.05M) as an
electrolyte solution in ethanol was injected between
the two electrodes. Photographs of the N3-TiO, NPs
photoelectrode and the commercial coal CE are
shown in Figure (1) and the fabricated DSSC
structure is shown in Figure (2).

Sensitized Coal

Electrode

ode C

Fig. 1: Photograph of sensitized photoelectrode and coal
CE.

Photo-

Glass substrate ‘
electrode ITO

Ti0;/ N3 dye

Porous coal - Porous coal/ platinum (NPs) ] Counter

electrode

Fig. 2: DSSCs structures based on porous coal/ Pt
counter electrode.

Results and Discussions

3.1 Morphology of Commercial Porous Coal
Nanocomposites

SEM micrographs of commercial porous coal and
commercial porous coal /platinum NP film CEs were
performed for studying the morphologies of the
carbon counter electrodes and the distribution of
platinum NPs within it. Figure (3-a) shows that the
coal electrode has a micro-porous surface which
ensures a high surface area for the electrode. In
addition, it can be observed from figures (3-b) and
(3-c) that the platinum NPs are uniformly deposited
in the inner side of the pores with a nano-scale and
this will enhance the surface area as well as the
roughness factor.

Fig. 3 SEM micrographs of (a) Commercial porous
coal CE, (b) Commercial porous coal/platnium
nanocomposite CE and (¢) Magnification of porous
coal /platnium nanocomposite CE.

3.2 Catalytic Activities of Commercial Porous
Coal Counter electrode

The catalytic activity of the prepared electrodes
toward the reduction of I3—/I— was investigated by
cyclic voltammetry (CV) technique. The oxidation
reduction peaks for porous coal and porous coal/
platinum NPs counter electrodes cannot well
identified as shown in figures (4-a) and (4-b). This
result suggests that the electrode may have low
tendency toward the reduction of I3—/I— or may need
more surface modification. On the other hand, it has
been observed that after deposition of platinum NPs
the area under curve was enlarged which indicates
that the catalytic activity of the CE electrode was
enhanced.



3.3 DSSCs Performance Characterization:
The performance of the prepared DSSCs was
investigated using both electrochemical impedance
spectroscopy and current density-voltage (J-V)
characteristics. Moreover, the effect of changing the
CE structure with the same photo-electrode and
electrolyte on the cell performance was carried out.
The using of commercial porous coal as a CE creates

a novel DSSC structure with free TCO substrate.

3.3.1 Impedance Measurements: The Nequist
impedance spectra (Figure(5)) of the DSSCs based
on commercial porous coal counter electrode were
performed before and after the deposition of platinum
NPs on the surface of the porous coal counter
electrode. Impedance measurements were carried out
at a zero bias, ac amplitude of 10 mV and the
electrolyte containing 0.5 M KI and 0.05 M 12 in
ethanol. Table (1) shows the series resistance (Ry)
and charge transfer resistance (R.,) values of the cells
at both dark and illumination (AM 1.5) conditions.
The values of the R and R, are decreased with the
presence of platinum NPs layer due to the high
conductivity of Pt. The value of R significantly
deceases with approximately of 85 % for DSSC with
porous coal/Pt counter electrode under illumination
due to the low value of interfacial charge transfer
resistance at the electrolyte/counter electrode
interface [14]. This effect may be due to the high
surface area of the deposited platinum NPs, as well as
their superior catalytic property.
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Fig. 4 CV curves of (a) Commercial porous coal and
(b) Commercial porous coal/platinum nanocomposite
counter electrodes.

The Warburg diffusion process [15] in the electrolyte
at the low-frequency region can obviously observed

in figure (5-a) under illumination and this supports
that after deposition of platinum NPs the diffusion of
the electrolyte in the CE has been enhanced as well
as the reduction of I3—/I-. As a consequence, R
value remarkably decreased as shown in Table (1).
As a conclusion, the enhanced photocatalytic activity
of the porous coal/platinum composite is attributed to
(1) the load of the Pt nanoparticles which increases
the surface area of the electrode in addition to its
high catalytic activity and (2) the carbon (commercial
coal)-which identified as a rapid electron transfer
unit- is facilitating the separation of photoelectron

and hole pairs.
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Fig. 5 Nyquist plots of DSSCs based on (a)
Commercial porous coal and (b) Commercial porous
coal /platinum nanocompsites.

Table 1 R, and R, values for DSSCs with different
counter electrode compositions at both dark and
illumination (AM 1.5) conditions.

Under Darkness | Under Illumination
Counter electrode

Ri(Q) | Re(®) | Rs(Q) | Ra(Q)

Porous coal 80.7 2024 72.3 1390

Porous coal/platinum | 43.3 1190 30.5 212

3.3.2 J-V characteristics: The photovoltaic
performance of DSSCs was measured under dark and
illumination (100 mW cm™) conditions using a
computerized Keithley system source meter. Figure
(6) shows the current density-voltage of DSSCs
based on commercial porous coal CE. The
photovoltaic parameters such as open circuit voltage
(Voe), short circuit current density (J), fill factor
(FF) and conversion efficiency (n) are summarized in
Table (2). The conversion efficiency of the cell
which based on commercial porous coal CE is 0.34
% with a low value of FF (0.26%). This low value of



FF may be due to the high Ry value of the cell as
shown in Table (1). After the electrodeposition of the
platinum NPs layer, the cell efficiency is enhanced by
56 % due to a reduction in R. and R, values as
mentioned in Table (1). Also, this effect is due to the
good conductivity and the high surface area of the
commercial porous coal/Pt NPs nanocomposite as
shown in SEM micrograph of figure (3-b).

- v v(v)

J(mA/cm®)

—o-porous coal counter electrode

~~porous coal /platinum counter electrrode

Fig. 6 J-V characteristic curves of DSSCs based on
commercial porous coal CE.

Table 2. Photovoltaic parameters of DSSCs based on

commercial porous coal CE.

Photovoltaic

parameters [ Jse

. 2 FF n(%)
v fem®
Counter electrode V) | (mAfem’)
Commercial Porous coal 0.37 36 0.26 0.34
Commercial Porous coal/platinum NPs 042 49 0.26 0.53

Conclusions:

Using of commercial coal as a material for counter
electrode in DSSC offers a cheap, light weight,
suitable catalytic activity and simple way of treatment
cell relative to platinum counter electrode DSSC. On
the other hand, depositing of the platinum NPs on the
commercial coal counter electrode surface enhanced
the cell efficiency by 56 % due to a reduction in
cell’s resistance components values. Also, this effect
was due to the good conductivity and the high surface
area of the porous coal/Pt NPs nanocomposite. This
promising DSSC using of commercial porous coal as
a counter electrode needs a further investigations and
improvements in other work.
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Abstract:

The study of degradability of starch-based films
mixing with nano-Titanium dioxide was aimed
to prepare the starch film which made from
Tapioca flour mixed with nano-TiO2 and study
the degradability of starch film by 3 and 30 per-
cent weight of nano-TiO, based by starch
weight. The starch film are formed into thin and
thick sheets. The degradation of the nano-TiO2
and starch film was studied by weighing lost ,
spectrum infrared , micrograph and tensile
strength. The results showed that the degrada-
bility of 30 percent of nano-TiO, starch film
was higher than 3 percent of nano-TiO2 starch
film for 1.13 of weight lost. The thin starch film
was degraded more than the thick starch film
and the weight of the thin film reduced approx
0.18 times of initial weight. The weight of the
thick starch film reduced approx 0.16 times of
initial weight. The spectrum infrared of before
and after UV exposure of the nano-TiO2 starch
film was changed at frequency of 3500-3250
c¢cm-1 (OH) and 1200-1000 cm-1 (COH)

Keywords: nano TiO2, cassava, starch, IR spec-
trum, degradation, photocatalyst

Introduction:

This present work was aim to study photodeg-
radability of cassava starch film using
nanoTiO.. The starch degradation was proved
by tensile property and Fourier transform infra-
red spectroscopy (FTIR).

Materials and Methods:

A food grade Cassava flour (Brand : Pla Mang-
korn, commercially available in Thailand) was
dissolved at an amount of 5% by wt in warm
water at 60-70°C. After dissolving, the cassava
paste was directly mixed with Titanium dioxide

powder (anatase-form nanoparticle) at 3% and
30% by wt of solution using an overhead stirrer:
stirring at a speed of 500 rpm. During stirring,
glycerol, commercial grade, and a nonionic
surface active agent, commercial grade, were
added into the nanoTiO:-cassava paste for dry
film forming process as shown in Table 1.

Table 1 Ingredient of nanoTiO:-cassava paste

. . Amount
Ingredients Functions (% by wt)
Cassava flour | starch film 5

. photocatalyst
nanoTiO: degradation 3 or 30
glecerol film plasticizer | 40
surface active | particle disper- | 2-3
agent sion droplets

Dissolving cas- .
water sava flour residual

Film casting process, the nanoTiO:-cassava
paste was pouring the nanoTiO:-cassava paste
onto a petri dish and left it dry under surround-
ing temperature. Some of dried film having
thickness in a range of 0.1-0.25 mm were sepa-
rately exposed to sunlight, and under a long
UVA lamp for 120 hrs of each exposure, totally.
Sunlight- and UV-exposed nanoTiO:-cassava
films were investigated degradation of starch by
measuring weight loss, tesing their tensile prop-
erty, inspecting chemical structure using FTIR
technique (PerkinElmer, SpectrumOne), and
their microstructure via SEM when exposure for
56 hrs.

The sunlight- and UV-exposed nanoTiO»-
cassava film was cut into a size for tensile test-
ing according to 1ISO 527-3. An universal tensile
tester : Hounsfield, H5KS, clamped and pulled
the samples of nanoTiO.-cassava films at a
begining speed of 10 mm/min. Tensile property
was measured using QMAT PRO program.
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Figure 2 : FTIR spectrum of nanoTiO2-cassava films
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Abstract:

In this work, we report the fabrication of Silver
(Ag) and Titanium (Ti) nanoparticles (NPs) by
electron-beam physical vapor deposition (e-
beam PVD) technique. While as-deposited sam-
ples showed smooth surfaces with no presence
of NPs, thermally annealed samples showed
formation of uniform NPs recognizable in the
AFM topography images. Ag and Ti NPs di-
ameters ranged from 50 to 100 nm. In case of
Ag NPs, about 90% of the formed NPs have
height between 5 and 6.5 nm reflecting a uni-
form formation of the NPs by PVD and anneal-
ing processes. Absorption spectra of annealed
samples showed surface plasmonic resonance
(SPR) peak around 308 nm for Ti samples
which reflects an enhancement in the spectra
comparing to as-deposited films. Our study
shows a possibility of controlling NPs proper-
ties through the processing conditions of NPs.

Keywords: Metallic Nanoparticles, PVD,
AFM, Absorption Spectra, Thermal Annealing.

Introduction:

Metallic nanoparticles (NPs) have gained more
interest in many optical applications over the
last decade because of their novel properties
[*%]. For example, optical properties such as
enhancement of light absorption as a result of
surface Plasmon presence [%*]. Such unique
properties are a result of the variation in size
and shape of NPs which can be controlled
through governing the variation in fabrication
parameters such as, deposition rate, deposited
film thickness, thermal annealing temperature
and time. Moreover, metallic thin films react
differently to these fabrication parameters due to
their different physical and thermal properties
such as surface energy and thermal conductivity.

Experimental:

Thin films of Ag and Ti were deposited on Si
and quartz substrates by e-beam PVD inside
high vacuum chamber with pressure ~ 10° Torr.
Deposition rate was 0.1 Als. Film thickness was
4 nm for all samples. To form the nanoparticles,

deposition process was followed by thermal an-
nealing at 800 °C under Argon inert atmospheric
pressure for 30 minutes. UV-Vis Shimadzu and
atomic force microscopy (AFM) by Agility were
utilized to investigate the formation of the nano-
particles (Si-substrates) and the related absorp-
tion enhancement (Quartz-substrates) for Ag
and Ti annealed thin-films samples compared to
as-deposited ones.

Results and Discussions

Figure 1 shows 5x5 pum topography surfaces by
AFM of As-deposited thin films of Ti and Ag.
Surfaces are very smooth with very low value of
roughness about 0.05 nm and 0.14 nm for (a)
titanium and (b) silver, respectively. Figures 2
(@) and (b) show annealed surfaces of Ti and Ag
NPs on Si substrate, respectively, illustrating
individual NPs. Ti and Ag NPs are clear in to-
pography images compared to as deposited thin
film in Figure 1.
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Figure 1: Topography AFM images of As-
deposited 4 nm thickness of (a) Ti and (b) Ag
thin-films.



PVD process followed by thermal annealing has
led to a uniform formation and distribution of
Ag about 20% and Ti about 60% of NPs with
respect to bare substrate. In case of Ag NPs,
they are more clear and larger with average di-
ameter 90 nm and particles separation of 180
nm while average diameter is 55 nm in Ti case
with separation of 24 nm. Roughness of Ag sur-
face is higher ~ 0.69 nm than Ti ~ 0.32 nm due
to larger Ag NPs. About 90% of the formed NPs
have height between 5 and 6.5 nm in Ag case
while it is between 1.3 to 3.1 nm for Ti NPs.
This clear difference in size and separation be-
tween two materials can be a result of larger
thermal conductivity for Ag (429 W/m K) than
Ti (31 w/m K). This allows Ag material to be
more thermally active. Other reason can be a
difference in the surface energy between both
materials which affects the adhesion of the met-
al particles and their physical interaction with
the substrate. Lower surface energy for Ag,
(890 mJ/m?), leads to lower interaction with the
substrate and hence higher among the Ag NPs.
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Figure 2: Topography of 4 nm annealed sam-
ples at 800 °C for 30 minutes of (a) Ti and (b)
Ag.

Figure 3 shows surface plasmonic resonance
peak at 308 nm which is generated due to sepa-
rated individual NPs evoluted from the Ti thin-

film compared to as deposited. Since NPs work
as wave guides in the film, then a shift of the
absorption peak is expected with size variation.
More experimental procedure however is need-
ed to proof that this peak is not a result of a
band gap created in case of formation of TiO,.
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Figure 3: Absorption spectra for Ti annealed
(red) vs. un-annealed (blue) samples.

Conclusions:

We have successfully deposited ultra-thin films
about 4 nm of Ti and Ag materials and formed
NPs of size between 50 and 100 nm by e-beam
PVD followed by thermal annealing. Larger
NPs size for Ag and higher NPs coverage for Ti
were observed. Difference in size and coverage
is thought to be as a result of different thermal
conductivity and surface energy of both materi-
als. An enhancement in the absorption spectra
around 308 nm was observed for annealed Ti
samples comparing to as-deposited films. This
work provides an opportunity to tune the struc-
tural and optical properties of NPs by control-
ling the processing conditions.
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Abstract:

Among widespread used antibiotics, fluoro-
quinolone antibiotics (FQ) are an important type
with undetectable biodegradability. In receiving
environments, low concentrations of antibiotic
traces can cause resistance to microorganisms.
Graphene oxide (GO) with large quantities of
oxygen atoms on the surface are present in the
forms of epoxy, hydroxyl, and carboxyl groups.
These functional groups make GO hydrophilic
and suitable to be an adsorbent. Especially,
some iron oxide nanomaterials composited with
GO as magnetic adsorbents were a better solu-
tion. Thus, the combination of GO with magnet-
ic nanoparticles (Nano-GO/M) to produce a
magnetic graphene-based composite and it will
be separated from the matrix rapidly and easily
by an external magnetic field. This study aims
to investigate the removal of Ofloxacin (OFL)
at increasing concentrations (1, 3, 5, 25, 100,
500 and 1000 mg/L), at increasing irradiation
times and at acidic (pH=4), neutral and alkaline
(pH=10) conditions via photodegredation pro-
cess by using UV light and sunlight. Also pho-
todegredation products of OFL POF (9-
piperazino ofloxacin) and MOF (des-methyl
ofloxacin) were investigated during the UV
light process. The Nano-GO/M was prepared
under laboratory conditions. The surface prop-
erties of the Nano-GO/M composite was inves-
tigated by a scanning electron microscope
(SEM), fourier transform infrared spectrosco-
py (FTIR) and x-ray diffraction (XRD). For
maximum OFL removal (96%) the optimum
Nano-GO/M concentration was found to be 0.5
g/L at 1 mg/L OFL concentration, at pH of 6.5,
at a UV power of 300 W and at a temperature
of 21°C after 60 min retention time by UV
light. For maximum OFL removal (82%) the
optimum Nano-GO/M concentration was found
to be 2 g/L at 1 mg/L OFL concentration, at pH
of 6.5, after 350 min irradiation time, at 35°C +
5°C and with a power of 80 W sunlight. In this
study, six sequential treatment steps were inves-
tigated for determination of reusability of Nano-
GO/M composite 0.5 g/L Nano-GO/M compo-

site were used for six times under under speci-
fied operational conditions (60 min, 300
W UV, 100 mg/L OFL, pH 6.5 and room tem-
perature).

Keywords: Fluoroquinolone, Ofloxacin, Gra-
phene, Magnetite, Nano composite, Photodeg-
radation, UV irradiation, Sunlight

Introduction:

There has been an increasing concern in recent
years about the occurrence, fate, and adverse
effects of pharmaceutical residues in the aquatic
environment [1]. Antibiotics are most widely
and frequently used ones all over the World. As
a consequence of their poor metabolization and
their incomplete removal in sewage treatment
plants (STPs), antibiotics are continuously re-
leased into the aquatic environment [2]. Phar-
maceuticals are designed to have physiological
effect on humans and animals at trace concen-
trations. These compounds are persistent against
biological degradation and natural attenuation
and, therefore, may remain in the environment
for a long time [3]. Many studies have reported
the presence of PPCPs at concentrations ranging
between mg/L and ng/L levels in aquatic envi-
ronments worldwide [3]. Although antibiotics
are found in the environment at sub-inhibitory
levels, relatively low concentrations of them can
still promote bacterial resistance [4]. Fluoro-
quinolones (FQs) are broad-spectrum antibacte-
rial agents widely used for treating bacterial
infections [5]. Their major mode of action is the
inhibition of DNA replication in bacteria via
interference of the normal function of DNA
topoisomerase [5]. OFL is one of the most fre-
quently used fluorinated quinolone-type antibi-
otics with a broad spectrum of activity against
both Gram-positive and Gram-negative bacteria
[6]. In recent years many works purposed dif-
ferent methods for removing OFL such as sono-
photocatalytic degradation [7], solar fenton [5],
photodegradation [3], adsorption [8]. Gra-
phene, a new member of carbon materials, has
been used as a support material for photocata-



lysts owing to its unique physical structure,
large surface area, superior electrical conductiv-
ity and excellent adsorption capacity [9]. In the
field of photocatalysis, the introduction of gra-
phene is a very popular method to enhance the
photocatalytic performance of conventional
photocatalysts [10]. Thanks to the scaled-up
and reliable production of graphene derivatives,
such as graphene oxide (GO), it is possible to
synthesize a wide range of graphene-based
functional materials for various applications
[11]. Magnetite (FezO4) nanoparticles have
drawn considerable attention because of the
fundamental scientific interest and the promis-
ing applications in magnetic fluids, catalysis,
sensors, biomedicine, spintronics, magnetic re-
cording devices, and environmental remediation
[12]. Additionally, Fes;O4 nanoparticles also
show advantages such as low toxicity, low cost,
and eco-friendliness. Thus, the combination of
graphene with magnetic nanoparticles to pro-
duce a magnetic graphene-based composite
would provide a new, functional hybrid with
synergistic or complementary behavior between
each constituent, and thus will have great ad-
vantages for above-mentioned applications. In
particular, the magnetic nanoparticles in such
composite system could also serve as a stabi-
lizer against the aggregation of individual gra-
phene sheets due to a strong van der Waals in-
teraction between graphene layers [11]. In this
study, the removal of OFL at increasing con-
centrations (1, 3, 5, 25, 100, 500 and 1000
mg/L), at increasing irradiation times and at
acidic (pH=4), neutral and alkaline (pH=10)
conditions via photodegredation process by us-
ing UV light and sunlight. Also photodegreda-
tion products of OFL POF (9-piperazino ofloxa-
cin) and MOF (des-methyl ofloxacin) were in-
vestigated during the UV light process.

Materials and Methods:
2.1. Reagents and Chemicals

OFL (>98%, Bayer AG, Germany) and its me-
tabolites (POF- 9-piperazino ofloxacin (>98%,
Bayer AG, Germany) and MOF- des-methyl
ofloxacin (>98%, Bayer AG, Germany), Gra-
phene (Ege Nanotek Kimya Sanayi Ltd. Sti.)
and Magnetite were bought externally. Natural
magnetite was purchased from Synergy Labora-
tory Products Ltd., Turkey. Demineralized wa-

ter was used for preparation of reagents solu-
tions. 0.1 M HCI and 0.1 M NaOH are used to
adjust pH vales of OFL solutions.

2.2. Experimental Procedures

2.2.1. Quartz Glass Reactors for Photocatalytic
Processes

Photocatalytic experiments were conducted in a
system which is well-sealed and constructed
with stainless steel material. Quartz glass reac-
tors and 10 UV lambs (each one has a power of
30 watt) were used for photocatalytic experi-
ments. The dimensions of the quartz glass reac-
tors were 38 and 3.5 cm. The experiments were
performed at different initial concentration of
and the pH of the reaction mixture was adjusted
from 4 to 6.5 and 10 using 0.1 M of HCL and
NaOH solution. Photocatalytic experiments
were carried out with a known quantity of
Nano-GO/M composite varying between 0.5
g/L, 2 g/L and 10 g/L at different irradiations
times (15, 30, 60, 90 and 120 min,). Then, they
were irradiated in a closed isolated device sys-
tem. And also, photocatalytic degradation ex-
periments were carried out under sunlight in the
same quartz glass reactors which have the same
dimensions. Experiments were carried out at
different retention times of the day (30, 120,
250, 350 min and 24 h) and different initial
concentration of OFL and the reactors were
placed at an angle of 90 degrees to the sun at
hours 08.00-17.00. Experiments were carried
out at the same Nano-GO/M composite concen-
trations varying between 0.5 g/L, 2 g/L, 3.5 g/L,
5 g/L and 10 g/L. Samples were separated mag-
netically and were analyzed in HPLC. The sun-
light power was measures as 80 W with a light-
meter.

2.3. The synthesis of Nano-GO/M Composite

GO was synthesized from natural graphite pow-
der by a modified Hummers method [13]. 120
mL of H,SO, was added into 5 g of graphene
and 2.5 g of NaNO; containing flask and fol-
lowed by stirring the mixture for 30 min inside
a water bath. Next, 15 g of KMnO, was added
gradually to the mixture. The reaction tempera-
ture was kept below 20°C during this step. The
mixture was stirred at room temperature over-
night, continuously. After this period, 150 mL
of H,O was slowly added under stirring. The



mixture was stirred for one day at 98°C. Fol-
lowing, 50 mL of 30% H,O, was added to the
final mixture. For purification, the mixture was
washed with 5% HCI and deionized (DI) water
for many times and then, centrifugated and
dried under vacuum. The final product GO was
obtained as a solid phase. The FesO, Nano par-
ticles were dispersed in 25 mL of water and
added to 50 mL of GO aqueous solution, drop
by drop (1 mg/mL). The mixture was stirred at
60 °C through 1 h. The product was collected
by using a magnet and washed with water three
times. Finally, the Fes0,/GO composite was
obtained [14].

2.4. Analytical Procedure

HPLC Analysis: A HPLC Degasser (Agilent
1100), a HPLC Pump (Agilent 1100), a HPLC
Auto-Sampler (Agilent 1100), a HPLC Column
Oven (Agilent 1100) and a HPLC Diode-Array-
Detector (DAD) (Agilent 1100) and C-18 (5
pum, 4.6 mm 250 mm, Thermo Scien-
tific) column were used. The analyte was sepa-
rated at ambient temperature. The mobile phase
consisted of acetonitrile (18:82, v/v). The aque-
ous component of the mobile phase was pre-
pared by dissolving 1.0 g of ammonium acetate
and 1.75 g of potassium perchlorate by ultrason-
ic treatment in 325 mL of water and the pH was
adjusted to 3.50 using 85% orthophosphoric
acid. The column was equilibrated to stable
baseline at a flow rate of 1.0 mL min~!, main-
taining the temperature of the column at 45 °C.
Detection was at 294nm [6]. OFL, (9-
piperazino ofloxacin) and MOF (des-methyl
ofloxacin) metabolites peaks were seen at
10.01, 7.99 and 9.68 min. Also C8 column was
used for the analysis.

2.5. Instrumental Characterization

2.5.1. X-ray diffraction (XRD)

XRD measurements were carried out with the
D/max-2200 PC (Rigaku, Japan), using Cu-Ka
radiation.

2.5.2. Fourier transform infrared (FT-IR)

FT- IR spectra’s of Nano-GO/M after different
conditions applied were measured with the Per-
kin Elmer FTIR System Spectrum BX with the
KBr method.

253. SEM

The morphological and structural observation
was made on a scanning electron microscope
Vegall/LMU (Tescan, Czech Republic)

2.6. Photooxidation Kinetic Studies
2.6.1. Zero-Order Kinetics

A zero order reaction has a rate that is inde-
pendent of the concentration of the reactants.
Increasing the concentration of the reacting spe-
cies will not speed up the rate of the reaction
i.e. the amount of substance reacted is propor-
tional to the time. Zero order reactions are typi-
cally found when a material that is required for
the reaction to proceed, such as a surface or a
catalyst, is saturated by the reactants. The rate
law for a zero order reaction is:

r=k Eq.(1)

where r is the reaction rate and k is the reaction
rate coefficient with units of concentration or
time. If, and only if, this zeroth order reaction;

1) occurs in a closed system,
2) there is no net build-up of intermediates,

3) there are no other reactions occurring, it can
be shown by solving a mass balance equation
for the system that:

d[A]
= —_-— = k
T dt

If this differential equation is integrated it gives
an equation often called the integrated zero or-
der rate law.

[Al:= -kt + [A]o Eq.(2)
where [A]; represents the concentration of the

chemical of interest at a particular time, and
[A]o represents the initial concentration.

Eq.(2) is in the form y = mx+b where slope = m
= -k and the y-intercept = b = [4]a
where A, is the influent concentration of OFL

and A is the effluent concentration of OFL
(mg/L) at any time t (min), respectively and ko


https://en.wikipedia.org/wiki/Differential_equation
https://en.wikipedia.org/wiki/Integral

is the constant of pseudo-zero-order reaction
(min™).

2.6.2. First-Order Kinetics

A first order reaction depends on the concentra-
tion of only one reactant (a unimolecular reac-
tion). Other reactants can be present, but each
will be zero order. The rate law for a reaction
that is first order with respect to a reactant A is;

-d[A] / dt=r = k[A] Eq.(3)
k is the first order rate constant, which has units
of 1/s. The integrated first order rate law is:
In[A]=-kt+In[4]c Eq.(4)
A plot of In[4]z vs. time t gives a straight line
with a slope of -k [15].

Where A, is the influent concentration of OFL
(mg/L) and A is the effluent concentration of
OFL (mg/L) at any time t (min), respectively
and k; is the constant of pseudo-firs-order reac-
tion (min™).

2.6.3. Second-Order Kinetics

A second order reaction depends on the concen-
trations of one second order reactant, or two
first order reactants [15].

Its reaction rate is given by:

Eq.(5)

where A, is the influent concentration of OFL
(mg/L) and A is the effluent concentration of
OFL (mg/L) at any time t (min), respectively
and k, is the constant of pseudo-second-order
reaction (min™).

3. Results and Discussions

3.1 Psychochemical Properties of Nano-
GO/M

3.1.1 FTIR analysis of Nano-GO/M compo-
site

Figure 1. shows the peaks of GO plotted be-
tween wave number (cm)™ and percent trans-
mittance (A-%). In the spectrum of Nano-

GO/M, the peaks at 2359, 1568 cm™' are the
characteristics spectrum of benzene ring of
Nano-GO/M while the peak at 1073 cm™' is the
characteristic spectrum of the C-OH rings of
Nano-GO/M. This confirms the presence of
graphene oxide peak at 600 cm™' which is the
characteristics of FezO,4 giving an evidence of
the successful preparation of the Nano-GO/M
as reported by Huamin et al. [16].

cm-1

Figure 1. FTIR analysis of raw Nano-GO/M
(cm™: wave number and A-%: percent transmit-
tance)

OFL photooxidation experiments were con-
ducted in optimal conditions. In UV oxidation
process, experiments were realized at optimum
Nano-GO/M concentration (0.5 g/L), for initial
100 mg/L OFL concentration, at a pH of 6.5
and under 300 W UV light after 60 min irradia-
tion time at 21°C. In sunlight oxidation process,
experiments were realized at optimum Nano-
GO/M concentration (2 g/L), for initial 100
mg/L OFL concentration, at a pH of 6.5 and
under 80 W sunlight after 350 min irradiation
time and at 35°C+5. Figure 2. shows the FTIR
analysis of Nano-GO/M composite after OFL
treatment with UV. The maximum peaks ob-
tained in this figure are similar to the nano
composite before UV treatment. Condensation



of Nano-GO/M composite remained almost the
same after UV treatment. After sunlight exper-
iments, Nano-GO/M structure has turned to
amorphous shape (Figure 3.). It may be due to
sunlight has wide spectrum in comparison to
UV light and thus, sunlight might be changed
the structure of Nano-GO/M.

tm-1

Figure 2. FTIR analysis of Nano-GO/M (0.5
g/L) after UV treatment (300 W) of OFL (100
mg/L), at pH=6.5, at 21°C after 60 min irradia-
tion time (cm™: wave number and A-%: percent
transmittance)

4: 3:::--:- _‘5::{- :4::':- :-::3:- c m1 .:-':':- '_4:3:-
Figure 3. FTIR analysis of Nano-GO/M (2 g/L)
after sunlight treatment (80 W) of OFL (100
mg/L), at pH=6.5, at 35°C+5 after 350 min ir-
radiation time (cm™: wave number and A-%:
percent transmittance)

3.1.2 XRD analysis of Nano-GO/M

The XRD spectra of magnetite nanoparticles,
GO raw Nano-GO/M composite and Nano-
GO/M composite after OFL treatment under
UV irradiation with 100 mg/L OFL concentra-
tion. As shown in Figure 4. series of character-
istic peaks at the ranges at 26 = 18-20°, 30-32°,
35-37°, 43-45°, 53-55°, 57-59°, and 62-64° ver-
sus intensities (cps) were observed. These
peaks were well matched of the crystal planes
of Fe;0,. Experiments were realized at opti-
mum Nano-GO/M concentration (0.5 g/L), for
initial 200 mg/L OFL concentration, at a pH of
6.5 and under 300 W UV light after 60 min ir-
radiation time. The characteristic peaks of
Nano-GO/M did not change considerably after
UV irradiation. In this aspect, Nano-GO/M
composite can be used again and again.


http://www.sciencedirect.com/science/article/pii/S0928493114005591#f0020
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Figure 4. XRD analysis of GO (a), FesO4 (b)
and Nano-GO/M composite before(c) and
Nano-GO/M (0.5 g/L) composite after UV ir-
radiation (60 min-300 W), with 100 mg/L OFL
concentration (d) at pH=6.5

The comparison of XRD spectra of raw Nano-
GO/M composite and Nano-GO/M composite
after OFL treatment under UV irradiation (60
min- 300 W) and sunlight (350 min- 80 W)
with 100 mg/L OFL concentration are shown in
Figure 5. After UV and sunlight irradiations the
crystal planes of Fe;O4 remained almost same.
The structure of Nano-GO/M composite did not
change considerably. UV experiments were
realized at optimum Nano-GO/M concentration
(0.5 g/L), for initial 100 mg/L OFL concentra-
tion, at a pH of 6.5 and under 300 W UV light
after 60 min irradiation time. Sunlight experi-
ments were realized at optimum Nano-GO/M
concentration (2 g/L), for initial 200 mg/L OFL
concentration, at a pH of 6.5 and under 80 W
UV light after 350 min irradiation time. The
characteristic peaks of Nano-GO/M did not
change considerably after UV and sunlight ir-
radiation.
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Figure 5. XRD analysis raw Nano-GO/M com-
posite (a), Nano-GO/M (0.5 ¢g/L) composite
after UV irradiation (60 min-300 W) (b), Nano-
GO/M (2 g/L) composite after sunlight (350
min- 80 W) with 100 mg/L OFL concentration
(c) at pH=6.5

3.1.3 SEM Imagines of Nano-GO/M

The SEM images of GO, Fe;0, raw Nano-
GO/M composite are shown in Figure 6., Fig-
ure 7. and Figure 8., respectively. From Figure
8., it can be clearly seen that, many
FesO, microspheres were firmly anchored on
both sides of the wrinkled graphene sheets. The
graphene layers might contribute to hinder the
Fe;O, microspheres from aggregation as report-
ed by Tang et al. [17].



composite, respectively. After sunlight irradia-
tion average particle size was measured about
400 pm.

3.2 Removal of OFL Under Photocatalytic
Studies

3.2.1 Photodegradation of OFL Under UV
light

3.2.1.1 Effects of Nano-GO/M Composite
Concentrations On The Photocatalytic
Treatment of OFL Under Uv light

OFL were treated via photodegradation under
UV light power in the presence of a nano com-
posite (Nano-GO/M) generated under laborato-
ry conditions. Nano particles concentration is
an important parameter for the treatment of

Figure 6,7 and 8. SEM imagine of synthesized
GO(1um), Fez0, (500 nm) and raw Nano-GO/M(1um),

respectively.

OFL photooxidation experiments were con-
ducted in optimal conditions. In UV oxidation
process, experiments were realized at optimum
Nano-GO/M concentration (0.5 g/L), for initial
100 mg/L OFL concentration, at a pH of 6.5
and under 300 W UV light after 60 min irradia-
tion time at 21°C. In sunlight oxidation process,
experiments were realized at optimum Nano-
GO/M concentration (2 g/L), for initial 100
mg/L OFL concentration, at a pH of 6.5 and
under 80 W sunlight after 350 min irradiation
time and at 35°C+5. Figure 9. shows the SEM
imagine of Nano-GO/M composite after OFL
treatment with UV. Color of Nano-GO/M com-
posite turns to grey after treatment of OFL un-
der UV and sunlight treatment surface of com-
posite fills with OFL as illustrated in Figure 9.
and Figure 10. Crystalline structure of Nano-
GO/M composite turns to amorphous form due
to filling of pollutants on to surface of Nano-
GO/M. The average particle size was measured
about 400 nm and 250 pum for Nano-GO/M
composite and UV irradiated Nano-GO/M

Figure 9. SEM imagine | Figure 10. SEM imagine of
of Nano-GO/M (0.5 g/L) | Nano-GO/M (2 g¢/L) after
after UV treatment sunlight treatment (80 W) of

OFL (100 mg/L), at pH=6.5,
(300 W) of OFL (100 o .
mg/L), at pH=65, at at 35°C+5 after 350 min

21°C after 60 min irradia- irradiation time (1 pm)
tion time (200 nm)

OFL. In order to determine the effects of in-
creasing Nano-GO/M concentrations on the
treatment of 1, 3, 5, 25, 100, 500 and 1000
mg/L OFL; the effects of 0.5 g/L, 2 g/L, 10
g/L Nano-GO/M composite concentrations
were researched. Preliminary experiments
showed that among the irradiation times that
are tested, the maximum OFL removal was ob-
tained after 60 min irradiation time (data not
shown). Therefore, all experiments were real-
ized after 60 min irradiation time, at 21°C
(room temperature) and at original pH (6.5) of
OFL solution and with a power of 300 W UV
light. Figure 11. summarizes the photocatalytic
treatment efficiencies of OFL at 0.5, 2 and 10
g/L Nano-GO/M, at increasing OFL concentra-
tions (1, 3, 5, 25, 100, 500 and 1000 mg/L).
The maximum removal efficiency (96%) of 1
mg/L OFL was found at 0.5 g/L Nano-GO/M



composite (Figure 11). Similarly, 97 % OFL (1
mg/L) photooxidation yield was obtained for 2
g/L Nano-GO/M (Figure 11). W.ith 10 g¢g/L
Nano-GO/M composite concentration lower
removal efficiency (87%) was obtained at the
same operational conditions (Figure 11). In-
creasing the amount of photocatalyst from
0.5¢/L to 10g/L resulted in decreasing the
photocatalytic treatment efficiency from 96%
to 87% at the irradiation time of 60 min for 1
mg/L of OFL initial solution, respectively. By
increasing the catalyst dosage, the surface area
was increased, leading to an increase in the
production of reactive species [18]. However,
more Nano-GO/M dosage would also induce
greater aggregation of the catalyst and decrease
the total active surface area, thereby leading to
a reduction in the photocatalytic treatment effi-
ciency. Moreover, due to an increase in the tur-
bidity of the solution, reduction in the degree of
light penetration through the solution could
take place [19]. Therefore, other experiments
were carried out with 0.5 g/L Nano-GO/M to
avoid the excessive usage of the catalyst. It is
clear that the photodegradation of OFL de-
creases with increasing concentration of the
OFL. By increasing the concentration of OFL,
more OFL molecules are adsorbed at the Nano-
GO/M surface, resulting in occupation of the
catalyst active sites. Thus, decreasing the OH°
radicals generated at the photocatalyst surface.
Furthermore, the large amount of the adsorbed
OFL is thought to inhibit the reaction between
the OFL molecules and photogenerated holes or
the hydroxyl radicals [20].
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Figure 11. Effect of increasing concentration of
Nano-GO/M (0.5, 2 and 10 g/L) on the yields
of OFL removal via photooxidation for increas-
ing OFL concentration at pH=6.5, at 21°C and
60 min irradiation time

3.2.1.2 Effect of Irradiation Time On The Pho-
tocatalytic Treatment of OFL Under
Uv light

After determining the optimum concentration
of Nano-GO/M (0.5 g/L), it was decided to in-
vestigate the effect of irradiation time on the
photocatalytic treatment of constant OFL (1
mg/L) at increasing irradiation times (15, 30,
60, 90 and 120 min ) at pH = 6.5, at a tempera-
ture of 21°C and with a power of 300 W UV
light. As the irradiation time was increased
from 15 min to 30 min, 60 min and 90 min the
OFL removals increased slightly from 88% to
90% and to 96% and 97% for initial OFL con-
centration of 1 mg/L (Figure 12). Further in-
crease in irradiation time from 90 min to 120
min decreased the OFL removal yield from
97% to 89%. As a result, in this study the opti-
mum irradiation time for maximum OFL re-
moval (96%) was found to be 60 min.
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Figure 12. Effect of irradiation time on the
yields of constant OFL concentration (1 mg/L),
at a constant Nano-GO/M concentration (0.5
g/L), at a pH of 6.5 and at 21°C and with a
power of 300 W UV light



3.2.1.3 Effect of pH on the Photocatalytic
Treatment of OFL with Nano-GO/M
composite Under UV light

pH is an important parameter that can affect
photocatalytic reactions. In this study the deg-
radation of OFL was evaluated at different pH
values (4, 6.5, and 10) as shown in Figure 13.
The effects of pH on the removal of increasing
OFL concentrations (1, 3, 5, 25, 100 , 500 and
1000 mg/L) were studied under acidic, neutral
and alkaline pHs (4, 6.5 and 10) at an irradia-
tion time of 60 min, at a Nano-GO/M concen-
tration of 0.5 g/L and at 21°C. Consequently,
the maximum OFL (initial OFL concentration
was 1 mg/L) photocatalytic removal yield was
obtained at pH 6.5 (96%), but at alkaline pH
lowest OFL photocatalytic removal yield (60%)
was obtained whilst at acidic pH lower OFL
adsorption yield was obtained (79%).
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Figure 13. Effect of different pHs (4, 6.5 and
10) on the yield of OFL photooxidation effi-
ciency at a Nano-GO/M concentration of 0.5
g/L, at 21°C and 60 min irradiation time and
with a power of 300 W UV light

pH changes can influence OFL molecule ad-
sorption on the Nano-GO/M surface, which is
decisive for the occurrence of photocatalytic
oxidation reactions. The zero charge point of
(pPHpzc) Nano-GO/M is at pH = 5.5 [21]. Thus
the surface of Nano-GO/M was positively
charged when pH < pHg. and negatively
charged when pH > pHy,.. OFL is positively
charged at pH values lower than the pKal

(6.05), negatively charged at pH values above
the pKa2 (8.11), and neutral at pH values be-
tween pKal and pKa2 [22]. Therefore, pH 4
and 10 are not suitable for OFL adsorption on
the Nano-GO/M surface, since there is electron-
ic repulsion between the charges of the com-
pound and the catalyst with the same sign. At
pH 6.5, both the Nano-GO/M molecule and the
OFL are in their neutral forms, and no repul-
sion occurs between them. Photocatalysis deg-
radation efficiencies at pH 4 and 10 were lower
than those obtained for the same process at pH
6.5. This was probably due to the charge-
repulsion phenomenon, which is not favorable
to OFL adsorption on Nano-GO/M.

3.2.1.4 Transformation Products of OFL Un-
der Uv light

In this study we also investigated two different
metabolites (POF: 9-piperazino ofloxacin and
MOF: des-methyl ofloxacin) of OFL which are
released during photocatalytic processes. In
order to measure the metabolites of OFL (initial
OFL conc. 100 mg/L), all experiments were
realized after 60 min irradiation time, at room
temperature and at original pH (6.5) of OFL
solution with 0.5 g/L Nano-GO/M. Results
showed that, after photocatalytic treatment
from 100 mg/L OFL 82 mg/L OFL was photo-
degraded (Table 1). 18.11% of OFL was re-
mained in the effluent without photodegrada-
tion. OFL was photodegraded to two metabo-
lites (POF and MOF). From 100 mg/L OFL,
0.8211 mg/L POF and 2.2110 mg/L MOF were
produced (Table 1). This showed that metabo-
lites of OFL and almost 82 mg/L OFL was
transformed into final products such as CO, and
H,O. Table 1. shows the percentage of re-
moved or transformed products. Figure 14.
shows the HPLC analysis of OFL and its me-
tabolites under UV light at 60 min irradiation
time and with 0.5 g/L Nano-GO/M.



Influent | Effluent | Re-
(mg/L) | (mg/L) | moved/Tra
nsformed
(%)
OFL 100 18.110 | 82
POF (9- |0 0.8211 | 0.8211
piperazino
ofloxacin)
MOF 0 22110 | 2.2110
(des-
methyl
ofloxacin)

Table 1. shows the influent/effluent and re-
moved/transformed OFL, POF (9-piperazino
ofloxacin) and MOF (des-methyl ofloxacin)
(operational conditions: 60 min, pH 6.5, 0.5 g/L
Nano-GO/M, 21°C).

= 20
[ 4 9|1
AR 8
3 o ol A2
A R
: Rl
] 7 o T A
N.Nz{g | \ [
0: SR
7 [E———
S S A

Retline Type  Avea  Jub/Area  Mwowt Grp Jame

[wdn] [xA03) [ngful)

M B2 e 08 BOF
0 M e 25362 2210 MOF
0o w79 252 18110 OFL

Figure 14. HLPC analysis of OFL (initial 100
mg/L) treatment with 300 W UV light at 60
min irradiation time and with 0.5 g/L Nano-
GO/M

3.2.1.5 Kinetic Study of OFL Under UV light
3.2.1.5.1 Zero-Order Kinetics

The R? value for pseudo-zero-order reaction
was found as 1 for OFL in the photocatalytic
studies performed with Nano-GO/M (Figure
15). Pseudo-zero-order reaction’s the zero order

rate kinetic constant is kq. The k; values evalu-
ated from Pseudo-zero-order reaction plots
were found as 0.078 min™ for OFL from the

Eq.(2).
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Figure 15. Pseudo-zero-order reaction of OFL
(OFL: 5 mg/L, T: room temperature, irradiation
time: 60 min., concentration of Nano-GO/M:
0.5 g/L, 300 watt UV light)

3.2.1.5.2 First-Order Kinetics

The R? value for first-order reaction was ob-
tained as 0.986 for OFL in the photocatalytic
studies performed with Nano-GO/M (Figure
16). First-order reaction’s in the first order rate
kinetic constant is k;. The k; values evaluated
from first-order reaction plots were found to be
0.0468 min™ for OFL from the Eq.(3).
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Figure 16. First-order reaction of OFL (OFL
concentration: 5 mg/L, T: room temperature,
irradiation time: 60 min, concentration of
Nano-GO/M: 0.5 g/L, 300 watt UV light)

3.2.1.5.3 Second-Order Kinetics

The R? value for second-order reaction was
found as 0.949 for OFL in the photocatalytic
studies performed with Nano-GO/M (Figure



17). Second-order reaction’s the second order
rate kinetic constant is k,. The k, values evalu-
ated from second-order reaction plots were
found as 0.052 min™ for OFL from the Eq.(5).
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Figure 17. Second-order reaction of OFL (OFL
concentration: 5 mg/L, T: room temperature,
irradiation time: 60 min, concentration of
Nano-GO/M: 0.5 g/L, 300 watt UV light)

As results of kinetic studies it was found that
the OFL was photodegraded according to zero
order reaction kinetic since the k, value calcu-
lated is meaningful than first order and second
order reaction kinetics with highest R* value
(1). From the zero order reaction plots k, value
for OFL photodegradation was found to be
0.078 min™. In the other words, OFL was re-
moved under 300 W UV irradiation according
to zero order reaction kinetics.

3.2.2 Photodegradation of OFL Under Sun-
light

3.2.2.1 Effects of Concentration of Nano-
GO/M Composite on the Treatment of
OFL Under Sunlight

Effects of 0.5 g/L, 2 g/L, 3.5 ¢g/L, 5 g/L and 10
g/L Nano-GO/M composite concentrations on
the removals of OFL with constant sunlight
time (350 min was chosen due to preliminary
studies results) at original pH of OFL solution
(pH=6.5) under sunlight irradiation with a
power of 80 W at outdoor temperature (35°C +
5°C). The results were given in Figure 18. for
0.5, 2, 3.5, 5 and 10 g/L Nano-GO/M concen-
tration at increasing OFL concentrations (1, 3,
5, 25, 100, 500 and 1000 mg/L). The removal
efficiency is low at high OFL concentra-
tions.Increased concentration of the OFL could

occupy more active sites of Nano-GO/M, which
inhibits generation of the oxidants [23].
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Figure 18. Effect of increasing OFL concentra-
tion on the yields of OFL removal efficiencies
at a Nano-GO/M concentration of 0.5, 2, 3.5, 5
and 10 ¢/L at pH=6.5, at 35°C + 5°C and 350
min irradiation time and with a power of 80 W
sunlight

As the concentration of Nano-GO/M was in-
creased from 0.5 g/L to 2 g/L and to 3.5 g/L the
OFL removal efficiency increased from 53% to
82% and to 83% for initial OFL concentration
of 1 mg/L (Figure 18.). Further increase in con-
centration of Nano-GO/M from 3.5 g/L to 5 g/L
and to 10 g/L decreased the OFL removal yield
slightly from 83% to 78% and to 73%, respec-
tively, at the same operational conditions. The
optimum Nano-GO/M concentration was cho-
sen as 2 g/L in order to reduce the operational
cost of photocatalytic treatment process. The
effect of Nano-GO/M concentration on the deg-
radation efficiency of OFL was investigated
over the concentration range from 0.5 to
10 g/L. A significant increase is observed in the
efficiency of degradation of OFL within the
range of Nano-GO/M concentration from 0.5 to
3.50/L. The number of available adsorption
and Nano-GO/M sites on the Nano-GO/M sur-
face increases with increasing in Nano-GO/M
concentration, resulting in the observed en-
hancement in degradation efficiency [19].
However, a further increase in Nano-GO/M



(from 3.5 to 10 g¢/L) concentration also reduces
the specific activity of the catalyst because of
agglomeration of catalyst particles and light
scattering and screening effect, thus leading to
the decreased photocatalytic degradation effi-
ciency from 82% to 73% for 1 mg/L initial
OFL concentration.

3.2.2.2 Effects of Irradiation time on the treat-
ment of OFL under Sunlight

In order to determine optimum irradiation time
for maximum OFL removal vyields, increasing
irradiation (30 min, 120 min, 250 min, 350 min
and 24h) times were used (Figure 18). As
aforementioned in the upper section, the opti-
mum Nano-GO/M composite concentration was
found as 2 g/L. Therefore, the effects of irradia-
tion times of sunlight on the removal of OFL
studied under same conditions (for constant
OFL concentration 1 mg/L, at five different
sunlight irradiation times (30 min, 120 min, 250
min, 350 min and 24h), at a pH of 6.5 and at
constant 2 g/L Nano-GO/M composite concen-
tration with a power of 80 W sunlight). As the
irradiation time was increased from 30 min to
120 min to 250 min and to 350 min the OFL
removals increased from 57% to 77% to 79%
and to 82% for initial OFL concentration of 1
mg/L (Figure 19). Further increase in irradia-
tion time from 350 min to 24 h did not affect
the OFL removal yield significantly. OFL re-
moval efficiency was increased only 3% (from
82% to 85%). The optimum sunlight irradiation
time can be considered as 350 min for the max-
imum removal efficiency of OFL (82%- for 1
mg/L OFL).
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Figure 19. Effect of irradiation time on the
yields of constant OFL concentration (5 mg/L),
at a constant nano GO/M  concentration
(2g/L), at a pH of 6.5 and at 35°C + 5°C and at
increasing irradiation time and with a power of
80 W sunlight

3.2.2.3 Effects of pH on the of Removal OFL
throughout Photodegradation Under
Sunlight

The effects of pH on the on the increasing OFL
concentrations (1, 3, 5, 25, 100 , 500 and 1000
mg/L) were studied under acidic, neutral and
alkaline pHs (4, 6.5 and 10) at an irradiation
time of 350 min, at a Nano-GO/M concentra-
tion of 2 g/L and at 35°C % 5°C. In this study,
the maximum removal efficiency was found as
82% at pH=6.5 at 1 mg/L OFL concentration
and at 2 g/L. Nano-GO/M concentration. As the
pH values decreased from 6.5 to 4 the OFL re-
moval yields decreased to 71% for 1mg/L OFL
concentration and constant Nano-GO/M con-
centration (2 g/L). Under alkaline conditions
photodegradation yields decrease to 53%. As
the OFL concentrations were increased from 1
to 1000 mg/L the removal yields decreased sig-
nificantly to 35%, 51% and 20% at pH 4, 6.5
and 10, respectively. The literature surveys
showed that no data was found investigating the
photo-removal of OFL under sunlight by Nano-
GO/M yet. Figure 20. summarizes the photo-
catalytic removal yields versus pH levels and
OFL concentrations. Consequently, the maxi-
mum OFL (initial OFL concentration was 1
mg/L) photocatalytic removal yield (82%) was
obtained at pH 6.5, but at alkaline and acidic
pHs lowest OFL photocatalytic removal yields
(71% and 53%, respectively) was obtained.
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Figure 20. Effect of different pHs (4, 6.5 and
10) on the yield of OFL photocatalytic removal
efficiency at a Nano-GO/M concentration of
2¢g/L, at 35°C + 5°C and 350 min irradiation
time and with a power of 80 W sunlight

3.3 Recovery of Nano-GO/M composite

One of the most fascinating characteristics of
magnetic nanoparticles, showing advantage
over other nanoparticles, is their magnetism
[24]. Most water or wastewater treatment sys-
tems require a settling, filtration or centrifuge
process to separate solids. However, magnetic
nanoparticles can be separated and recovered
with an external magnetic field due to the in-
trinsic magnetic characteristic of the nanoparti-
cles, aiding in prominent nanoparticles recov-
ery without a filtration process [24]. In photo-
catalytic processes catalyst cost is a very im-
portant issue. In this aspect, Nano-GO/M nano-
particles could be reused to solve this problem.
A novel photocatalyst with ferromagnetic prop-
erties such as magnetite for recovery of Nano-
GO/M and high effectiveness in the treatment
of OFL was developed. Magnetic separation
provides a very convenient approach for remov-
ing and recycling magnetic particles (such as
magnetite) by applying external magnetic
fields. In this study, six sequential treatment
steps were investigated for determination of
reusability of Nano-GO/M composite Same 0.5
g/L Nano-GO/M composite were used for se-
quential six treatments of OFL without change
the composite under same operational condi-
tions {for OFL degradation-60 min) UV irra-

diation (300 Watt), for 1 mg/L OFL at original
pH of solutions (6.5), at room temperature}.
OFL removal efficiencies measured to deter-
mine the removal of OFL after six sequential
with the same Nano-GO/M composite. In order
to reuse Nano-GO/M composite after first
treatment step, Nano-GO/M composite separat-
ed magnetically and then regenerated using
ethanol (adjusted to pH 2.0 with 0.1 mol/ L
HCI) as eluent [25]. After using ethanol Nano-
GO/M composite dried under vacuum then the
Nano-GO/M reused for second treatment pro-
cess to treat 1 mg/L OFL again. For every new
treatment step same procedure was applied to
Nano-GO/M composite. From Figure 21, it can
be clearly seen that the utilization of Nano-
GO/M composite after first, second, third,
fourth, fifth and sixth times, the removal effi-
ciency of OFL decreased from 96% to 94%, to
90%, to 86%, to 79% and to 75%, respectively.
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Figure 21. OFL measurement by recovery of
Nano-GO/M composite (T: room temperature,
Nano-GO/M composite concentration: 0.5 g/L,
UV irradiation time: 60 min, UV power: 300
Watt, pH: 6.5 (original pH of OFL), initial con-
centration of OFL: 1 mg/L).

Conclusions:

For maximum OFL removal (96%) the opti-
mum Nano-GO/M concentration was found to
be 0.5 g/L at 1 mg/L initial OFL concentration,
at pH of 6.5, at a UV power of 300 W and at a
temperature of 21°C after 60 minutes irradia-
tion time throughout photocatalytic degradation
under UV light. The minimum OFL removal



was found to be 65% at 1000 mg/L OFL at the
optimum Nano-GO/M concentration (0.5 g/L)
ata pH of 6.5, at a UV power of 300 W and at a
temperature of 21°C after 60 minutes irradia-
tion time by photooxidation. OFL photodegrad-
ed according to the zero-order reaction kinetic
model. The maximum photooxidation yield un-
der sunlight was found to be 82% for 1 mg/L
OFL at a Nano-GO/M concentration of 2 g/L at
a pH of 6.5 and at a temperature of 35°C £ 5°C
after 350 minutes retention time. It can be con-
cluded that the Nano-GO/M can be produced
succesfully under laboratory conditions. Also
Nano-GO/M could be reused at least six treat-
ment step without any significant lost.
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Abstract:

In this study, magnetite nano-particles (MNPs)
were synthesized by chemical co-precipitation
method at first, and then MNPs were coated
with silica by modified Stober process and the
surface of silica coated MNPs were functional-
ized by 3-aminopropyl-triethoxysilane
(APTES). Finally, the prepared NPs were char-
acterized by Fourier transform infrared spec-
troscopy (FT-IR), transmission electron micros-
copy (TEM), vibrating sample magnetometer
(VSM) and Zetasizer devices/methods. Mean
size of NPs was about 15 nm according to TEM
photographs and the saturation magnetization
values of Fe304 and Fe304@SiO2@L NPs
were measured as 75 emug-1 and 37 emug-1,
respectively. Keywords: protein folding, na-
noporous sol-gel glasses, silica-based bio-
materials, circular dichroism spectroscopy, sur-
face hydration, crowding effects, micropattern-
ing, biomedical applications.

Introduction:

Magnetite nano-particles (MNPs) have recently
attracted considerable attention in analytical
chemistry, medicine and adsorption processes
because of their some properties which of high
surface area, low cost and high magnetic sensi-
tivity. However, pure MNPs are not stable at
different ambient conditions that can be oxi-
dized, easily soluble in acidic media and may be
agglomerated [1, 3]. To overcome these obsta-
cles, silica is the best material to coat the sur-
face of MNPs as a shell. In this way MNPs can
remain stable, do not oxidize and their surface
becomes much more functional [2]. The surface
of silica coated magnetite (Fe304@Si02) is
negatively charged in aqueous media even at
low pH values. Fe304@SiO2 NPs can be modi-
fied by some functional amine groups (for ex-
ample, APTES) and thus, positively charged

surface will have been obtained for specific
purposes.

Materials and Methods:

Materials: lron(lll) chloride, Iron (I1) chloride,
absolute ethanol, tetraethylorthosilicate (TEOS)
(>98%), NH,OH (28%) and APTES (>98%)
were purchased from Merck.

Synthesis of the NPs: Chemical co-precipitation
technique of Fe(ll) and Fe(lll) ions in alkaline
medium was used to prepare Fe;O4 NPs [4]. In
summary, FeCl,.4H,O0 (0.01 mol) and
FeCl;.6H,0 (0.02 mol) were dissolved in a five-
neck flask with 100 mL of deionized water and
then 50 mL of NH,OH (28 wt%) was added into
the solution slowly (3.33 mL/min) with
mechanical stirring (750 rpm) at 30 °C. The last
mixture was then heated 90 °C and stirred for 2
h. The resulting Fe;O4 precipitates were
separated from mixture by a magnet and washed
with deionized water and ethanol. Fe;0,@SiO,
NPs were prepared based on modified Stober
method [6]. Accordingly, MNPs (0.5 g) were re-
dispersed in a three-neck flask which contains
40 ml of deionized water, 160 ml of ethanol and
5 ml of NH,OH. After 30 min stirring (750 rpm)
at 30 °C, 0.4 ml of TEOS was added drop wise
and the mixture was further stirred for 4 h. The
resulting Fe;O,@SiO, NPs were collected by
magnetic separation and washed with deionized
water and ethanol. To obtain Fe;0,@SiO,@L
NPs, 150 mg of Fe;0,@SiO, was added in a
beaker with 50 ml of ethanol and dispersed
ultrasonically for 5 min. Then, 1 ml APTES was
added into the mixture and stirred at 50 °C for 3
h. Finally, attained Fe;0,@SiO,@L NPs were
dried at 65 °C for 4 h. All synthesis processes
were performed under nitrogen gas to prevent
oxidization of NPs. Fig. 1 illustrates
summarized schematic diagram of synthesis
processes.



FeCl; , FeCly
NH,OH
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{ Fe;04@SiO; }

Figure 1. lllustration of synthesis process of
NPs.

Characterization techniques: Morphology and
size of NPs were observed using JEM 2100F
(JEOL) TEM. To determine the functional
groups of NPs, FT-IR spectra were recorded
using a Perkin~Elmer  Spectrum BX
spectrometer. Zeta potential measurements were
done using Malvern Nano-Z zetasizer. 1.2H
VSM (LDJ 9600) was used to identify magnetic
properties of NPs.

Results and discussion

Fig. 2 shows the TEM images of NPs. The
shape of NPs is nearly spherical and average
size of NPs is about 15 nm. Additionaly, silica
coating and amine modification have no
significant effect on the size and morphology of
Fe;O4 NPs.

Fiure " ie f Fe34(a),
FE304@S|OZ@L(b) NPs.

The IR spectrum of NPs (Fig. 3a) shows a
strong absorption band at 575 cm™ which is
attributed to the Fe—O vibration frequency of
magnetite [3]. The bands around 945 cm™ and
1094 cm™ (Fig. 3b) indicate the Si-O-Si and
Si—O-H stretching vibrations [5]. The peaks at
around 800 cm' show Si-O vibration. The
broad band around 3450 cm™' is a result of O-H
stretching vibrations [3].

{ Fe;0,@SiO@L }

3439

T T T T T T T
3900 3400 2900 2400 1900 1400 900

Wavenumber (cm™?)

Figure 3. FT-IR spectrum of Fe;04(a),
Fe;0,@SiO, (b) NPs.

Zeta potential measurements of NPs are
presented in the Fig. 4. The iso-electric points
of Fe304, Fe;0,@Si0; and Fe;O0,@SiO,@L NPs
were measured as 6.8, 2.2 and 8.4, respectively.
While the surface of Fe;0,@SiO, NPs is more
negative, Fe;0,@SiO,@L NPs are more
positively charged when compared to the pure
magnetite NPs at the same pH values. This
result proves that, silica coating and amine
modification processes of FesO, NPs were
successfully done.
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Figure 4. Zeta potential curves of NPs as a
function of pH.
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Vibrating sample magnetometer (VSM) was
used to determine the magnetic properties of the
NPs. Fig. 5 shows the hysteresis loops of NPs
and both magnetization curves go through
exactly the origin of magnetization graph.
Accordingly, NPs did not exhibit hysteresis,
coercivity and remanence. This is a result of
superparamagnetic property of NPs [7]. The
saturation magnetization values of Fe;O,, and
Fe;0,@SiO,@L NPs were measured as 75
emug™ and 37 emug™, respectively. Even so, 37
emug? is also sufficient to separate
Fe;0,@SiO,@L NPs by a magnet from a
suspension.
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Figure 5. Magnetization curves of Fe;0,(a),
FE304@S|02@L (b) NPs.

4. Conclusions

In this study, the obtained results can be
summarized as following: (i) mean size of
synthesized NPs was about 15 nm; (ii) FT-IR,
VSM, TEM and Zeta Potential analysis proved
that the MNPs have been successfully coated
with silica in the core-shell form, and modified

by

APTES; (iii) The superparamagnetic

property of NPs was confirmed by VSM.
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Effect of Post-Exfoliation Annealing and Ultrasonic Treat-
ments on Mechanically Exfoliated MoS,

P. Budania,” N. Mitchell, D. McNeill
School of Electronics, Electrical Engineering and Computer Science, Queen’s University, Belfast, UK

Abstract:

Post-exfoliation thermal annealing in air and ultra-
sonic treatments were carried out on mechanically
exfoliated MoS, flakes on oxidised silicon substrates.
Ultra-sonication of MoS, flakes on SiO, without pri-
or annealing results in almost complete removal of
flakes. Thermal annealing at 270 °C prior to ultrason-
ic treatment significantly increases the interface ad-
hesion. Annealing at 75 °C to 175 °C followed by
ultrasonic treatment results in small residual MoS,
fragments on the samples. Increase in annealing tem-
perature to 460 °C results in decomposition of MoS..

Keywords: mechanical exfoliation, MoS,, post-
exfoliation, thermal annealing, ultrasonic cleaning,
interface adhesion.

Introduction

Among various preparation methods for transition
metal dichalcogenides (TMDs), mechanical exfolia-
tion remains the most efficient way to transfer high
quality 2D TMD material onto a substrate. The pris-
tine quality of 2D semiconductors is preserved by
mechanical exfoliation. Therefore, MoS, field effect
transistors (FET) fabricated by mechanical exfolia-
tion have resulted in much higher performance devic-
es (Radisavljevic et al., 2011 ) in comparison to films
synthesized by other methods (Zhan et al., 2012).
The main drawbacks of mechanical exfoliation are
small flake area and low throughput of ultra-thin 2D
TMD material. Here a study is presented on post-
exfoliation thermal annealing in air and ultrasonic
treatments performed on mechanically exfoliated
MoS, flakes on oxidised silicon substrates. These
post-exfoliation tratements aimed to increase the den-
sity of large area ultra-thin mechanically exfoliated
flakes. Post-exfoliation treatments on mechanically
exfoliated graphene have been previously reported to
enable formation of large area single-layer
nanosheets of graphene (Pang et al., 2010).

Experimental details

Samples were prepared by Scotch® tape assisted me-
chanical exfoliation of MoS, onto a solvent cleaned
oxidized silicon (290 nm) substrate. Optical micros-
copy and tapping mode atomic force microscopy
(AFM) were used to determine the thickness of
flakes. Table 1 gives details of four different post-
exfoliation experiments. Optical microscope imaging
of each sample was done before and after post-
exfoliation treatment to observe any modification in
colour or position of MoS, flakes on the samples.

Expt. | Thermal Ultrasonic
annealing tretament

| none 5 minutes

T 460°C for 2 hours none

i 270 °C for 2 hours 10 minutes

v 75 "C - 150 " C for 1 | 10 minutes
and half hours

Table 1: Details of different post-exfoliation anneal-
ing and ultrasonic treatments performed on mechani-
cally exfoliated MoS, samples.

SiOy

Silicon substrate

Figure 1: (a) AFM image of region where a MoS,
flake has come off the substrate leaving non-
continuous fragments of MoS,. (b) representation of
a thick MoS, flake on oxide substrate.

Results and discussion

Ultra-sonication of MoS, flakes on SiO, without pri-
or annealing resulted in almost complete removal of
flakes, indicating weak bonding at the MoS,/SiO,
interface. AFM scan of Figure 1(a) shows very small
bits of MoS, have remained adhered to the substrate
after ultrasonic treatment. The adhesion of a thick
MoS, flake to the oxide substrate is illustrated in
Figure 1(b). Adhesion is believed to be reduced due
to low contact area. Therefore, ultrasonic treatment
without prior annealing of the sample results in re-
moval of all top layers of the flake but sometimes a
few bottom layers remain adhered to the substrate
only at places where it was in contact prior to soni-
cation. This results in non-uniform and discontinuous
fragments on the substrate. For experiment Il, MoS,
samples were annealed above its oxidation tempera-
ture at 460 °C. This lead to decomposition of MoS,.
For experiment 111, annealing temperature was further
reduced to 270 °C. Annealing was followed by ultra-
sonic treatment of the samples. It was found that con-
trary to previous post-exfoliation ultrasonication
treatment, the interface adhesion between MoS, and
underlying oxide significantly increases and prevents
removal of MoS, flakes. We consider that the im-
proved adhesion is due to effusion of water vapour



and other impurities from the interface resulting in
greater contact area. However, the treatment did not
result in thinning of MoS, flakes, so the annealing
temperature was further reduced.

Before t_reatment'

After treatment After treatment

Figure 2: (a) and (b) optical microscope images of
the same region on a sample taken before and after
annealing of MoS; flakes at 125 °C followed by ultra-
sonic treatment. Arrows are used for identification of
the same region. Flakes within circle 1 and 2 in 2(b)
have left behind thin residual flakes as observed in
2(c) and 2(d).

For experiment IV, samples were annealed in the
range of 75 °C to 175 °C followed by ultrasonic
treatment. This resulted in small residual MoS, frag-
ments due to breakage and/or partial removal of over-
lying MoS, flakes. Figure 2(a) and (b) are optical
microscope images of the same region of a sample
taken before and after the treatment respectively. The
flakes encircled in Figure 2(a) have been removed
after the treatment, as observed in Figure 2(b). Figure
2(c) and 2(d) corresponds to encircled regions 1 and
2 in Figure 2(b) respectively. In a few instances top
layers of MoS,; flakes have been removed from the
sample and underlying layers have been exposed. In
some instances MoS, flakes have been completely
removed from the sample leaving behind non-
uniform residual layers.

Contrary to post-exfoliation experiments on gra-
phene, we observed that whilst the adhesion of MoS,
is considerably enhanced upon annealing, no single-
layer MoS, flakes resulted. Although the two materi-
als have very similar interlayer van der Waals inter-
action, the corrugation upon annealing on oxide sub-
strates is not identical. We believe that the dissimilar-
ity in corrugation is due to structural difference in the
materials. Interplanar interaction between out-of-
plane Mo and S atoms gives MoS; a higher bending
rigidity (Jiang et al., 2013) in comparison to gra-
phene which is a single layer of carbon atoms.

Conclusion

Post-exfoliation thermal annealing in air and ultason-
ic treatments were performed on mechanically exfoli-
ated MoS; on oxide substrates. It did not yield large
area thin two dimensional flakes due to high rigidity
of MoS,. However, the adhesion of MoS, flakes to
the oxide subsatrte was controlled by annealing tem-
perature.
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By now, the most reliable approach for the syn-
thesis of graphene is the Chemical Vapour Dep-
osition (CVD) on copper. This is due to the cat-
alysing effects of copper that are often exploit-
ed. This process has to be conducted at high
temperatures close to the melting point of cop-
per, which restricts the achievable quality.
Therefore the application of nickel is suggested,
as it exhibits a higher melting point as copper,
but still offers the advantages of commercial
availability and catalysing effects. In addition,
the process temperature can be reduced by the
application of a plasma, as it allows for the par-
tial decomposition of species before reaching
the substrate. Hereby, the use of nickel as a sub-
strate material includes special circumstances,
because of efficient methane adsorption [1][2]
and decomposition on nickel [2][3] and the high
diffusion coefficient and solubility of carbon in
nickel respectively [4][5]. For hydrogen desorp-
tion is favoured instead of adsorption on or dif-
fusion into nickel respectively[2][3][6][7], alt-
hough a possible etching effect has to be con-
sidered within a plasma. It is common
knowledge in literature that the transfer will
worsen the graphene qualities due the introduc-
tion of contaminations, defects or atmospheric
influence. Before transfer, the presented sample
inherited average graphene signals and compa-
rable high defect densities. After the transfer
onto a Si/SiO, substrate a significant improve-
ment occurs. High-quality graphene areas of
high extensions (40 x 40 um?) and 2D/G ratios
up to 7.4 can be found frequently, while defect
densities and FWHM are low ((D/G)average ~ 0.3,
FWHM = 32 cm™). To give evidence to this,
Raman mapping was performed. The reason for
this improvement can be assumed within the
strong mutual interaction that is proposed for
the nickel-graphene system [8], not in an actual
quality improvement of the graphene by the
transfer. The strong bonding evolving between
graphene and nickel distorts the graphene Ra-
man spectrum by altering the graphene phonon
dispersion [8] and thus a reasonable comparison
to other works is prohibited. Concerning syn-
thesis, the dominant mechanisms on layer

growth are solubility and diffusion. Since both
are strongly temperature dependent, values for
diffusion and solubility have been approximated
from literature [4][5]. Following this, solubility
and diffusion are negligible at low temperatures,
thus amorphous growth is assumed to occur in
this temperature regime. The experimental re-
sults presented confirm this expectation, low
temperatures lead to the growth of carbon black
[9] throughout the sample. The medium temper-
ature resembles a transition regime, which leads
to the crystalline growth domain at highest tem-
peratures used. Here, solely crystalline layer
modifications as graphene, multilayers and
graphite grow on the sample. At low tempera-
tures the dominating factor is the plasma activi-
ty, so synthesis will result to a thick coverage by
amorphous carbon. At high temperatures, the
high diffusion coefficient and solubility remove
the excessive carbon from the surface, so that
the equilibrium between surface and plasma is
shifted towards a rather empty surface. Conse-
guently, layer formation starts when the plasma
is turned off and the sample begins to cool
down. Concerning layer formation, two domi-
nant mechanisms are present: First, there will be
lateral growth out of the grain boundaries as
quick out-diffusion facilitates nucleation. Sec-
ondly, there must be diffusion out of the grains,
too, because bulk defects and preferred crystal
orientations have to be assumed. Which mecha-
nisms dominates here is significantly deter-
mined by the cooling rate [10]. At process times
of up to 30 minutes, the previous assumptions
have to be adjusted, as the diffusion length in-
creases up to the entire substrate thickness. This
includes the possibility that carbon diffuses
along the whole axial distance, thus an addi-
tional equilibrium has to be assumed that
evolves within the substrate and causes a corre-
lation between front and back side graphene
growth. Although the back side is not in direct
contact to the plasma, it can be assumed that
species will be able to reach the back surface.
Still, the transport to the back side underlies
spatial restrictions, which cause a spatial de-
pendence of graphene growth. On the basis of
the characteristics obtained, it can be verified



that graphene could be synthesised on the back
surface as well, but the optical observation
shows that this result is not representative. The
lateral growth causes a thick coverage with
graphite at the edges, thinning into direction of
the centre. Apart from that, the back side tem-
perature variation shows the same development
as the front side within the given restrictions.
The Raman mapping shows that continuous
graphene areas of low defect density have been
synthesised ((2D/G)max = 5.4, (D/G)average ~ 0.5).
The additional examination of a grain boundary
reveals that the assumptions on preferred crystal
orientations are valid, the different grains exhib-
it the growth of distinct modifications each.
From the distribution of defects it is indicated,
that the graphene segregation has a strong re-
constructional character. At grain boundaries,
where defects accumulate, the reconstruction is
intense and thus the defect density is high. Fur-
thermore all crystalline layer modifications of
carbon are always present on the sample due to
the statistical distribution of grain orientations.
To give further evidence to this suggestion, a
nickel single crystal was applied as a substrate.
The Ni(111) orientation exhibits the best crystal
lattice match (lattice mismatch 1.6%) with re-
gard to graphene among the available nickel
orientations. Its usage as a substrate material
leads to graphene growth solely throughout the
substrate, although it is worth mentioning that
island growth is preferred. In respect of the syn-
thesis, the parameters demonstrated feature high
temperatures, low methane supply and long syn-
thesis times. The transferred graphene exhibits a
higher quality than could be concluded from the
analysis on the nickel substrate and the defect-
density proves to be throughout low or below
resolution. Considering the development of the
2D-band morphology, the result points at a
strong graphene-nickel binding as well. In par-
ticular a developing asymmetry in the 2D-band
can be suggested to correlate to the lifting of the
degeneracy of the ZO (out-of-plane optical) and
ZA (out-of-plane acoustical) phonon branches
[8]. The results allow for the conclusion, that
the PACVD approach has an extensive potential
towards graphene synthesis and still offers vari-
ous possibilities on improvements. Stable, dis-
tinct temperatures as well as time control at
high H,/CH, ratios turn out to be a reliable way
to synthesise graphene on polycrystalline nickel
foils (within the restrictions given by the sub-
strate). However, the remaining process parame-

ters such as cooling and annealing time, pres-
sure (independent from temperature), variation
of substrate thickness and application of larger-
scale or distant plasmas have to be considered,
too, if the process shall be fully optimised. It
could be shown that the substrate structure de-
termines the preferred growing carbon modifi-
cation and moreover, that the substrate influ-
ence is not only crucial to the synthesis, but to
subsequent analysis as well as the graphene-
nickel system exhibits a strong bonding, which
causes a distortion of the measurement results.
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Abstract:

Graphene nanofilms were deposited onto oxidized Si
by modified Langmuir-Schaefer technique with the
submerged substrate from the solution of few-layer
graphene (FLG) in 1-methyl-2-pyrrolidone. Films
were characterized by SEM, AFM, HRTEM, XRD
and Raman spectroscopy. Average FLG flake thick-
ness and lateral dimension are 5 and 300 nm, respec-
tively. Films were decorated by Pd nanoparticles (6 —
7 nm) using drop casting and centrifugation. Gas
sensing was tested in the mixtures of dry air with 10 —
10 000 ppm of H, and 2 — 200 ppm of NO,. The sen-
sor response at room temperature (RT) was 4 % at 10
ppm and 13.5 % at 1000 ppm of H,. For NO, gas the
response of 10% at 6ppm at RT was observed. The
Pd decoration doubled the response to NO, gas. The
fabrication metod is simple, low cost and scalable.

Introduction:

The high surface-to-volume ratio of graphene
stimulated its application in advanced chemical gas
sensors. It was demonstrated that their sensitivity
could be enhanced with graphene decorated by
metallic nanoparticles, e.g. Pd or Pt [1]. In this work
we present the NO, and H, gas sensing properties of
the few-layer graphene (FLG) Langmuir nanofilm
decorated by Pd nanoparticles.

Materials and Methods:

A solution of FLG in 1-methyl-2-pyrrolidone was
obtained by a 1 hour mild sonication of the expanded
milled graphite (SGL-Carbon) followed by 30 min
centrifugation at 10* g. The few-layered nature of
nanosheets was confirmed by HRTEM. Prepared
solution of FLG nanosheets was deposited onto
SiO, (500 nm)/Si substrates by a modified Langmuir-
Schaefer technique allowing uniform coverage of
large area substrates [2]. The FLG films were charac-
terized by AFM, XRD, and Raman spectroscopy.
From XRD pattern we calculated an interplanar dis-
tance between graphene layers in separate FLG
nanosheet to be 0.404 nm. This value is bigger than
that of natural graphite due to the use of expanded
graphite as an initial material for exfoliation. The
average FLG nanosheet thickness and lateral dimen-
sion are 5 nm and 300 nm, respectively.

Keywords: few-layered graphene, Langmuir-
Schaefer technique, palladium decoration, NO, and
H, gas sensing, long-term stability

Figure 1: SEM images of Pd NPs decorated FLG

Langmuir nanofilm with low (a) and high (b) concen-
trations of Pd NPs.

From the intensity of D vs. G Raman band, rela-
tively low defects density is assumed in our samples.
During the  subsequent vacuum  annealing
(T=1100 K) of the FLG nanofilm an initial electrical
resistance of FLG LS layer dropped from 2 MQ to
the final value of 10 kQ at room temperature. Re-
peated heating cycles of FLG nanofilm revealed its
semiconducting character. Besides removing absor-
bents such annealing leads to a healing of defects
which act as adsorption centers for NO, gas mole-
cules [3]. Therefore sensitivity decreases after an
annealing at high temperatures (T=1100 K). Moreo-
ver the annealing leads to an improvement of electri-
cal conduction of the FLG flakes deposit. As a result
the level of noise decreases. The FLG nanofilm was
decorated by colloidal Pd nanoparticles (6—7 nm,
PlasmaChem, 0.1 mg/ml in chloroform) by spin-
coating technique. We prepared several samples with
different concentrations of Pd nanoparticles (Fig. 1)
by multiple spin-coating cycles with a constant drop
volume of 5 ul and rotation speed of 10 rps. It was
shown that 2-3 cycles (10-15 pl of NPs solution) is
already enougth to fully cover the surface of FLG
nanofilm by Pd nanoparticles. The distribution of Pd
NPs with the lowest concentration was prepared after
the first cycle at 75rps. SEM analysis confirmed
uniform distribution of Pd nanoparticles over the
FLG nanofilm, the nanoparticles being preferentially
located at the edges of individual nanosheets. After
the decoration the structure was annealed at 600 K in
order to remove surfactants from Pd nanoparticles.
The crystallinity of Pd nanoparticles after the anneal-
ing was confirmed by HRTEM.

Results and Discussions:

The gas sensing properties were tested in a mix-
ture of dry air and NO, gas with concentrations in a
range of 2-200 ppm and in a mixture of dry air and
H, gas in a range of 10-10000 ppm from room tem-
perature up to 250°C. The response of FLG nanofilm
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Figure 2: Response to 6 ppm of NO, (a) and 10,
1000, 10000 ppm of H, (b) gas mixtures for Pd NPs
decorated FLG sensors at room temperature and volt-
age of 2V (decoration by Pd NPs was performed
with one spin-coating cycle at 10 rps). Temperature
effect on the sensitivity to 6 ppm of NO, and 10000
ppm of H, gases is shown in (c) and (d), respectively.

with Pd decoration is of p-type for all mixtures. The
gas response AR/R, = -22% (sensor resistance change
related to resistance in air) was observed for the
exposition to 6 ppm NO, at room temperature
(Fig. 2). The decoration by Pd NPs increased the
sensitivity to NO, gas approximately twice. The
saturation of gas response to both NO, and H, gases
was observed when the surface of FLG nanofilm
become fully covered by Pd NPs (Fig. 3). In the case
of NO, gas detection, higher operating temperatures
accelerate desorption processes, lowering sensitivity
and minimizing the recovery time. A rather long
recovery time during NO, gas sensing can be
attributed to the intercalation of FLG nanosheets by
the gas molecules.

Volume (ul)

Volume (ul)

Figure 3: Effect of decoration of FLG nanofilm by
Pd NPs with different concentrations on gas response
to 1000 ppm of H, (a) and 3 ppm of NO, (b) gases at
room temperature. Volume is the amount of Pd NPs
solution applied onto FLG nanofilm by spin-coating.

The sensitivity of Pd NPs decorated FLG
nanofilm to H, gas increases with increasing
temperature due to an enhanced chemical reactivity
between the gas and the sensor. For 10000 ppm and
1000 ppm of H, gas, the response at room

temperature of 13% and 10% was found,
respectively. At minimum test concentration 10 ppm
the response of 4% was measured. The maximum
sensitivity of 27% was achieved at 70°C. After
6 month storage of the device in air, the response to
6 ppm of NO, gas decreased only from 22% to 20%.
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Figure 4: Recovery of the sensors after exposure to
1000 ppm of H, (a) and 200 ppm of NO, (b) gas at
room temperature.

The NO, gas sensor can be recovered by oxygen
or nitrogen flow with the same rate (Fig. 4b). This
suggests weak bonding between NO, gas molecules
and the surface of FLG nanosheets forsing the
desorption of NO, gas molecules. As it was already
mentioned, chemical reactions come into play in the
case of H, sensing by Pd decorated FLG nanofilm.
When H, molecules meet Pd NPs, they tend to form
palladium hydride with a lower work function than
that in pure Pd. This forces electrons to move from
Pd atoms to FLG nanofilm increasing resistance of
the whole system. In this case, the recovery appears
after decomposition of the palladium hydride into
hydroxyl and water in air. Therefore contrary to the
NO, gas sensor, only the oxygen flow was effective
to recover the H, gas sensor (Fig. 4a).

Conclusions:

The sensing properties of our devices are fully
comparable to those of other types of graphene
sensors and nanoparticle-based sensors of transition
metal oxides [1-3].
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