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Abstract

Polysulfone (PSF) dominates commercial membrane for carbon dioxide (CO2)/methane (CH4)
separation. However, its performance is limited by the inherent trade-off between permeability and
selectivity. Development of mixed matrix membranes (MMMs) through incorporation of Graphene
Oxide (GO) inorganic fillers that has affinity for CO2 into PSF has become a viable solution to overcome
limitations of the pristine materials in natural gas sweetening process. Nonetheless, experimental scale
investigation for MMMs often encounters challenges, which arise from requirement of defect-free
fabrication and in-situ measurement to study the membrane morphology. In addition, preparation of
MMMs at the experimental scale is time-consuming accompanied by a mismatch between
inappropriate polymer base and inorganic filler, which contributes to increment in experimental cost
with requirement of multiple trials and errors. The challenge becomes a bottleneck in the elucidation of
GO/PSF MMMs for commercial industry application. Therefore, in this work, a novel computational
framework based on molecular simulation has been developed to construct PSF based MMMs with
incorporation of GO nanoparticles. Physical properties (i.e., free volume) and gas transport behaviour
(i.e., solubility, diffusivity, permeability and selectivity) of the simulated GO/PSF MMM as compared to
pristine PSF has been elucidated. The CO2 permeability and CO2/CH4 selectivity are improved through
incorporation of GO with 305% and 21% increment from 23.42 to 94.87 Barrer and 25.18 to 30.41,
respectively. The success in molecular simulation in this work will shed light on how computational
tools can provide understandings at atomistic and molecular level to design MMMs with high
performance for industrial application.

Methodology

The molecular simulations have been conducted using Materials Studio software version 8.0 by Biovia.
Condensed-phase Optimized Molecular Potential for Atomistic Simulation Studies (COMPASS) is
chosen as the force field for quantifying the interaction energy [1]. Parameters used include Ewald
methodology with a precision of 0.001 kcal/mol to describe the electrostatic interactions, while van der
Waals interaction has been characterized using the Lennard-Jones- 6-12 function with a cut-offdistance of 12.5 A (spline width 1 A and buffer width of 0.5 A). The GO nanomaterial has been
incorporated within PSF polymer using Amorphous Cell at low initial density, while 500 ps isothermalisobaric (NPT) molecular dynamics is executed to relax and to optimize geometry of the proposed
MMMs to equilibrated density through Forcite [2]. Temperature and pressure are regulated at 35°C and
2 bars consistently using Nose thermostat with Q ratio of 0.01 and Andersen barostat with cell time
constant of 1.0 ps, respectively. Subsequently, the Connolly Surface built-in function has been
employed to study the resultant membrane morphology. In addition, gas transport properties, which
include solubility and diffusivity, have been quantified through Sorption task using Grand Canonical
Monte Carlo (GCMC) and mean square displacement obtained from
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molecular dynamics of gas penetrants via Forcite [3]. Then, the CO2 and CH4 gas permeability, which
is a direct consequence of product between solubility and diffusivity, have been conveniently acquired
from calculation. In a similar manner, CO2/CH4 selectivity has been computed directly from the
simulated solubility and diffusivity via the ratio between the gas transport properties.

Results and Discussion

The simulation is observed to achieve equilibration after 350 ps, which has been demonstrated via
nearly fixed properties with reduced fluctuations and minimized energy. Density of the equilibrated PSF
membrane is 1.208 g/cm3, which is similar to reported density for bulk PSF membrane of 1.24 g/cm3
[4]. The small percentage error of -2.65% can be explained via cutoff distance assumption, deeming
long-range molecular interaction to be negligible. Density of the PSF/GO MMM is 1.219, which is higher
than the pristine structure due to incorporation of GO with high density. With respect to fractional free
volume (FFV), the PSF/GO MMM exhibits higher value of 37.1% as compared to pure PSF with mere
36.5%. The FFV increases due to addition of GO nanoparticles into the pure PSF that disrupt effective
chain packing, which subsequently creates more void spaces and cavities of bigger size. The diffusivity
of CO2 and CH4 increase from 3.14x10-8 and 4.00x10-9 to 4.26x10-8 and 6.20x10-9 cm2/s for pure PSF
and the MMM structures, respectively. This value increase is attributed to development of voids in the
MMM with presence of GO, which enable gas molecule to move easily since it provides pathway of less
resistance. In addition, it is found that solubility for both CO2 and CH4 gases increase from 5.67 and
1.79 for pure PSF membrane to 16.93 and 3.79 cm3(STP)/(cm3(polymer).atm) for the MMM. The
increment has been attributed to presence of GO with inherent functional groups that serve as active
sites for CO2 and CH4 sorption [5]. As shown in the Figure, since gas permeability is directly correlated
with the solubility and diffusivity, CO2 and CH4 permeability increase from 23.42 to 94.87 barrer and
0.93 to 3.12 barrer when the contributing factors increase. It can be observed that adding GOs into the
PSF membrane matrix increased the gas permeability without compensating selectivity by
demonstrating an improvement in CO2/CH4 selectivity from 25.18 to 30.41. The GO nanoparticles with
higher affinity for CO2 create diffusion paths in the polymer membrane matrix, allowing smaller gas
molecules, such as CO2 (3.3 A), to diffuse, while preventing larger gas molecules, such as CH4 (3.8 A),
from transporting through the MMM.

Figure: Improvement in CO2 Permeability and CO2/CH4 selectivity via incorporation of GO to
constitute PSF based MMM in comparison to pure PSF
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Conclusions

MMM is a heterogeneous material that can be developed by embedding inorganic filler into polymeric
membranes. However, preparation of defects-free MMMs with ideal characteristics is difficult to be
achieved from experimental point of view. Therefore, it is necessary to perform molecular level
computations in order to analyze the properties of membrane materials beyond the experimental
constraints and to complement experimental studies with atomic-level insights. In addition, although it
has been reported that GO particles is a potential material to be incorporated as inorganic filler within
PSF membrane to improve the CO2/CH4 separation performance, its molecular simulation study has
been scarcely available. Hence, this work aims to develop a computational framework for development
of PSF/GO MMM using molecular simulation. Validity of the constructed MMM has been demonstrated
via good compliance with reported experimental results. Subsequently, physical properties and gas
transport behaviour of the simulated PSF and its MMMs with incorporation of GO have been elucidated.
The FFV and transport properties of the penetrant gases which are, CO2 and CH4 diffusivity, solubility,
permeability, and CO2/CH4 selectivity are improved by embedding GO into PSF. The success
demonstrates the capability of molecular simulation tool to assist in design and screening of materials
to address limitations from experimental scale. Further study involving PSF based MMM with GO of
varying sizes, weight percentage and operating conditions is proposed to be conducted to cover a
comprehensive elucidation. The understanding can be applied in upscaling of industrial applications
that are often associated with a wide range of parameters.
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Abstract
Methane steam reforming in the presence of catalyst is very complex multi-step chemical process
including both gas phase and surface reactions which strongly depend upon operation conditions There
is no one comprehensive rate expression for methane reforming reaction rates. The rates of elementary
steps are either known with very low accuracy or completely unknown. Thus the rate of methane
conversion cannot be derived using the rates of elementary steps and various approximation
expressions, including single layer adsorption, no diffusion limitations, and only the reactants influence
the reaction rates, obtained by fitting experimental data are used (Nakagawa, Sagara et al. 2001,
Ahmed and Foger 2017). The proposed rate expressions in those studies vary among various types of
kinetic models including First-order, Power-Law, Langmuir-Hinshelwood, and Langmuir-HinshelwoodHougen-Watson (Xu and Froment 1989, Elnashaie, Adris et al. 1990, Achenbach and Riensche 1994).
To our knowledge, no comprehensive experimental or modelling study has been conducted so far in
direct internal reforming SOFCs in broad range of operation conditions that is crucial for design and
safe operations of SOFCs. The objective of this study is to get reliable reaction rate expressions for the
Power-Law and the Langmuir-Hinshelwood kinetic models.

Methodology
Table 1. Molar fraction (in %) of the inlet flow.
Case No. C H 4 H 2 H 2 O N 2
i
ii
iii
iv

4

8
12
8

v

5
5
5
5

22
22
22
19

5
8

69
65

61
68
71
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Our approach in this study was to analyse the influence of temperature and the electrochemical
reaction on the reforming kinetic parameters over Ni-YSZ anodes in SOFCs. Towards this aim we
performed measurements of methane steam reforming rates under various operation conditions. No
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degradation of the catalyst was expected. The obtained experimental results, as shown in Table 1,
were analysed using various kinetic modelling approaches. Two reaction rate expressions were
separately proposed in this work to investigate the influence of electrochemical reaction on the
methane steam reforming kinetic parameters based on the experimentally obtained data.

Results and Discussion

A MATLAB script has been developed to calculate the kinetic parameters for both models, and the data
fitting scheme is shown in Figure 1.

Figure 1. The flow chart of the calculations for the adsorption and methane steam reforming kinetic
parameters.

The previously reported methane steam reforming reaction rates are not comparable due to the very
different test materials and conditions. In this section, we will mainly focus on the trend of the influence
of the operation conditions on the reaction rates.
15r
open circuit, anode A, 16 pm ■
632 A/m2, anode A, 16 pm
”*■ 1052 A/m2, anode A, 16 pm -a- open
circuit, anode B, 27 pm ~A' 632 A/m2,
anode B, 27 pm 1052 A/m2, anode B, 27
pm

Temperature (K)

Figure 2. Influence of current density on the methane steam reforming reaction rate with inlet gas
composition ii.
Influence of temperature on methane steam reforming reaction rate
The influence of the operating temperature on the reaction rate for inlet gas composition ii is shown in
Figure 2. The methane steam reforming reaction rates increase with temperature with various current
densities. This is in good agreement with previously reported results. A double increase of the reaction
rate has been observed with a temperature increase of 75 K, compared with the results reported by
Hou et al. in which with a temperature increase of 75 K, a quadruple increase of the
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reaction rate has been observed with a SC ratio of 4 (Hou and Hughes 2001). This may be due to the
different temperature ranges and the different catalytic materials. However, the effect is more evident
than those seen with the results reported by Thallam Thattai et al. in which a maximum increase of 10%
in reaction rate was observed with a temperature increase of 60 K (Thattai, van Biert et al. 2017). The
testing temperature range used in their study was slightly higher, and the steam to carbon ratio was
lower compared to this study. The difference could therefore result from the lower steam to carbon ratio
and / or slightly higher test temperature range. In Figure 2, the trend could be also seen from the fitted
curves for the closed-circuit cases where the temperature is relatively high, the influence of temperature
on the reaction rate is slightly more significant compared with the lower temperature region. However,
the trend is not reflected by all the fitted curves.
Influence of current density on methane steam reforming reaction rate
The methane steam reforming reaction rate increases significantly on drawing a current from the cell,
and does not change significantly as the current density increases further, as shown in Figure 2. Due to
electrochemical hydrogen oxidation, additionally produced steam increases the partial pressure of
steam. At the same time, hydrogen is being consumed by the electrochemical reaction which
decreases the partial pressure of hydrogen while keeping the overall pressure constant. The
electrochemical reaction does not apply any dilution effect on methane partial pressure. The influence
of electrochemical reaction will then be due to the consumption of hydrogen which shifts the equilibrium
of methane steam reforming reaction towards a higher conversion which is reflected by a higher
reforming reaction rate. In addition, the O-2 ion flux through the electrolyte is responsible for the
increase of the methane steam reforming reaction rate (Hou and Hughes 2001, Ramirez-Cabrera,
Atkinson et al. 2004). Similar effects have been also reported on Ni-GDC anodes. It is believed that the
methane steam reforming reaction rate is promoted by the O-2 ion flux through the electrolyte. On the
other hand, the adsorption competition between methane and steam molecules will hinder the increase
of the methane steam reforming reaction rate due to the extra generation of the steam molecules from
the electrochemical reaction. This explains why the methane steam reforming reaction rate does not
further increase with a higher current density.

Conclusions

This study highlighted the influence of electrochemical reaction on the methane steam reforming rates
over Ni-YSZ anodes in SOFCs. The increase of methane steam reforming reaction rate with a small
current is because of the consumption of hydrogen which shifts the equilibrium of methane steam
reforming reaction towards a higher conversion, resulting in a higher reforming reaction rate. The O-2
flux across the triple-phase boundary would have also promoted the methane steam reforming
reaction. The adsorption competition between the methane and steam molecules will hinder the further
increase of the methane steam reforming reaction rate, which explains why the reaction rate does not
further increase with a higher current density. For the Power-Law kinetic model, the influence of the
electrochemical reaction on activation energy is mainly due to the existing of the O-2 flux at the triplephase boundary. The dependency of the reforming reaction rate on the steam concentration may
become insignificant at higher current density under the investigated operation conditions.
This work helps formulate experimental work with appropriate kinetic models and the modelling study of
the direct internal reforming solid oxide fuel cell systems. However, the exact reason for the influence of
electrochemical reaction on the dependency of steam concentration has not been elucidated, and
further study of the effect of electrochemical reaction on the reforming kinetics still needs to be
undertaken.
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Abstract
The marine habitats are remarkably contaminated by the crude oil spills accidents in seawater.
Among the various approaches, chemical formulations composed of conventional surfactants
and organic solvents have been used as potential dispersants for oil-spill remediation due to
their excellent oil encounter rate. Generally, dispersants disintegrate the oil layer into small
droplets, which can diffuse both horizontally and vertically by the action of waves. However,
most of such chemical dispersants are toxic and hazardous to the marine living thing, which
restrict their usage in marine environments. To address these issues, ionic liquids (ILs) based
surfactants have been emerged as attractive alternatives to the conventional surfactants owing
to their tailor-made and eco-friendly properties. This presentation will discuss a new
environmentally friendly formulation based on a mixture of ionic liquids (ILs) surfactants for oil
spill remediation. The effectiveness of formulated ILs dispersant was found between 70.75%
and 94.71% for the dispersion of various crude oils ranging from light to heavy. Further, the
acute toxicity tests against zebra fish and grouper fish have revealed the practically non-toxic
behaviour of formulated ILs dispersant with LC50 value greater than 100 ppm after 96 h. In
addition, the formulated ILs dispersant has provided excellent biodegradability throughout the
test period. Overall, the formulated new ILs dispersant is deemed to facilitate environmentally
benign oil spill remediation and could effectively substitute the use of hazardous chemical
dispersants in immediate future.
Methodology
Altogether, ten formulations were prepared by mixing the individual ILs as shown in Fig. 1 at a
specified mass ratio (wt/wt). Distilled water was used to make the composition of each
formulation to 100% as presented in Table 1. Details on the formulation preparation are reported
in the literature [1]. The homogeneous formulations were subjected to stability experiments to
determine the best formulation that is capable to disperse and stabilize the crude oils effectively.
The experiments were conducted in accordance with the Reported methods [2], wherein a
medium type crude oil (Arab) was selected to represent the oil phase.
A baffled flask test (BFT) was used to determine the effectiveness of formulated ILs dispersant
[1]. the dispersion effectiveness was assessed from the ratio of oil dispersed in water column to
that of total oil added to the system according to the equation (1).
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Fig. 1. The chemical structure and molecular weight information of the synthesized ILs.

…………(1)
where, ρoil is the density of tested oil expressed as g/L and Voil is the volume of oil added to the
test flask expressed in L. The temperature during all these experiments was kept constant at 25 °C.
Acute toxicity of the formulated ILs dispersant against to zebra fish (Danio rerio) and grouper fish
(Epinephelus sp.) was assessed by measuring the lethal effect after 96 hr of exposure in a static
test [1]. All tests were performed according to the OECD Guideline No. 203 [OCED 1992]. the
biodegradability of the ILs formulation was determined following the closed bottle test (CBT, OECD
301D, 1992) method.
Results and Discussion
In the dispersant effectiveness studies, four types of crude oils namely Tapis (light, API: 42.5), Arab
and Ratawi (medium, API: 27.7 and 24.5), and Doba (heavy, API: 20.8) were considered and
evaluated the performance of best ILs formulation (F7). As shown in Fig. 2, the formulated ILs
dispersant was effectively dispersed all three types of crude oils from light to heavy. The highest
dispersion effectiveness of 94.71% was observed for Arab crude oil. However, the Ratawi crude oil
belongs to the same (medium) crude oil category was recorded only with 70.75% of effectiveness,
which is lowest among all tested crude oils. The oil properties such as viscosity and crude
compositions significantly influence the dispersant effectiveness [3]. Further, the dispersant
effectiveness was examined with varying dispersant-to-oil ratios (DOR) at 1:100, 1:50, 1:25, 1:20
and 1:10. The results concluded that the formulated ILs dispersant was highly effective between
DOR 1:10 to 1:25 for all three tested crude oil types (light, medium and heavy). These results were
in good agreement with the reported study[4]
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Mass ratio (wt. /wt.%)

ILs

Dispersion stability (hr)

IL 1

IL 2

IL 3

IL 4

IL 5

Water

0.5

1.0

3.0

Formulation 1

5

5

5

5

5

75

+

+

-

Formulation 2

10

5

5

5

5

70

+

+

-

Formulation 3

15

5

5

5

5

65

-

-

-

Formulation 4

10

10

5

5

5

65

++

++

+

Formulation 5

10

20

5

5

5

55

++

++

+

Formulation 6

10

10

10

5

5

60

+++

++

++

Formulation 7

10

10

15

5

5

55

+++

+++

+++

Formulation 8

10

10

20

5

5

50

+++

+++

+++

Formulation 9

10

10

20

10

5

45

++

++

+

Formulation 10

10

10

20

10

10

40

++

++

+

Formulation

Table 1: Dispersion stability data of the formulated ILs dispersants at varied
compositions.
+++ High; ++ Moderate; + Low; - not stable (resurface).
IL 1: [Bmim][Lausar]; IL 2: [BDP][DDBS]; IL 3: [TBA][Cit]; IL 4: [TBA][PP] and IL 5: [TBA][EEG].
The toxicity study showed an acute fish toxicity (LC50) of more than 100 ppm after 96 hr of
observation for the proposed ILs dispersant (Table S4). This value indicates that the formulated ILs
dispersant is “practically non-toxic” under the acute toxicity rating scale by Fish and Wildlife Service.
Therefore, the formulated ILs dispersant was found safe with LC50 equal to 173.78 mg/L as
compared to that of existing chemical dispersants. Apart from the toxicity evaluation, biodegradation
of the proposed dispersant is critical issue to be addressed considering the wellbeing of a human and
the ecosystem. The measured biodegradability of the formulated ILs dispersant was found to be 79%.
Based on this value it can be categorized as readily biodegradable dispersant according to the OECD
guidelines.
Conclusions

We have formulated a series of ten different ILs dispersants comprising five
synthesized ILs at specified compositions. Among all, the best formulation was selected
based on its dispersion stability and subsequently optimized to evaluate its performance
ability at different environmental conditions. The surfactants employed in the synthesis of
ILs were belongs to the fatty amino acid and dicationic based substances. The formulated
ILs dispersant was found highly effective for the dispersion of all selected crude oils viz.,
light, medium and heavy oils. Further, the proposed dispersant was found effective for the
crude oil dispersion under variable parameters such as salinity and DOR ratio. In addition,
the proposed ILs dispersant has showed LC50 of more than 100 after 96 hr of testing, which
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classifies it as practically non-toxic. Therefore, the higher oil spill response, low toxicity and readily
biodegradable properties of the formulated ILs dispersant would provide great opportunities for its use
in oil spill remediation applications. This study further create new insights to the researchers to
develop various environmentally benign and effective IL based dispersants to substitute the existing
toxic chemical dispersants. However, studies must be conducted to establish the relationship between
ILs dispersant effectiveness interms of variable depths and wind speeds.
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Abstract
This work aims to develop sustainable synthesis routes for zeolites to be applied in the catalytical
transformation of platform molecules such as gamma-valerolactone (GVL) to produce 2-MTHF and
levulinic acid to produce GVL. In this work a hierarchical nanostructure of faujasite and mordenite have
been obtained using a combined microwave-assisted synthesis with an ultrasonication treatment. The
prepared materials have been used a support of metallic species Pt, Cu and Ru following the polyol
impregnation method achieving an adequate metal loading and homogeneous dispersion of the metal.
X-ray diffraction (XRD), Scattering and Transmission Electronic Microscopy (SEM and TEM),
Temperature-Programed Reduction (TPR), Energy Dispersive X-ray spectroscopy (EDX), X-ray
Photoelectron Spectroscopy (XPS) and N2 physisorption analyses were used to determine the
physicochemical properties of the obtained materials. The catalytic activity of materials was evaluated
in batch reactors and results indicated activity and 2-MTHF and GVL were identified as interest
products.
Methodology
Zeolitic supports were prepared by microwave-assisted hydrothermal synthesis and colloidal silica
(Ludox, HS-40, 40 wt%, Aldrich) and aluminum hydroxide (Al(OH)3-XH2O 98%, Aldrich) were used as
SiO2 and AhO3 sources respectively. The starting gel with molar
composition 8Na2O:xAhO3:10SiO2:400H2O for faujasite (1) and 6NaOH:AhO3:30SiO2:780H2O (2) for
mordenite. Polyol method was used for metallic catalysts preparation, the 5%Cu/zeolite, 3%Pt/zeolite
and 3%Ru/zeolite catalysts were prepared according to (3). For the preparation of 1 g of catalyst, the
appropriate amount of zeolite was dissolved in a solution of EG:EtOH, with 25 mL of ethylene glycol
and 21 mL of ethanol, separately the metallic precursor salt copper nitrate (Cu(NO3)2'3H2O) for Cu
catalysts and chloroplatinic acid (H2PtCl6-6H2O) for Pt catalysts, was dissolved in 2 mL of ethanol.
Characterization was conducted by XRD, TPR, SEM-EDS, TEM, XPS and N2 physisorption.
The CTH reactions of GVL were carried out in a high-pressure stainless-steel autoclave reactor with a
Teflon vessel, using Formic Acid (FA) as H2 donor for the CTH reaction. A stoichiometric GVL:FA ratio
was set, N2 was used as purge gas, the catalyst loading was fixed with a GVL/Catalyst ratio of 5, the
temperature was set at 200 °C and the reaction time at 1 h. The reaction products were determined by
GC-MS using a gas chromatograph (Agilent Technologies 7890B) with mass spectrometer detector
(GC MS) equipped with a capillary column (HP-5, 30 m x 0.250 mm x 0.25 pm) with He as carrier gas.

Results and Discussion
The results of the characterization techniques showed that the zeolites were successfully synthesized
following the microwave method. Also, that there is a positive effect on the percentage of crystallization
when using ultrasonication in the aging process of the synthesis gel. The observed crystalline peaks
correspond to the JCPDS card No. 039-1380 of octahedral faujasite zeolite. These results could also
be confirmed by SEM where the octahedral morphology of the samples having an
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average particle size of 106 nm can be seen. Results indicated that the polyol dispersion method
shows a distribution and particle sized presented a better behavior when the polyol impregnation
method was used instead of more conventional impregnation method, such as incipient wetness
impregnation (IWI) method, according to previously reported results by Ramirez et al. (1)
From the conversion of GVL and selectivity to 2-MTHF can be noticed that the metals play a key role
for catalytic activity, particularly, for the conversion of GVL and the selectivity to 2-MTHF. The catalyst
of Pt presented a higher selectivity to the desired product, this can be explained Pt is in oxidation state
zero (as XPS indicated) in form of an FCC crystalline material compared to Cu catalyst whose phase is
CuO. The difference between these two materials lies in the high tendency of Cu to oxidize at
atmospheric conditions (4).
For the conversion of LA to GVL, the catalyst that showed the highest selectivity among all those used
was 3% Cu-FAU (25.6% selectivity towards GVL), which may be related to the development of diffusion
phenomena (use of the micro and mesoporosity), and which are favored by the large surface area that
this material has.

Figure: SEM image of prepared zeolite faujasite by microwave path. Conversion and selecitivy to 2MTHF (inset)

Conclusions

In this study, Ru, Pt and Cu over zeolite mordenite and faujasite catalysts were successfully
synthesized following a microwave-assisted route and comprehensively characterized by XRD, SEMEDX, TEM, TPR, XPS and N2 physisorption analytical techniques. This research has also shown a
remarkable reduction in the crystallization time from 8 h to 1 h and a reduced energy consumption
(92%) in the process due to the use of microwaves compared to conventional hydrothermal synthesis.
Also, microwave heating promotes the formation of porous hierarchy and reduced-size particles.
The results of the catalytic tests from GVL to 2-MTHF have shown that under the mild conditions
described that there is catalytic activity for GVL to 2-MTHF. The highest conversions of GVL were
achieved with the Cu catalysts, nevertheless, the selectivity was favored with the Pt catalysts. From LA
to GLV, the materials showed greater homogeneity in the conversion, selectivity and yield results;
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being the 3% Cu-MOR catalyst the one with the highest reaction conversion (90%), while the 3% CuFAU catalyst was the one who showed the best performances in selectivity (26%) and yield (22%).
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Abstract (200-250 words)
The temperature of the carbonate reservoir reaches up to 120 oC, and the salinity touches 220,000
ppm. Surfactants are known to minimize interfacial tension and promote wettability alteration. The heat
stability and aqueous solubility of the surfactants for enhanced oil recovery application is a major
concern. The developed surfactant must be thermally stable and tolerant to reservoir ions. For this
purpose, several zwitterionic and gemini cationic surfactants containing different lipophilic tails and
spacer groups were synthesized. The locally produced gemini surfactants showed excellent shortrange and long-range heat stabilities. The incorporation of ethoxy units in the lipophilic tail resulted in
good solubility of the gemini surfactants in the formation brine (220,000 ppm). The synthesized gemini
surfactants revealed excellent salt tolerance and heat stabilities and demonstrated great potential in
high salinity, high temperature carbonate reservoirs. These surfactants have several oilfield
applications, such as enhanced oil recovery and drilling fluids.

Methodology

The NMR, FTIR, and MALDI-TOF MS techniques were used to identify the chemical structure of the
gemini surfactants. Thermal gravimetric analysis and aging methods were utilized to investigate short
and long-time heat stabilities. Surface tension was studied through pendant drop technique and the
interfacial tension was examined by the spinning drop method. Rheological properties were elucidated
with the help of the discovery hybrid rheometer (DHR-3). Oil recovery experiments were performed
using core flooding apparatus. The coreflooding experiment was performed at 102 °C using two
composite cores of Indiana Limestone. The confining pressure was set at 4500 psi, and the back
pressure was 3200 psi. The synthetic seawater (SW) with total salinity of 57.7 g/L was used as injection
brine. The formation brine with total salinity of 214 g/L was also prepared in the lab and used for the
saturation of cores. Clay swelling experiments were performed using a linear swell tester.

Results and Discussion

These surfactants are evaluated using a series of evaluation techniques. After the synthesis step, all
surfactants are characterized using a series of characterization techniques to confirm the structure. The
confirmation is achieved using NMR, FTIR, and MALDI-TOF MS technique. Once the structure is
confirmed, the salt tolerance and thermal stability are evaluated using injection brine and formation
brine. To date, we have synthesized more than fifty different surfactants, and the solubility and heat
thermal stability depends strongly on the structure of the head and tail group. For example, adding the
unsaturation and ethoxy group significantly enhanced the solubility of the surfactants. These
surfactants are also evaluated with other techniques depending on the application. For example,
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drilling fluids application, linear swelling, and filtration performance are evaluated. For enhanced oil
recovery, wettability alteration, interfacial tension, and oil recovery experiments are performed. Due to
limitation only details of coreflooding experiments is provided. The results obtained from oil recovery
experiments are given in Figure 1. Using seawater injection, about 64% oil recovery was obtained.
When there was no more oil recovery using seawater injection, the surfactant injection was started at
0.2 cc/min. As soon as the surfactant injection started, the additional oil started to produce from the
core. By injecting 4 additional pore volumes of 0.25 % surfactant solution, approximately 20%
additional oil recovery was obtained. The high recovery is associated with the good thermal stability,
salt tolerance, and surface properties of the synthesized surfactants. The total oil recovery obtained
using brine and surfactant solution is 84% OOIC. The results obtained using the synthesized
surfactants are encouraging and better than most of the reported surfactants at such harsh conditions.
In addition, it is a single component surfactant system that does not contain cosolvent and cosurfactant.

too

Brine Injection

Surfactant Injection

Pore volume injected

Figure 1: Oil recovery using brine (seawater) and 0.25% surfactant solution injection

Conclusions

A series of cationic gemini and zwitterionic surfactants were synthesized in the last few years in our lab.
These surfactants were specifically designed to tolerate the harsh reservoir conditions. These
surfactants are thermally stable and can tolerate the high salinity environment. The structural
modification has resulted in a single component surfactant system that can achieve additional oil
recovery. For drilling applications, a single component surfactant system can reduce clay swelling.
Further details on synthesis methodology, evaluation, and application will be discussed in the
presentation.
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Abstract
The packed bed thermal energy storage system is a crucial technology of the thermal energy
storage system, where the phase change material is encapsulated in the spherical or cylindrical
capsules, resulting in the enhanced heat transfer area and heat transfer rate. The numerical simulation
is effective to investigate the heat transfer characteristics of the packed bed thermal energy storage
system and can provide more detailed information of velocity and tempeature distributions inside the
thermal energy storage tank. The concentric dispersion model, which is developed based on the
porous medium approach, is one of the most commonly used numerical models of the thermal energy
storage system. In the present study, the charging process of the pecked bed thermal energy storage
system with spherical phase change material capsules is investigated using the concentric dispersion
model and the applicability of this models is investigated by comparing the numerical results with the
experimental resutls. The resutls shows that the deviation of the charging durations between the
numerical results and experimental results is less than 3% which reveals that the concentric dispersion
model can be used to predict the charging process of thermal energy storage system. Besides, there is
a significant temperature gradient inside the phase change material due to the low thermal conductivity
of phase change material which shows the significant effects on the charging process of the packed
bed thermal energy storage system.

Methodology
As the maximum particle Reynolds number Rep is 1300, the flow is considered to be an
incompressible laminar flow. The radiation heat transfer is neglected since the temperature is below
200°C [3]. The computational domain is simplified to a two-dimensional axisymmetric one and the
cylindrical coordinate is used. Therefore, the governing equation of the heat transfer fluid (HTF) can be
formulated as follows.
Continuity equation of HTF:
dp+1 d(pmr) | d(puz) =Q dt r dr dz

Momentum equations of HTF:
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Where, K is the permeability, and C refers to the inertial coefficient which can be evaluated by the
porosity and diameter of the phase change material (PCM) capsule as follows [4].
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The effective thermal conductivity which can be estimated by the formula summarized by Gonzo
[5].
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Energy equation of the PCM packed bed:
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Where, hvol refers to the volumetric heat transfer coefficient which is formulated by the semi-empirical
formula of Nu.
hvol
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In the present study, the latent heat of the PCM is appropriately treated by the equivalent specific
heat capacity method and the specific heat capacity can formulated as follow.
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The natural convection inside the PCM capsule significantly enhances the melting process of the
PCM [6] and it is considered as the enhancement of the thermal conductivity.
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shows the effect of natural convection and it is obtained by an empirical formula of
'conv
Ra.
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Where, dr=ro-r(t) refers to the time-varying thickness of liquid PCM.

Results and Discussion
The concentric dispersion model is applied to predict the charging process of the packed bed
thermal energy storage (PBTES) system with spherical PCM capsules. Since the thermal conductivity
of the PCM is generally small, there is a significant temperature gradient inside the PCM capsule which
increases with the increase of the particle diameter and decrease of thermal conductivity of PCM.
When the temperature gradient inside the PCM is large, the heat transfer between the PCM capsules
and the HTF weakens. The temperature gradient is considered by solving the energy equation of the
PCM capsule which helps to investigate the effect of the thermal resistance inside the PCM capsule on
the heat transfer.
The numerical results are compared with the experimental results of Mawire et al. [7] to investigate
the applicability of the concentric dispersion model under different working conditions. Mawire et al.
conducted an experiment to investigate the charging and discharging processes of a two-PCM
cascaded PBTES system where the sunflower oil was used as the HTF. The PCM packed bed
consisted of 20 eutectic solder (Sn63Pb37) capsules (at the top) and 20 erythritol capsules (at the
bottom), with a diameter of 50 mm and the spiral nozzle was used at the inlet to better disperse the inlet
HTF. The charging process of the TES system at a set heater temperature Theater=280°C and a mass
flow rate QF4 ml.s-1 is simulated and the temporal variations of the HTF temperatures at different
positions inside the PBTES tank are depicted in Figure. 1. The numerical results and the experimental
results are found to be in a good agreement with the reasonable deviations of the charging durations
less than 3%. Therefore, it is proved that the concentric dispersion model can effectively simulate the
charging process of the packed bed thermal energy storage system with cascaded PCMs.
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Figure: Comparison of the numerical results of the HTF (sunflower oil) at a set heater temperature
Theater=280°C and a mass flow rate QF4 ml.s-1 with the experimental results obtained by Mawire et al.
[7]. The inset shows the positions of the temperature sensors.

Conclusions
In the present study, the charging process of a packed bed thermal energy storage system with
spherical phase change meterial capsules is simulated by the concentric dispersion model. There is a
significant temperature gradient inside the phase change material capsules due to the low thermal
conductivity of phase change material and the large size of the phase change material capsule. In the
concentric dispersion model, the detailed temperature distribution inside the phase change capsule is
obtained to consider the effect of temperature gradient on the heat transfer between the heat transfer
fluid and phase change material capsules. The numerical results are compared with the results of an
experiment where the thermal performance of a packed bed thermal energy storage system with
cascaded phase change material was investigated. The results show that the concentric dispersion
model can predict the charging process of the packed bed thermal energy storage system with a
reasonable deviation of the charging durations less than 3%. Therefore, the concentric dispersion
model can be used to optimize the operating parameters of the packed bed thermal energy storage
system and to establish the artificial intelligence database of the thermal energy storage system where
a massive amount of numerical calculation is needed.
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Introduction
Amines are effectively used in conventional power plants to capture carbon dioxide (CO2) in their aqueous
solutions via absorption. In current technologies, amines are recycled which results in their direct loss to
atmosphere [1]. Nowadays, one of the commercially available solvent used in carbon capture systems is monoethanol amine (MEA). However, it offers drawbacks such as low capacity, high regeneration cost and corrosion
rate which make this technology economically unviable [2]. Therefore, various new solvents such as 2(methylamino) ethanol (2-MAE) have been employed to compensate the disadvantages of using MEA for CO2
absorption [3-5]. Additionally, keeping in view of its potential loss to the atmosphere, it is essential to access the
secondary particle formation capability of 2-MAE which can significantly affect human health and environment.
In this study, photochemical degradation of mono-ethanol amine (MEA) and 2-methyl amino ethanol (2-MAE)
was performed in 8 m3 KNU Smog Chamber to investigate their potential to form secondary particles (commonly
known as Secondary Organic Aerosols (SOA)) under varying NOx conditions. Although various studies were
performed to study the SOA formation from MEA, however this study will be helpful to address gaps associated
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with degradation, fate and health and environmental impacts of new amines (i.e., 2-MAE) used in CO2 capture
processes.
Objective
The main objective of this study is to analyze and compare the potential of a prospective solvent (2-MAE) and a
conventional solvent (MEA) utilized in CO2 capture processes to form secondary particles via OH radical
initiated photochemical degradation in the presence of NOx.
Materials and Methods
Photochemical degradation experiments were performed in a KNU smog chamber facility described in detail
elsewhere [6]. Briefly, the facility included a 7 m3 Teflon batch reactor placed in a temperature controlled (1833°C) enclosure, a radiation source comprising of UVA and UVB lamps, and an air purification system for
supplying dried and purified air (concentrations of non-methane hydrocarbons, NOx, SOx, and ozone were less
than 1 ppb) as shown in given schematic. The particle number concentrations were always less than ~15 cm−3.
In each experiment, a known amount of MEA or 2-MAE was injected into U shaped stainless steel tube and
introduced into the reactor by N2 stream, at a temperature of 80oC. Hydrogen peroxide (H2O2) was used as a
source of OH radicals in photo-degradation experiments. Additionally, various instruments for monitoring gas
and particles phase concentration were utilized such as scanning mobility particle sizer, hygro-thermometer,
NOx, SOx, and O3 analysers. A total of 10 photo-oxidation experiments (5 each for MEA and 2-MAE) were
performed. In each experiment, the UV exposure time was 5 hr. In each experiment, concentrations of MEA or
2-MAE and H2O2 were 400 ppb each. Furthermore, MEA or 2-MAE to NOx ratios were approximately 1, 4, 5.5,
10, and 15, respectively.

Results and Discussion
For the case of MEA photo-oxidation experiments, as MEA/NOx ratio was increased from 0.9 to 5.5, as a result
of OH initiated photochemical reaction, O3 and secondary particle mass concentrations increased from 4.3 ppb
and 99.1 µgm-3 to 150 ppb and 497 µgm-3, respectively. With the further increase in MEA/NOx ratio from 5.5 to
15, O3 and secondary particle mass concentrations decreased to 69.3 ppb and 270 µgm-3, respectively. These
results of secondary particle formation and O3 concentration are similar to those presented in a recent study for
the Australian National Low Emissions Coal Research and Development for MEA photo degradation at low
MEA/NOx [7]. Analogous to MEA experiment, for the case of 2-MAE photo-oxidation, O3 and secondary particle
mass concentrations increased from 31 ppb and 934.7 µgm-3 to 359 ppb and 1038.4 µgm-3, as MEA/NOx ratio
was increased from 0.9 to 5.5, respectively. With the further increase in MEA/NOx ratio from 5.5 to 15, O3 and
secondary particle mass concentrations decreased to 170 ppb and 680 µgm-3, respectively. Consequently,
irrespective of NOx concentration, the O3 and secondary particle concentrations were found to be significantly
higher in 2-MAE experiments than those yielded in MEA experiments. For instance, at low 2-MAE/NOx (i.e.,
0.9) and high 2-MAE/NOx (i.e., 15) the secondary particle formation was 934.7 µgm-3 and 680.5 µgm-3,
approximately 9.5 and 9.8 times higher than 99.1 µgm-3 and 69.3 µgm-3 obtained for the MEA.
As mentioned earlier that many researchers are exploring better alternative solvents (i.e., 2-MAE) with high
absorption capacity and low cost for CO2 capture instead of MEA which has high energy requirement.
However, environmental impact assessment of new solvents (i.e., potential to form secondary particles) are
equally important. Secondary particles are well known for their health and environmental impacts such as lung
infection, cardio vascular problems, and reduced visibility. The physical properties such as vapor pressure,
density, and boiling point of MEA and 2-MAE are comparable. For instance, the vapor pressures of MEA and 2MAE at 20oC are 64 Pa and 65.5 Pa and boiling points are 170oC and 159oC. These comparable physical
properties dictate that under similar operating conditions, the loss of MEA and 2-MAE will be approximately
same. And, as per the findings of this study, for the same volume concentrations of MEA and 2-MAE,
secondary particle formation by 2-MAE was approximately 9 to 10 times higher than that of MEA.
Consequently, direct loss of 2-MAE in post CO2 capture systems can contribute substantially to visible air
pollution such as particulate matter, SMOG, etc.
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Conclusions
Under similar experimental conditions of photo-oxidation in the presence of NOx, mass concentration of
secondary particulates from MAE were significantly (~9-10 times) higher than MEA. Although, various studies
were performed to study secondary formation from MAE, however no study has been performed to assess
the environmental impact of 2-MEA. Therefore, this study will be helpful to address gaps associated with
degradation, fate and health and environmental impacts of new amines (i.e., MAE) used in CO2 capture
processes.
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Abstract
The previous studies on three phase fluidized models were performed on the systems in which the
liquid and gas flows co-currently through the solid bed. This work took the initiative to model and
simulate a counter-current three phase system. The current work modelled the experimental design of
turbulent contact absorber (TCA) in ANSYS FLUENT®. In TCA, the gas flows from the bottom to
fluidized the bed of solid, while the liquid is showered counter-currently from the top. The multi-fluid
Eulerian modelling approach adopted for the simulation with the dispersed solid phase was used
employing kinetic theory of granular flow (KTGF). The results of grid independence, the effect of wall
boundary conditions, the choice of granular temperature model and drag law, the effect of laminar and
turbulent models are all used to study the expanded bed height and pressure drop in the column for
different operating conditions. It was observed that the Gidaspow model better predicted the drag than
the Syamlal-O’Brien model. For relatively low to medium gas and liquid velocities, the experimental
results were better predicted by the laminar model. In comparison of different turbulent models, the
results of RNG k-e (per-phase) model were better predicting the hydrodynamics of TCA.

Methodology
The TCA was modelled and simulated in ANSYS Fluent® using 2D transient Eulerian multi-fluid model,
with the dispersed granular phase employing KTGF [2]. Air as the primary phase was flow into the
column from bottom. The water was showered from the top as dispersed phase, whose droplet
diameter was set equal to the that of hole of the sieve plate at the top. The diameter of 38 mm with a
density of 354 kg/m3 was selected for solid particles. The bottom boundary acted as gas inlet as well as
liquid outlet, and a negative liquid velocity was specified at this boundary. A uniform velocity inlet
boundary condition from top was specified for liquid phase. Gas exited from top of the column, specified
as the pressure outlet. All the walls were specified as no-slip condition for the liquid and gas phase.
Models used are, Algebraic and PDE for granular temperature model, Gidaspow and Syamlal and
O’Brien for granular viscosity [2, 6], Lun et al. for bulk viscosity [7], Schaeffer for frictional viscosity [8],
Gidaspow for liquid-solid drag [2], Schiller and Naumann for gas-liquid drag [9], and Gidaspow and
Syamlal and O’Brien for gas-solid drag [2, 6]. The value of specularity coefficient of
0.0001 (partial slip) and particle-particle restitution coefficient of 0.9 is used [3-5].
The Scheme employed were, first order for time implicit formulation, QUICK for volume fraction and 2nd
order upwind for all other discretization schemes [3-5]. A time step of 10-4s was chosen to give a stable
solution. Different turbulent models were employed such as standard k-e, RNG k-e both Per phase and
dispersed), and SST k-w [4, 5].

Results and Discussion
The results for expended bed height and pressure drop were validated with that of experiments. Grid
independence was achieved at a mesh size of 4 mm. Higher order schemes, 2nd order upwind for
momentum and QUICK scheme for volume fraction gave steeper profiles of solids fraction in the middle
with a more uniform distribution of solid in the bed. As compared to algebraic model, PDE model
predicted denser region in solid bed, while the radial distribution of liquid and gas phase remained the
same for both models. The behavior for solid was better in PDE model than algebraic model, but not
better enough to neglect the computational burden it carries. Syamlal O’Brien under¬
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predicted the expanded bed height, also the mean volume fraction of bed was much higher when
compared to the Gidaspow model. Partial slip condition is the recommended choice for solid which
resulted in large region of negative velocities near the wall. A flatter gas phase profile giving a relative
uniform gas distribution was predicted by the use of partial slip conditions. Similar behavior was shown
by thr liquid profiles for partial-slip conditions. Expanded bed height and pressure drop was over
predicted by the no slip condition at the wall.

Laminar models calculated highest bed height than all other turbulent models for high gas and liquid
velocities, with RNG k-e model having lowest of expanded bed height. The pressure drop predicted by
RNG k-e is closer to the experimental value with the laminar model to follow.

Figure: Comparison of laminar and turbulent models with experimental results (a) Expanded bed
height (b) Pressure drop
For a fixed liquid velocity and with the increase in gas velocity, the bed expansion was high resulting in
a dilute bottom. Similarly, higher pressure drop was achieved at high gas velocities for a fixed liquid
velocity. As gas velocity increases, the axial static pressure profile becomes steeper as the difference
between phasic velocity becomes large resulting in higher pressure drop. There was no significant
effect observed by liquid velocity on axial solid holdup and static pressure.

Conclusions
Simulations of three phase counter-current TCA were performed using multi-fluid eulerian model. The
closure models and other parameters were selected based on base case study, which helped to
analyze the behavior of TCA under different operating conditions. The results of simulations agreed
reasonably well with experimental findings for both bed height and pressure drop reported in the
literature. For low to medium gas and liquid velocities, the results for laminar flow model are better as
compared to turbulent models. While for higher velocities, the turbulent models better predicted the
hydrodynamics, of them the results of RNG k-e were closer to the experimental results. The radial
profiles predicted by the RNG k-e are qualitatively better than that of laminar model. The mesh
resolution near the wall region needs to be modified to capture boundary layer effect, if k-w model is to
be used. As this model shifts towards to standard k-e rather than RNG k-e, which is the main point of
its weakness. Both the expanded bed height and the pressure drop increases at high liquid and gas
velocities, as a result of high holdup at these velocities.
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Abstract
The present study focuses on the development and characterization of rubber cot. Textile spinning
element (rubber cot) has greater influence on the quality and characteristics of yarn. Compound of
rubber cot was prepared containing XNBR as base rubber for cot compound. The Compounds of XNBR
based on rubber cot were prepared using nano-silanized silica filler, curing agent and other ingredients
needed to improve the overall characteristics. The compounds were prepared with the help of
Brabender plastic-corder. Effect of filler loading on mechanical properties was observed. Mechanical
testing was performed to determine the tensile strength, % elongation at break, elastic modulus, Tear
strength, abrasion resistance, strain energy density, compression set and hardness. An increase in the
amount of silica filler resulted in the enhancement of mechanical properties up to a certain limit. The
decline in properties was also observed after certain limit of filler content. Finally, from the results
revealed that a compound with a minimum amount (20 phr) of silica have less tensile strength, tear
strength and elastic modulus than the properties with 50 phr of silica i.e., 16.01 MPa, 63.89 KJ/m2 and
6.08 MPa, respectively for 20 wt% silica and 26.38 MPa, 94.19 KJ/m2 and 22.33 MPa respectively for
50 wt% of silica. Maximum abrasion resistance value was observed for the compound containing 20
phr of silica filler i.e., 28.07 mm3. Abrasion resistance decreased with the increase in filler amount.
Minimum value of percentage deflection was obtained for the compound having 60 phr of silica filler
i.e., 42.29%.
Keywords: XNBR, Nano-silanized Silica, Rubber, Cot, Mechanical properties

2 Methodology
The premixing and compounding were accomplished by using Brabender D-47055 Plasticorder, as an
advance internal mixer, operated at room temperature with 45 rev/min.
XNBR was masticated in the Brabender mixer for the time period of 3-4 minutes. Silica filler was then
incorporated in the mixer and the mixing was allowed to last for 8 to 9 minutes to insure proper mixing.
Further mixing for 2 to 3 minutes was accomplished after the incorporation of other curatives and
additives that are; TBBS, MBTS, zinc oxide, stearic acid and vulcanizing agent (sulphur).
The processed compound from brabender mixer was obtained after proper mixing. The uniform
compound was acquired by passing random compound through the two-roller mill. After that, all the
compounded specimens were tested for determination of curing time by using moving die rheometer
(MDR). Sheets for all specimens, for their specific curing time, were then prepared using compression
molded technique. These compression molded sheets were prepared to use for mechanical
characterization through universal testing machine, abrasion tester, durometer, compression set tester
and heating oven.
Five formulations with varying parts per hundreds resin (phr) of silica and sulphur keeping the phr of
other ingredients same as illustrated in Table 2.1 shown below.
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Table 2.1. Cot compound formulation
Formulations
Formulation 1

Formulation 2

Formulation 3

Formulation 4

Formulation 5

XNBR

100

100

100

100

100

Silica

60

50

40

30

20

4

4

4

4

4

ZnO

1.5

1.5

1.5

1.5

1.5

Stearic Acid

1

1

1

1

1

4

4

4

4

4

Sulphur

1

2

3

4

5

MBTS

1.5

1.5

1.5

1.5

1.5

TMTD

0.2

0.2

0.2

0.2

0.2

Ingredients

Vulkanox Sp

Coumarone
Resin

Results and Discussion
Cure properties of rubber cot compound were investigated at 140oC for 40 minutes. MDR results
revealed that delta torque increases with an increment of silica filler phr. The highest value of delta
torque was observed as 1.269 N.m for the fourth compound containing 50 phr of silica filler and 4 phr of
sulfur (vulcanizing agent).
Tensile strength (before aging) increased with an increase in filler content. The maximum tensile
strength was found to be at 50 phr of silica, that is, 26.38 MPa. After aging, overall tensile strength was
found to be decreased compared with tensile strength before aging.
Before aging, an increasing trend in elastic modulus was observed as the filler content increase, but
after a certain limit of filler content, elastic modulus started decreasing. The maximum value for elastic
modulus was obtained at 50 phr of silica filler i.e. 22.33 MPa. After aging, maximum elastic modulus
was found to be decreased compare with elastic modulus before aging.
Before aging, elongation at break was detected to be changed in a random manner. Maximum and
minimum elongation at break % was obtained at 30 and 50 phr of filler, that is, 943.6 and 651.7
respectively.
Before aging, maximum strain energy density was accomplished at 60 phr of silica i.e. 10.64 KJ/mm3
and after aging it was reduced to the value of 9.347 KJ/mm3 at 60 % filler content.
As the amount of filler increased, an increasing trend in tear strength was observed. Maximum tear
strength was obtained at 60 phr of silica which is 95.12 KJ/m2. Better dispersibility of filler in rubber
ultimately results in the reinforcement of XNBR compound.
The minimum deflection % (42.29) was observed for XNBR compound having 60 phr of silica filler.
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An increase in silica filler content results in the enhancement of abrasion loss. Minimum abrasion loss
(high abrasion resistance) was found to be at 20 phr of silica i.e., and at 60 phr of silica, XNBR
compound has maximum abrasion loss i.e 62.77mm3.

Conclusion
It may be concluded that;
1.

Hardness increases with the increment of silica filler content due to the higher distribution of
filler in rubber which leads to the stiffness enhancement of the compound.

2.

Structure and small particle size of the added filler plays an important role in improving the
mechanical properties of the rubber compound due to their better compatibility and good
dispersion in the rubber.

3.

Increase in filler loading results in a marked increase in mechanical properties such as tear
strength, tensile strength and elastic modulus which replicates the reinforcing effect of silica
filler.

4.

A pronounced increase in hardness, stiffness for XNBR compound loaded with silica filler.

5.

The abrasion loss enhanced with the incorporation of silica filler which means abrasion
resistance decreased with the increment of filler content.

6.

Generally, abrasion resistance enhanced with enhancing silica content.

The pronounced overall mechanical properties and highest values for elastic modulus and tensile
strength at 50 phr of silica.
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Abstract
Carbon fibre reinforced polymers (CFRP) exhibit outstanding mechanical properties at low weight and
are increasingly used in automotive or aerospace industry. The majority of CFRPs are manufactured
with epoxy thermosetting matrix for their ease of processing. Joining processes of thermosetting
CFRPs are typically done by a combination of (i) riveted joints and/or (ii) by adhesives. While the first
requires substantial machining and labour, the latter is very sensitive to surface preparation.
Thermoplastic welding, on the other hand is a fast efficient and performant joining method due to
strong mechanical interlocking and reptation. Being able to functionalize thermoset CFRPs with
thermoplastic surfaces allows thermoset CFRPs to be joined with thermoplastic welding methods [1].
It has been found that curing an epoxy in the presence of a thermoplastic leads to a reaction induced
phase separation, allowing to create gradient interphases to provide optimum load transfer between
the thermoset composites matrix and the thermoplastic joint [2]. The aim of this work was to investigate
how interphase formation between high Tg epoxy and polyetherimide (PEI) can be influenced by curing
conditions [4].
Methodology
The epoxy system used was a blend of triglycidized meta-aminophenol (TGMAP) and diglycidyl ether
of bisphenol F (DGEBF) as a resin and 3,3'-Diaminodiphenyl sulfone (DDS). The polyetherimide (PEI)
was supplied as film of 60 micron thickness. Isothermal co-curing experiments between the PEI and
the epoxy system were carried out under an hot stage to observe interphase formation. The
composition of the interphase gradient was analysed with SEM and Raman spectroscopy. The
morphology was also analysed with SEM after treatment with N-methyl-2-pyrroli-don (NMP) to dissolve
the thermoplastic phase on the surface for better visibility.
Results and Discussion
The interphase formation confirms the presence of a upper critical solution temperature for the PEI:
Initially the epoxy monomers dissolves homogeneously into the thermoplastics leading to a strong
swelling, referred to as gel layer formation [3], followed by a visible onset of phase separation at the
outer boundary. A typical interphase region in Figure 1 [4] shows a sub-micron range epoxy rich
particles in a continuous PEI phase and gradually evolves into epoxy rich co-continuous morphology.
Outside the gel layer boundary, small PEI rich islands are embedded into the continuous epoxy phase.
This is attributed to PEI, which has disentangled and dissolved outside the gel layer while still at low
degree of cure of the epoxy. The experiments have shown that the interphase dimension can be
tailored over a large range from few microns to almost 80 microns by choice of isothermal curing
conditions as shown in Figure 1. Being able to tailor interphase morphology and size is fundamental to
optimize their structural performance when welding epoxy-based CFRPs with PEI.
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Figure 1. SEM micrograph showing morphology of a PEI-epoxy interphase obtained at 180°C cure
temperature.[4]

Conclusions
This study presents the formation of gradient morphology in PEI/epoxy system. The interphase was
formed at the PEI/epoxy interface due to the diffusion of epoxy monomers into the glassy thermoplastic
and its partial dissolution. The interphase thickness increases both with increasing curing temperature
and PEI film thickness due to the competition between the rate of phase separation and curing rate.
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Abstract
According to estimates of World Health Organization (WHO) globally more than 1100 million people
are facing water shortage globally. Major causes of this shortage include Climate change and lack of
infrastructure are the two major causes of water scarcity. Also Pakistan is facing water shortage issues,
therefore its high time to ponder on water recycling and re-use options, especially for industrial sector
which utilizes large quantities of fresh water. Paper and pulp industry is one of the major consumers of
fresh water, as the paper manufacturing process requires enormous amount of water. Security Papers
Limited, the manufactures of Banknote and other security papers in Pakistan, also consumes large
quantities of fresh water for its manufacturing process, and the effluent is only treated to meet the
effluent discharge requirement and treated waste water is currently being used in gardens for irrigation
purposes. The aim of this study is to explore the potential of nano-filtration in treatment of wastewater
from Security Papers Limited, to treat it up to the levels that it may be reused in the paper
manufacturing process.
Dopamine coated Titanium Dioxide (TiO2) core shell nano particles were prepared by polymerizing
dopamine in basic pH and then coating on TiO2 nano particles by dip-coating. Three different
combinations of nano composite membranes were prepared using phase separation method, with
Poly-vinyl alcohol (PVA) as base polymer, first with only PVA, second with PVA and TiO2 nano
particles and third with PVA and dopamine coated TiO2 core shell nano particles.
Methodology

Solution Preparation:

•

15% solution of PVA was prepared by mixing 15 gm of PVA resins were mixed in 100 ml
of distilled water, the mixture was heated at 90 0C on the hot plate for 1 hr and
stirred continuously using magnetic stirrer, the resulting solution was clear and
transparent.

•

5 wt % of TiO2 was was mixed in 15wt% solution of PVA, by mixing 5 gm of TiO2 nanopowder and 15 gm of PVA resins in 100 ml of distilled water, the mixture was heated
and continuously stirred (using magnetic stirrer) at 90 0C on the hot magnetic plate
for 1-1.5 hrs. the resulting solution wasclear and white in color.
F1 gm Dopamine methacrylate was dissolved in 10 ml of 2N alkaline solution
of NaOH, (pH 13.8) then 5 gm of TiO2 was dissolved in the same mixture, by constant stirring
for 15 minutesby magnetic stirrer. The resulting mixture was brown in color. 15 gm of PVA was
added to themixture, and make-up distilled water was added up to 100 ml, the mixture was
heated at 90oCwith constant stirring using hot magnetic plate for 1-1.5 hrs. the solution was
clear and light brown in color

•
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Coagulation bath:
was composed of 8% sodium hydroxide and 4% sodium sulfate in water, 8 gm of NaOH
and 4 gmof Na2SO4 was dissolved in 100 ml of water at room temperature.
Each of the three solutions were casted on glass slides the casted slides were immediately
immersed in coagulation bath for 10-20 seconds then the membranes were left to dry at
room temperature for 24 hours. The resulting membranes were then characterized and used
forwater filtration.

Results and Discussion

TSS of Untreated Waste water varied between 70 to 80 mg/ L, The PVA membrane
reduced the TSS up to 30 mg/ L, showing a removal efficiency of 62.5 %. The water
sample treated from PVA-TiO2 and PVA- TiO2-Dopamine membrane was observed to
have a TSS of 10 mg/ L, showing a removal efficiency of 87.5 %.
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TDS for the un-treated waste water was found to be around 1000 to 1100 mg/L. TDS of water treated
with PVA membranes showed a TDS removal efficiency of 9.09 %. For PVA- TiO2, showed a removal
efficiency of 14.55 %, Likewise the TDS of water treated with PVA- TiO2 - Dopamine was found to be
800 mg/L, the removal efficiency was found to be 27.3 %.
COD for un-treated wastewater samples was found to be 326 mg/L. COD of waste water treated with
PVA membrane was found to be 264 mg/L, showing a removal efficiency of 19.02 %. Water treated
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with PVA-TiO2 membrane was found to be 123.7 mg/L showing a removal efficiency of 62.06%, due
to advanced oxidation action of photocatalysis.
BOD5 of un-treated waste water was found to be 70-128 mg/ L. Water treated with PVA membranes
found to have a BOD5 of 103 mg/ L, showing a removal efficiency of 19.53%. TiO2 photocatalysis
reduced the BOD5 to 64 mg/ L, showing a decrease of 50% from initial concentration.
Water treated with PVA membranes found to have a Total count of 1500 cfu/ mLx103, showing a
removal efficiency of 50%. TiO2 photocatalysis reduced the Total colony count to 1100 cfu/ mLx103.
Addition of dopamine coating to TiO2 particles enhanced the microbial removal efficiency of
membranes up to 80% due antimicrobial action of Dopamine, the Total colony count of the water
treated with PVA- TiO2- Dopamine membranes was found to be 600 cfu/ mLx103.
Conclusions

•

TiO2- Dopamine Core- shell nano particles were successfully synthesized by
polymerization of Dopamine and subsequent coating on TiO2 Nano particles, as validated by
XRD and TGA analysis results.

•

PVA, PVA- TiO2, PVA- TiO2- Dopamine nanofiltration membranes were
successfully synthesized using phase separation method.

•

Suspended solids, Dissolved contaminants and microorganisms were
successfully removed up to considerable percentages from wastewater of paper and pulp
industry by nanofiltration, addition of photo-catalytic nano particles (TiO2 and Dopamine
coated TiO2) to the membranes enhanced the contaminants removal efficiency especially for
the dissolved impurities and microorganisms. As confirmed by TSS, TDS and Total colony
count results. Although BOD5 and COD values were removed to 60% by the addition of TiO2
nano- particles into the membranes, but the Poly-dopamine coated TiO2 particles increased
these values as due to highly functional nature of poly-dopamine it got carried away with the
residual organic matter in the filtrate. Future work must focus on the immobilization of polydopamine coating and to adopt removal mechanism of polydopamine from treated wastewater
must be adopted.

•

As Paper and pulp industry is one of the major consumers of water in
industrial water and consequently generates large quantities of waste water with high organic
loadings measured in terms of BOD and COD, Treatment process to remove the pollutants are
required not only to meet the water discharge limits but also to reuse water in the paper
manufacturing process so as to reduce the net water consumption of water per ton of paper
produced.
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Abstract
Polyetheretherketone (PEEK) is a stable semi-crystalline thermoplastic polymer with excellent thermal
and chemical properties that is used in a wide range of engineering applications, especially in the
biomedical application as human bone fixation devices. However, weak mechanical properties:
mismatching of elastic modulus to human bone, prevents PEEK from being used as a biomaterial for
bone implant material. In the present study, ionic liquid (IL), 1-ethyl-3-methylimidazolium acetate
[EMIM]Ac was used to modify multi-walled carbon nanotubes (MWCNTs) for the fabrication of PEEK
nanocomposites using internal mixer and compression molding processes. The mechanical properties
of the PEEK-MWCNTs nanocomposites were then evaluated using nanoindentation and a universal
testing machine (UTM). The mechanical test by UTM showed that the elastic modulus of PEEK
nanocomposites with 1 wt. % IL were more mechanically stable than those with higher IL
concentrations. These mechanical experiments were verified by nanoindentation, which revealed that
PEEK nanocomposites with 1 wt. % of [EMIM]Ac had maximum elastic modulus (7.35 GPa), which was
superior that than human cortical bone (7 GPa). Thus, the prepared PEEK nanocomposites with an
environmentally friendly approach can be used as a replacement for human bone implants.
Methodology
PEEK polymer and bioactive glass powder (BG) were obtained from Huaian RuanKe Engineering
Plastics Trade Co., Ltd., China. IL, [EMIM][Ac] (1-ethyl-3-methylimidazolium acetate, 98 % purity),
purchased from Sigma Aldrich., Germany, and multi-walled carbon nanotubes (MWCNTs) were
received under the trade name Ugent Tech SDN BHD, Malaysia, with a diameter of around 15 nm and
length of approximately 5 pm. All the materials were used as received without further treatment.
1 g of MWCNTs were physically mixed with IL (0-2 %) by agate mortar followed by the hot plate at 180
°C and 200 rpm for 2 h to prepare IL modified MWCNTs. The mass ratio between MWCNTs and IL
ranges from 1:0 to 1:2. The nanocomposites were prepared by direct mixing of PEEK (12 g), and BG
(1.2 g) powder to IL modified MWCNTs in an internal mixer at 350 C for 3 min and followed by
compression molding at 350 C for 10 min to prepare nanocomposites sheets. The fabricated
nanocomposites were characterized by universal testing machine (UTM) and nanoindentation tests.
Results and Discussion
The stress-strain curves of PEEK nanocomposites with different IL concentrations are shown in Figure
1a. It was cleared from the Figure that the tensile strength and elastic modulus of PMHEAc0 were 83
MPa and 5.45 GPa, which were raised to 84.5 MPa and 7.05 GPa for PMHEAcos, respectively. This
shift was attributed to the strong cation-n or interactions between IL modified MWCNTs and the PEEK
matrix [1-3], The highest tensile strength and elastic modulus of PEEK nanocomposites at 1 wt. % of IL
were attained. For 1 wt. % of IL, the tensile strength and elastic

47

modulus were 89 MPa and 7.35 GPa, which were 7.2 % and 40 % improvements relative to PMHEAco.
The decrease in tensile properties (elastic modulus; 7.25 GPa and 7.22 GPa for PMHEAc1.5 and
PMHEAc2) was observed at higher IL content, but less than that of PMHEAc0.5 due to the plasticization
effects of ionic liquids at higher concentration [4, 5]. In the previously reported literature, the styrenebutadiene rubber (SBR)-multiwalled carbon nanotubes (MWCNTs) nanocomposites were developed to
provide excellent MWCNTs dispersion and enhanced mechanical properties with the aid of IL as a
dispersing media [6]. It was observed that the tensile properties were diminished owing to the
plasticization effects of IL at higher concentrations.
To validate the UTM results, nanoindentation experiments were performed. Figure 1b shows the elastic
modulus of PEEK nanocomposites as a function of contact depth. For PMHEAc0, the elastic modulus
was 5.39 GPa, which was shifted to 7.05 GPa for PMHEAco s. At the same time, maximum elastic
modulus values (7.35 ± 0.04) were obtained for PMHEAci. This refers to the strong □-□ interactions,
uniform distribution, and enhanced compatibility between the MWCNTs and PEEK matrix. When the
composition of IL is more than 1%, the obtained values are less than that of PMHEAc1. This decline
may be ascribed to the plasticization of IL in PEEK nanocomposites [7, 8].
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Figure 1 a) Stress-strain curves of PEEK nanocomposites b) Nanoindentation plots of PEEK
nanocomposites
Conclusions
PEEK-MWCNTs with different loadings of IL were prepared using internal mixer and compression
molding processes. The comparative mechanical performance of the ionic liquid (ILs) modified
PEEK/MWCNTs/BG nanocomposites has been investigated. The UTM and nanoindentation results
showed that the elastic modulus of 1 wt. % of IL was 7.35 GPa (40 % more than that of PEEK
nanocomposites without ILs), which was superior to that of human cortical bone (7GPa). Moreover, the
elastic modulus was decreased by adding 1.5 wt. % and 2 wt. % of IL because of plasticization effects
of ILs. The current findings indicate that IL can be used as an effective and environmentally sustainable
reagent for the preparation of PEEK-based nanocomposites with enhanced mechanical properties for a
variety of exciting biomedical applications.
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Abstract
Niosomes are multilamellar vesicles, that efficiently deliver active substance into skin systemic
circulation or skin layers. They are used in topical drug delivery system to enhance the skin permeation
of active substance. So, the purpose of this study was to develop a niosomal gel of fusidic acid to
increase its skin permeation. Fusidic acid is used in skin and soft-tissue infections such as erythrasma,
impetigo, psoriasis etc. Different formulations of niosomes of fusidic acid were designed by varying the
cholesterol to surfactant ratio. Formulations containing fusidic acid, cholesterol, dihexadecyl pyridinium
chloride, span 60 or tween 60 were prepared by thin film hydration method in rotary evaporator. The
thin film formed in round bottom flask was rehydrated by phosphate buffer saline of pH 7.2. The
niosomes formed were characterized through entrapment efficiency, size, polydispersity index and zeta
potential. The S3 formulation containing span 60 showed the highest entrapment efficiency of
niosomes so it was incorporated into Carbopol gel. The pH was determined of niosomal gel of fusidic
acid at different temperatures. Spreadability, rheological and ex-vivo permeation studies were also
conducted. The results of ex-vivo permeation studies showed high permeation of fusidic acid when gel
was applied to an albino rat skin. According to the results and previous studies of niosomes, it can be
concluded that niosomes enhanced the permeation of fusidic acid through the skin.

Keywords : Niosomes, Fusidic Acid, Ex-vivo Permeation, Gel, Rotary Evaporator

Methodology

Different niosomal formulations of fusidic acid were prepared by varying surfactant to cholesterol ratios
(5:5, 7:3, 6:4). Niosomes were prepared using traditional thin film hydration method with slight
modification reported elsewhere (R. Agarwal, Katare, & Vyas, 2001). Two sets of niosomal formulations
(each set of 3 formulations) were prepared using Span 60 (S1, S2, S3) and Tween 60 (Ti, T2 and T3) as
surfactants with different molar ratios of cholesterol. Briefly, 400 pmole of surfactant/cholesterol in
different molar ratios (5:5, 6:4 and 7:3) were dissolved in 10 mL of chloroform. It was followed by further
addition of 20 mg of active fusidic acid and small amount (4.25 mg) of dihexadecyl pyridinium chloride
as charge inducing agents. The chloroform was removed at 66°C, under reduced pressure, using rotary
evaporator (Heidolph Hei VAP Rotary Evaporator, Germany). The chloroform removal was
accomplished at 120 rpm for one hour until formation of lipidic thin film. The flask was placed in
desiccator overnight to remove any trace of organic residue. The complete dried film was hydrated in
10ml phosphate buffer saline (pH 7.2) by hand shaking flask for half an hour.
Characterization of niosomes (Analytical tools)
FTIR was performed to assess possible physical interaction between fusidic acid, Span 60, Tween 60,
cholesterol and hexadecyl pridinium chloride.The entrapment efficiency of fusidic acid in niosomes was
determined using cooling centrifuge (Sigma 1-14, Germany).Vesicle size, PDI and zeta potential of
niosomes were determined by dynamic light scattering experiments (Zetasizer Nano ZS, Malvern
instruments, England).The morphology of fusidic acid loaded niosomes was evaluated using Scanning
Electron microscope (NOVA nanoSEM, FEI Japan)
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Results and discussion

Niosomes containing fusidic acid were scuccessfully prepared using thin film hydration technique.
Sorbitan monostearate (Span 60) and Polyoxyethylene sorbitan monostearate (Tween 60) have been
evaluated for their ability to form vesicles with different concentrations of cholesterol (50% to 30%
mol/mol). Table shows varying ratios of surfactants and cholesterol.
The success of drug delivery system depends upon amount of drug trapped by it and minimal wastage
of active moiety. The entrapment efficiency values were found to be 95.9-99.15% for the Span 60
formulations and 91-94.8% for Tween 60 formulations as given in Table 3. The entrapment efficiency of
niosomes developed from Span 60 showed increased values with decrease in cholesterol
concentration whereas it showed decreased values in case of Tween 60 niosomes. Formulation S3
showed the highest entrapment efficiency because the S3 formulation had the surfactant to cholesterol
ratio of 7:3 as shown in table 1, which means it has low cholesterol and high amount of Span 60. The
reason for this is that the increased cholesterol may compete with drug to be entrapped into bilayer and
decreased skin permeation (Balakrishnan et al., 2009).
Niosomes
codes

Surf: CHO

Fusidic acid Cholesterol
(mg)
(mg)

Span 60NS1

5:5

20

NS2

6:4

20

NS3

7:3

Tween NT1
60
NT2

5:5
6:4

NT3

7:3

Hexadecyl
pyridinium
chloride
(mg)

Span 60 (mg) Tween
(mg)

96.5

4.25

107.75

-

77.2

4.25

129.3

-

57.9

4.25

150.85

-

20

96.5

4.25

-

327.9

20

77.2

4.25

-

393.5

57.9

4.25

-

459.0

20

20

60

NS= Niosomes based on Span 60
NT= Niosomes based on Tween 60
Table: Composition of Niosomes loaded with Fusidic acid
The NS3 formulation of fusidic acid niosomes having highest entrapment efficiency was incorporated
into Carbopol gel and this niosomal gel formed was further characterized. Niosomal gel characterization
was done by checking their pH, rheology and spreadability. Its physical appearance was checked by
passing it between thumb and finger (Goyal et al., 2015). The consistency and homogeneity of
niosomal gel of fusidic acid was good with no coarse particles. It was white in color. The spreadibility
and rheology of formulation are important parameters as they influence adherence of formulation to the
skin (Goyal et al., 2015).
Conclusion:
Recently, niosomes have been studied by many researchers as a choice of topical drug delivery
system to enhance the skin permeation of drugs and their stability. This study was carried out to
prepare niosomal gel of fusidic acid and evaluate its skin permeation by ex-vivo permeation studies.
Fusidic acid is an antimicrobial drug which has proved to be effective in many skin diseases such as
psoriasis, impetigo, erythrasma etc. Niosomes are multilamellar vesicles composed of non-ionic
surfactant and cholesterol. They have many advantages such as better patient compliance, ability to
encapsulate large amount of drug and are used to formulate sustained release of drug. These
advantages have shown the promising role of niosomes in topical drug delivery system. The
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formulations were prepared with different ratios of cholesterol and surfactant. An ideal or best
formulation of niosome is said to be one that gives high entrapment efficiency. In this study, entrapment
efficiency was found to be cholesterol: surfactant ratio dependent. The six formulations of niosomes of
fusidic acid were made. The highest entrapment efficiency was calculated of S3 formulation. So, this
formulation was incorporated into Carbopol gel. The ex-vivo permeation studies of niosomal gel of
fusidic acid had shown increased skin permeation through the skin. On the basis of these results and
other studies conducted on niosomes, it can be concluded that niosomes play a promising role in the
field of topical drug delivery system.
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Abstract
In this research work, the effect of functionalized carbon nanotube (f-CNTs) on the mechanical
performance of glass-reinforced polymer composites (GFRPs) was investigated. Oxidizing carbon
nanotubes prepared f-CNTs in nitric acid and sulphuric acid to add oxygen as a functional group.
Utilizing the Lay-up technique, different composites of the glass fibres, polyester resin, and f-CNTs
were developed. The concentration of f-CNTs was varied from 0 wt% to 0.5 w% while keeping the
other component’s concentrations constant. Samples were prepared with optimized content of f-CNTs
obtained through a sequence of experiments. Tensile and Charpy impact tests were performed, and a
sample with 0.4 wt% f-CNT showed the highest tensile strength of 79 Mpa, showing a 31.66%
improvement from the control sample and impact energy of 1.6 J with 77% improvement.
Methodology
In the first step, f-CNT’s solution was prepared by treating CNTs with nitric acid and sulphuric acid
to the carbon surface; after treatment of these acids, the mixture was allowed to cool for some time.
Then this mixture was filtrated, and the remaining was washed with hot distilled water to remove the
acid solution until the PH reached 7 (This acid-modified CNTs is called f-CNTs). The f-CNTs were dried
at 100 C0 for one day and were added to methanol, and then ultrasonication process was employed for
1 hour to obtain f-CNT’s homogenous solution.
In the second step, samples were prepared using a polyester resin filled with filler solution (except the
control group, which contains 0% f-CNT) in a beaker. Beaker was placed on a magnetic stirrer at 100
rpm and 80Co for 30 min for proper dispersion of f-CNTs in resin and evaporation of methanol. Then
the solution was cooled for 30 min again, and then Methyl ethyl ketone peroxide solutions in
combination with cobalt as a curing agent were added and appropriately stirred. Glass fibre sheets
were cut in required dimensions and laid on a flat surface. Then the surface of the sheets was wetted
by the solution by using a brush or roller uniformly. These sheets were kept for 4-5 hours for proper
curing.
Results and Discussions
Tensile tests were performed according to ASTM D3039 on a universal testing machine, and
load-displacement curves for different concentrations of CNTs were recorded, as shown below in the
figure. The specimen was in rectangular sheets of dimension 250 x 20 x 2.5 mm at a 2 mm/min loading
speed[1]. The sample with 0.4wt % f-CNTs showed the highest tensile strength of 79 Mpa, showing a
31.66 % improvement from the control group (sample that does not contain fillers, i.e. at 0 wt%). As the
f-CNTs concentration increases, the strength of the sample increases, but after a certain point, the
strength decreases as shown in the figure, i.e., from 0 wt% to 0.4 wt% of f-CNTs, the tensile strength
increases from 60 to 79 Mpa but at 0.5 wt% it becomes reduced to 71.5 Mpa.

Fig.1 Effect of f-CNT’ concentration on tensile strength
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The impact tests, unnotched specimens of the dimensions 48 x 6 x 2.5 mm were cut from the sheets
prepared. These tests were performed on a pendulum impact tester, and values were obtained in the
form of energy absorbed by samples during fracture. The sample with 0.4% f-CNTs showed high
impact energy of 1.6 J, displaying 60% improvements from the control sample. The same is the case
with this at first increases with the increase in the concentration of fillers and then decreases.

Fig.2 Effect of f-CNT’s concentration on impact energy
CNT has high tensile strength and modulus and a high surface area that might create a possible
bonding between the resin and the reinforcement, increasing the tensile strength of composite[1].
Reduction in tensile strength and impact energy at high CNT loading might be caused by the presence
of voids in the composites because of the high viscosity of the CNT and resin mixture. This process
makes it harder for the mixture to wet the fibres. Agglomeration of nanofillers caused by the high
surface area might also lower the tensile properties of the composites[2]. The agglomeration of CNT
fillers has been reported to frequently cause void formations, which reduces the mechanical properties
of the glass fibre laminated composites.
Conclusion
This research aims to examine the increase in mechanical properties of glass fibre reinforced polymer
(GFRPs) composite by infusing f-CNTs through experimental work. This lay-up technique is to integrate
f-CNTs on the fibre surface by roller or brush uniformly. The conclusion of this work as follows
With the introduction of f-CNT, the tensile properties of GFRPs were significantly increased. At
0.1wt%, the tensile strength is enhanced by 3.33% from 60 Mpa to 62 Mpa, and at 0.4wt%, it is
increased by 31.66% from 60 Mpa, but at 0.5wt%, it is decreased by 10% due to agglomeration of
CNTs. Similarly, with the infusion of f-CNTs in GFRPs, the impact energy also increases up to a certain
point. At 0.1wt%, the impact energy is enhanced by 11.11% from 0.9 joules to 1.04 joules, and at
0.4wt%, it is enhanced by 77%, but at 0.5 wt%, it is decreased by 12.5% form peak value. Observation
shows that CNTs deposited on the fibre surface effectively expand interface area resulting in strong
interfacial bonding[3]; thus, these properties increased but at a specific point decrease due to
agglomeration of fillers and presence of voids in composite because of the high viscosity of the CNT
and resin mixture.
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Abstract
Catalyst-electrolyte interactions have been reported to influence the selectivity of electrochemical CO2 reduction
(CO2R) processes. We examined how interactions between different anions of choline halides (ChX, where X could
be Cl, Br, or I) and polycrystalline Ag foil affect the CO2R to CO selectivity. In this presentation, we will share some
insights regarding our recently published articles in ChemSusChem (Garg et al. 2021). In an H-type cell, specific
adsorption of halide anions limits the CO selectivity in the opposite order to their strength of specific adsorption at
the Ag foils (Cl- < Br- < I-) at potentials more positive than -1.0 V vs RHE. However, at more potentials more negative
than -1.0 V vs RHE, in-situ restructuring of Ag foil occurs from (a) dissolution of silver halide and (ii) subsequent
electrodeposition of dissolved Ag on the Ag foil, exposing higher index Ag facets relevant for CO2R to CO. This
restructuring phenomenon allows CO selectivity to reach as high as 97 ± 2% in ChI and 94 ± 2% in ChCl. We also
showed CO selectivity over 90% in ChX solutions at 150 mA cm-2 in a continuous flow electrolyzer. Our work
generates new insights to comprehend the interactions of catalysts with anions and provides a new technique to
alter the catalyst morphology.
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Abstract
The characteristics of clayey suspensions, majorly composed of quartz micro-particles, in the presence
of anionic and cationic polyelectrolytes were investigated using different techniques. In case of anionic
polyelectrolyte, it was observed that the optimum flocculant dose depends on the amount of cations
present in the system. At lower salinities, the supernatant remained turbid in all the experiments and
was, therefore, not a good measure for optimal anionic based flocculation. The equilibrium floc size at a
given shear rate was found to be independent on the shear history of the floc and only dependent on
the current applied shear. This was confirmed by both light scattering and rheological analysis. In case
of cationic polyelectrolyte, the optimum flocculant ratio (5-6 mg/g) corresponded to the ratio that gives
the lowest electrophoretic mobility for each clay concentration and to the ratio that gives the fastest
settling velocity for the highest clay concentrations (12-15 g/L), where static light scattering
measurements were not possible. All investigation techniques, therefore, proved to be good indicators
for predicting the optimum flocculant to clay ratio. The optimum flocculant to clay ratio was not always
corresponding to the clearest supernatant and the size of flocs at optimum dosage was dependent on
the mixing efficiency. The equilibrium floc size at a given shear rate was found to be dependent on the
shear history of the floc and the current applied shear. This was confirmed by both light scattering and
rheological analysis.
Materials and Methods
The clay used in all the experiments, referenced K-10.000, was purchased from the company VE-KA
(Werkendam, The Netherlands). Anionic and cationic polyacrylamide-based polyelectrolytes,
referenced as Zetag 4110 (medium anionic charge with high molecular weight) and Zetag 7587 (high
cationic charge with medium molecular weight) respectively, were supplied by BASF Company as a dry
powder. The suspensions of clay and flocculant, at the desired concentrations, were prepared with MilliQ water (conductivity <0.01 mS/cm). The particle size distribution (PSD) of the samples was measured
by the static light scattering (SLS) technique by means of a Malvern Mastersizer 2000. The flocculation
experiments were performed in a JLT6 jar test set-up provided by VELP Scientifica, Italy. The
suspensions were pumped through the Malvern Mastersizer 2000, with the help of a peristaltic pump,
from the mixing-jar to the Mastersizer and then back to the mixing-jar. The settling experiments were
carried out in 500 mL glass columns with a diameter of 4.5 cm and length of about 27 cm. These
experiments were performed for different clay concentrations, ranging from 1.75 to 15 g/L. The
electrophoretic mobility of the suspensions was measured using a Malvern ZetaNano device. The
mobilities were expressed in zeta potential units (Z) using the Smoluchowski formula [1]. The
rheological properties of flocculated clay suspensions were analyzed using a HAAKE MARS I
rheometer (Thermo Scientific, Germany) with vane-in-cup geometry. Structural recovery test [2] was
performed to effectively break the flocs and to analyze the structural recovery after shearing action.
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Results and Discussion

Anionic flocculant
Contrary to the flocculation with cationic flocculant (discussed below), it was noted that a substantial
amount of small particles (< 10 gm) remained in suspension over time, indicating that these small
particles were not taken up by the larger flocs. This was reflected by the higher turbidity of suspensions
having anionic flocculant, even at optimal dosage. The influence of shear rate on the floc size and the
reversibility upon shear was investigated and the results for suspensions flocculated with a polyanion
are presented in Figure 1a. These results (almost complete particle size recovery upon shear sweep)
are confirmed by the rheological studies, where the recovery was studied after a preshearing step. The
zeta potential showed a strong dependency on clay concentration only above 0.35 g/L. Below 0.35 g/L
of clay, the same (optimum) coverage of clay particles by the polyelectrolyte was achieved. This can be
explained by the low concentration of cations present in the solvent and, therefore, the strong
electrostatic repulsion between clay and polyelectrolyte particles (all negatively charged). Above 0.35
g/L, the binding of flocculant to the clay particles, for the given experimental time (a few minutes for
sample preparation and measurement), decreased as a function of clay concentration.
Cationic flocculant
During flocculation, the amount of small particles (<10 gm) was considerably reduced, indicating their
binding to the larger flocs. This was also reflected by the clarity of suspensions where large flocs were
observed in clear water. The influence of shear rate on the floc size and the reversibility upon shear for
suspensions flocculated with a polycation are presented in Figure 1b. These results (almost no particle
size recovery upon shear sweep) are confirmed by the rheological studies, where the recovery was
studied after a pre-shearing step. The zeta potential showed a strong dependency on both clay
concentration and flocculant concentration. It was found that for a given flocculant to clay ratio the zeta
potential becomes zero (indicating optimal flocculation) for the same ratio found by particle size
measurements (fastest flocculation and largest flocs observed). More information can be found in our
recent publication, see [3].

Figure 1: (a) Variation of equilibrium (steady state) floc size (D50) as a function of shear rate for clay concentration of 0.7 g/L with
0.5 mg/g of the anionic flocculant. The red circles represent flocs initially grown at a higher shear rate and the black squares
denote flocs initially grown at a lower shear rate, (b) variation of equilibrium (steady state) floc size (D50) as a function of shear
rate for clay concentration of 0.7 g/L with different amounts of cationic flocculant. The filled symbols indicate the flocs created at
the onset of experiments whereas the open symbols indicate the flocs already experienced shearing action. The dashed line
presents the Kolmogorov length scale.

Conclusions
It was found that all the experimental techniques agreed well with each other, and despite the wide
range of clay concentration and shearing level, general conclusions could be drawn. The presence of
cations in the water was determinant for the flocculation efficiency and flocculation dynamics of clay in
the presence of anionic polyelectrolyte. The shape of the flocs was found to be very elongated in
cation-poor water. The size of flocs obtained by the anionic flocculant is reversible upon shear, implying
that these are independent of shear history. The main reason for this reversibility is that the clay and
polyelectrolyte attach through cation bridging, which is a weak interaction. It remains to be seen, in
case of natural polyanions, if other forces for instance steric forces could play an additional
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role and lead to different aggregate structures and flocs of different sizes and strength. The large flocs
obtained by the cationic flocculant were formed by a strong electrostatic attraction and their shape and
size was extremely shear-dependent, making them history dependent: their properties depend not only
on the shear level but also on the time that a given shear is applied. The fact that flocs can reconform
under shear, i.e., become denser without loss of clay and polymer mass, has consequences in terms of
modelling, as aggregation models are based on the fact that particles can change their size upon
aggregation or break-up but not because of a change in volume without a loss of mass.
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Abstract:

The presence of water vapor is a shattering problem in various streams and its removal is a cumbersome
process in different applications, e.g., gas dehydration, compressed air drying, and dehumidification before the
air-conditioning systems. Membrane-based technologies have broad potential owing to their diverse practical
applications in different fields ranging from environmental monitoring and industrial processes to human
comfort. Engineering polymeric and mixed-matrix membranes present an efficient solution to these problems.
However, the mechanical stability issues and loss in vapor permeance over time lessen their use in such
applications.
Herein, I will show a strategy to fabricate membranes for this particular separation. An example is the use of
block copolymer membranes. The effect of tuning the morphology of commercially available block copolymer
on vapor separation will be presented. The self-assembled morphology formed with cylindrical hydrophobic
cores, and the hydrophilic coronas, formed ion-rich highways for fast water vapor transport (Fig. 1).

Figure 1: Electron micrograph images of membranes with ordered (left) and disordered (right) channel structures.
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Abstract

Dimension, composition and configuration are the primary aspects of semiconductor-based hybrid
heterostructures that govern their properties. To achieve desired functionalities within a single
nanoparticle system, numerous synthetic approaches are available which may be suitable for achieving
the target combination, but these can be complex and tedious. In this work, a simple seeded-growth
approach was employed to obtain an iron oxide-gold-cadmium sulfide (Fe3O4-Au-CdS) heterotrimer
with a unique morphology manifesting magnetic, plasmonic and semiconducting properties. In a
straightforward twostep synthesis process, Au-Fe3O4 dimer was injected as a seed into the Cd
precursor solution for the growth of one-dimensional (1D) kinked CdS-5 nanorods on it. The
synthesized Fe3O4-Au-CdS heterotrimer was tested in photocatalytic water-reduction reaction,
revealing its potential as a photocatalyst for the hydrogen evolution reaction (HER), where each domain
within the heterotrimer played a distinct role including light absorption, charge separation and magnetic
separation. A post-synthetic modification on the semiconductor part was also performed where kinked
CdS nanorod was cation exchanged with Ag2S leading to the formation of another heterotrimer of
Fe3O4-Au-Ag2S while retaining the same morphology and expanding the palette of heterotrimers.

Methodology

At first, the heterodimer of Au-Fe3O4 was prepared according to literature methods,1 where iron oleate
precursor was generated in situ from Iron acetylacetonate [Fe(acac)3] and oleic acid (OA) in the
presence of Oleylamine (OL-Am). Typically, Fe(acac)3 was mixed with OA, OL-Am and pre-made
oleylamine capped Au NPs2 (1 ml, 5 mg, dispersed in hexane). This reaction mixture was degassed
under vacuum at 110 °C for 60 min before it was heated up to 310 °C under a N2 blanket and leaving it
at this temperature for another 10 min. The final product was isolated by the addition of ethanol
followed by centrifugation at 5000 rpm for 3 min. The precipitated nanoparticles were dispersed in
CHCl3 and washed repeatedly with a methanol/CHCb (1:4 v/v) mixture until a clear supernatant was
obtained. Finally, these dimer nanoparticles were dispersed in CHCl3 as seed for the further
preparation of Fe3O4-Au-CdS trimer.
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In the next stage, CdO, OA and ODE (25 ml) were mixed in a 50 ml three-necked flask. The mixture
was degassed and placed under vacuum at 100 °C for 90 min. After being placed under an inert
atmosphere, the temperature was gradually raised to up to 260 °C, allowing the complete conversion of
CdO into Cd-oleate (colourless solution). In a separate flask, Au-Fe3O4 seed was degassed with ODE
and S for 30 min. The seed solution was then injected into the Cd precursor solution (at 260 C) and an
instant colour change was observed (colourless to olive green). After injection, the solution was allowed
to react for another 6 min before removing the heating mantle. Aliquots were taken out after 3 min to
monitor the growth of the CdS nanorods on the surface of the seed particles. The final product (trimer)
was collected by precipitating the crude solution with acetone before collecting it in toluene.

Results and Discussion

In a straight-forward two-step synthesis process, Au-Fe3O4 dimer was injected as a seed into the Cd
precursor solution for the growth of one-dimensional (1D) kinked CdS nanorods on it. The synthesized
Fe3O4-Au-CdS heterotrimer was tested in photocatalytic water-reduction reaction, revealing its
potential as a photocatalyst for the hydrogen evolution reaction (HER), where each domain within the
heterotrimer played a distinct role including light absorption, charge separation and magnetic
separation.
A post-synthetic modification on the semiconductor part was also performed where kinked CdS
nanorod was cation exchanged with Ag2S leading to the formation of another heterotrimer of Fe3O4Au-Ag2S while retaining the same morphology and expanding the palette of heterotrimers. Fig. 1
presents the schematic evolution of 1D CdS nanorods onto the Au domain of the Au-Fe3O4 seeds.

Fig. 1 Stepwise schematic representation of the formation of Fe3O4-Au-CdS trimer at 260 C with
respect to time. TEM images of aliquots obtained at 260 C after (a1, a2) injection of seed (b1, b2) 3
min and (c1, c2) 6 min respectively.

The unique kink, ribbon like structure, of the CdS nanorods Fig. 1c1 and c2 was attributed to the
presence of weak binding ligands in the solution, i.e. OA. In a conventional synthesis of CdS nanorods,
strong binding ligands of phosphonic acids are known to play an active role in the passivation of side
facets as compared to the end facets to facilitate its anisotropic growth.3-5 In this work, however, the
weak ligand of OA was used to act as the surfactant. Due to its weak binding strength, OA remained
flexible and prone to displacement on the surface of the nanocrystals, which may play a role in the
formation of kinked structures.6
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Conclusions

Rather than a complex series of reactions, a facile and well-understood seeded growth approach can
be applied to integrate magnetic, metal and semiconductor components into a one-particle system. A
systematic study of the synthesis parameters revealed the crucial dependence of the reported
heterotrimer, Fe3O4-Au-CdS, on Cd to S precursor ratio and the final reaction temperature. The trimer
has a unique shape with a kinked 1D CdS nanorod attributed to the weakly binding surface ligand, so
this method can act as a model for fabrication of other heterostructures with ease. When tested for
photocatalytic HER, the reported heterotrimer demonstrated promising activity towards its employment
as a catalyst where each component is playing a significant role. The Fe3O4 part brought the benefit of
magnetic separation, Au acted as a co-catalyst whereas CdS was actively responsible for
photocatalysis. The semiconductor part of the reported material was also subjected to postsynthetic
modification via cation exchange while retaining the kinked morphological feature. Thus, the formation
of this magnetic-plasmonic-semiconductor heterotrimer with such simplicity has opened the synthetic
entryway that can be incorporated to other heterotrimers of this nature.
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Abstract
Noteworthy research has been conducted for systematic treatment of solid waste coming from urban and
rural areas to meet the current environmental regulations for waste handling and disposal. However,
functional issues such as location and composition, affect the application of this feed into any Waste to
Energy process. Development of sustainable technologies for converting solid waste into value added
products as part of circular economy, which will also decrease the dependence on conventional resources, is
highly essential. In this study, the focus is on advanced technological solutions to convert such waste into
useful compounds finding commercial applications. This will pave the pathway to upgrade such waste using
integrated processes into energy, fuel, and chemicals, leading to employment opportunities with resource
generation globally.
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Abstract
Multivariate calibration based on Partial Least Squares (PLS), Random Forest (RF), and Support
Vector Machine (SVM) methods combined with variable selections tools were used to model the
relation between the near-infrared spectroscopy data of biodiesel fuel to its physical-chemical
properties. The cold filter plugging point (CFPP) and a kinematic viscosity at 40 °C of the biodiesel
samples and its blends were evaluated using spectroscopic data obtained with a near-infrared
reflectance accessory (NIRA/NIR-FT-IR). Therefore, one hundred forty-nine blends were prepared
using biodiesel from different sources, such as canola, corn, sunflower, and soybean. Furthermore,
biodiesel samples purchased from the Brazil South Region were added to the study. One hundred
samples were used for the calibration set, whereas the remaining samples were used as an external
validation set. The results showed that the SVM model with baseline correction + mean centering
preprocessing gave the best prediction for the CFPP, with a root-mean-square of error (RMSEP) equal
to 0.9°C. Among the models presented, the best result for predicting the kinematic viscosity at 40°C
was obtained by the PLS regression method using an interval selected by UVE with baseline correction
+ derivative preprocessing, with the RMSEP equal to 0.0133 mm2.s-1. The results in this work showed
that the proposed methodologies were adequated in predicting the biodiesel fuel properties. The Sum
of Wilcoxon Test Probability (SWTP) proposed and presented in this study was essential for choosing
the best model.
Methodology
Biodiesel samples were synthesized from different refined oils such as soybean, canola, corn, and
sunflower according to the procedure described in the literature [1]. A total of 149 samples were
prepared by mixing biodiesel from different sources to compose binary, ternary and quaternary blends,
including samples of each pure biodiesel provided by the supplier located in the Brazilian South
Region.
The kinematic viscosity at 40°C test was performed in a petroleum products kinematic viscosity tester
(Ray-265D, Raylabel Instrument Co.) according to ASTM D445. The cold filter plugging point
measurements were performed in a Tanaka AFP-102 according to ASTM D-6371.
The NIR-FT-IR spectra were achieved using an Infrared Spectrometer with Fourier Transform (PerkinElmer, model Frontier, USA) in the range 10000-4000 cm-1. Each spectrum is an ensemble average of
20 scans.
The PCA, PLS, Random Forest, SVM, and variables selection calculations were performed with R Core
Team [2]. The packages mdatools, rrcov, pls, plsVarSel, randomForest, enpls, sgPLS, e1071,
prospectr, and ellipse were also used in this work.
The Kennard-Stone algorithm was applied to split the NIR spectral dataset [3]. According to this
algorithm, the samples were divided into two datasets, 100 samples for the calibration set, and the 49
samples were used for the external validation set. For building the predictive models of the properties
studied, cross-validation contiguous blocks (with ten splits) were chosen. Some preprocessing was
tested in the matrix of near-infrared spectra, such as baseline correction combined with mean
centering, first derivative, and standard normal variate.
Results and Discussion
After constructing the model, four samples were removed because they showed a combination of high
residual values and high leverage in the model. It was the criterion adopted to remove samples with
atypical behavior, which was confirmed with the Robust PCA. The Robust Principal Components
Analysis was applied to a security tool to ensure that removed samples by PCA were correctly
identified as outliers. After PCA analysis, 145 remaining samples were divided into two sets, the
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calibration (100 samples) and validation (49 samples), using the selection Kennard-Stone (KS)
algorithm.
First of all, it is worth pointing out that viscosity data was used after applying the natural logarithm. PLS
and SVM models were built considering full spectra and the intervals selected by variables selection
based on algorithms and chemical information. The selected intervals based on the five spectral
regions: (1st) 9000-8000 cm-1, (2nd) 7500-6150 cm-1, (3rd) 5750-5700 cm-1, (4th) 5350-4900 cm-1, and
(5th) 4370-4260 cm-1, since they presented information about functional groups characteristic of
biodiesel. On the other hand, the intervals selected based on algorithms were: ensemble PLS (enPLS),
sp (sPLS), interval partial least squares (iPLS), variable importance in projection (VIP), genetic
algorithm (GA), and uninformative variable elimination (UVE). The paired Wilcoxon test was chosen to
compare the residual values between the models [4].
Due to the difficulty of predicting kinematic viscosity, since it is a property of nonlinear behavior, several
authors have used more robust tools, such as variables selection or nonlinear techniques, for the
prediction models of this property. Thus, this study also needed to apply variables selection and
nonlinear techniques such as Support Vector Machine and Random Forest. When comparing the
models by SWTP obtained for kinematic viscosity prediction models, the UVE PLS derivate model was
selected as the best model, which showed RMSEP equal 0.0133 mm2.s-1. For the CFPP prediction
model, the best result was obtained using SVM for interval 5 with baseline correction + SNV
preprocessing and 52 support vectors, which showed RMSEP equal to 0.8 °C.

Conclusions
Summarizing, the results of this work are presented as follows:
1. Results indicated that NIR spectroscopy is a valid tool for predicting these parameters in biodiesel
samples, with errors similar to the maximum errors allowed by the experimental error. 2. Suitable
models for predicting biodiesel fuel properties based on near-infrared (NIR) spectroscopy data using
the partial least squares (PLS), random forests (RF), and support vector machines (SVM) techniques
were built.
3. For kinematic viscosity, the best model was the UVE PLS derivative with RMSEP equal to 0.0133
mm2.s-1.
4. For CFPP, The SVM was considered the best prediction model, with 52 support vectors and lower
SWTP and RMSEP (0.8°C) values.
5. Random forest model prediction for the CFPP and viscosity were considered important methods
since they presented low RMSEP values with intermediary SWTP values and without systematic error.
6.
The methodologies proposed in this study proved helpful for monitoring the quality of biofuels,
mainly because it is a quick, non-destructive, and inexpensive analysis.

References
[1] Gulum M, Bilgin A. Measurements and empirical correlations in predicting biodiesel-diesel blends’
viscosity and density. Fuel 2017; 199:567-77. DOI: 10.1016/j.fuel.2017.03.001.
[2]
R Core Team. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, 2016.
[3] Kennard RW, Stone LA. Computer-Aided Design of Experiments. Technometrics 1969; 11:13748.
DOI: 10.2307/1266770.
[4]
Cunha CL, Torres, AR, Luna AS. Multivariate regression models obtained from near-infrared
spectroscopy data for prediction of the physical properties of biodiesel and its blends. Fuel 2020,
261:116344. DOI: 10.1016/j.fuel.2019.116344

65

BIOMASS LIQUEFACTION IN SOLVENT:
HOW TO CHANGE BIOMASS-TO-SOLVENT RATIO?
Hassan Zeb

ICACES 2021

E-mail: hassanzeb.ieee@pu.edu.pk
Institute of Energy & Environmental Engineering, University of the Punjab, Lahore 54590, Pakistan

Abstract
Biomass is being extensively studied to produce biocrude which can be used as an alternative to
naturally occurring crude petroleum. Variation of parameters such as reaction time, temperature,
biomass particle size, type of solvent etc. is of core importance in a quest to obtain the biocrude having
similar characteristics as off crude oil with maximum yield. Amount of solvent during liquefaction studies,
conducted in the presence of a solvent, is usually represented as biomass-to-solvent (BS) ratio.
However, several inconsistencies have been observed in literature regarding the definition of BS ratio.
This work targets fixing of definition of BS ratio for future references. In this study, BS ratio was varied in
three different ways; first by changing the amount of biomass only, then by changing the amount of
solvent only and then at then end by changing both the amount of biomass and that of solvent. With the
increase in BS ratio brought by changing the amount of biomass, there was a decrease in bio-oil yield of
79.5 to 60.0 wt%. However, for the same increase in BS ratio brought by changing the solvent amount, a
significantly higher decrease in bio-oil yield from 79.5 to 37.8 wt% was observed. This was because
changing the amount of solvent brings about a greater change in system pressure and hence affects the
product yield and composition more than that brough about by changing the amount of biomass.
Materials and Methods
Liquefaction experiments were conducted on Macroalgae biomass (Saccharina Japonica) using ethanol
as solvent in a batch autoclave reactor of 140 mL net internal volume. Reaction temperature, residence
time and heating rate were fixed at 400 °C, 45 min, and 15 °C/min respectively. After the experiments,
products were collected as solid (char), liquid (bio-oil) and gas which were analysed both qualitatively
and quantitatively.
Results and Discussion
When the BS ratio was altered from 0.05 to 0.17 by bringing the change in amount of biomass from 3.68
g to 11.35 g (by fixing the solvent amount at 66 g), the yield of bio-oil first increased marginally from 71.8
to 79.5 wt% with the increase in BS ratio from 0.05 to 0.10 and then decreased to 60.0 wt% as the BS
ratio was further increased to 0.17. Similarly, the yield of solid residue kept on increasing from 19.3 to
21.3 wt% with the increase in BS ratio from 0.05 to 0.17. For the case of changing solvent method, the
amount of ethanol was decreased from 66 g to 13 g (by keeping the amount of biomass constant at 6.62
g) which brough about the change in BS ratio from 0.10 to 0.50. This change in BS ratio (from 0.10 to
0.50) significantly affected the process and decreased the yield of bio-oil from 79.5 to 11.3 wt% which
can be attributed to a lack of solvent required for effective depolymerization. In thermochemical
liquefaction processes, solvents play an important role to dissolve the components of biomass as well as
to keep the fragmented organics into the liquid phase.
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These fragmented species are kept separated to avoid repolymerization which helps increase
the liquid yield [1 - 4]. Similar effects on solid residue yield were observed as the BS ratio was
increased from 0.10 to 0.50 by altering the amount of solvent. The yield of solid residue
increased from 21.6 to 39.9 wt% which implied the lack of solvent in this process result in
incomplete conversion of organic species.
Conclusions
The comparison of altering the BS ratio by two different methods studied in this work showed
the changing the amount of solvent during thermochemical liquefaction process does not only
change the BS ratio but also it affects the system pressure a great deal. Hence it is suggested to
change the amount of biomass rather than that of solvent in order to bring a change in BS ratio.
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Abstract

The research is focused on the fabrication and characterization of super-hydrophobic transparent thin-film
coating to enhance the long-term mechanical and chemical stability and durability of the surface. Silica
nanoparticles (Si-NPs) were first synthesized by the Stober process and then were functionalized to create
a super-hydrophobic surface with trichloro (methyl) silane (TCMS) as the coupling agent. The modified SiNPs were then associated with a mixture of poly (vinyl alcohol) (PVA) and methylethyleketone (MEK). The
Si-NPs were used for the coating of selected substrate materials i.e., plastic and hemp fabric surfaces,
using dip-coating and paintbrush methods. Topographical and morphological characteristics of the
developed functionalized Si-NPs coatings on plastic and fabric surfaces were investigated through
scanning electron microscopy (SEM) and (AFM). X-ray diffraction (XRD) revealed the existence of Si-NPs
on the surface. The surface hydrophobicity was measured experimentally through water contact angle
(WCA) and water sliding angle (WSA) analysis. The largest WCA on fabric and the plastic slab was
measured as 176.79° ± 3° and 171.91° ± 4° while the measured WSA for these substrates were 5° ± 1°
and 3° ± 0.5°, respectively. The maximum optical was achieved 89% for the plastic slab. The coatings
associated with PVA showed the best results for super hydrophobicity and durability.
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Abstract
Natural Gas when extracted from the ground contains a lot of impurities especially acid gases and
must be treated before it can be used by the customers [1]. One of the simplest and common process
used for this purpose is the absorption by Amine solution and are one of the intrinsic system of gas
plant [2]. Process use an alkanoamine solution in the absorption tower where gas bubbles through it
leaving behind acid gases[3].
Amine solution is continuously regenerated and circulates in closed loop system. A large amount of
energy is required in this process[4].
To optimize this process and conserve energy, simulation model has been developed using Aspen
Hysys. Several tests including Gas composition, Amine strength and loading etc. were conducted to
verify the simulation model with actual plant parameters. After verification of model, optimization and
sensitivity analysis was carried on different plant parameters to determine optimize plant parameters.

Results of this simulation provided an Optimized set of plant parameters which resulted in an additional
gas sales saving which leads to additional revenue if the plant is being operated on the proposed
optimized parameters.

Methodology
For the purpose of this research, a detailed research on suitable process simulator was carried out to
suit the need for modeling of a Gas Sweetening (Amine) plant. For this discussion with industry experts
and study of relevant research papers were carried out. As a result of this, Aspen Hysys was selected
as it is widely used in Oil and Gas Industry and proven to be one of the best to predict correctly
according to industry process engineers. After that, plant model was developed in Aspen Hysys and
actual plant parameters were used as boundary conditions for simulation and subsequent verification
for accuracy of model. Following test were carried out to verify the model and match them with actual
plant conditions:
1.
2.

Gas composition
Amine Strength & Loading

Multiple Simulation were carried out for verification of model and further analysis was carried out for
optimized set of parameter. Furthermore, Cost impact analysis of plant was also carried out to see the
cost impact for running the plant on optimized parameters.

Results and Discussion
Simulation Model developed in Aspen Hysys was verified with a maximum of 7% deviation. Following
table is showing the summary of the results in comparison of the actual plant parameters:
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Actual Plant Parameter Aspen Hysys Parameter

%
deviation

Methane

65.93

65.553

1%

Nitrogen

17.97

18.29

2%

Carbon Dioxide

6.96

7.459

7%

Table 2: Comparison of Simulation vs Actual Plant Data

After comparison of the actual and Aspen Hysys parameters, research was carried out for acceptable
level of deviation, past research papers were referred. Researchers have accepted results ranging up
to 15%, since this simulation has a maximum error of 7% so it was taken acceptable and further
simulations were carried out based on this model.

Sensitivity analysis was carried out step by step. First of all sensitivity analysis was carried out on
Amine circulation rate as in Amine based Gas sweetening plant most of the energy is consumed in this
process. Optimization of this parameter will result in most of the energy savings. Therefore a lot of time
is spent in optimization of the Amine Circulation rate. Multiple simulation studies and models were
developed to optimize the circulation rate to as low as possible and optimal circulation rate was
determined with CO2 limiting to maximum of 3% as per the requirement / Gas specification. This had
resulted in reduced reboiler duty which indirectly translated into gas savings which will be sold as sale
gas for additional revenue.

After determination of the optimal circulation rates, other parameters were analyzed which may result in
energy saving and may further optimize the process and overall energy consumption of the process
decreases. Simulations were carried out and an optimal set of parameters were determined resulting in
further decrease of reboiler energy consumption.

Another big energy consumption is at the multistage pumps installed in the plant. Further simulation
studies were carried out with residual margin in the plant parameters to optimize the pump performance
as well, therefore GPMs were decreased to best efficiency for reducing energy consumption. This
resulted in further decrease of the energy consumption and indirectly results in more gas sales due to
gas saving. Optimal results were obtained on ~ 54 % amine concentration and ~ 2100 GPM.

Using the optimized parameters, effect of the amine temperature at the inlet of the absorber was
simulated for further optimization of the overall process. Results depicted that increasing the amine
inlet temperature diminishes the CO2 absorption process and increase the product Gas yield.
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Conclusions
A simulation model has been developed using Aspen Hysys based on the Plant actual parameters with
a deviation of approximately 7%. Based on this model, optimization and sensitivity analysis was carried
out on key plant operational parameters.

It is indicated that decrease in the circulation rates leads to the diminished absorption of CO2 and
results in increase in product gas yield rate. Product gas increases by optimizing circulation rate and
reboiler duty greatly decreased resulting in Gas saving.

It is also indicated that decrease in the Amine concentration rates improved CO2 absorption and
decrease in product gas yield. However, this also impacted increase in other plant parameters which
has its own adverse effects / implications in the plant operation. Based on the product gas yield, plant
operational experience and outlet CO2 limit simulation optimal concentration was obtained for efficient
plant operation.

Furthermore, decrease in the amine inlet temperature results in the increased absorption of CO2 and
decrease in product gas yield. This is an opportunity to process more gas from the absorber (base on
design). However this is usually limited by the ambient temperature and plant design parameters

More than $2.0 million savings / additional revenue is forecasted if the plant is being operated on the
proposed optimized parameters.
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Abstract
Polystyrene has important and exclusive mechanical, physical and chemical properties which make it feasible for
various applications. It has vast range of applications in food packaging, telecommunication, building insulations and
electronics industry. Whereas, this has caused serious threats to the land and marine environment. It accumulates in
the ecosystem causing various pollution and waste management threats. Moreover, naturally it is unable to
decompose. In the present work polystyrene Fe-ZnO/Clay nanocomposites were successfully prepared by co
precipitation method. Nanocomposites were prepared with five different loadings ranging from 0.01 – 0.05 g of FeZnO /Clay which were analysed before and after soil burial of 30 and 60 days. Nanoparticles as well as the prepared
nanocomposites were undergone various chemical and physical investigations including X-ray Diffraction
(XRD), Thermogravimetric Analysis (TGA), Scanning Electron Microscopy (SEM), energy-dispersive analysis (EDX),
Fourier Transform Infrared (FTIR), Elongation and Tensile strength Test. The IR spectra show a change in the
molecular groups of composites after 60 days of soil burial which indicated oxidative degradation in samples with
high particle loading. Similarly, SEM image revealed nanoparticles with average particle size of 183nm uniformly
distributed along the nanocomposite layer. It also indicated a significant variation in the physical structure of the
films. EDX analysis revealed a change in the chemical composition of the sample with highest nanoparticle loading
after 60 days of soil burial. Consequently, the decrease in elongation and tensile strength after soil burial reflected
the breaking of polymer chain, reduction in molecular weight and the production of free radical ions. All these factors
caused deterioration of mechanical properties. Overall, the nanocomposite films with highest nanoparticle loading
shown improved biodegradation as compare to pristine polystyrene.

Methodology
Fe-ZnO/ Clay nanoparticles were prepared through co precipitation method. The initial chemical was 0.01 M FeSO4
the rusting of the solution was cleared out through 3ml of H2SO4. 0.01 M ZnSO4 was then mixed. 3g Kaolinite clay
was added in the solution and stirred for 30 mins. 1L 0.04 M NaOH was dropped in the solution at the rate of 1 drop
per 5 sec with continuous stirring. The particles were filtrate out through filter paper and followed by 2 step drying.
Firstly, in furnace at temperature of 110C for 24 h along with oven drying at 500C for 3 h.
Polystyrene layer was prepared with 1g per sample fine powder of polystyrene used in food packaging available in
market. Pure polystyrene powder was dissolved in 3ml lemon oil to get homogeneous mixture solution. Afterwards,
the clear solution from the flask was transferred to the petri dish which was then placed for drying at room
temperature for 24 hours. The simple drying was followed by oven drying for 3 hrs at the temperature of 60C. The
films were then peeled off from the dish.
After the formation of nanoparticles through co precipitation and ex situ process. Fe- ZnO nano particles in solution
form were incorporated in already prepared film solution through simple dipping. Samples were prepared with the
loading of 0.01, 0.02, 0.03, 0.04, and 0.05 g Fe-ZnO clay partices.
The soil sample analysis was done to measure the organic nature and potential microbial activities. the analysis
includes testing of pH, Soil conductivity, Total Nitrogen, Total Carbon and Total organic of soil taken from 1ft below
the ground surface.
After composite formation all the 06 samples along with one polystyrene standard sample the composites were
buried in soil at the depth of 1ft. Each composite film was cut down in to 3 equal weight parts. One portion was
analysed at 0T and other two were analysed at the intervals of 30 and 60 days.
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Results and Discussion

In the present work polystyrene Fe-ZnO/Clay nanocomposites were successfully prepared by incorporating
nanoparticles prepared through co precipitation method. The particles were incorporated through simple
dipping. Nanocomposites were prepared with five different loadings ranging from 0.01 – 0.05 g of Fe-ZnO
/Clay. One film was prepared of pristine polystyrene as a control for comparison. The conclusions based on
all the experimental results are drawn as following:
1.

Environmental analysis of soil into which the samples were buried for 30 and 60 days was done. The
analysis including pH, Conductivity, Total Nitrogen, Total Carbon and Total Organic Content revealed
that soil was quite organic and has good potential for microbial activity.

2.

TGA, XRD, FTIR, SEM and EDX analysis proved the successful preparation of Fe-ZnO/Clay
nanoparticles.

3.

FTIR, TGA, SEM analysis of polystyrene revealed smooth structure with high thermal stability and
standard peaks for polystyrene.

4.

The FTIR of samples of nanocomposites revealed the no sharp peak and complete deformation of
polymer chain of samples after 60 D of soil burial. The IR spectra show a change in the molecular
groups of composites. The spectral domain ranging from 1680 cm-1 to 1840 cm-1 represents the C=O
bond stretching, which indicates the oxidative reactions and through this one can indicate oxidative

degradation in the samples.
5.

The 10μm resolution SEM image shown that the nanoparticles were uniformly distributes along the
polymer film and blending of all the components was perfect. The figures revealed that the
nanoparticles of Fe-ZnO/Clay of average particle size 183nm were distributed uniformly along the
nanocomposite layer. The SEM image of film with highest nanoparticle loading reflected a significant
variation in the physical structure of the film as well.

6.

The EDX analysis shown a change in the chemical composition of the sample with highest Fe-ZnO/
Clay nanoparticle loading after 60 days of soil burial as well. There was a significant increase in the O
content showing the oxidation of the sample which indicates the oxidative degradation of the sample.

7.

As far as the mechanical testing is concerned, the decrease in tensile strength and elongation
indicates the degradation and breaking of polymer chain, reduction in molecular weight and the
production of free radical ions. All these factors cause deterioration of mechanical properties.

Conclusions

The plastic waste is among the major causes of environmental issues across the globe. Moreover, nature is
unable to decompose and get rid of the waste on its own. The complex chemical structure of polymers resists
the microorganisms to degrade them. On the other hand, the world-wide plastic production is increasing day
by day at a faster rate which is increasing the amount of plastic waste in the environment as well.
Furthermore, the landfills have less space now to accommodate the durable polystyrene waste. The
recycling of the waste is economically unfeasible as it requires high transportation and processing cost. The
option of incineration can cause serious health threats due to the emission of harmful gases in the
environment. In this way the only option left is to increase the biodegradability by introducing some
biodegradable packaging. Recently scientists are working on the ways to enhance the polystyrene
degradation through nano composites but to date there is a wide research gap in the studying the
biodegradability of polystyrene nanocomposites. The study will play a vital role is assessing the degradation
of polystyrene clay Fe-ZnO/clay Nanocomposite which will ultimately open doors for sustainable and
environmentally friendly food packaging.
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In the present work polystyrene Fe-ZnO/Clay nanocomposites were successfully prepared by co precipitation
method. Nanocomposites were prepared with five different loadings ranging from 0.01 – 0.05 g of Fe-ZnO /Clay
which were analysed before and after soil burial of 30 and 60 days. Nanoparticles as well as the prepared
nanocomposites were undergone various chemical and physical investigations including X-ray Diffraction (XRD),
Thermogravimetric Analysis (TGA), Scanning Electron Microscopy (SEM), energy-dispersive analysis (EDX),
Fourier Transform Infrared (FTIR), Elongation and Tensile strength Test. The IR spectra show a change in the
molecular groups of composites after 60 days of soil burial which indicated oxidative degradation in samples with
high particle loading. Similarly, SEM image revealed nanoparticles with average particle size of 183nm uniformly
distributed along the nanocomposite layer. It also indicated a significant variation in the physical structure of the
films. EDX analysis revealed a change in the chemical composition of the sample with highest nanoparticle
loading after 60 days of soil burial. Consequently, the decrease in elongation and tensile strength after soil burial
reflected the breaking of polymer chain, reduction in molecular weight and the production of free radical ions. All
these factors caused deterioration of mechanical properties. Overall, the nanocomposite films with highest
nanoparticle loading shown improved biodegradation as compare to pristine polystyrene.
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Abstract
Biopolymers are frequently utilized as bio-fillers, derived from renewable resources, for preparing highperformance green elastomers owing to their reinforcing action. These bio-fillers are used for producing
environmental-friendly elastomeric blends for medical, textile, biosensors, and various other
engineering applications. A novel technique is developed in this study for the processing and
vulcanization of blends containing high water/moisture content. In this study, millable polyurethane
(MPU) blends were prepared with gelatin and nano-silanized silica that were concurrently incorporated
in rubber as hybrid bio-filler by utilizing conventional melt blending technique at a processing
temperature of 40oC and rotor speed of 50 rev/min in Brabender-Plasticorder mixer followed by
vulcanization of blends by the novel developed technique. This study deals with the up-gradation of
mechanical, thermal, and morphological features of elastomeric bio-blends for their utilization in realtime green engineering elastomeric applications. Nano-silanized silica was incorporated as a
compatibilizer for gelatin compatibilization with rubber. The modification of bio-filler with a silane
coupling agent was also accomplished which increased the bio-filler-to rubber interaction. Tensile
testing was accomplished to determine the performance of the bio-blends under loading. The
enhancement of mechanical properties was attributed to the reinforcing nature of gelatin incorporated in
millable polyurethane. Thermal analysis revealed the stability of bio-blends at considerably high
temperatures. The study of surface morphology was accomplished by utilizing optical microscopy.

Methodology
Melt blending as an effectual technique [1] was utilized to prepare environment-friendly polyurethane
rubber blends with gelatin by using nano-silanized silica as a compatibilizer. The design of experiment
(DOE) method was adopted to acquire optimized formulations to prepare green blends. According to
the optimum formulation, the premixing and compounding were accomplished by using Brabender D47055 Plasticorder, as an advance internal mixer, operated at 40oC with 50 revs/min. Millable
polyurethane was munched in the Brabender mixer for the time of 30 seconds. Gelatin gel was then
incorporated into the mixer and the mixing was allowed to last for 10 to 12 minutes to ensure proper
mixing. Further mixing for 2 to 3 minutes was accomplished after the incorporation of other curatives
and additives that are; TBBS, zinc oxide, and vulcanizing agent (sulfur). The processed compound from
the Brabender mixer was obtained after the proper blending of compounding ingredients with rubber.
The compounds were acquired by drying prepared blends in a drying oven at 80oC for a halfhour before
passing them through the two-roller mill. The dried compounds were tested for cure data by using a
moving die rheometer. Dried compounds were then passed through the two-roll mill with the smallest
possible nip gap and the thin sheets of uncured compounds were prepared. The thin sheets were dried
at 120oC for 15 minutes in the drying oven and then immediately compression-molded without
exposure to the atmosphere at 160oC for t90. The perfectly cured sheets of blends were acquired.
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Results and Discussion
Shore A hardness values of crosslinked rubber MPU/gelatin/nano-silanized silica blends were
determined for four specimens (0 phr, 10 phr, 20 phr, and 30 phr gelatin) by utilizing a durometer. The
specimen was tested for hardness at several points and average hardness values are acquired to be
76, 81, 84, and 89 for the above-mentioned specimens respectively. The increase in gelatin content
increased the hardness of blends as the addition of gelatin resulted in the reduction of elasticity of
rubber chains and made rubbery chains stiff and rigid which appeared as increased hardness [2]. The
incorporation of nano-silanized silica as a compatibilizer in blends can also contribute to the increase in
hardness owing to the stiffness imparted by nano-silanized silica in the blends. The thermal stability of
various specimens was determined by utilizing the melting point apparatus. Testing was conducted
from 160oC to 650oC temperature but after 410oC all of the specimens were observed to be completely
decomposed and turned into ash (Fig). The test results manifested the maximum temperature stability
of specimens up to 410oC. The digital microscope was utilized to acquire the micrographs of cured
specimens at 1000X magnification to study surface morphology. Optical microscopy is a
characterization technique usually employed to view a specimen closely by using a magnification lens
with an exposure of the specimen to visible light [3]. The optical micrographs revealed no visible
surface agglomeration of bio-filler in rubber. The better dispersion and distribution reveal the proper
reinforcing action of bio-filler. Micrographs for various specimens revealed the uniform surface
morphology of bio-filler in the rubber matrix.
The tensile strength up to 20 phr of gelatin was 20.89 MPa which was the highest observed tensile
strength. The increase in tensile strength up to the 20 phr of gelatin was attributed to the reinforcing
nature of gelatin with MPU rubber. The increase in tensile strength is owing to the reinforcing nature of
bio-filler that permits the load transfer from rubber to bio-filler [4]. With 20 phr gelatin, the elongation
was 908.67%. The elongation was increased owing to the elastic nature of gelatin incorporated in
rubber [5].

Figure: Thermal behavior of green elastomeric blends S1 (0 phr gelatin), S2 (10 phr gelatin), and S3
(20 phr gelatin)

Conclusions
The bio-blends having enduring flexibility, strength, high-temperature stability, high morphological
performance with all other obligatory properties were prepared by inexpensive and excessively utilized
melt blending technique followed by adopting a novel developed technique for the compression
molding of blends with high water content. The moisture content issue faced during the compression
molding of specimens was resolved by adopting a novel compression molding technique. MPU blends
with different ratios of gelatin and nano-silanized silica, incorporated as hybrid bio-filler in MPU, were
characterized for their mechanical, thermal, and morphological properties. Incorporation of hybrid biofiller in MPU reinforced MPU as shown by the mechanical characteristics. Hardness and density values
were acquired for each specimen. Digital optical microscopy revealed
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high surface morphological properties of green bio blends. Thermal analysis of MPU blends revealed
up to 360oC thermal stability of these gelatin-based MPU blends. The high mechanical performance of
these blends revealed uniform dispersion and distribution of filler into the rubber matrix which resulted
in the proper filler reinforcement. The increase in mechanical properties was depicted in terms of the
increase in hardness of the prepared bio-blends. This increase in the mechanical features was
attributed to the increase in compatibility in-between the hybrid filler and elastomeric materials owing to
the presence of nano-silanized silica.
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Abstract
CDI (Capacitive deionization) is a recently developed electrochemical technique used for the
desalination of saline-water in which porous carbon is applied as an electrode substance for the ion
adsorption process. In this work, a comparison is presented for operating system of CDI (constant
voltage (CV), constant current (CC), and hybrid CV-CC) in terms of effluent concentration, water
quality, water recovery and energy consumption. A mathematical model of hybrid CV-CC was
derived to desalinate the ground water for selected cities of Pakistan like Lahore, Sheikhupura, and
Faisalabad. The selected sample of water was tested for TDS values from Pakistan Council of
Scientific and Industrial research, Lahore. The design frame work for this mathematical mode was to
produce pure water with high water recovery, low energy consumption, and renewable power
generation using the PV modules selected as power source. The selected samples of Lahore,
Sheikhupura, and Faisalabad were desalinated through CDI system from 745 ppm to 158 ppm, 622
ppm to 126 ppm, and 3120 ppm to 367 ppm according to WHO standard. Furthermore, the power
calculations for PV system were designed as 176, 135 and 1125 watts for Lahore, Sheikhupura, and
Faisalabad, respectively. The power and effluent concentration has been calculated through Mathcad
software by using operational parameters like flow rate, capacitance, dead volume, spacer volume,
series resistance, applied voltage, and cell voltage. The PV modules designed on PVsyst software
on the basis of input power required and provided a brief description about performance ratio,
orientation optimization, loss factors, normalized production, monthly analysis report, PV module,
and battery specifications. The results of PVsyst showed that the PV panels will provide sufficient
energy in all seasons for 8 hours working with batteries, but in summer season the panels will
provide more energy than the load. This PV integrated CDI system optimized energy consumption as
well as reduce environmental impact.
Introduction
The world population is increasing day by day and about 7 billion of people living on earth [1]. By the
report of United Nations 2004, the world population is believed to be going to 10 billion [2]. The
necessary factor of human life is pure water and it is utilizing in every aspects of human needs like
10% for industrial utilization, 20% for domestic use and 30% for environment [3]. The water
consumption and increase in population has direct relationship; as the increase in the population at a
tremendous rate also increases the pure water demand and availability. According to World Health
Organization, the value to be accepted for the total dissolved solids (TDS) in pure water for human
utilization is less than 500 ppm [4]. Therefore, the new methods for obtaining the pure water from
different sources (i.e., groundwater, brackish water, and sea water) is very necessary. There are
various systems like membrane distillation, thermal distillation and electrical desalination that are
utilizing frequently depends on its applications and energy utilization. The electro dialysis (ED) and
capacitive deionization (CDI) are used as an alternative for the low salinity water distillation. Both of
these systems uses the direct current (DC) to remove ions from the feed solution but the principle of
operation is different. ED removes ions through ion-exchange membranes from one solution to
another but CDI uses one solution to remove ions. The energy consumption of ED is more than CDI
for the given amount of feed water [5]. So, the main concern is capacitive ionization.

Methodology
The substantial steps that need to be followed starts with the location selection and input parameters,
design, simulation, analysis, power calculations, design of PV panels and cost analysis. The quality
of water is different for different location. Three location of Punjab cities (Faisalabad, Sheikhupura,
Lahore) of Pakistan were selected for determination of the total
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dissolved salts in the ground water. The water sample from the selected locations are collected and
tested to determine the salts and impurities in it. The CDI system design was performed in the
MATHCAD software. On the basis of the input parameters, the results of simulation were analyzed
and the permeate TDS was compared with the WHO standards. The PV system is designed for
power purpose. The PV system has been designed in PVsyst software. After designing and
analyzing PV CDI system, the cost analysis has been performed.

Conclusions
The results obtained after desalination process by using CDI system has excellent efficiency and
capacity for the purification of ground water samples of selected cities of Pakistan. The selected
samples of Lahore, Sheikhupura and Faisalabad were desalinated through CDI system from 745
ppm to 158 ppm, 622 ppm to 126 ppm and 3120 ppm to 367 ppm according to WHO standard.
Furthermore, the power calculations for PV system were designed as 176, 135 and 1125 watts for
Lahore, Sheikhupura, and Faisalabad, respectively. The results of PVsyst showed that the PV panels
will provide sufficient energy in all seasons for the working for 8 hours with batteries, but in summer
season the panels will provide more energy than the load. This PV integrated CDI system optimized
energy consumption as well as reduce environmental impact.
Future Work
The water quality data of most of cities of Pakistan are not available in the literature. The different
cities can be selected for study of PV CDI feasibility. Experimental analysis of the system's
performance and water productivity may be considered. The long-term analysis may be done to
collect the system performance data. The feasibility report can be presented for same geographical
regions. The study of sea water CDI desalination may be considered for the different cities of
Pakistan.
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Abstract:
BNT-ST ceramics are promising candidates for replacing lead free (PZT) piezoelectric materials with
potential of outstanding dielectric and ferroelectric characteristics [1, 2]. In this work
0.74(Bi0.5Na0.5TiO3)-0.26(SrTiO3) BNT-ST and Niobium substituted (Nb-BNT-26ST) ceramics were
synthesized by solid-state reaction. The Niobium substitution was confirmed by XRD analysis and
further analyzed by Raman spectra. SEM analysis along with XRD and Raman helped understand the
effect of Nb substitution on the grain growth and the structure within the selected composition range.
Electromechanical properties of BNT-26ST ceramics initially increased with the addition of Nb peaking
at Nb 0.5wt% and further decreased with increasing Nb content. Temperature dependent dielectric
spectrums showed that Td decreased because of Nb substitution. The composition 0.5 wt% Nb yielded
maximum strain Smax of 0.28% (rtgg ~ 600 pm/V) at electric field of 5 kV/mm at room temperature.
Saturation polarization is maximized at 26 pC/cm2 at critical concentration of Nb 0.5%. The peaks
became more diffuse and the depolarization temperature decreased with the increasing Nb content.
The results from the work concluded that Nb doped BNT-26ST is an excellent material for high
temperature, stable, lead free piezoelectric devices.
Methodology:
The piezoelectric ceramic was prepared by solid state reaction using using the reagent grade oxides
and carbonates (Alfa Aesar GmbH, Karlsruhe, Germany). The bismuth (III) oxide (Bi2O3; 99.975%),
sodium carbonate (Na2CO3 ; 99.9%), titanium dioxide (TiO2 ; 99.9%), niobium pent-oxide (Nb2O5 ;
99%) and strontium carbonate (SrCO3 ; 99%) were measured following the stoichiometric formula
0.74(Bi0.5Na0.5TiO3)-0.26(SrTiO3)- yNb. It was then ball milled with ethanol for 24 hours and dried for
12 hours at 90oC. The obtained powder was then calcined at 850oC for 2 h and again ball milled with
ethanol for 24hours before mixing with PVA binder and making compact pallets. Pellets were sintered
at 1150oC for 4 h. The sintered pellets were deposited with silver paste and heated at 700oC for 30
mins to made into working electrode [3]. The X-ray diffraction X-Ray (XRD) (JEOL JDX-60PX) using
Cu-Ka radiation (A=1.5406 A) was carried out for structure analysis and confirmation of Nb doping. The
microstructure and morphologies were investigated using field emission gun scanning electron
microscope (SEM) (Hitachi, FE-SEM S-800). Wayne Kerr Precision Impedance analyzer was used to
investigate the dependence of Dielectric properties. P-E hysteresis loops were measured using a
modified Saw-Tawyer circuit at 0.1 Hz. Field-induced strains were measured using a contact-type
displacement sensor.
Results And Discussion:
The XRD peaks of pure and Nb added ceramic confirmed that the homogeneous mixture of BNT-26ST
ceramics was prepared after Nb addition with no impurity peaks. The analysis further shows the
existence of cubic (SrTiO3) and rhombohedral (Bi0.5Na0.5TiO3) phases. FE-SEM showed dense
microstructures for all samples with average density of 95%. Decrease in average grain size was also
observed after Nb doping. The raman spectra confirms the Nb5+ (atomic radius 0.69 A) substitution at
octahedral sites (TiO3) by displacing Ti4+ (atomic radius 0.61 A). Increasing Nb content results in more
distortion which declines the ferroelectric behavior as confirmed by further testing [4, 5]. The dielectric
constant vs temperature curves showed that the peaks broadened with increasing Nb with the
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peak shift to low temperature region. The dielectric permittivity showed high diffusiveness which can be
attributed to the higher degree of relaxation [6], Piezoelectric charge coefficient (ri33) decreased form ri33
~ 600 pm/V at Nb 0.5 wt% to ti33 ~ 150 pm/V at Nb 5 wt%. the decreasing behavior of Er is similar to ti33.
The temperature dependent polarization hysteresis loops show the gradual decrease in Pr decreased
with increasing temperature. Ferroelectric characteristics disappeared at high temperatures and material
behaved like conventional dielectric material. The strain vs electric field graph shows that the strain
increased with Nb substitution at Nb 0.5 wt% and then decreased with further Nb content. The
composition 0.5 wt% Nb yielded maximum strain Smax of 0.28% with significant drop in Sneg compared
to pure BNT-ST.

Conclusion
In this BNT-26ST ceramics were successfully synthesized by solid state reaction. The detailed
investigation of dielectric, ferroelectric and strain characteristics with temperature were performed. It
shows that Nb substitution increased the electromechanical properties until the optimum concentration
of Nb 0.5 wt% with further increase in concentration decreasing the properties significantly. The
research concludes that Nb 0.5 wt% BNT-26ST is the promising candidate for lead free ceramic
material for piezoelectric application.

References:
1.

2.
3.
4.
5.
6.

J. Rodel, K. Webber, R. Dittmer, W. Jo, M. Kimura, and D. Damjanovic, J. Eur. Ceram. Soc.
35, 1659 (2015).
C. Ma, and X. Tan, Solid State Commun. 150, 1497 (2010).
Y. Hiruma, Y. Imai, Y. Watanabe, H. Nagata and T. Takenaka, Appl. Phys. Lett., 2008, 92,
262904.
H. Khemakhem, A. Simon, R. V. D. Muhll and J. Ravez, J. Phys.: Condens. Matter, 2000, 12,
5951-5959.
D. Wang, X. Ke, Y. Wang, J. Gao, Y. Wang, L. Zhang, S. Yang and X. Ren, Phys. Rev. B:
Condens. Matter Mater. Phys., 2012, 86, 054120.
K. N. Pham, A. Hussain, C. W. Ahn, I. W. Kim, S. J. Jeong and J. S. Lee, Mater. Lett., 2010,
64,2219-2222.

81

Replacement of liquid electrolyte with Polyaniline/Multi-walled carbon nanotubes
(PANI/MWCNTs) based solid-state electrolytes for efficient and stable third-generation
Dye-sensitized solar cell (DSSCs)

Sultana, M1, Mehmood, U*2
Presenting author’s e-mail: Marvamsultana40@qmail.com Corresponding Author: E-mail address:
umermehmood@uet.edu.pk
12

Polymer and Process Engineering Department, University of Engineering and Technology, Lahore,
Pakistan

Abstract

The most significant factors for the commercialization of dye-sensitized solar cells (DSSCs) are stability
and energy efficiency. It should be able to withstand 108 turnovers equivalent to a 20 years disclosure
to sunshine without apparent degradation. Its overall stability relies on the type of electrolyte used. The
liquid electrolytes show higher efficiency, but they may restrict outdoor applications at elevated
temperatures owing to their higher volatility. Thus, solid-state polymer-based electrolytes (PEs) have
been developed. This type of electrolytes exhibits some advantages such as higher thermal stability,
lower volatility, and superior contacting and filling properties between photoanode and counterelectrode (CE) than liquid electrolytes. While, the polymer electrolytes show high technological interest,
but their practical use encounters acute problems such as inferior conversion efficiencies and weak
electrode-electrolyte electric contact. Therefore, Conductive polymer composite electrolytes have been
prepared to be effective in enhancing ionic conductivity, improved mechanical stability, and improving
interfacial contact with an electrode. PANi/MWCNTs composites were synthesized using an in-situ
polymerization process and then characterized using X-Ray Diffraction techniques, SEM and Fouriertransform infrared spectroscopy. In the next step, synthesized PANI/MWCNTs composites were utilized
as base materials in the preparation of electrolytes and then characterized by ionic conductivity. Finally,
the solar cells were fabricated by employing these newly synthesized electrolytes and then
characterized by electrochemical impedance spectroscopy analysis, open-circuit voltage, and shortcircuit current density. The obtain results depicted that the MWCNTs contents in the electrolyte strongly
affect the overall photovoltaic performance of solar cells. The performance and stability of DSSCs with
PANI/MWCNTs composites electrolytes were also compared with devices based on commercially
available liquid electrolytes (Iodolyte Z-50, a SOLARONIX Product). The devise with PANI/MWCNTs
composites electrolytes showed superior performance compared to devised based on commercially
available liquid electrolyte. As a result, developing PANI/MWCNT-based electrolytes is a viable strategy
for improving the photovoltaic efficiency and stability of DSSCs.
Methodology
Synthesis and characterization of PANi/MWCNTs composites
PANi/MWCNTs nanocomposites were synthesized by in-situ polymerization technique. A specific
amount of MWCNTs were dispersed in HCL by sonication. On the other hand, separate solutions of
ammonium per sulfate (APS) and aniline were also prepared by dissolving their specific amounts in
HCL. Later, all the three solutions were mixed and kept stirring at low temperature (-5oC) for 24 hours.
After that green precipitates of PANi/MWCANTs were filtered, washed, and then dried at 40oC for 24
hours [1]. Thus, all the synthesized composites of different (MWCNTs wt.%) composition was
characterized by SEM, XRD, and FTIR.
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Synthesis and characterization of electrolyte
Polymer electrolytes (PEs) were prepared by using (PANi/MWCNTs) composite as a base material at
different conditions. Such as PC (Propylene carbonate) and EC (Ethylene carbonate) were mixed in
equal amount (each 2g) at 45°C with 300 RPM stirring for 10 minutes. After that specific amount of salt
KI (Potassium Iodide) were added in PC and EC solution at 80°C with 450 RPM stirring for 60-80
minutes for homogenous solution formation. A constant specific amount of PANi/MWCNTs composite
were added with the same stirring rate (450RPM) for 90-120 minutes till homogeneous formation. Then,
iodine in pellets form were added in each formulation with temperature raised to 120°C for 1520
minutes with continuous stirring [2]. The ionic conductivity was calculated by using conductivity meter
(HANA HI-8733).
Fabrication and characterization of solar cell
DSSCs was fabricated through standard procedure; 0.05 mM of N3 dye solution was prepared in
methanol [3]. A TiO2 semiconductor paste was deposited on FTO (Fluorine-doped tin oxide) substrate
and subsequently heated at 450°C for 30 minutes [4]. After cooling, the coated substrate was dipped in
the dye solution for 24 hours. Counter electrode was prepared by dip coating method. Platinum based
CE was prepared by depositing Pt-paste on conductive glass substrate and was heated at 450°C for 15
minutes. Electrolyte was inserted between counter electrode and photoanode.
Open-circuit Voltage (VOC), Current-density factor (JSC), Fill-Factor (FF), and Power-conversion
efficiency (PCE) were found out by current-voltage (I-V) characteristic technique.
Results and Discussion
XRD analysis

The XRD study of pure PANi and nanocomposite of PANi/MWCNTs is shown in Figure 1. The sample
of pure PANi in this figure has two distinct peaks: a sharper one at 25.6° and less intense at 9.01°.
PANi/MWCNTs nanocomposite containing 2 wt% of MWCNTs have four peaks: a sharper one at 23.6°
and the other three are relatively less intense at 9.12°, 15.3°, and 21.22° respectively. PANi/MWCNTs
nanocomposites, containing 5 wt% of MWCNTs shows four characteristic peaks: a sharp peak at
25.65° and other three peaks are relatively less intense at 9.10°, 15.4°, and 21.10° but sharper than
2wt% MWCNTs curve. The addition of PANi in MWCNTs causes a minor broadening of the peak as
shown in Figure 1 [5]. The development of a nanocomposite was explained by the minor broadening
and intensity reduction in peak of PANi/MWCNTs from pure PANi peak points, according to this figure.
As a result of the XRD findings, the PANi/MWCNTs nanoparticles adhesion has been verified.

Figure 1: Analysis by XRD of pure PANi and nanocomposite of PANi/MWCNTs comprising 2% and
5% of MWCNTs.
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SEM analysis

Figure 2 shows SEM images of PANi/MWCNTs nanocomposites and pure PANi. Fig. 2a shows that
pure PANi polymerized through in-situ polymerization has a bulky framework [5]. Nanocomposites of
PANi/MWCNTs, on the other hand, have a distinct morphology than their components (Fig. 2b). Figure
1b also demonstrates that the surface of PANi carries well-dispersed particles of MWCNTs, indicating
strong component adhesion [6]. Fig. 2c shows that PANi/MWCNTs nanocomposite having 4 wt% of
MWCNTs carries proper dispersion and illustrates strong bonding between both constituents. Figure
2d, on the other hand, indicates that higher MWCNTs content (6 wt%) promote the cluster formation.
Thus, MWCNT nanoparticles agglomerate at high concentrations, obliterating the PANi/MWCNT
nanocomposites morphology [7].

Figure 2: SEM images of (a) Pure PANi, Nanocomposite of PANi/MWCNTs having (b) 2 wt%
MWCNTs, (c) 4 wt% MWCNTs and (d) 6 wt% MWCNTs.

Conductivity analysis

The conductivity results of bare PANi and polymer (PANi/MWCNTs) electrolyte using Iodine (I2) salt
give maximum value 193.1pS/cm at 0.5g concentration of salt. when concentration was further
increased supersaturation has occurred and the conductivity of electrolyte also started to decrease due
to agglomerate formation afterward [8]. Two criteria have been used to stop further, either
supersaturation or decrease in conductivity value after reaching to a maximum value.
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Figure 1: Conductivity results of PANi/MWCNTs based composite electrolyte by using different
concentrations of Potassium Iodide (KI).

Current-Voltage measurement

Under 100 mW/cm2 light intensity, the characteristics current-voltage (I-V) of assembled devices were
tested using the IV-5 solar simulator (PV measurement, Inc, class AAA). Table 1 summarizes all of the
corresponding photovoltaic parameters [9]. The photovoltaic parameters such as Jsc, Voc, FF, and
PCE of liquid electrolyte are 5.988 mA/cm2, 549.235mV, 57.31, and 1.88 respectively. While
PANi/MWCNTs nanocomposite-based electrolyte has the values of photovoltaic (PV) parameters like
Jsc = 5.890 mA/cm2, Voc = 493.651mV, FF = 56.04, and PCE = 1.63 respectively. Similarly, the PV
parameters of pure PANi illustrates the values of as Jsc = 5.328 mA/cm2, Voc = 394.754mV, FF =
52.55, and PCE = 1.11. Thus, IV-measurement of PANi/MWCNTs explains that the power conversion
efficiency (g=1.63) of polymer composite based electrolytes is far better than Pure PANi but it is
comparable to the parameters of liquid electrolyte [10]. This is due to incorporation of nanoparticles into
PANi which increases the ionic conductivity of polymer based composite electrolyte.
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Figure 2: Current-voltage curve pure PANi, PANi/MWCNTs, and liquid electrolyte under the light
intensity of 100 mWcm- 2

Table 1: Current-voltage parameters of DSSC with pure PANi, PANi/MWCNTs and liquid electrolyte
under simulated solar illumination
Sr.
No

1
2
3

Electrolyte
Current Density (Jsc)

Open Circuit Voltage
(Voc) mV

Fill Factor
(FF)

PANi

mA/cm2
5.328

394.754

52.55

PANi/MWCNTs

5.890

493.651

56.04

Liquid Electrolyte

5.988

549.235

57.31

PCE

1.11
1.63
1.88

Conclusions

In this study, it has been found that solid-state polymer-based electrolytes (PEs) for the stability and
energy efficiency of DSSCs are more advantageous than liquid electrolytes. They show high thermal
stability and low volatility as compared to latter. Conductive polymer-based composite (PANi/MWCNTs)
is synthesized and characterized correspondingly. The Scanning electron Microscopy (SEM) analysis
of PANi/MWCNTs illustrates the proper dispersion and adhesion between constituents. While X-ray
diffraction analysis of polymer-based nanocomposite exhibits about the formation of composite.
Likewise, conductivity analysis explains the ionic conductivity of electrolyte which decreases after the
addition of certain amount of salt due to supersaturation of salt or agglomeration of PANi/MWCNTs
constituents. Similarly, IV characteristic of PANI/MWCNTs composites electrolytes shows superior
performance compared to devised based on commercially available liquid electrolyte. Although its
result shows that the performance of photovoltaic cell base on PANi/MWCNT is comparable to those
based on liquid electrolyte. But liquid electrolyte has restricted outdoor applications at elevated
temperatures owing to their higher volatility. So, solid-state polymer-based electrolytes (PEs) have
been developed owing to its superior properties such as higher thermal stability, lower volatility, and
superior contacting and filling properties between photoanode and

86

counter-electrode (CE) than liquid electrolytes. Thus, solid-state polymer-based electrolytes (PEs) is
considering the superior one for the utilization in third generation Dye sensitize solar cell (DSSCs).
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Abstract
Peritoneal fibrosis (PF) is a common complication of longterm peritoneal dialysis (PD). Transforming
growth factor beta (TGF-p) regulates the expression of stromal cell-derived factor 1 (SDF-1a) and its
receptor C-X-C chemokine receptor type 4 (CXCR4) on human peritoneal mesothelial cells (HPMCs),
resulting in an increased migratory potential of HPMCs and extracellular matrix (ECM) deposition in the
scar tissue and eventually fibrosis. Because SDF-1a/CXCR4 activation has a vital role in the
pathogenesis of PF, codelivery of a CXCR4-receptor targeting agent with an antifibrotic agent in a
single nanocarrier can be a promising strategy for treating PF. Here, for the first time, AMD3100 (AMD),
a CXCR4-receptor antagonist, was coformulated with sulfotanshinone IIA sodium (STS IIA) into a
liposome (STS-AMD-Lips) to develop a CXCR4 receptor targeting form of combination therapy for PF.
CXCR4 targeting increased the ability of liposomes to target fibrotic peritoneal mesothelial cells
overexpressing CXCR4 and facilitated the ability of STS IIA treatment at the fibrotic site. The liposome
had an average diameter of 103 nm with encapsulated efficiencies of above 50%. The in vivo studies
confirmed the reversal of PD solution-induced epithelial-to-mesenchymal transition by STSAMD- Lips in
HPMCs and precise biodistribution of the liposomes to peritoneum. Significant reduction of the
morphological lesions and decreased level of ECM proteins were observed in rats treated with STSAMD-Lips, proving that the liposomal nanocarrier has excellent ability to reverse PF. It is concluded that
STS-AMD-Lips exhibit specific peritoneal targeting ability and could be used to improve STS-AMD
combination delivery for the treatment of PF.

Methodology
HPMCs (HMrSv5) cell line for cell viability, western blot and other in vitro studies, and Female BALB/c
mice (20-25 g) and SD rats were used for in vivo studies. Solvent evaporation and hydration method
were used to prepare the liposome. In brief, for Drug loaded liposome 75 mg phospholipid, 30 mg
cholesterol was well dissolved in a 40 mL solvents mixture of ethanol and dichloromethane (4:1, v/v).
AMD was added to this mixture of solvent. Zeta potential, particle size, and polydispersity index (PDI)
of the STS-AMD-Lips were evaluated by ZetaPlus (Brookhaven Instruments Corporation, USA). The
morphology and size distribution of STS-AMDLips were revealed by transmission electron microscopy
(TEM) with H-600 (Hitachi, Japan). The amount of AMD3100 and STS IIA in drug-loaded liposomes
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(STSAMD-Lips) were examined using a high-performance liquid chromatography (HPLC) system
(Waters Alliance Corporation, USA). The in vitro drug release of STS IIA and AMD3100 from the free
drug and liposomes was done by taking known quantity (1 mL) of the drug-loaded liposome (STS-AMDLips) in a dialysis bag. The cellular uptake STSAMD- Lips was examined by employing confocal laser
scanning icroscopy (CLSM) and flow cytometry together to confirm the CXCR4 receptor targeting
efficiency and reflect the intracellular mechanism of the liposomes. Pharmacokinetic study and
hematoxylin-eosin staining was conducted in SD rats treated with the liposome formulation. In vivo
imaging and bio distribution analysis was investigated in BALB/c mice treated with formulation.
Statistical analysis (Graphpad Prism 6) was performed using Student’s t-tests or analysis of variance
(ANOVA).

Results and Discussion
The TEM study shows that liposomes were reasonably uniform and sphere-shaped. The average size
of STS-AMD-Lips detected by TEM was about 100 nm. The size distribution was detected by the DLS
technique, which again granted a mean size of about 103 nm. It revealed a compact size because of
electrostatic forces between the negatively charged phospholipids used in liposome and AMD3100.
Liposomes of such dimension possibly favor the diminished sequestration by the phagocytic cells of
spleen and liver. STS-AMD-Lips have a negative zeta potential. This negative zeta potential was due to
the negatively charged phospholipids in the liposome. The positive charge on AMD3100 molecules
helps binding to the negatively charged phospholipids of the liposome by electrostatic interactions to
formulate STS-AMD-Lips. The results show that STS-AMP-Lips protected against PDS-induced PMC
injury. The pharmacokinetics parameter suggested that STS-AMD-Lips significantly sustained the
circulation time, as reduced the CL, increased the area under the curve (AUC), and increased the
Cmax of STS and AMD. Invivo imaging and biodistribution analysis result shows that IR780-AMD-Lips
exhibited more peritoneal targeting capacity because of a specific combination of AMD3100/CXCR4
interaction in PDS-induced fibrotic peritoneal cells. Treatment with STS-AMD-Lips significantly
decreases the number of TGF-p1+ cells than free-drug mix group in western blot analysis. Consistent
with the studies, the present results also showed that the expression of peritoneal TGF-p1 was largely
inhibited by STS-AMD-Lips. The STS-AMD-Lips administration significantly decreased the thickness of
the submesothelial compact zone and decreased cellularity induced y PDS + MGO. A significant
difference was seen between the PDS group and the STS-AMD-Lips group in the area of the
submesothelial compact zone. It demonstrated that STS-AMD-Lips attenuate PDS-induced fibrosis in
rats and improved peritoneal morphology.

Figure. Schematic Illustration of the Design and Mechanism of Action of STS-AMD-Lips in the T
reatment of PF, Peritoneal Administration of STS-AMD-Lips Achieves Superior Antifibrotic Effect Due
to Combining CXCR4 Antagonism and p38MAPK Inhibition. AMD3100 improves the STS-AMD-
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Lips ability to target HPMCs overexpressing CXCR4 and also assists STS IIA treatment at the fibrotic
site.

Conclusions
In summary, we developed a CXCR4-receptor-targeted liposomal nanocarrier that jointly delivers the
drug combination to PDS-induced fibrotic peritoneum. We evaluated the ability of the STS-AMDliposome to target CXCR4-overexpressing HPMCs and inhibit PF in vivo and in vitro. The STS and
AMD were efficiently loaded into the liposome. STSAMD- Lips showed satisfactory stability under
physiological conditions. STS-AMD-Lips were safely evaluated via body weight variations. The STSAMD-Lips displayed enhanced uptake by PDS induced fibrotic HPMCs because of the AMD3100facilitated CXCR4 targeting. Furthermore, CXCR4 antagonism assay and cell viability established that
STS-AMDLips completely antagonized CXCR4. Western blot results confirmed that the STS-AMD-Lips
efficiently attenuated the expression level of CXCR4, a-SMA, and p-p38 as compared with the freedrug mix. Additionally, in vivo studies showed that STS-AMD-Lips significantly downregulated the
expression of ECM proteins and attenuated peritoneal thickening and cell density in PDS + MGOinduced PF rats. These effects can endorse the specific peritoneal-targeting ability and enhanced
efficacy of STS-AMD-Lips.
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Abstract
Fossil fuel (FF) is still being used in many countries for power generation and transportation due to high energy
density, abundance and reliability. However, greenhouse gases (GHG) emissions from fossil fuels have become a
real challenge due to global warming. Several countries are putting efforts to reduce the GHG emissions via strict
regulations. Therefore, economic and environment friendly energy policies have become essential. Electric
vehicles (EV’s) are becoming widely popular now days which provide environment friendly alternative to
conventional fossil fuel vehicles. These fossil fuel vehicles are major contributors of CO2 in the environment and
by adopting EV’s CO2 emissions can be reduced up to considerable extent. Induction of EV’s in the system will
increase the power demand form electric grid which can affect the electricity cost. The objective of this work was
to provide the optimal energy mix for the power sector with EV’s induction into the system. For this a multi period
mixed integer programming (MPMIP) model was developed in General Algebraic Modelling System (GAMS) to
minimize the cumulative cost associated with electricity generation and reduce the carbon dioxide (CO2)
emissions. Effect on cost of electricity (COE) and CO2 emissions were investigated for EV’s induction into the
system, and the results were compared with the base case (i.e., without EV’s).
Methodology
A multi period mixed integer programming (MPMIP) model is developed in GAMS to minimize the COE with CO2
mitigation targets. Data is collected from different sources for model parameters. The problem dataset includes
fixed and variable O&M cost [1], fuel cost [2], heat rate of fuels [2], gross capacity, capacity factor [2-4], capital
cost [2], CO2 emissions [5], electricity demand [6], T&D losses, sales volume of motor vehicles [7], percentage of
EV’s penetration [8] and electricity demand of EV’s [9] etc. In this step, the data for all the 271 power plants was
collected from different sources. Finally, the developed optimization model was solved in GAMS using CPLEX
solver. All the required data was arranged in an EXCEL spreadsheet, and that was read by GAMS via GDX file. A
comprehensive superstructure model is developed. Model is then applied for EV’s penetration of 30% and results
are saved in EXCEL file, results include COE in each year, electricity production from each type of power plant
and capacity expansion required in each year.
Results and Discussion
Developed model is applied for EV’s penetration of 30% till the year 2030 and results are compared with base
case i.e. without EV’s in the system. COE follows the similar trend as of without EV’s in the system and there is
negligible change in cost of electricity. For summer average COE with EV’s is 1.42% higher the average COE
without EV’s. For winter, it follows the similar trend with negligible change. COE is higher in starting years as
minimum construction lead time is 2 years and power production was not possible from new proposed power
plants. The COE was decreased after summer 2022 because of the installation of new and cheap solar and wind
power plants. The increase electricity demand in 2022 resulted in increased dependence on furnace oil based
power plants, hence resulted in net increase in COE. The COE was then decreased in 2024 due to shutdown of
existing furnace oil based power plants. Moreover, the existing LNG based power plants were not selected
resulting in lower COE. The COE, for winter, was slightly increased during 2020-2023 as the optimizer preferred to
rely on the existing and new planned power plants due to lesser new proposed power plants and seasonal
variation. The COE remained constant from 2024 to 2029 for all cases.
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Figure 2 CO2 Emissions for Low GDP with and without EV's

CO2 emissions for all cases are shown in Figure 2 and were found on average 3.33% and
3.59% higher with EV’s for summer and winter, respectively. This is because of higher
electricity demand with EV’s which resulted in more power production and consequently
higher CO2 emissions. The trend of CO2 reduction due to induction of EV’s are presented in
Figure 3. Over the years up to 30% reduction in emissions can be attained from transport
sector and more than 34 MT of CO2 emissions can be reduced over the period of study.
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Figure 3 Comparison of CO2 emissions with and without EV’s induction
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The comparison of energy mix with and without EV’s induction is presented in Figure 4. Increase in electricity
demand because of EV’s is managed by generation from fossil fuel power plants while trends for non-fossil fuel
and hydroelectric remains almost same
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Figure 4 Comparison of optimal energy mix with and without EV's, (a) Summer, (b) Winter

Conclusions
From the results presented above, it can be concluded that induction of electric vehicles increases COE along
with increase in CO2 emissions. Overall, EV’s induction does not increase the COE and CO2 emissions
significantly and can cause reduction of CO2 emission in atmosphere if the reduction in CO2 emissions by
avoiding fossil fuel burning in transportation sector. Moreover, introduction of EV’s with greater percentage of
penetration in the system have more potential to mitigate CO2 emissions to the atmosphere.
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Abstract
Cannabis has been used since millennial times as a rich source of food, fibers and oil as well as for
medicinal, recreational or religious purposes [1]. Cannabis can be technically divided into two distinct
groups: marijuana and (industrial) hemp. The latter serves as an agricultural commodity, being valued
for its fibers and seeds and, more recently, for its non-intoxicating medicinal compounds, notably
cannabidiol (CBD) [2]. The presence of pesticides in CBD-derived products is a very challenging issue
nowadays, not only for hemp cultivators, but also for regulators, consumers or public health
researchers [3]. To this end, a considerable attention has been paid either on the large-scale
purification of CBD by liquid-liquid chromatography (LLC) or the ultra-trace detection of residual
pesticides in cannabis products, but not to the removal of the contaminants. Therefore, in this study a
systematic computer-aided approach for the selection of solvent systems for the simultaneous LLC
purification of CBD from hemp extracts and removal of specific-contaminating pesticides was
established [4].

Methodology
The theoretical screening of suitable biphasic solvent systems was performed with the help of a
thermodynamic model, namely Conductor-Like Screening Model for Realistic Solvation (COSMO-RS).
The partition coefficients (PCosmo-rs) were calculated with COSMOtherm (Version C30 Release 16.01,
COSMOlogic, Germany). The experimental partition coefficient (PEXP) values were determined by
shake-flask measurements. LLC separations were performed on a countercurrent chromatography
column, model HPCCC-Mini Centrifuge from Dynamic Extractions (Wales, UK), with a column volume
of 18.2 mL. All LLC experiments were carried out as pulse injections in descending mode (with lower
phase as mobile phase), at a flow-rate of 1 mL min-1. Feed samples were prepared by spiking hemp
extracts (5 mg mL-1.) with seven pesticides (50 ppm each). CBD and pesticides were analyzed by both
HPLC-DAD and LC-MS/MS.

Results and Discussion
By making use of the fully predictive thermodynamic model COSMO-RS, more than 20 ternary biphasic
solvent systems were initially screened with practically no experimental effort. The best solvent system
candidates for the LLC purification of CBD from hemp extracts were then experimentally validated in
shake-flask measurements. Three solvent systems were thus chosen: solvent system I: nheptane/methanol/water 4/3/1 v/v/v, solvent system II: n-heptane/acetone/water 2/5/1 v/v/v and solvent
system III: n-heptane/acetonitrile/water 5/3/2 v/v/v. The 59 pesticides regulated by the state of Oregon
in cannabis products were included in the next step with the aim to propose a classification system for
the most critical pesticides to obtain pesticide-free CBD fractions. Based on
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CBD/pesticide separation factors (calculated using both PCOSMO-RS and PEXP values), four critical levels
were proposed, as follows: highly critical (red-zoned) pesticides, medium critical (orange-zoned)
pesticides, low critical (yellow-zoned) pesticides and non-critical (green-zoned) pesticides. Since the
three solvent systems showed different selectivity, a guideline for the proper selection of the suited
solvent system candidate for the simultaneous LLC separation of CBD and removal of Oregon-listed
pesticides from particular hemp batches was proposed. To demonstrate the applicability and validity of
this approach, seven representative pesticides from the red, orange and yellow zones (ethoprophos,
fenoxycarb, kresoxim methyl, piperonyl butoxide, pyrethrum extract, trifloxystrobin and propiconazole)
were selected, spiked to hemp extracts and further subjected to LLC separations with each of the three
solvent systems. The results of the LLC experiments showed that the pesticide classification lists can
be accurately used to select the most promising solvent systems for the separation of the majority of
the contaminating pesticides.

Conclusions
A considerably high number of ternary solvent systems were screened in this work with the fully
predictive thermodynamic model COSMO-RS, with practically no experimental costs. Once the
chemical structure of a contaminating pesticide is known, it can be used as input data for COSMO-RS,
offering thus the possibility to extend the approach presented in this work to other groups of pesticides.
Based on the predicted separation factors, the user can already have an idea if particular pesticides
would interfere with the LLC separation of CBD. Furthermore, the proposed approach for the selection
of solvent systems could be used in separating other cannabinoids from different cannabis starting
materials contaminated with pesticides.
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Abstract
As the technology evolved properties such as flexibility and transparency improved, but increased
conductivity is desired, which is not achievable in the indium tin oxide (ITO) based electrodes currently
used in the industry. In contrast of ITO, silver nanowires (AgNWs) have attracted the great attention of
photonics community because of its superior conductivity, simplest and inexpensive solution-processed
synthesized film formation techniques for their use maintainable flexible electronic devices. Therefore,
we synthesized a silver nanowire-based electrode, which possess these properties enhance the
functionality of the transparent electrode.

Methodology
Raw Materials
Silver Nitrate (AgNO3), Iron chloride (FeCb), Titanium (IV) Butoxide, Polyvinylpyrrolidone (PVP) and
Ethylene Glycol (EG).
Experimental Procedure

Fig. 1 The flowchart for the formation of nanowires.
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Results and Discussion

We have synthesized the AgNWs via Polyol process. Then we have dispersed the AgNWs in ethanol
and deposited on conducting substrate using dip-coating technique followed by drying at room
temperature. Fig. 2 shows the scanning electron microscopy (SEM) image of long and interconnected
AgNWs without shaking the solution. Most of the produced wires had lengths between 50 to 60^m. In
the current work, the low reaction temperature and no-agitation have established a proper and real
growth atmosphere for the growth of very-long and interconnected AgNWs.

Fig. 2 FE-SEM image of long and interconnected silver nanowires.

Sheet Resistance and optical transmittances (as shown in Fig. 3) were also measured after the
successful growth of nanowires. A very low sheet resistance of about 14.5/sq at 85% of optical
transmittance was attained for the very-long AgNWs, which is the much better than commercially
available AgNWs electrodes. The obtained values are far greater than outdated ITO films.

97

100
90

70

60
AgNWs sybthesized by pylol process (14.5ohm/sq)
Commercially available AgNWs (24.5 ohm/sq)

40

400

600

800

1000

1200

Wavelength (nm)
Fig. 3 Comparison of sheet resistance and optical transmittance of AgNWs produced by pylol
process and commercially available.
Conclusions
The fabricated transparent conductive films can be as an alternative to the expensive ITO films.
A well-established lab scale method will be available for future development of transparent
conduction oxides.
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Abstract

Materials and Methods

Microwave Assistant Pyrolysis (MAP) of Thar Coal
and Tamarix aphylla blend with factors affecting
the yield, including biomass to coal ratio, heating
time and temperature investigated. MAP of coal
blended with biomass has not only produced oil of
high calorific value compared to raw coal (27.28
MJ/kg) and raw biomass (25.67 MJ/kg) but also
resulted in char of higher calorific value. Maximum
conversion obtained at high temperature
corresponding to high power of microwave oven
(gas yield 44%, conversion 60%). Whereas, max.
char yield (88 wt.%) and hence minimum
conversion (12%) obtained at 100% coal at low
temperature ≤150-400≥ °C (280W MP) at 30
minutes, indicating that coal was difficult to
decompose as compared to biomass. However,
blending of biomass with coal at 75% biomass and
25% coal produced minimum char yield of 62 wt%
showing that blending of biomass with coal helps
the decomposition of not only the biomass but also
the coal. Maximum oil and gas yield achieved at
medium temperature ≤250-650≥°C and high
temperature ≤550-1000≥ °C respectively with 90
mints time indicating higher temperature promote
bio oil molecules further breaks into smaller
of bio
gases.
➢molecules
70% of the
total
fossil fuel, primary energy source
worldwide is composed of coal and 36.4% of world
electricity is generated from it.
➢ Pakistan blessed with huge reserve of coal across
the country (about 186 billion tons), out of which
175 billion tons are only found in Thar comprising
of low ranked lignite coal.
➢ Major hindrances, besides being low in quality, are
the emission of pollutants during coal utilization.
➢ Bio mass containing a great alkaline mineral
content can be used as a catalyst during co-use
with coal.
➢ The highly volatile material of biomass helps to
change and upgrade fuel components during cousage in coal.
➢ co-usage can not only decrease coal-based
contaminants but also take a stair towards
pollutant free coal consumption.

Microwave Assistant Pyrolysis
Feedstock collection and preparation: Tamarix aphylla
(Khagal) wood from Southern Punjab Pakistan will be
collected and air dried under sunlight for 30 days.
Lignite coal of Thar coalfield will be taken from
Institute of Energy and Environmental Engineering.

Background

Figure 1: Coal & Biomass to bio oil

Grinding and mixing the bio-mass and coal with
different ratios and save 50 gram samples of different
ratios in polythene bags for experiment.
Sample feeding: After grinding and mixing, sample is
feed into MAP reactor (microwave pyrolysis reactor
made by modification of house hold microwave oven
PEL brand). Using MAP, bio-mass and coal blend can
be broken down to simpler chemical compounds. The
heat causes the sample material to break down into
different fractions bio-crude.
Extraction and analysis of products: Filtration process
takes place to separate the solids from products.
After solids removal from bio-oil; bio-oil and bio-gas
collected and save in jar separately for analysis.
Property analysis: Physical properties (Viscosity,
Density, Heating Value) and chemical properties
(sulphur, nitrogen, oxygen and carbon content and
Chemical Composition) of bio-oil obtained from MAP
study is determined by using CHNOS-Analyzer,
viscometer ,density meter and GC-MS.
HHV Calculation: HHV (higher heating value) of bio-oil
sample is calculated with the help of Dulong formula
using the weight of each bio-oil element.
Comparison with conventional fuel: Then, chemical
and Physical properties of bio-fuel will be compared
with Diesel and Natural Gas standard values.
Conclusion: Conclude the results from experiments
and calculation.

Research Objectives

➢

➢
➢

➢

Conversion of biomass Tamarix aphylla
(Khagal) to energy (Bio-fuel/Bio-gas). Study
of pyrolysis behavior of Khagal.
To study the co-pyrolysis of Thar coal &
Tamarix aphylla (biomass) in MW pyrolysis.
To optimize the reaction parameters like
residence time, coal-biomass ratios, and
microwave power to get maximum conversion.
To produce the maximum yield of better
quality bio-oil.

Results and Discussion

Effect of Pyrolysis Temperature
Total oil production increased from 6 wt.% to 40
wt.% when microwave pyrolysis temperature was
increased from 400°C to 650°C. This was due to that
high temperature of microwave pyrolysis promoting
the decarboxylation and dehydrogenation reactions
and a highly prone oil-producing material was
released [1, 2]. However, total oil production
decreased to 24 wt.% when pyrolysis temperature
exceeded 700°C. This may be due to the very high
temperature of the pyrolysis preferring secondary
decomposition of flexible components and lowweight hydrocarbons formation [2, 3]. Carbonization
at high temperatures can also contribute to lower oil
yields [1].

Figure 3: Effect of temperature on bio oil yield

Effect of Heating Time
Total oil production increased from 8 to 16 wt%
when the time was increased from 30 to 90 minutes
at a fixed temperature range (≤150-400≥°C). This
was due to the fact that a certain amount of heat
(holding) was required for the extraction of the
bitumen, and a longer heating period improved
pyrolysis and produced more oil [3]. Similarly oil
production increased from 16 wt.% to 40 wt.% when
the time was increased from 30 to 90 minutes at a
fixed temperature range (≤250-650≥°C). However,
the total oil production decreased from 22 to 16 wt.%
when heating time was increased by 30 to 90 minutes
with increase in temperature to (≤550-1000≥°C).
This is because very long temperatures on the other
hand tend to decompose in the chemical composition
of the oil and other components of the gas being
formed [2].
30 Mints

60 Mints

30 Mints

90 mints

Sample

Temperature °C

60 Mints

Conclusion

❖ Different sample ratio, temperature and time of
pyrolysis range increased the yield first and then
reduced oil yield at the end, and higher oil yield
was obtained from 100% biomass, pyrolysis
temperature of 650°C, and 90 minute time.
❖ By rising of MW power reaction time decreased,
by rise in residence time at constant temperature,
oil and gas yield rise and the yield of char reduced,
overall conversion was increased to achieve the
complete conversion of solid fuel.
❖ Oil yield were between 6-40% wt% and gas yield
were 8-60 wt.%.
❖ MAP would be an ideal technology for extracting
oil from brown coal rather than electricity heating
pyrolysis.
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≤550-1000≥ °C

Medium Temp.
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≤250-650≥ °C

Figure 4: Effect of heating time on bio oil yield

Figure 2: Microwave Assistant Pyrolysis Reactor.

Comparison of Oil yield, Gas yield and Overall
Conversion
The oil production was between 6.0 wt.% and 40 wt.%
of brown coal (Ther coal field) and biomass Tamarix
aphylla (Khagal tree) blends. The gas yield was between
8.0 wt.% and 44 wt.% from blend of brown coal (Ther
coal field) and biomass Tamarix aphylla (Khagal tree).
Over all conversion of solid fuel blend of coal and
biomass remain between 13% and 60%. Oil yield rises
with temperature and time at the maximum
temperature of 650 °C and after that the yield decrease.
The gas yield% rises with temperature and time.
Highest yield of gas is achieved at maximum
temperature and maximum reaction time. The overall
conversion increase with increase in temperature and
time and the maximum conversion takes place at
maximum temperature and maximum time.

90 mints

Sample

Over all

conversion %

100%B

High Temp.

Results and Discussion
(contd.)

Effect of Biomass to Coal Ratio
Oil and gas yield of different biomass to coal ratio
samples was almost same at the initial low
temperature and less reaction time. Bio-oil and bio
gas yield rises with increase of biomass in the sample.
Maximum oil yield is obtained with 100% biomass
with maximum reaction time and moderate
temperature ranges.

1. Chaffee AL, Perry GJ, Johns RB. Fuel 1983;62:303–10.
2. Mochida I, Moriguchi Y, Korai Y, Fujitsu H, Takeshita
K. Fuel Process Technol 1983;7:135–43.
3. Tyler RJ. Flash pyrolysis of coals. 1. Fuel
1979;58:680–6.
4. Reichel D, Siegl S, Neubert C, Krzack S. Fuel
2015;158:983–98.
5. Lin YC, Yang PM, Chen SC, Lin JF. Fuel Process
Technol 2013;115:57–62.
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Abstract

Absorption Refrigeration Systems (ARS) use low
grade thermal energy, which makes it an attractive
alternative to regular compressor refrigeration
systems (VCRS). To meet the required increasing
demand of energy, traditional and alternative
energy sources should be used effectively and
efficiently. In the present work, thermo-economic
analysis of the single stage ARS using the
correlations of overall heat transfer coefficient is
performed. Conventional constant values of heat
transfer coefficients available in literature cannot
be used with great accuracy, especially if the
solution is desired over large range of operating
conditions e.g., optimization. For this purpose,
single effect ARS operating with a LiBr–H2O
solution is considered. Both the thermodynamic
and economic models have been implemented in
MATLAB including all the constitutive correlations
for phase equilibria and thermodynamic
properties. It was observed that generator
contributes maximum towards capital expenditures
with around 39% while absorber is the largest
contributor towards heat transfer area with about
49%.stage LiBr-H2O based ARS consist of five main
➢Single
units: generator, absorber, condenser, evaporator, &
solution heat exchanger, as shown in Figure 1.
➢During optimization of ARS, researches have used some
constant values of heat transfer coefficients [2] [3].

Background

Heating
source

Cooling
water

Mechanical Engineering, Pakistan Institute of Engineering and Applied Sciences (PIEAS), Islamabad, Pakistan
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Materials and Methods

Results and Discussion

Mathematical Model
The details of the developed thermodynamic and
economic model can be seen from the literature [1]
[4]. The main feature of this work is that it includes
the detailed correlations of heat transfer
coefficients available in literature [4]. The model
data set includes working conditions, operating
temperature, heat exchanger effectiveness and cost
parameters. The model is implemented and solved
using MATLAB. Heat transfer coefficient (i.e., U) for
condensation over horizontally placed tubes is
given by equation (1) and the heat transfer
coefficient in pool boiling of water is given by
equation (2). The heat transfer coefficient for fluid
flow inside the pipes is calculated using PetukhovPopov equation (equation (3)). Wilke’s equation is
used for heat transfer coefficient in absorber
(equation (4)). The heat transfer coefficient in
generator
equation (5).
h*fg is
= given
h fg + cby
pl (Tsat − Ts )
1/4

 g l ( l − v )h*fg kl3 
hhorz = 0.729 * 
  (T − T ) ND 
 l sat s


 g ( l − v )   CP (Tsat − Ts ) 
q nucleate = l h fg 
 
n 

 s
  Csf h fg Prl 

(1)

Table 1: Input parameters.

Input Parameters

Tab (oC)

3

.

.

h=

Thermo-economic Analysis
Condenser has maximum exergy loss with around
33%. The comparison of heat transfer coefficient
value from correlations and constant value available
in literature [3] is shown in Table 2. The contribution
towards total heat transfer area is different than the
trends of cost expenditure. Absorber constitutes the
largest area (49%). The solution heat exchanger has
the least area of all the units. Table 3 shows that, in
general, the areas of individual units obtained from
correlations are greater than that obtained through
constant values of heat transfer coefficients. It is
found that the largest contributor of capital
expenditure is generator (39%). The costs of
absorber and evaporator are comparable as shown in
Table 4. The results are compared with the data from
literature[3] and a close agreement of values is found.
However, if the operating conditions are varied then
the results with heat transfer coefficient correlation
will be reliable as it will accommodate the effect of
varying parameters.

Tcond

(2)

q nucleate
Tsat − Ts

1.8
Pr1/3
( f / 8) Re Pr
Nu =
k1 + k 2( f / 8) 0.5 (Pr 0.667 − 1)

k 2 = 11.7 +

h=

k



Chilled
water

Cooling
water

Figure 1: Process description of single stage ARS redrawn from
Mussati et al.2016 [3].

Research Objectives

➢ To develop a thermo-economic model for the
single stage ARS.
➢ To compare the simulation results of ARS using the
correlations of design heat transfer coefficient
with some assumed constant values in the
previous published studies.

39.3

Tgen (oC)

86.5 Ti, gen (oC) 92.0 To, gen (oC) 92.0

Tevp (oC)

4.4

𝜖𝑝𝑢𝑚𝑝

0.95

Ti,chw (oC) 13.0 To,chw (oC) 12.9

η_HX

0.57 Qevp (kw)

50

8.1

Do (mm)

9.5

Units

Using
correlations

Constant HTC
[Mussati (2016)]

Generator

1.85

1.50

Condensor

2.54

2.50

Evaporator

2.63

1.50

Absorber

0.56

0.70

SHE

0.85

1.00

Table 3: Heat Transfer Area of Units.
Using correlations
for U

𝑔𝛽𝐷0 3 Pr( 𝑇𝑤𝑎𝑙𝑙 − 𝑇𝑠𝑜𝑙 )
𝜈2
1
𝛽=
, 𝐴 = 0.387𝑅𝑎1/6
𝑅𝑎 =

𝑇𝑎𝑣𝑔

0.59
Pr 0.5625
2
𝐴
𝑁𝑢 = 0.6 +
𝐵

To,ab (oC)

Table 2: Overall Heat Transfer Coefficient (KW/m2.K)

(3)

(4)

 3 
 = 2 
 g

30.0

35.3 Ti,cond (oC) 27.0 To,cond (oC) 33.8

Di (mm)

(0.029 Re 0.53 Pr 0.344 )
1/3

Ti,ab (oC)

(oC)

f = (1.82  log(Re) − 1.64) −2
k1 = 1 + 3.4  f

40.6

0.296296

𝐵 =1+

The input parameters are given in Table 1.

(5)

Units
Generator
Condenser
Evaporator
Absorber
Heat
Exchanger
Total

Using Constant Values
of U

Area (m2)
2.73
2.52
2.22
7.88

3.38
2.56
3.89
6.36

0.69

0.59

16.05

16.81

Results and Discussion
(contd.)
Table 4: Capital Expenditures of Units.
Using
Correlations

Units

Using Constant

Capital Expenditure ($/year)
Absorber
Generator
Condenser
Evaporator

32,277
51,820
10,932
34,028

21,877
56,830
11,030
46,418

Heat Exchanger

6,830

6,348

Total Cost

135,888

142,504

Conclusion
❖ Thermo-economic analysis of single effect ARS is
performed considering correlations for heat
transfer coefficients using MATLAB.
❖ It is found that generator is the largest contributor
towards capital expenditure with 39% followed by
the evaporator.
❖ The capital expenditure of absorber is comparable
to that of evaporator.
❖ The results obtained from the analysis are more
accurate & reliable than that obtained using
constant values of heat transfer coefficients as
they consider the effects of flow conditions,
working fluid properties and geometric
parameters on heat transfer coefficients.
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Abstract
PGEs was formulated by using fluorinated polymers,
iodine-based salts, solvent, and iodine. The amount of
polymer (PVDF) was optimized based upon the
gelation extent, and the selected concentration was 0.5
grams. After that the concentration of salt (Potassium
iodide) was varied from 0.01 g to 0.05 g while the
fraction of other components including PVDF
remained consistent, in command to improve the
conductivity of PGEs. The results show that the ionic
conductivity of PGEs increases with increasing salt
concentration, but after a certain concentration the
conductivity values become constant and then
decreases.

Background

Solar energy is one of the sustainable and
abundant resource of renewable energy. Each
year sun gives about 3 ×1024 J of energy in
form of solar radiation on earth [1].
DSSC provides several advantages, such as low
cost, easy fabrication and relative power
conversion efficiency of 13 percent, as contrary
to traditional solar cells with costly imprinted
silicon wafers and lower stability in cloudy
environment [2].
The main concern in marketing DSSC is its
long-term stability and enhanced efficiency.
Polymer gel electrolytes are stable and have
considerable efficiency for DSSC [3].
Structure and working principle of DSSC is
shown in figure below.

Research objectives

Results and Discussions
(Contd.)

The overall objective is to develop stable and
efficient dye-sensitized solar cells based on
polymer gel electrolytes for wireless electronics
applications.
Selection of suitable fluorinated polymer for
solid-state electrolyte.
Optimize the concentration of salt in the
electrolyte.

Materials and Manufacturing
Materials (for Fabrication of PGE)
•
•
•
•
•

Poly(vinylidenefluoride) [PVDF]
Potassium Iodide (KI)
Iodine (I2)
Propylene Carbonate (PC)
Ethylene Carbonate (EC)

Figure 4: Fabrication route of DSSCs.

Results and Discussions
Characterization of PGEs
The synthesized electrolytes have been characterized
by Potentiostat using Electrochemical Impedance
Spectroscopy (EIS) technique.
Table 1: Conductivity results from Potentiostat.
Concentration
of Salt (g)

Concentration of
PVDF (g)

Results of conductivity from
Potentiostat (S/cm)

0.01
0.015
0.02
0.03
0.04
0.05

0.5
0.5
0.5
0.5
0.5
0.5

9.56×10-3
9.9×10-3
8.5×10-3
1.78×10-3
1.75×10-3
1.69 ×10-3

Conduc…

Conductivit…
Figure 3: Synthesis route of Polymer Gel Electrolyte
(PGEs).

Materials (for Fabrication of DSSC)

Figure 1: Working mechanism of DSSC.

Figure 2: Application of DSSCs in different household and
IoTs devices.

•
•
•
•
•
•
•
•
•

TiO2 paste
Glass substrate of FTO
N3 dye
Platinum paste
Electrolyte
Silver paste
Pre-pouched hot-melt film
TCO cleaner (transparent conducting oxide)
Piece of thin cover glass

0.01
-0.99

Figure 6: IV characteristics of DSSC

The current-voltage (I-V) characteristics of
fabricated devices were measured under the light
intensity of 100 mWcm− 2

Conclusion

• BY Varying concentration of KI salt, different
conductivity results were obtained.
• The maximum conductivity was attained at 0.015 g
of KI and PGE was successfully formulated.
• Increasing the concentration above 0.015 g, resulted
into lower values of conductivity.
• I-V curves were obtained, and the percentage
conversion efficiency (PCE) resulted 0.171.
• Although the obtained efficiency with PGEs is low
as compared to the liquid electrolytes but they offer
more stability.

References
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Figure 5: Ionic conductivity (using KI) at different
concentrations.
Table 2: Photovoltaic
performance of DSSC.
Sr.
No

Electrolyte

Current
Density (Jsc)
mA/cm2

Open Circuit
Voltage (Voc)
mV

Fill
Factor
(FF)

PCE
(%)

1

0.010

0.173

468

0.19

0.015

2

0.015

0.863

595

0.24

0.121

3

0.030

0.461

540

0.23

0.057
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Abstract

Materials and Methods

In this study effort was applied for the
investigation of energy potential from municipal
solid waste (MSW) of highly populated cities of
Pakistan. In this study six major cities of Pakistan
including Lahore, Multan Faisalabad, Sialkot,
Abbottabad and Quetta were considered for
estimation of their MSW production and Energy
production potential. Samples of MSW were
collected from different points of each city. Then
the sample was separated into its components
and heating value of each component was
calculated by using bomb calorimeter. The
electricity production potential was investigated by
heating value of the sample with the help of
different mathematical equations. On theoretical
basis it has been estimated that about more than
10% of total energy demand of Pakistan can be
produced from its MSW which producing about
147 million tons annually

Background

Energy and Environment are directly interlinked
with each other. World is facing a serious
problem of global warming and climate change
due to higher consumption of fossil fuel. In the
prospect of Pakistan, it also producing about 64%
of its primary energy from fossil fuels [1].
Pakistan is also importing oil and gas from other
country on which a huge percentage of GDP
invested every year. On the other hand, Pakistan
is also facing a serious issue of environmental
pollution due to Municipal solid waste production

MSW
Generation
…
Lahore
48
83
26
0

85
Multan
0
6810
0400

of Environmental Science, COMSATS University Islamabad, Abbottabad Campus
of Chemistry, University of Lahore, Defense Road Campus, Lahore 54590

b Department

65
10

Research Objectives
Effective utilization of Municipal solid waste for
Energy production to avoid from Environmental
pollution and its bad impacts on environment

Results and Discussion

Sample collection
A bulk Sample of Municipal solid wastes were
collected from different points of each city.
Random sampling method was used for sample
collection. 2-3kg or sample was collected from ten
different points of each city, 20-25kg of gross
sample was collected from each city for its better
characterization, so that the homogenous mixture
of waste can be prepared. Then sample was
mixed to form a gross sample which was packed
into plastic bags and brought into lab for
preparation and characterization.

Component classification of MSW
O Components
rd
er

Samples were sorted into its different component
where from its non-combustible material was
separated from combustible material, and
Combustible material was packed separately for
further characterization. At this stage sortation
was performed manually, however for large scale
sortation, enough technologies are available.
Sample characterization
Municipal solid waste sample was
characterized by determining its heating value
(GCV). Heating value of the sample was
determined
by using
bomb calorimeter.
Determination
of Calorific
Value (GCV)
The GCV of the sample was determined by using a
Bomb calorimeter. One gram sample was taken
and condensed into round shape pellets with the
help of presser machine. Pellet was placed in
calorimeter crucible. The piece of nichrome wire
reaches beyond the inner end of the bomb. By
using a needle valve, O2 was charged into the
bomb at 25 bars of pressure without displacing the
original air. The calorimeter vessel was filled with
water (2.5 litter) to submerse the bomb completely.
The bomb was transferred in the calorimeter with
tightness assurance. Beckmann's thermometer
kept outside of the cover of the calorimeter, stirring
was started for few min. Then, button was pressed
for firing. So, the combustion of the sample started.
Thermometer temperature was started rising and
observed carefully and noted initial temperature.
When the temperature was stopped rising the final
temperature was noted.
Calculation:
GCV= [(W e+M) Cp*∆T/wt. of the sample
W e=Water Equivalent
M=Mass of water used
CP=Specific heat of water
∆T=T2-T1
T2=Final temperature

Explanation

1

Biodegradabl “Food, fruits, vegetables, plants,
e
etc.”

2

Nylon

Plastic shopping bags

3

Plastics

All kind of plastics except PET

4

PET

Shampoo, detergent, and beverage
bottles

5

Textile

All kinds of textile wastes

6

PaperCardboard

Newspapers, magazines, office
paper, etc.

7

Tetra-pack

Milk and juice cardboard

8

Metals

All kinds of metals

9

Hazardous

Accumulator, battery, medical
waste, etc.

1
0

ElecElectronic

Every type of electric and electronic
wastes

1
1

Diaper

Baby diapers and sanitary pads

1
2

Noncombustible

Stone, demolition waste, bond,
curbside

1
3

Glass

Every type of glass

1
4

The Objective of
this study for
thethat
investigation
of
Combustibles
Combustible
waste
is undefined
energy potential
of municipal
in other
categories solid waste of
different cities including Lahore, Multan,
Abbottabad, Faisalabad, Sialkot and Quetta. By
the characterization of MSW it can be
investigated that it has a huge potential for the
electricity production. Energy production potential
of each city which were under our consideration
has been mention in fig below.
On the basis of total MSW of Pakistan about 10%
of total energy can be generated from the waste
solid. Pakistan being an energy deficient country
may utilize their ow indigenous resources for
energy production This work is useful from both
prospective like energy and environmental
situation of Pakistan. In future similar kind of work
may be performed for whole cities of Pakistan
and on the basis of these calculation energy
demand of Pakistan

Sample preparation

Results and Discussion
(contd.)
124
653
120
Electricity
586
423
000
Generation from
66
40
000
each city Multan
in…
Lahore
267
Abbottabad
Sialkot
000120 103
0 160 897
016 88
Energy crises of Pakistan can be resolved to some
extent.

Environmental

pollution

will

also

be

decreased by the utilization of these solid waste.

Conclusion
❖ According to the calculation performed in this study
it was observed that about 4-5% of total energy
production of Pakistan can be generated from these
cities and on the basis of total MSW of Pakistan
about 15-20% of total energy can be generated from
the waste solid.
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Abstract
Water is the for the most part and key component for
live beings on world. In the last century,
anthropogenic water require has improved sevenfold
due to the quadrupled worldwide population.
In this study we remove nickel from electroplating
industrial waste water. Adsorption is used for this
purpose. There are so many adsorbent materials but
each has different chemical ingredients. A valuable
research was made to prove this. Rice husk was used
for removing nickel from contaminated water. Batch
tests were conducted for attaining positive results.
The adsorbent material was collected from different
areas to make the experiment unbiased and reliable.
The initial concentration was observed with 1000
mg/L, pH 5.8, 300 rpm, 180 min, 350 µm, and dosage
2.5 g. These concentrations were used for adsorption
of nickel ions. The results were quite successful. The
agitation speed, time, adsorbent particle size and
qualities of adsorbent materials were given more
value. Batch tests were given more attention. The
maximum capacity of rice husk was observed as 98.7%
for removing nickel from electroplating industrial
waste water. The very popular equations of
Freundlich and Langmuir were used for experimental
data. All this was done for achieving the best results
as much as possible. By using fixed bed we
maintained adsorption capacity and removal
efficiency remained the same. It was not time
consuming. The results were optimized completely.

Background

Electroplating or metal furnishing industry plays a
special role in the progress of various metal
manufacturing and other engineering industries
globally. While the electroplating operations have
become a vital part of the engineering industries
there has been a stable growth of independent and
small to medium scale electroplating industries,
especially in the developing countries of South Asia.

Research Objectives
➢ To study the effect of various parameters on
adsorption
such as pH, Adsorbent dosage, concentration etc.
➢ To develop and study the adsorption isotherm
models.
➢ Calculation of removal efficiency of Nickel from
electroplating industry effluent by using fixed bed
operation.
➢ To study and compare the adsorption efficiency of
fixed
bed and fluidized bed operation.

Materials and Methods
Preparation of Adsorbent
The experiment was done with rice husk. Rice husk
was put into a jar for washing with deionized water.
Rice husk was shaken regularly for attaining the clean
material. The washing of the rice husk was continued
for 3 hours. After some time the rice husk was
washed again and was put into a sieve. Then it was
repeated with the help of fresh water. The cleaned
rice husk was placed into an oven at 120° C for 20
hours. Time to time the rice husk was checked and
intermittently stirred in the oven. The oven dried the
wet rice husk completely. The dried rice husk was
sieved by using 350 µm sieve. The oversize particles
are grinded and again sieved. The sieved rice husk
was saved in the bottles so that air could not pass
Preparation
through them.of stock solutions
For adjusting the pH of the solution 1M HNO3 and
0.5M NaOH were prepared. 0.1M sodium nitrate
solution was used as buffer solution. The stock
solution was made for nickel. This stock solution was
made from analytical grade salt, which was being
examined. The exact quantity of nickel salt was
dissolved in deionised water to attain 1000 mg/L of the
stock solution.

Results and Discussion

Adsorbent Dosage
It can be observed from figure that for minimum
adsorbent quantities, the removal was also
minimum and it was maximized slowly and gradually
with more adsorbent quantity. The adsorbent
dosage was used for removal of nickel completely.
The selected adsorbent dosages for this purpose are
1.0, 1.5, 2.0, 2.5 and 3.0 g/L. Later on the agitation
speed was 300 rpm against which we effect of
adsorbent dosage was applied. The particle size of
adsorbent dosage was 350 µm. the pH was 5.8 and
the contact time was 180 min. we can observe the
more than 2.5 g, the removal was enhanced. There
was a point when no variation on removal of nickel
by rice husk was seen. So, the nickel removal’s
maximum quantity was observed as 2.5 g and it was
found as positive adsorbent quantity. During
removal of nickel, the adsorbent dosages were 1.0,
1.5, 2.0, 2.5, 3.0 g was used and it was taken as
56.2, 70.4, 82.1, 98.7, and 99.0%. So, the maximum
capacity of nickel using rice husk at an adsorbent
dosage of 2.5 g which was an optimum dosage.

Results and Discussion
(contd.)
adsorbent Dosage vs
%age removal
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Figure : Adsorbent dosage vs Removal %age of
nickel.

Conclusion

The following research was done for removing of
nickel with the help of rice husk. The chosen process
dimensions for this purpose are adsorbent dosage,
agitation speed, particle size, and dilution of
concentration. The ability and quality of rice husk
showed that the created rice husk has good qualities
for nickel removal. The results explored the maximum
removal of nickel is 98.7%. It was observed by using
rice husk at an optimum adsorbent dosage of 2.5 g/L;
optimum agitation speed of 300 rpm, optimum
particle size of 350 µm, the contact time was 180 min
and the pH was5.8. This research showed that the rice
husk is the most suitable adsorbent for removing of
nickel.
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Materials and Methods

Abstract
In this work, platinum-based counter electrode
were replaced by Polythiophene/Multi-walledcarbon
nanotubes
(PTh/MWCNTs)
nanocomposites, in order to make them cost of
effective. Here, PTh/MWCNTs nanocomposites
were synthesized via in-situ polymerization.
Morphological properties and catalytic activity of
samples were investigated by scanning electron
microscopy (SEM) and cyclic voltammetry (CV).
The synthesized nanocomposites were then utilized
as catalyst materials for the counter electrodes of
DSSC/Modules. Solar cells thus fabricated were
characterized
by
current
voltage
(I-V)
characteristics.
❑ Energy production and use are growing globally.
❑ Renewable technology is the most sustainable and
effective option for fulfilling rising energy demand.
❑ Each year, the sun provides about 3×1024 J of energy
in solar radiation on Earth.
❑ photovoltaic cells can directly convert the sunlight
into electricity.
❑ DSSCs belong to third generation solar cells.
❑ They are flexible and easy to fabricate..
❑ They can even work in diffuse sunlight. However,
they are low power-conversion-efficient and
expensive.
❑ The structure and working mechanism of DSSC is
shown in Fig-1

Background

➢ Materials for Catalyst Synthesis
Thiophene, MWCNTs, Chloroform, FeCl3
➢ Materials for Fabrication of DSSCs
TiO2 paste, FTO glass substrate, N3 (Ruthenizer-535,
solaronix), Platinum paste (Plasticol T, solaronix),
Electrolyte (Iodolyte Z-50, solaronix).
➢ Synthesis of PTh/MWCNTs
❑ 50mL of chloroform (CHCl3) with calculated amount
of MWCNTs was poured into a 500 mL in flask.
❑ This mixture was then set to sonication for 30
minutes at room temperature for dispersion of
MWCNTs.
❑ 1 grams Ferric chloride (FeCl3) was added in 100 mL
of CHCl3 and the solution was added to sonicated
solution.
❑ Further sonication for 30 minutes was done.
❑ 0.5 mL of thiophene monomer was added in 25ml of
CHCl3 and then added drop-wise to MWCNT
solution along with constant stirring for 24 hours at
room temperature.
❑ These precipitates were then washed with methanol,
hydrochloric acid, distilled water and acetone.
❑ The black powdered obtained was then dried under a
vacuum dryer at 60oC for 24 hours.

Results and Discussion

➢ FTIR Analysis
▪ The FTIR showed low intensity peaks at 28003100cm-1 and 1628cm-1 C-H stretching and C=C
stretching band.
▪ The range 600-1500 cm-1 show the fingerprint region
of PTh.
▪ 1628 cm-1 and 1510 cm-1 show the asymmetric and
symmetric stretching.
▪ The C-S bending at 700 cm-1, indicates presence of
PTh monomer.

Results and Discussion
➢ Current-Voltage Characteristics

▪ The current-voltage (I-V) characteristics of fabricated
devices were measured under the light intensity of
100 mWcm− 2.
optimal
conditions,
DSSC
with
PThi/MWCNTs shows the power-conversionefficiency (PCE) of 1.97%, which is slightly lower
than that of Pt-based DSSC (2.06%) fabricated under
similar conditions.

▪ Under

Fig.4 FTIR Analysis of PTh/MWCNTs

➢ XRD Analysis
▪ PTh in the pure form shows the diffraction peak in
the XRD spectrum at 2θ=22°.
▪ The pattern of MWCNT is at 2θ=24° is being
observed in the XRD pattern.
▪ Peak of MWCNT/PTh is to be shifted to 2θ = 24.5°.

Fig.7 IV Analysis of PTh/MWCNTs

▪ PTh
▪
▪

Conclusion

/MWCNTs composites are electrochemically
stable and possess high catalytic activity towards the
reduction reaction taking place at counter electrodes.
DSSC with PThi/MWCNTs shows PCE slightly
lower than that of Pt-based DSSC.
Thus, PThi/MWCNTs could be the alternate of Pt
material for the large-scale production of DSSCs.
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Fig. 2 Synthesis of. PTh/MWCNTs

➢ Fabrication of DSSC

Fig.5 XRD Analysis of PTh/MWCNTs

➢ SEM Analysis
Fig. 1 Energy Level Diagram of DSSC.

Research Objectives

➢ The overall objective of this research work is to
develop the low cost and the flexible catalyst
materials for the counter-electrode of DSSC. These
materials should show comparable catalytic
properties as that of platinum. The specific objectives
include:
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